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Sent via electronic mail: No hard copy to follow 
 
California Department of Transportation 
Attn: Mr. Issa Bouri 
Issa_Bouri@dot.ca.gov 
111 Grand Ave. 
Oakland, CA  94612-3717 
 
Subject:  Water Quality Certification for the State Route 84 Expressway Widening 

Project, City of Livermore, Alameda County 
 
Department Project No.: EA 04-29762 
 
Dear Mr. Bouri: 
 
We have reviewed and hereby issue water quality certification to the California Department of 
Transportation (Department) for the State Route 84 Expressway Widening Project (Project).   
The Department has received Nationwide Permit Nos. 14, Linear Transportation Projects, and 
33, Temporary Construction, Access and Dewatering, (File Number SPN·2008·000396 S), from 
the U.S. Army Corps of Engineers (Corps), pursuant to Section 404 of the Clean Water Act (33 
U.S.C. 1344). As such, the Department has applied to the Water Board for a Clean Water Act 
Section 401 water quality certification that the Project will not violate State water quality 
standards. 
 
Project:  The Department is proposing to upgrade State Route 84 (SR 84) to expressway 
standards from just south of Ruby Hill Drive to Jack London Boulevard in the city of Livermore. 
SR 84 would be widened from two to four lanes between Ruby Hill Drive and Stanley 
Boulevard, and from two to six lanes between Stanley Boulevard and Jack London Boulevard. 
The new roadway would consist of 12-foot travel lanes and 10-foot shoulder widths separated by 
a concrete median barrier, and new retaining walls at the edge of the roadway shoulders. 
Widening of SR 84 would occur over Arroyo Mocho and Arroyo Las Positas.  
 
The proposed Project also includes construction of an approximately 19-foot wide quarry 
maintenance and pedestrian bridge across Arroyo Del Valle and an approximately 19-foot wide 
maintenance access bridge across Arroyo Mocho.  
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Stormwater flows from SR 84 and the city of Livermore are currently combined in the existing 
drainage system. New drainage systems would be constructed to separate Livermore and SR 84 
stormwater; a new outfall would be constructed at Arroyo Del Valle to accommodate drainage 
from the city of Livermore. 
 
The Project will be implemented in two phases. The first phase of the project is scheduled to 
start in 2012 and the second phase is expected to be completed in 2015. 
 
Jurisdictional Wetlands and Waters Impacts:  Project implementation will result in 
permanent impact to approximately 0.32 acres (3,478 linear feet) of State waters (See Table 1, 
below). Approximately 0.042 acres (1,070 linear feet) of State waters will be temporarily 
impacted (See Table 2, below).  
 
Table 1: Summary of Permanent Impacts 

Activity Jurisdictional Feature Impacted (Feature 
ID) 

Area and/or Linear Footage of 
Permanent Impact 

Fill due to construction of two 
support wall extensions on 
downstream side of SR 84 to 
accommodate overpass widening. 
Shading of creek channel 

Arroyo Mocho 0.018 acres 
125 linear feet 

Fill due to construction of pier and 
footings on upstream side of SR 84 
to accommodate widening of 
overpass. Shading of creek channel 
and loss of willow riparian habitat 

Arroyo Del Valle 0.002 acres 
111 linear feet 

Fill due to placement of abutments 
associated with new bridge upstream 
of SR 84 

Arroyo Del Valle 0.001 acres 
18 linear feet 

Construction of new outfall Arroyo Del Valle 0.009 acres 
87 linear feet 

Shading of channel and loss of 
willow riparian habitat due to 
construction of pedestrian bridge 

Arroyo Del Valle 0.07 acres 
19 linear feet 

Shading of channel due to 
construction of maintenance bridge Arroyo Mocho 0.05 acres 

19 linear feet 

Modification of existing roadside 
runoff outfall channel  

Ephemeral tributary to Arroyo Del Valle 
(OW-3) 

0.008 acres 
25 linear feet 

Fill due to roadway widening Seasonal wetland (WL-5) 0.115 acres 

Culvert extension to accommodate 
roadway widening Intermittent drainage (OW-4) 0.005 acres 

74 linear feet 

Fill due to roadway widening Ephemeral roadside drainage (OW-5) 0.030 acres 

Fill due to roadway widening Ephemeral roadside drainage (OW-6) 0.008 acres 
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total: 0.32 acres 
478 linear feet 

 
Table 2: Summary of Temporary Impacts 

Activity Jurisdictional Feature Impacted Area (acres) and/or Linear 
Footage of Temporary Impact 

Construction access for support wall 
extensions on downstream side of 
overpass 

Arroyo Mocho 0.084 acres 
140 linear feet 

Construction access for widening of 
SR 84 overpass on upstream side,  Arroyo Del Valle 0.035 acres 

150 linear feet 

Construction access for construction 
of new trail bridge Arroyo Del Valle 0.03 acres 

130 linear feet 

Construction access and possible 
creek diversion for construction of 
new outfall 

Arroyo Del Valle 0.009 acres 
101 linear feet 

Construction access for modification 
of existing roadside runoff outfall 
channel  

Ephemeral Tributary to Arroyo Del Valle 
(OW-3) 

0.001 acre 
4.5 linear feet 

Construction of roadside ditch Roadside drainage (OW-5) 0.005 acres 
225 linear feet 

Construction access for new access 
bridge Arroyo Mocho 0.05 acres 

125 linear feet 

Replacement of existing riprap  
underneath and  downstream  of SR 
84 to accommodate widening of 
overpass 

Arroyo Del Valle 0.090 acres 
103 linear feet 

Replacement of existing riprap 
associated with new trail bridge 
upstream of SR 84 

Arroyo Del Valle 0.060 acres 
47 linear feet 

Replacement of existing riprap 
associated with new trail bridge 
downstream of SR 84  

Arroyo Mocho 0.051 acres 
46 linear feet 

total: 0.42 acres 
1,070 linear feet 

 
 
Roadway Pollutant Impacts: Project implementation would result in approximately 33.9 acres 
of added and reworked impervious area. Stormwater runoff from impervious areas may contain 
hydrocarbons, metals, volatile organic compounds, trash, and sediment at levels that may 
significantly impact jurisdictional waters if left untreated. The Department has proposed 
mitigation of roadway pollutants as detailed below, under Roadway Pollutant Mitigation. 
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Hydromodification Impacts: Added impervious areas may result in alterations to existing 
hydrologic regimes, resulting in erosion and/or changes of sediment transport in receiving waters 
(hydromodification). Project implementation would result in approximately 27.2 acres of added 
impervious area and therefore the Department is required to evaluate and mitigate potential 
hydromodification impacts. As detailed in a Hydromodification Report dated March 2010, the 
Department evaluated susceptibility for hydromodification impacts to all receiving waters within 
the Project limits. The Department has identified receiving waters susceptible to 
hydromodification impacts and has proposed mitigation as detailed below, under 
Hydromodification Mitigation.  
 
Jurisdictional Wetlands and Waters Mitigation:  To mitigate for the permanent impacts to 
approximately 0.32 acres (478 linear feet) of State waters, the Department shall restore 0.52 
acres of seasonal wetland within approximately 800 linear feet of an intermittent drainage at the 
nearby Murray Ranch mitigation site in Livermore (see Table 3, below). Restoration involves 
removing invasive plant species, cattle exclusion, and planting of native vegetation that may 
provide habitat for the California tiger salamander and red-legged frog.  
 
Table 3. Mitigation for Proposed Permanent Impacts 

Activity 
Jurisdictional 

Feature Impacted 
(Feature ID) 

Area and/or Linear 
Footage of 

Permanent Impact 

Mitigation for Permanent 
Impacts 

Fill due to construction of two 
support wall extensions on 
downstream side of SR 84 to 
accommodate overpass 
widening. Shading of creek 
channel 

Arroyo Mocho 0.018 acres 
125 linear feet 

0.036 acres Offsite Wetland 
Restoration at Murray Ranch 

Fill due to construction of pier 
and footings on upstream side of 
SR 84 to accommodate widening 
of overpass. Shading of creek 
channel and loss of willow 
riparian habitat 

Arroyo Del Valle 0.002 acres 
111 linear feet 

0.004 acres Offsite Wetland 
Restoration at Murray Ranch, 
preservation of willow roots 

where possible, and planting of 
willows 

Fill due to placement of 
abutments associated with new 
bridge upstream of SR 84 

Arroyo Del Valle 0.001 acres 
18 linear feet 

0.002 acres Offsite Wetland 
Restoration at Murray Ranch 

Construction of new outfall Arroyo Del Valle 0.009 acres 
87 linear feet 

0.018 acres Offsite Wetland 
Restoration at Murray Ranch 

Shading of channel and loss of 
willow riparian habitat due to 
construction of pedestrian bridge 

Arroyo Del Valle 0.07 acres 
19 linear feet 

0.07 acres Offsite Wetland 
Restoration at Murray Ranch 

Shading of channel due to 
construction of maintenance 
bridge 

Arroyo Mocho 0.05 acres 
19 linear feet 

0.05 acres Offsite Wetland 
Restoration at Murray Ranch 
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Activity 
Jurisdictional 

Feature Impacted 
(Feature ID) 

Area and/or Linear 
Footage of 

Permanent Impact 

Mitigation for Permanent 
Impacts 

Modification of existing roadside 
runoff outfall channel  

Ephemeral 
tributary to 

Arroyo Del Valle 
(OW-3) 

0.008 acres 
25 linear feet 

0.016 acres Offsite Wetland 
Restoration at Murray Ranch 

Fill due to roadway widening Seasonal wetland 
(WL-5) 0.115 acres 0.230 acres Offsite Wetland 

Restoration at Murray Ranch 
Culvert extension to 
accommodate roadway widening 

Intermittent 
drainage (OW-4) 

0.005 acres 
74 linear feet 

0.010 acres Offsite Wetland 
Restoration at Murray Ranch 

Fill due to roadway widening 
Ephemeral 

roadside drainage 
(OW-5) 

0.030 acres 0.06 acres Offsite Wetland 
Restoration at Murray Ranch 

Fill due to roadway widening Ephemeral 
roadside drainage 

(OW-6) 
0.008 acres 0.016 acres Offsite Wetland 

Restoration at Murray Ranch 

totals: 0.32 acres 
478 linear feet 

0.51 acres 
800 linear feet 

 
 
To mitigate for temporary impacts to State waters, the Department shall return impacted areas to 
pre-project or enhanced conditions. Photo-documentation of temporarily impacted areas shall be 
provided. 
 
Roadway Pollutant Mitigation: As mitigation for increased pollutant loads associated with 
impervious areas, the Department shall provide treatment of stormwater runoff from no less than 
37.1 acres of impervious area using five compost-amended biofiltration strips, seven bioretention 
swales, and two bioretention vaults. The swales and strips shall be installed per the plans 
included in Attachment A, Biofiltration Swale and Strip Design and Soil Plans and 
Specifications. 
 
The following biofiltration swales, strips, and bioretention vaults will mitigate water quality 
impacts resulting from Project implementation: 
 

BMP 
SR 84 

eastbound/ 
westbound 

From SR 84 Post 
Mile 

To SR 84 Post 
Mile 

BMP Length 
(feet) 

Treated 
Impervious Area 

(acres) 
Strip 1 eastbound 22.94 22.98 244 0.27 
Strip 2 eastbound 23.02 23.18 879 2.09 

Swale 6s* eastbound 23.58 23.59 150 0.86 
Strip 3* eastbound 23.57 23.61 227 0.15 
Strip 4 + eastbound 23.62 23.69 590 0.59 

Swale 4ad + eastbound 23.64 23.70 400 2.95 
Swale 20m eastbound 24.17 24.25 375 2.53 
Swale 25b westbound 24.43 24.51 350 3.10 

Strip 5 eastbound 24.18 24.69 2709 3.52 
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BMP 
SR 84 

eastbound/ 
westbound 

From SR 84 Post 
Mile 

To SR 84 Post 
Mile 

BMP Length 
(feet) 

Treated 
Impervious Area 

(acres) 
Swale 22i eastbound 24.38 24.42 200 1.12 
Swale 26e eastbound 24.48 24.51 150 0.52 
Swale 29g eastbound 24.59 24.62 150 0.61 

Bioretention Vault 1 westbound 24.84 24.87 -- 10.36 
Bioretention Vault 2 eastbound 26.19 26.21 -- 8.43 

total: 37.10 
*Between State Route 84 mainline and eastbound 84 to Vallecitos Road connector 
+ Between State Route 84 and Vallecitos Road mainlines 
 
Hydromodification Mitigation: To mitigate for catchments susceptible to hydromodification 
impacts, the Department will use biofiltration basins and strips, metered flows from an existing 
pump station, and an oversized pipe with water quality weir, as summarized below: 
 

Mitigation Measures Swale or Strip No(s).1  Receiving Water Mitigated Impervious 
Area (ac) 

One biofiltration strip, two 
biofiltration swales Swales 4ad, 6s, Strip 2 Tributary to Arroyo 

Del Valle 1.5 

Five biofiltration swales, 
one biofiltration strip 

Swales 20m, 25b, 22i, 26e, 29g, 
Strip 5 Arroyo Del Valle 8.2 

Pump station2 n/a Arroyo Mocho 8.5 
Oversized pipes with water 

quality weir at Stanley 
Blvd., eastbound side of   

SR 84 

n/a Pipe to Arroyo Las 
Positas 0.8 

total: 19.0 
 
The Department has proposed hydromodification mitigation for only approximately 69% of 
added impervious areas. The Water Board has issued a Municipal Regional Stormwater National 
Pollutant and Discharge Elimination System permit (MRP) to control stormwater discharges 
from the jurisdiction of various San Francisco Bay area municipalities. The Department is 
required to incorporate hydromodification mitigation into its projects at a level comparable to 
what is required of the MRP permittees. The MRP includes a reasonable cost impracticability 
provision that allows provision of partial hydromodification mitigation if the permittee can 
demonstrate that the cost of implementing stormwater treatment and hydromodification controls 
exceed two percent of the project construction costs. The total estimated cost to the Department 

                                                 
1 Refer to Roadway Pollutant Mitigation, above, for swale information. 
2 Pending future modeling that is required in certification condition no. 13, the Water Board has not yet accepted the 
Department’s proposal to be granted hydromodification credit for discharges from the pump station. Without credit 
for the pump station discharges, the Department would receive 10.5 acres of hydromodification credit instead of the 
19.0 acres reported above. However, the Department’s total cost for stormwater treatment and hydromodification 
mitigation would still be approximately 5% of the total project cost, and therefore additional hydromodification 
mitigation would not be required should we find the pump station does not sufficiently mitigate for 
hydromodification impacts. 
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to implement stormwater treatment and hydromodification controls is approximately 4.15 
million dollars, or 5.3% of the total project cost. Because 5.3% is significantly greater than the 
2% reasonable cost threshold, and because the Department has provided hydromodification 
mitigation in the catchments most susceptible to erosion, and because the bioretention swale 
designs have been modified to enhance hydromodification mitigation capacities, no further 
hydromodification mitigation is required. 
 
California Wetlands Portal: It has been determined through regional, state, and national studies 
that tracking of mitigation/restoration projects must be improved to better assess the performance 
of these projects, following monitoring periods that last several years. In addition, to effectively 
carry out the State’s Wetlands Conservation Policy of no net loss to wetlands, the State needs to 
closely track both wetland losses and mitigation/restoration project success. Therefore, we 
require that the applicant use the California Wetlands Form to provide Project information 
related to impacts and mitigation/restoration measures (see Condition No. 11 of this 
Certification). An electronic copy of the form and instructions can be downloaded at: 
http://www.waterboards.ca.gov/sanfranciscobay/certs.shtml. Project information concerning 
impacts and mitigation/restoration will be made available at the web link: 
http://www.californiawetlands.net. 
 
CEQA Compliance:  The Project was evaluated pursuant to the requirements of the California 
Environmental Quality Act (CEQA) in a Negative Declaration. The Department filed a Notice of 
Determination on September 4, 2008, that the Project would not have a significant effect on the 
environment. 
 
Certification:  I hereby issue an order certifying that any discharge from the referenced project 
will comply with the applicable provisions of sections 301 (Effluent Limitations), 302 (Water 
Quality Related Effluent Limitations), 303 (Water Quality Standards and Implementation Plans), 
306 (National Standards of Performance), and 307 (Toxic and Pretreatment Effluent Standards) 
of the Clean Water Act, and with other applicable requirements of State law.  This discharge is 
also regulated under State Water Resources Control Board Order No. 2003 - 0017 – DWQ, 
“General Waste Discharge Requirements for Dredge and Fill Discharges That Have Received 
State Water Quality Certification” which requires compliance with all conditions of this Water 
Quality Certification. The following conditions are associated with this certification:  

 
1. The Department shall adhere to the Standard conditions imposed by Nationwide Permit 

Nos. 14 and 33, issued to the Department by the Corps, and to the Biological Opinion 
issued by the United States Fish and Wildlife Service (USFWS); 

 
2. Grubbing of willows in Arroyo Del Valle shall be avoided to the maximum extent possible. 

In locations where willow roots are removed and light conditions may sustain willows, 
willows shall be re-planted. A willow planting plan shall be submitted and found 

http://www.waterboards.ca.gov/sanfranciscobay/certs.shtml
http://www.californiawetlands.net/
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acceptable to Water Board staff before construction within Arroyo Del Valle may 
commence; 

 
3. The Project shall be constructed in conformance with the Project Description described in 

this certification and certification application materials. Any change in the Project may 
require modification to the certification and shall be reported to the Water Board; 

 
4. Except as expressly allowed in this certification, no equipment shall be operated in areas of 

flowing or standing water;  no fueling, cleaning or maintenance of vehicles or equipment 
shall take place within jurisdictional waters or within any areas where an accidental 
discharge to waters of the State may occur;  

 
5. The Department shall install five biofiltration strips, seven biofiltration swales, and two 

bioretention vaults to treat stormwater contaminants from no less than 37.1 acres of 
impervious area. Swale and strips shall be installed and consistent with the information 
summarized above in “Roadway Pollutant Mitigation.” The Department shall submit plans 
and details for the two proposed bioretention vaults. Details shall include the bioretention 
soil specifications and planting palette. Plans and details must be found acceptable to 
Water Board staff prior to the commencement of Project construction; 

 
6. The Department shall restore no less than 0.52 acres of seasonal wetlands at the Murray 

Ranch mitigation site in Livermore. A Final Habitat Mitigation and Monitoring Plan 
(HMMP) shall be submitted and found acceptable to Water Board staff no later than 30 
days from issuance of this certification. The HMMP shall be consistent with the terms and 
intent of the Las Positas College BO and BO amendment issued to the Department by the 
USFWS. The HMMP shall include all of the following: 

 
a. A detailed plan for restoration of wetland habitat and functions within no less 

than 0.52 acres of seasonal wetland, including: 
i. Invasive species removal and management plan; 

ii. A grazing management plan; and 
iii. A native species planting and protection plan, including arroyo willow, 

coyote brush and gumplant. 
 

b. A monitoring plan. The monitoring plan shall include: 
o Performance standards and success criteria for the proposed 

plantings and invasive species removal; 
o A proposal to submit annual monitoring reports for no less than 5 

years. The Department may limit submittal of annual monitoring 
reports to years 0, 1, 3, and 5; and 

o Site maps with photo-documentation points. Prior to implementing 
the mitigationProject, the Department shall photographically 
document the condition of the Project site.  Following installation 
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of the mitigation, the immediate post-construction condition of the 
site shall be photo-documented and a report shall be submitted to 
the Water Board including the pre-construction photographs, the 
post-construction photographs, and the map with the locations of 
the photo-documentation points clearly marked (Year 0 report). 

 
7. Off-site mitigation implementation shall be completed no later than November 1, 2012; 
 
8. Any planting established as part of the Project off-site mitigation plan shall not be 

considered successfully established until supplemental irrigation systems have been 
terminated for two or more full growing seasons; 

 
9. Construction of temporary work platforms within Arroyo Del Valle and Arroyo Mocho are 

prohibited unless a proposal has been submitted to and found acceptable by Water Board 
staff. Diversion of Arroyo Del Valle flows is prohibited unless a diversion plan has first 
been submitted to and found acceptable by Water Board staff. Any diversion plan shall 
include a plan to have the diversion system removed by October 1 and installed no sooner 
than June 1; 

 
10. Off-site mitigation shall not be considered to satisfy the conditions of this certification until 

a final mitigation success report has been submitted to the Water Board and found 
acceptable by the Executive Officer; 

 
11. The Department is required to use the standard California Wetlands Form to provide 

Project information describing impacts and restoration measures within 45 days from the 
date of this certification. An electronic copy of the form can be downloaded at: 
http://www.waterboards.ca.gov/sanfranciscobay/certs.shtml. The completed form shall be 
submitted electronically habitatdata@waterboards.ca.gov or shall be submitted as a hard 
copy to both (1) the address on the letterhead (or to the Water Board), to the attention of 
California Wetlands Portal and (2) to the San Francisco Estuary Institute, 7770 Pardee 
Lane, 2nd Floor, Oakland, CA, 94621 to the attention of Mike May. 

 
12. All temporarily disturbed areas shall be restored to pre-construction or enhanced 

conditions, using only native plant species, immediately following cessation of 
construction activities in those areas. The Department shall provide photo-documentation 
of restored areas of temporary impact no later than 30 days from Project completion; 

 
13. The Department shall implement the hydromodification measures described above in the 

section, Hydromodification Modification. Prior to Project commencement, the Department 
shall submit a modeling study to determine whether the pump station may provide 
sufficient hydromodification mitigation for 8.5 acres of impervious area. 

 

http://www.waterboards.ca.gov/sanfranciscobay/certs.shtml
mailto:habitatdata@waterboards.ca.gov
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14. Except as expressly allowed in this Certification, the discharge, or creation of the potential 
for discharge, to waters of the State of any construction wastes and/or soil materials 
including cement, fresh concrete, or washings thereof, silts, clay, sand, oil or petroleum 
products and other organic materials to waters of the State is prohibited;   

 
15. This certification does not allow for the take, or incidental take, of any special status 

species. The Department shall use the appropriate protocols, as approved by the California 
Department of Fish and Game and the U.S. Fish and Wildlife Service, to ensure that 
Project activities do not impact the Beneficial Use of the Preservation of Rare and 
Endangered Species;   

 
16. The Department shall maintain a copy of this water quality certification at the Project site 

so as to be available at all times to site operating personnel.  It is the responsibility of the 
Department to assure that all personnel (employees, contractors, and subcontractors) are 
adequately informed and trained regarding the conditions of this certification; 

 
17. This certification action is subject to modification or revocation upon administrative or 

judicial review, including review and amendment pursuant to Section 13330 of the 
California Water Code (CWC) and Section 3867 of Title 23 of the California Code of 
Regulations(23 CCR); 

 
18. This certification action does not apply to any discharge from any activity involving a 

hydroelectric facility requiring a Federal Energy Regulatory Commission (FERC) license 
or an amendment to a FERC license, unless the pertinent certification application was filed 
pursuant to California Code of Regulations (CCR) Title 23, Subsection 3855(b) and that 
application specifically identified that a FERC license or amendment to a FERC license for 
a hydroelectric facility was being sought; and, 

 
19. Certification is conditioned upon total payment of the full fee required in State regulations 

(23 CCR Section 3833).  Water Board staff received full payment of $640.00 on October 7, 
2010. 

 
We anticipate your cooperation in implementing these conditions.  However, please be advised 
that any violation of water quality certification conditions is a violation of State law and subject 
to administrative civil liability pursuant to California Water Code (CWC) section 13350.  Failure 
to respond, inadequate response, late response, or failure to meet any condition of this 
certification may subject you to civil liability imposed by the Water Board to a maximum of 
$5,000 per day per violation or $10 for each gallon of waste discharged in violation of this 
certification.   
 
Conditions 2, 5, 6, 9, 12, and 13 are requirements for information and/or reports.  Any 
requirement for a report made as a condition to this action is a formal requirement pursuant to 
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CWC section 13267, and failure or refusal to provide, or falsification of such required report is 
subject to civil liability as described in CWC section 13268. 
 
We anticipate no further action on this request.  Should new information come to our attention 
that indicates a water quality problem with this project, the Water Board may issue Waste 
Discharge Requirements pursuant to 23 CCR Section 3857.   
 
If you have any question, please contact Brendan Thompson at (510) 622-2506, or via e-mail to 
BThompson@waterboards.ca.gov. 
 
 Sincerely, 
 
 
 
 Bruce H. Wolfe 
 Executive Officer 
 
 

cc (via e-mail):  Mr. Bill Orme SWRCB-DWQ Mr. Dale Bowyer, Water Board 
 Mr. Jerry Roe, USFWS Mr. Cyrus Vafai, Caltrans 
 Ms. Jane Hicks, Regulatory Branch, USACE Mr. Hardeep Takhar, Caltrans 
 Ms. Holly Costa, Regulatory Branch, USACE Mr. Jason Brush, USEPA 
 Mr. Cameron Johnson, USACE  
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QUALITY ASSURANCE PROGRAM PLAN
BASELINE ENVIRONMENTAL CONSULTING

1.0 INTRODUCTION

The purpose of the Quality Assurance Program Plan (QAPP) is to provide guidelines and procedures
to ensure that the quality of work performed by BASELINE Environmental Consulting meets or
exceeds industry standards.  The QAPP describes a systematic plan used to collect, interpret, and
report data from environmental investigations.  This document defines the criteria used in
establishing quality assurance objectives and describes the implementation of controls to ensure the
collection of representative samples, the appropriate review of technical data, and the preparation
of accurate documentation.  This document has been prepared using the EPA Guidance for Quality
Assurance Project Plans (1998).

2.0 ORGANIZATION AND RESPONSIBILITIES

Responsibility for implementing and ensuring compliance with this QAPP lies with the principal,
the project managers, and the individual employees of BASELINE.  The principal, Yane Nordhav,
is responsible for ensuring that this document is available to all employees and that appropriate
procedures are implemented.  Project managers are responsible for ensuring that project team
members (including BASELINE subcontractors) working on the project implement the appropriate
procedures outlined in this document.  It is the responsibility of each BASELINE employee to
perform job tasks in compliance with this QAPP.

The principal is responsible for ensuring that project and technical personnel are qualified to
perform their assigned job functions.  Each staff member shall have the education, training, technical
knowledge, and experience required to perform their assigned tasks.

3.0 QUALITY ASSURANCE OBJECTIVES

The overall quality assurance objective is to ensure that all technical data generated during
BASELINE investigations are accurate, representative, technically and legally defensible, and
appropriate for project objectives.

The criteria commonly used to specify quality assurance (QA) goals are precision, accuracy,
representativeness, completeness, and comparability.  These terms are briefly described below.

C Precision is a measure of the reproducibility of data when multiple samples are collected and
analyzed under the same set of conditions.  

C Accuracy is the difference between a measured value and an accepted reference or true value.
The difference is usually expressed as a percentage.

C Representativeness is the degree to which data accurately and precisely represent an
environmental condition.
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Completeness is a measure of the amount of valid data collected from a location compared to the
amount that was expected to be obtained under normal conditions.

C Comparability is a measure of the confidence with which one data set can be compared to
another.

4.0 FIELD PROCEDURES

The sample types, quantity, locations, sampling techniques, and analytical test methods to be used
during project investigations will conform to applicable regulations and/or guidance documents
relevant to the project investigation.  A written sampling plan or work plan will be developed for
each field investigation.  The sampling plan will describe the sampling criteria and provide
justification for any sampling procedures that deviate from established guidance documents.

Quality assurance during field operations will be implemented by conducting all field work in
accordance with BASELINE's Standard Operating Procedures (SOPs; Appendix A).  The project
manager is responsible for ensuring that all field personnel have access to, and have read the SOPs
relevant to the activities they are to perform prior to the start of activities, and that the SOPs are
followed in the field.

Field personnel are responsible for recording any deviations from the SOPs on a field log sheet or
in a field notebook and reporting the deviations to the project manager.  The project manager should
ensure that all such deviations are documented and a copy placed in the project file.  Any permanent
changes or modifications to the SOPs must be made in writing, reviewed and signed by the
principal, and included as a supplement to the QAPP until the SOPs are revised to reflect new
procedures.

After field sampling activities, field documents are checked by field personnel and then reviewed
by the project manager to confirm that correct sampling procedures were adhered to and that field
data are coherent.

4.1 Field Measurements

Field measurements include water levels, conductivity, pH, temperature, DO, turbidity, organic
vapor concentrations, and combustible gas concentrations.  These activities are described in the
SOPs (Appendix A).  Calibration procedures for the field equipment are discussed in Section 7.0.
Field measurements are maintained in permanent project files.  

4.2 Sample Collection

Sample collection methods are described in the SOPs (Appendix A).  It is the responsibility of the
project manager to ensure that the appropriate sampling techniques and sample containers are used.
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5.0 QUALITY CONTROL SAMPLING

Additional samples are collected for quality control (QC) purposes.  The type of sample and
frequency of collection are based on the individual requirements of each project investigation
determined by the project manager.  Field QC samples for soil and/or groundwater investigations
include blank and duplicate samples.  A brief description of the types of field QC samples is
presented below.  A minimum of one duplicate groundwater sample should be collected for every
ten field samples or as directed by the project manager.

5.1 Blank Water Samples

C Field blanks are samples of distilled water that are collected and handled using the same
techniques as the other samples.  They are used to demonstrate that the sampling
procedure has not contaminated the sample.

C Trip blanks are samples of distilled water placed in an appropriate sample container by
the analytical laboratory.  These samples are transported with the field samples without
any manipulation.  The trip blank provides data regarding potential contamination
introduced to the sample during sample preservation, transportation, storage, and
analysis.

5.2 Duplicate Soil and Water Samples

C Field duplicates consist of two independent samples collected at a sampling location
during a single sampling event.  If soil duplicates are collected, the duplicate soil sample
will be obtained by the laboratory from the same sample collection tube, if possible.  If
insufficient sample volume is present in the sample tube, the duplicate sample will be
collected from the adjacent sampling tube (i.e., the adjacent six-inch interval).  They are
used to evaluate the precision of the analytical data and sampling technique.

C Field splits consist of one sample divided into two portions and submitted and analyzed
by two individual laboratories.  They are used to evaluate the comparability and precision
of two different laboratories.

6.0 SAMPLE CUSTODY

Sample custody must be documented and maintained from the time of sample collection through
completion of laboratory analyses.  A chain-of-custody record will be prepared following sample
collection and must accompany the sample at all times.  The sampler and each responsible individual
(BASELINE employee, sample courier, laboratory) must sign the chain-of-custody at the time of
release of the samples to another responsible individual.  A copy of the chain-of-custody form must
be maintained at the BASELINE office until the laboratory report is returned from the laboratory
with the analytical results.  Samples of all field forms are included in Appendix B.
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7.0 CALIBRATION PROCEDURE AND FREQUENCY

All equipment and instruments used during a project investigation will be maintained and calibrated
to operate within manufacturer's specifications, so that the required sensitivity and QA/QC
parameters are upheld.  A copy of the available operating manuals for the field instruments will be
kept with those instruments.  The field equipment maintenance supervisor, designated by the
principal, is responsible for instructing field personnel in proper maintenance and calibration
procedures for field equipment.  Field personnel are responsible for maintaining field equipment in
proper operating condition.

Modifications, adjustments, or repairs of each field instrument will be kept in a log book at the
office.  The equipment will be recalibrated and tested following any modifications prior to continued
use, if required.  Commonly used field equipment and minimum maintenance schedules are
summarized in Table 1.  Certified solutions will be purchased to serve as calibration standards.
Calibration SOPs are included in Appendix A.

TABLE 1:  FIELD INSTRUMENT MAINTENANCE AND CALIBRATION SCHEDULE

Instrument Measurement
Calibration
Procedure

Calibration
Schedule

Inspection of
Probes,
Cables, Meters

Clean
Instru-
ment

Check Battery
or Charger

Instru-
ment
Sensitivity

Dual Interface
Probe

Depth to water
and/or product

To known
thickness;
vegetable oil okay

Annually1 Daily when in
the field

After use Have
replacement
battery on hand
(two 9-volt
batteries)

0.01 foot

Gastech No.
1238

Combustible gas
indicator

Refer to manual Annually and
before field
use

Daily when in
the field

After use Recharge only
when battery runs
out.  Use 12-volt
car adapter (in
case battery runs
out)

Variable

Photovac PID Identifies select
volatile organic
compounds

To standard
isobutylene

Annually and
twice daily:
before field
use and mid-
work in the
field

Daily when in
the field

After use Continually
charging when
not in use

Variable

Multi-RAE
Plus (4-gas
meter)

Oxygen (%),
hydrogen sulfide
(ppm), carbon
dioxide (ppm),
and combustible
gases (% LEL)

To fresh air and
25 ppm hydrogen
sulfide, 50 ppm
carbon monoxide,
and 2.5% (50%
LEL) methane
standard

Annually and
daily before
use

Daily when in
field

After use Continually
charge when not
in use; use 12-
volt auto adapter
or alkaline
batteries (if
battery runs out)

Variable,
depending
on sensor

NTU Lamott Turbidity of
water

Calibrate to 0 +
100 NTU

Annually and
before and
after use

Daily when in
the field

After use Before use (9-
volt battery)

0 - 1,100
NTU



Table 1 - continued

Instrument Measurement
Calibration
Procedure

Calibration
Schedule

Inspection of
Probes,
Cables, Meters

Clean
Instru-
ment

Check Battery
or Charger

Instru-
ment
Sensitivity
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Drager Accuro
Pump & direct
reading
colorimetric
tubes

Quantify
specific
chemical
compounds

Perform a leak
test; end of stroke
indicator should
not appear after 15
minutes

Calibration is
not required

Daily when in
the field

After use Not required Variable

Conductivity,
temperature,
salinity meter
YSI No. 33

Electrical
conductivity/
temperature

Reference to
chemical standard

Annually and
before and
after field use

Before field use After use Before use (six
AA batteries)

Variable

pH meter
Orion
Research No.
SA 210

pH Reference to
chemical standard

Annually and
before and
after field use

Before field use After use Before use (one
9-volt battery)

0.01 pH

Conductivity,
temperature,
salinity, DO
meter YSI No.
85

Electrical
conductivity,
temperature/
dissolved
oxygen in water,
salinity

To reference
standard and to
calibration table

Annually and
before field
use

Before field use Before
and after
each use

Before use (six
AA batteries)

Variable

1 Annual maintenance calibration will be performed in addition to field use calibration, as indicated in this table.  The results of the
annual equipment calibration will be indicated in BASELINE’s Equipment Calibration Log.  The results of the field use calibration
will be recorded on the Field Log and/or the Drilling Log.

8.0 LABORATORY QUALITY CONTROL

All analytical laboratories employed by BASELINE for sample analyses will be California certified
for the analyses they are requested to perform.  The laboratories must maintain an internal QA/QC
program as required by their certification to ensure that their results are accurate, precise, and
repeatable as defined by the EPA (SW-846) standards.

The laboratory’s quality assurance plan (QAP) should be signed by the laboratory director and
principal laboratory quality assurance manager, and key quality assurance personnel and their
responsibilities must be identified in the QAP.  In addition, the laboratory must maintain current
certification by the California Department of Health Services for all analytical methods for which
samples would be submitted for analyses.

The laboratory's QAP must describe the following topics:

C Data quality objectives
C Laboratory sample custody and sample control
C Calibration procedures and frequency
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C Reagent and standard control
C Analytical standard operating procedures
C Data reduction, validation, and reporting
C Internal quality control checks
C Performance and systems audits
C Preventive maintenance
C Assessment of precision and accuracy
C Corrective actions
C Quality assurance reports
C Record keeping
C Internal auditing program

9.0 SUBCONTRACTORS

All field subcontractors must be qualified and maintain the appropriate licenses and/or certifications
for their professions.  The project manager must notify and ensure that all work performed by
subcontractors is in compliance with the goals and procedures specified in this QAPP.
Subcontractors are responsible for maintaining their equipment in good operating condition and
providing appropriate equipment for the job.

10.0 DATA VALIDATION AND REPORTING

The original records from field activities and laboratory reports will be kept in the permanent project
file.  All data will include the date, initials of the sampler/analyst, and relevant information.  The
acceptability of the data is determined by the precision, accuracy, and completeness criteria stated
in Section 3.0.  The results of this evaluation will be documented by the project manager as part of
the Quality Control Checklist for Review of Laboratory Reports (Appendix C) and placed in the
permanent project file with the original laboratory reports.  If the evaluation indicated
noncompliance with an established procedure or requirement, a recommendation for corrective
action will be documented on the checklist.

10.1 Analytical Results

The project manager must check analytical results against historical data, and review both field
quality control data and laboratory internal quality control data to assess whether the results are
within acceptable ranges established by the laboratory.  This shall be done by completion of a
Quality Control Checklist for Review of Laboratory Report (Appendix C) for all analytical results.
Quality control limits established by the laboratory typically meet or exceed control limits
established by the EPA.  If data vary by an order of magnitude from historical data, or if data are
outside laboratory control limits, the project manager must contact the analytical laboratory to
investigate the validity of the results.  If no reason for the discrepancy can be determined, the project
manager may request that the sample analyses be reviewed and/or repeated.  If the analytical results
remain suspect, a new sample may be collected at the direction of the project manager.  Suspect data
included in a report will be flagged to indicate the suspect status.
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10.2 Field Data

Validation of field data is performed by the project manager by checking field data collection
procedures and comparing all data to previous results from the site.  Field measurements that depart
from historical trends will be re-checked when possible, at the direction of the project manager.

11.0 TECHNICAL REVIEW

The project manager will monitor the data, calculations, and figures needed for reports.  The project
manager will assign qualified geologists or engineers to review geologic analyses, calculations,
computer models, and analytical data for completeness, accuracy, and precision.  All reports,
including tables, figures, conclusions, and recommendations, will be reviewed by a peer to ensure
that the document is accurate, representative, able to withstand scientific scrutiny, legally defensible,
and appropriate for the project objectives.  Following review by the project manager, peer reviewer,
and proofreader, the principal will review the report and data.

12.0 PERFORMANCE AND SYSTEM AUDITS

Performance and system audits are performed to assure that technical procedures are in compliance
with the QAPP.  The purpose of the audits is to verify that field and laboratory QA procedures are
followed, check that appropriate documents are being prepared and maintained, ensure that the SOPs
are followed and are accurate, and identify deficiencies and initiate necessary corrective action.

Field audits and technical audits will be performed by the quality control officer, designated by the
principal on an as-needed basis.  All findings will be documented at the completion of the audit.
The audits will include observation of field procedures, review of field documentation and data, and
review of laboratory reports and quality control data.

13.0 CORRECTIVE ACTION

Data that are determined to be invalid or that show a significant departure from a historically
established trend, or show disagreement with duplicated measurements beyond guidelines specified
in EPA SW-846 or other similar document, are followed up with one or more of the following
corrective actions:

C Suspect data are annotated.
C Documentation is reviewed for adherence to QA/QC procedures.
C Measurement is repeated to check for error.
C Duplicate sample is analyzed.
C Calibrations are checked and/or repeated.
C Measuring device is repaired or replaced.
C Sample is recollected.
C Analytical laboratory or subcontractor is changed.
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The identification, documentation, and correction of nonconformances will be reported.  For field
data, the project manager is responsible for initiating and approving the appropriate corrective
actions.

14.0 QUALITY ASSURANCE REPORTING AND RECORD KEEPING

Quality assurance reports will be prepared in conjunction with the auditing program described in
Section 12.0.  These reports would include the results of performance and system audits, an
assessment of the precision, accuracy, and completeness of data, and a summary of quality assurance
problems and proposed solutions.  All quality assurance reports will be maintained in a permanent
file in BASELINE's main office.

15.0 REFERENCES

EPA, 1998 EPA Guidance for Quality Assurance Project Plans, EPA QA/G-5, EPA/600/R-98/018.
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APPENDIX A
STANDARD OPERATING PROCEDURES

BASELINE ENVIRONMENTAL CONSULTING

1.0 INTRODUCTION

The purpose of this document is to present standard procedures to be employed by BASELINE staff
during field activities and soil and groundwater investigations.  The procedures contained in this
document are to be used and implemented in conjunction with BASELINE's Quality Assurance
Program Plan (QAPP) and Health and Safety Program.  The objective of this document is to achieve
quality assurance goals established in the QAPP, including maintaining high standards of quality,
maintaining consistency, and implementing procedures for generating technically and legally
defensible data.

Guidelines and procedures are presented for field documentation, soil and groundwater sampling,
monitoring well installation and development, water level measurement, air monitoring, and other
procedures.

2.0 RESPONSIBILITIES

All project and field personnel are responsible for being familiar with the contents of this document
and adhering to the guidelines presented herein.  It is the responsibility of the principal and project
manager to ensure that all field personnel are qualified to perform the assigned field tasks.  It is the
responsibility of field personnel to document any deviations from the Standard Operating Procedures
(SOPs), and to notify and assist the Quality Control Officer in the revision of outdated procedures.

2.1 Field Equipment

Several types of equipment are available for use during field investigations.  Each field personnel
who uses BASELINE equipment is responsible for understanding the proper operation, care,
calibration, storage, and transport requirements of the equipment.  It is the responsibility of field
personnel to obtain any needed instruction from the equipment supervisor.  If equipment
malfunctions or becomes inoperable, it is the responsibility of field personnel to notify the
equipment supervisor and make arrangements for replacement and repair.

BASELINE vehicles are maintained according to the manufacturer's specifications and are serviced
according to the manufacturer's suggested maintenance interval.  A designated employee at each
BASELINE office is responsible for ensuring that maintenance and repairs are performed.

2.2 Regulations

It is the responsibility of the project manager to determine the appropriate regulations, guidelines,
permits, and notification requirements for the project investigation.  If site conditions indicate that
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it is not practical or possible to follow established procedures, it is the project manager's
responsibility to determine alternative procedures and notify the appropriate agencies.

2.3 Permitting

All pertinent permits needed for field activities will be acquired from appropriate agency(s) before
field activities are initiated.  All work will be conducted in accordance with permit requirements
unless otherwise agreed to be waived by the permitting agency.  Copies of permits must be kept on-
site during field operations.

If required, an underground utility check will be performed before any field activities are initiated.
BASELINE (or its subconsultants/subcontractors) will contact Underground Service Alert (USA)
and the current land owner to verify that field activities will not cause damage to underground
activities.

The project manager is responsible for obtaining all permits and utility clearances; the field
geologist is responsible for assuring all permits and utility clearances are obtained and copies on-site
prior to commencing field activities.

2.4 Licensing

Those activities conducted in the field by BASELINE that require specific licensing will be
performed by the individual with the license or under the direct supervision of licensed personnel.

BASELINE will ensure that all contractors they retain will have the appropriate current contractors
license applicable to the specific field activities that they will be performing.

2.5 Health and Safety

All BASELINE employees performing field activities will have met OSHA (29 CFR 1910.120)
training requirements for performing various hazardous materials-related field activities.  They will
have completed 40-hour initial training, three days of supervised field work, and have had annual
8-hour refresher training.  Each employee working in the field will have current respirator fit test.
Current training and medical surveillance documentation for each BASELINE employee will be
included in a binder on-site.  Prior to any BASELINE employee entering a hazardous waste site, the
employee will have been informed by the Project Manager and/or Site Health and Safety Manager
(senior field person)  about the potential hazards that may be associated with the site, and will have
reviewed and signed the site-specific site safety plan.  A copy of the Site Safety Plan and training
certifications must be on-site whenever a BASELINE employee is on-site.

Any subcontractor employees entering the site must meet OSHA (29 CFR 1910.120) training
requirements for work on hazardous waste sites prior to entering the site.  The BASELINE project
manager or site health and safety manager will inquire about this training at the time the
subconsultant’s services are requested, and will request written documentation of this training for
the subconsultants’ employees who will be present at BASELINE jobs, as needed.  When
BASELINE is primary site manager (e.g., at a soil investigation site), a site safety plan, written by
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BASELINE, will be provided to the contractor prior to entering the site for informational purposes.
At a site where BASELINE is not the primary site manager (e.g., an underground tank removal), the
BASELINE Site Safety Plan will be reviewed by BASELINE personnel only.

2.6 Site Safety Plan

Upon arrival of a consultant/contractor to the site and when appropriate, a health and safety tailgate
meeting will be performed by BASELINE Site Health and Safety Manager to discuss the site safety
plan.  The site safety plan will be signed and dated by BASELINE and contractor employees prior
to initiation of work.  A copy of the plan must be kept on-site at all times while BASELINE
personnel are present.  The site safety plan will include the following items pursuant to Title 8,
California Code of Regulations, Section 5192:

C Client name
C Client contact person
C Project description
C Site history
C Potential chemical hazards, description, health and safety standards, potential routes of

exposure, symptoms of acute exposure
C Physical hazards
C Personal protective equipment required
C Air monitoring strategy
C Site control measures
C Decontamination procedures
C Emergency procedures and route to the nearest hospital, including map

3.0 FIELD INVESTIGATIONS

Field activities are performed in accordance with applicable regulations and guidelines, and within
established industry standards.  All field tasks are to be conducted in accordance with BASELINE's
Code of Safe Practices outlined in BASELINE's Health and Safety Program, and in accordance with
an approved Site Safety Plan.

3.1 Documentation

All field work must be documented completely and correctly.  Documentation should be concise and
factual.  All field forms must be checked for completeness and accuracy in the field.  A daily field
log is prepared for each day that field activity occurs at a project site.  The field log should include
the day's events, subcontractors, site visitors, field conditions, documentation of any deviations from
established procedures or written sampling plans, and any other pertinent data.  The scope of work
and/or proposal should be reviewed by the field technician to ensure all elements of field activities
are completed and documented.  Copies of the field forms used by BASELINE are included in
Appendix B of BASELINE’s Quality Assurance Program Plan.
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3.2 Site Reconnaissance

The purpose of a site reconnaissance is to obtain information regarding site conditions prior to
performing a field investigation.  Prior to the site reconnaissance, the following information should
be obtained:

C Site location
C Site history
C Potential contaminants
C Land use in the vicinity of the site
C Site accessibility

During the site reconnaissance, the following should be noted (See Appendix B for the Site
Reconnaissance Checklist):

General/Exterior Observations:

C Topography
C General description of site improvements (i.e., buildings, roadways, etc.) and current site uses
C General description of adjoining parcels, land uses, and evidence of hazardous material

use/release (if apparent)
C Evidence of past uses at site (i.e., building foundations, abandoned equipment)
C Inventory of hazardous substances at site, including approximate quantities, types of

containers, and storage conditions
C Aboveground storage tanks and evidence of underground storage tanks (vent pipes, fill tubes,

pumps)
C Unusual or noxious odors (identify source, if possible)
C Pools of liquid, including standing surface water
C Drums/Hazardous Substance Containers/Unlabeled or unidentified containers
C Electrical equipment (i.e. transformers) known or likely to contain PCBs (excluding

fluorescent lighting)
C Stained or disturbed soil or pavement
C Stressed vegetation
C Solid waste (dumping, etc.)
C Wastewater and storm/surface drainage
C Wells
C Septic Systems
C Public utilities (power, water, sewage, solid waste)

Interior Observations

C Heating and cooling
C Stains or corrosion
C Floor drains and sumps
C Typical interior finish materials (i.e., drywall, textured ceiling material, vinyl flooring, etc.)
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Employees should bring the following items, as needed, to perform the site reconnaissance:

C Evacuation route (establish route and procedures upon arriving at site and inform other site
workers of the evacuation route and procedures)

C Route to the nearest hospital
C Site entry permit/client contact information
C Cellular phone (or pay phone close-by)
C Hard hat
C Steel-toed boots
C Tyvek coveralls
C Respiratory protection
C Goggles or other eye protection
C Gloves (leather and/or chemical-type)
C Sunscreen
C “Walker” or tape measure
C Camera, film, and extra batteries
C Scale/ruler
C Clipboard
C Site map, if available, or graph paper to map site during reconnaissance
C Flashlight
C First aid kit
C Drinking water (if not provided on-site)
C Other items relevant to the site reconnaissance location (e.g., personal flotation devices, hip

waders, etc.)

As no heavy equipment is used and site conditions are typically unknown, Site Safety Plans are
generally not prepared for a site reconnaissance.  However, BASELINE employees shall follow the
Code of Safe Practices for Site Reconnaissance as indicated in BASELINE’s Health and Safety Plan.

If any sampling activities are to be conducted, a Site Safety Plan must be prepared and standard
operating procedures followed for soil borings, soil sampling and other sampling procedures, as
needed.

3.3 Soil Borings

This protocol describes the procedures BASELINE will follow during drilling and abandonment of
soil borings.  The soil borings will provide subsurface information regarding geologic conditions,
physical soil properties, and chemical quality in the soil.  Typically, the target sampling depths for
sites potentially contaminated with light, non-aqueous phase liquids (LNAPLs) will be five foot
intervals starting at the ground surface and terminating at the groundwater interface.  For sites
potentially contaminated with dense, non-aqueous phase liquids (DNAPLs), the target sample depths
will be at five foot intervals starting at the ground surface and terminated after penetrating the first
fine-grained (silt or clay) layer below the groundwater interface.  Sites potentially contaminated with
metals will typically be sampled a few feet below the ground surface and at five-foot intervals to
depth of boring and/or sampled in zone(s) which potentially may be associated with high metal
content.  Borings are installed with the use of hollow-stem auger, direct push technology (DPT),
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hand auger, or slide hammer, as described below.  Almost all locations within the Bay Area require
a local permit for drilling (including DPT).  A copy of the permit must be kept on-site during drilling
operations.

Drilling, Hollow-Stem Auger

Only after obtaining a permit will drilling proceed.  Drilling a boring with the use of a hollow-stem
auger requires a drill rig with a licensed C-57 drilling contractor.  The BASELINE Project Manager
will confirm that the driller maintains a valid C-57 license.  The hollow-stem auger typically has an
outside diameter of 4, 8.25, or 11.75 inches.  The boring is advanced until the proposed or targeted
depth has been achieved.  The target depth(s) should be determined previously by the project
manager as the depth(s) that best represent the sampling goal and/or the depth(s) determined in the
field by BASELINE field geologist.  The targeted depth(s) will be sampled in accordance with the
protocol for Soil Sampling.  Prior to, during, and after sampling, air monitoring will be conducted
in accordance with the protocol for Air Monitoring.  All drill rods, augers, hoses, bits, and sampling
equipment will be decontaminated and the soil and water generated during the coring process will
be handled in accordance with the protocol for Decontamination and Disposal.

Direct Push Technology (DPT)

Installation of a boring using DPT requires a specialized coring rig.  The rig pushes a coring barrel
with an outside diameter of 2.5 or 4.0 inches to the target sampling depth(s). The targeted sampling
depth(s) will be determined previously by the project manager as the depth(s) which best represents
the sampling goal and/or the depth(s) controlled by site conditions as determined by the BASELINE
field geologist. Collection of soil samples at the target sample depth(s) will be in accordance with
the Soil Sampling protocol.  Air monitoring will be conducted prior to, during, and after sample
collection in accordance with the protocol for Air Monitoring.  All coring rods, core barrels,
sampling equipment will be decontaminated  and the soil and water generated during the coring
process will be handled in accordance with the protocol for Decontamination and Disposal.

Hand Augering

A hand auger is manually advanced by BASELINE field personnel or subcontractor and is typically
used where site conditions are favorable for hand augering (relatively soft, cohesive soil and shallow
target depth).  The hand auger has an outside diameter of 3.75 inches.  The target sampling depth(s)
will be determined previously by the project manager as the depths(s) which best represents the
sampling goal and/or the depth controlled by the site conditions, as determined by BASELINE field
geologist.  Collection of the soil sample at the target depth(s) will be in accordance with the protocol
for Soil Sampling.  Air screening and air monitoring may be performed and would follow the
protocol for Air Monitoring.  The hand auger bit and sampling equipment will be decontaminated
and the soil and water generated during the coring process will be handled in accordance with the
Decontamination and Disposal protocol.

Logging of Borings, Drill Logs, and Well Construction Summary

The BASELINE field geologist will record observations made at the time of drilling on a Drilling
Log.  The site location, driller, method of drilling, logger, bore size, boring number, datum (if
known), date, and casing size (if applicable) will be completed for each boring.  The BASELINE
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geologist will be in direct communication with the drill rig operator to discuss and note any
significant change in drilling speed, ease of drilling, drilling action, or absence of drill cutting
returns.

A description of sampled soils and drill cuttings will be recorded along with their corresponding
depth using the Unified Soil Classification System (USCS), soil type, grain size and gradation,
moisture content, consistency, plasticity, and color based on the Munsell color charts.  Other
descriptive characteristics such as formation (if known), Bay Mud, fill, and presence of fossils,
wood, concrete, bricks, and other foreign debris will be recorded.  Readings obtained from air
monitoring instruments will be recorded with its associated depth.  A graphic depiction of lithologies
encountered and the depth at which samples were collected will be included.

Soil Boring Abandonment

Soil borings that will not be used for monitoring wells will be abandoned in accordance with local
permitting and regulatory agency requirements.  The abandonment of the borings will typically
require grout seals of the borehole with a neat cement/bentonite mixture (typically a ratio of five
gallons of water to one bag of cement) and may be capped with concrete or asphalt or soil (if
required).  Most jurisdictions require an inspector to be present during abandonment.  Unless
otherwise allowed by the local inspecting agency, all boreholes will be sealed by pumping the neat
cement/bentonite mixtures to the bottom of the hole with use of tremie pipe.  When hollow-stem
augers are used, the tremie pipe will be placed inside the auger and raised along with the auger as
grouting proceeds, to ensure against borehole collapse.  Shallow borings (generally less than 20 feet)
that do not encounter groundwater may be abandoned by placing neat cement/bentonite seal from
the surface, if otherwise not prohibited.  If the local inspecting agency requires a signature from the
on-site geologist/engineer that the information requested, such as depth of boring, water level,
contamination, grout mixture is correct, the BASELINE field geologist will ensure that the
information is correct and sign the form.

3.4 Soil Sampling

This protocol describes the procedures that BASELINE will follow for collecting soil samples
during, drilling, coring, augering, excavations, and stockpile characterization.  All the soil samples
collected for chemical analysis will be brought to a California-certified laboratory, certified to
perform that analysis.

Soil Samples Collected during Hollow Stem Drilling

Soil samples collected from a drill rig are collected using a California Modified sampler.  The
California Modified sampler has an inside diameter of two inches and is primarily used when
colleting samples for chemical analysis.  The sampler is typically 1.5 or two feet in length and will
be fitted with  three or four six-inch long and two-inch diameter pre-cleaned stainless steel or brass
sleeves.  The sampler is lowered into the boring to the target depth and driven into the ground by
a 140-pound hammer falling 30 inches. The number of blow counts required to push the sample in
increments of six inches will be recorded on the Drilling Log along with the depth (bgs) at which
the sample was colleted. The sampler will be brought to the surface and the sleeves removed from
the sampler; the sleeve nearest the tip of the sampler will be used for submittal to the laboratory
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(unless field conditions dictate otherwise).  The sample will be handled and preserved in accordance
to the Soil Sample Handling and Preservation protocol, described below.  All the sample equipment
will be cleaned according to the protocol for Decontamination and Disposal.

Soil Samples Collected during DPT Borings

Soil samples from a DPT are collected from the coring barrel.  The barrel has a length of two or
three feet and is typically fitted with stainless steel sleeves, six inches in length and 1.5 inches in
diameter.  A continuous sample along the entire bore depth is achieved and upon retrieval of the
core, a target sample is obtained.  The soil sample will be handled and preserved accordingly to the
protocol for Soil Sample Handling and Preservation, described below.  All the sample equipment
will be cleaned according to the protocol for Decontamination and Disposal.

Soil Samples Collected during Hand Augering

The samples will be collected with either a 2-inch by 12-inch or 2-inch by 6-inch stainless steel
corer, fitted with one or two pre-cleaned stainless steel sample tubes, respectively.  The cover will
be driven into the ground using a slide hammer to the target depth(s).  The sample will be handled
and preserved in accordance with the protocol under Soil Sample Handling and Preservation.  All
the sample equipment will be cleaned in accordance with the protocol for Decontamination and
Disposal.

Soil Samples Collected with Slide Hammer

The samples will be collected with either a 2-inch by 12-inch or 2-inch by 6-inch stainless steel
corer, fitted with one or two pre-cleaned stainless steel sample tubes, respectively.  The sampler is
driven to the target depths(s) using a slide hammer.  The sample will be handled and preserved in
accordance with the protocol under Soil Sample Handling and Preservation.  All the sample
equipment will be cleaned in accordance with the protocol under Decontamination and Disposal.

Soil Samples Collected from Excavations

The locations of the sample will be determined using appropriate agency guidelines, if applicable.
The location of each sample collected will be mapped along with the horizontal and vertical
dimensions of the excavation.  The samples will be collected with the use of an excavator, backhoe
or hand auger from the desired sidewall and bottom location(s) without entering the excavation.  If
entering the excavation is required, the samples may be collected by entering the excavation
provided only that Occupational Safety and Health Administration (OSHA) regulations are
followed.

Soil Samples Collected Manually (Grab Sample)

Soil samples are collected manually when shallow samples are required, typically immediately
below the surface.  The soil may be exposed by scraping the top portion of soil to the target depth
and inserting a pre-cleaned 2-inch by 6-inch stainless steel sleeve manually into the soil.  The soil
sample will be handled and preserved in accordance with the protocol under Sample Handling and
Preservation.
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Soil Samples Collected from Stockpiles

Soil samples collected from stockpiles will be collected in accordance with regulatory and/or landfill
requirement guidelines.  The number of samples to be collected will be determined after the
stockpile has been measured and volume calculated (including a 30 percent fluff factor).  The
location of the samples will be chosen using guidelines in Test Methods for Evaluating Solid Waste,
Physical/Chemical Methods, SW-846 (SW-846), Third Edition, EPA.  The sample will be collected
by following the protocol of Soil Samples Collected Manually and/or Soil Samples Collected with
Slide hammer.  All sampling equipment will be decontaminated in accordance with the
Decontamination and Disposal protocol.

Soil Samples Collected Using EnCore® Sampler

The EnCore® Sampler is used when requested by the project manager or  required by the lead
agency  to  collect the  portion of a soil sample for analysis of volatile organic compounds(VOC)
and/or total petroleum hydrocarbons as gasoline,(TPHg).  The  EnCore® sample is collected by
removing the EnCore vial from its individually sealed bag and attaching the vial to the end of the
EnCore’s T -handle.  By holding the T-handle, the vial is  manually pushed into the soil sample that
was previously collected, as described in Section 3.4 above.  The vial is then  removed from the soil
sample and examined to ensure that it does not contain any void spaces prior to being capped.  The
cap, included in same sealed bag that contained the vial, is inserted over the end of the vial until the
tabs on the cap clip onto the vial, thus ensuring a proper fit and seal.  Typically, three vials will be
filled per analysis, three for VOC and three for TPHg.  The sealed vials will be handled and
preserved in accordance with the protocol described under Soil Sample Handling and Preservation
in Section 3.4.  All sample equipment will be cleaned in accordance with the protocol under
Decontamination and Disposal described in Section 3.8. 

Soil Sample Handling and Preservation

BASELINE will handle the soil samples using the following guidelines:

C The sample preparation area will be kept clean by placing clean visquene or cleaning a
stainless steel surface before each sample preparation event. 

C The person(s) handling the sampler and sample will don clean protective gloves, appropriate
for the chemicals of concern, prior to contact with the sample.

 
C A visual inspection of both ends of the target sample tube will be conducted which will

include observations of soil type, color, and presence of contamination.  An air
monitoring/screening will be performed, if warranted, prior to the sample being capped with
teflon film, plastic cap, and sealed with silicone tape.

C A sample label will be filled out immediately after the sample has been capped.  The label
should have the following information:

- BASELINE's phone number and address
- Project number
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- Project location
- Sample identification number including depth if appropriate.
- Sampler(s) initials
- Time and Date of sample collection
- Analytical work (optional)
- Any special request or information for the laboratory (optional)

C Once the sample has been labeled it will be sealed into a zip-lock bag and placed into a cooled
ice chest.

3.5 Installation and Destruction of Wells

This protocol describes the procedures BASELINE will follow during the installation and
destruction of monitoring/extraction wells.  The protocol may be adjusted to accommodate a specific
work plan, be superceded by applicable regulatory requirements, or be revised by the project
manager.  The wells will be installed in accordance with California Well Standards Bulletin 74-90,
California Department of Water Resources (DWR) and local enforcement agency guidelines.

Monitoring/Extraction Well Installation

The well(s) will be designed to obtain groundwater samples which most represents the impacts to
the groundwater quality of a particular site.  The screened interval will be designed and selected
according to the lithologic log.  Each well will be designed to enable measurement of the
potentiometric surface and to allow water sampling of a specific water-bearing zone.  The
BASELINE field geologist will design the screen and casing interval, filter material, and surface
completion. 

Monitoring/Extraction Well Screen and Casing

The  well casing and screen will consist of threaded schedule 40 polyvinyl chloride (PVC), with an
inside diameter of two or four inches, depending on the intended use of well.  Typically, two-inch
diameter wells will be installed for monitoring wells and four-inch diameter wells for
monitoring/extraction wells.  The well screen will consist of a machine slotted PVC casing with slot
diameter of 0.01- or 0.02-inch.  The slot size will be determined based on formation grain size.  The
length of the screened interval will not exceed 15 feet unless approved by the project manager and
local regulating agency.

Filter Material

The size of the filter pack selected will be reflective of grain size distribution of the water bearing
zone and will be compatible with the slot size selected.  Typically, the filter pack used will be well-
graded, pre-washed sand with sizes of either 2/12, 2/16, or #3.  Filter pack sizes 2/12 or 2/16 will
be placed around the well screen where water-bearing zones consist of fine-grained sands to Bay
Mud.  A #3 filter pack will be used for coarse to fine-grained sands.
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Placement of Well Screens and Casing

After completion of the boring, the total depth of the borehole will be sounded and verified.  The
well screen, casing, and locking cap will be assembled by threading together the sections without
the use of glue.  The entire length of the casing and length of the screened interval will be measured
from the top of casing (TOC) to nearest tenth of a foot.  The casing shall be steam cleaned or
unwrapped of sterile cover prior to being lowered into the boring.  The well assembly will be
lowered into the borehole ensuring that the top of the screened interval is placed at the designated
depth (bgs).  The filter pack material will be placed through the hollow-stem auger.  The filter pack
will remain a few feet inside the bottom of the auger as the auger is raised during placement of the
filter pack.  A continual check of the depth to sand in the auger, with use of weighted tape measure,
will be conducted to ensure proper placement of filter pack and to ensure against bridging of the
filter pack.  If bridging does occur, raising of the auger a few inches off the bottom of hole may be
needed to free the obstruction.  If this is unsuccessful, a small amount of drinking water may be
poured into the hollow-stems to break the bridge; this must be noted on the well construction
summary log.  Upon reaching the desired thickness of the filter pack, typically two feet above the
top of the screened interval, a bentonite seal of one to two feet will be placed on top of the filter
pack.  The seal will be slowly hydrated with the addition of potable water, if required.  Once
hydration has occurred, the remaining annular space will be tremied with a neat cement/bentonite
mixture typically at a ratio of 5:1 (potable water to cement [Portland type I/II cement and 2 percent
bentonite powder]).  Placement of the well seal will typically need to be inspected by the local
regulatory agency.  Once the seal is placed to one to two feet bgs, the locking cap shall be removed
and a TOC mark will be established by filing a notch into the north side of the top of casing.  This
will be followed by water level measurement collected in accordance with the protocol for Water
Level, Well Depth, and Floating Product Measurements.

Well Head Protection

After the well seal has set, well head protection will be installed.  The well head protector will
consist of metal stovepipe cover or water tight, traffic-rated Christy box finished slightly above
grade.  Both covers will be installed into the concrete apron to ensure that surface water does not
enter into the well.  A lock will be affixed to the locking well cap or stovepipe and a well
identification number stamped or printed in indelible ink onto lid or cap.

Development of Monitoring or Extraction Well

After the grout has cured a minimum of 48 hours (or as required by the local permitting agency),
the well will be developed with the use of development tools and pump.  The objective for
developing the well is to:  1) remove the silt and clay that may have accumulated at the bottom of
the well; 2) dislodge fine particles within the water bearing zone; and 3) compact and wash the fine-
grained sediments out of filter pack that may have been introduced during drilling and construction
of the well.  Prior to well development, a water level measurement should be obtained by following
the protocol for Water Level Measurements.

Typically, the well will be pumped by using a double diaphragm, 12-volt submersible pump,  or
peristaltic pump to initially remove accumulated sediment.  A surge block will then be used to
dislodge fine-grained sediments and bring them into suspension so they can be pumped out.  A
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recharge rate will be estimated by performing a quick drawdown of the water level by pumping at
a rate higher than the infiltration rate and anticipated purge rate.  Once drawdown is achieved, the
pump will be turned off and estimated recharge rate obtained by measuring water level rise over
time, if possible.  Development will proceed at or near infiltration rate until the appearance of the
water becomes clear.  To ensure adequate development throughout the entire length of the screen,
the pump inlet will be raised to check that water clarity is maintained.  The time, gallons removed,
appearance, and measured recharge rate will be recorded on the Well Development form.  The
purged water, obtained from well development and decontamination of development tools, will be
stored in accordance with the protocols for Decontamination and Disposal procedures.  Once the
well has been developed, a Well Completion Report, Form 188, will be filed with DWR and a copy
of the Report will be submitted to the local enforcing agency.

Well Destruction

Wells will be abandoned in accordance with State and local agency requirements.  Arrangements
will be made with the local agency inspector to observe the destruction process, if required.  The
well head protector will be removed by jack hammering or drilling, if possible.  The well casing will
then be removed either by pulling out the casing, for shallow wells, or by drilling out with hollow-
stem augers piloted by a leading drill rod inside the casing.  The hollow-stem auger bit should be
the same diameter or slightly larger than the well boring diameter.  The auger will be advanced to
a depth that is one-foot past the well boring depth to ensure that the annular filter and seal are
removed.  After ensuring that the casing length and a reasonable amount of filter pack has been
removed, the borehole will be sealed by pumping a neat cement mixture to the bottom of the hole
with the use of a tremie pipe.  A concrete or asphalt cap may be required on paved surfaces.  A Well
Completion Report, Form 188, will then be filed with DWR and a copy of the Report will be
submitted to the local agency.

Pressure grouting is another method used for well abandonment if overdrilling and removal as
described above is not feasible or desirable.  Pressure grouting must be approved by the local
agency.  Pressure grouting is not effective if the subsurface materials are highly permeable.  Pressure
grouting consists of injecting into the well a grout slurry consisting of five parts potable water to one
part neat cement/bentonite.  A specialized grout pump with pressure gauges is used to inject the
grout seal into the well and is designed to replace the void space in the well’s filter pack and casing.
The sealing process is considered accomplished when the well no longer accepts grout under
constant pressure for ten minutes.  Following grouting, the well head protector will be removed by
jack hammering or drilling out and the top of casing removed to several feet below ground surface.
The surface void will be filled with a concrete or asphalt cap to match the surface condition.  A Well
Completion Report, Form 188, will then be filed with DWR and copy of the Report will be
submitted to the local agency. 

Hydropunch

The hydropunch program will be designed to obtain water from a specific water-bearing zone by
temporarily screening a one- to two-foot interval.  The screen interval will be determined by either
1) drilling a pilot boring adjacent to the proposed hydropunch location to obtain a lithologic log and
depth to groundwater, or 2) from previous investigations conducted on-site.  The hydropunch
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consists of a small-diameter stainless steel cover (typically two- to three-inch diameter) attached to
a stainless steel core barrel.  Inside the core barrel is a small-diameter PVC casing and screen.  The
hydropunch is advanced by either direct push techniques (DPT) or by a combined augering/direct
push technique to the target depth.  The core barrel is then retrieved, leaving the hydropunch tip and
screen/casing set at the target depth.  Upon infiltration of groundwater, a grab water sample is
collected.  All drilling and sampling equipment will be decontaminated prior to and after use in
accordance with the protocol for Decontamination and Disposal.  Once the groundwater sample is
obtained, the hydropunch boring will be sealed in accordance with the Soil Boring Abandonment
protocol.

3.6 Sampling of Monitoring Wells, Hydropunches, Surface Grab Water Samples

These standard operating procedures describe the procedures BASELINE will follow during field
activities performed during surface and subsurface water sample collection.  These procedures are
intended to be typical protocols and may be modified to address a site-specific work plan and/or site
safety plan. They may also be modified during work progress, if warranted by site conditions, and
approved by the project manager.  The procedures may be superseded by applicable regulatory
requirements.

Non-Purge Method for Well Sampling
In certain jurisdictions in the State, a non-purge approach for sampling of monitoring wells has been
approved.  These sites are typically petroleum sites where no free-phased product is present in the
well.  Use of the non-purge method of well sampling at a specific site will be determined by the
project manager after determining that all well and site conditions have been met, and the local
agency approves.

Prior to sampling, water level measurements must be taken and a check for floating product shall
be performed in accordance with the Water Level Measurement protocol.  Sampling of wells at
petroleum hydrocarbon sites where the non-purge method has been approved shall be performed
with a bailer.  The water sample shall be collected from the top of the water column by carefully
lowering the bailer to just below the water surface.  This can be done by measuring the length of the
bailer cord to the depth of the water level, adding the length of the bailer, and tying a knot.  The
bailer must be lowered and raised to assure that no splashing occurs in the water column.  The first
bailer shall be checked for free product or product sheen.  Samples will than be collected in
accordance with the protocol presented in Sample Collection.

Purging of Monitoring Wells

Purging is performed on groundwater monitoring wells to ensure that a representative sample of the
formation water is obtained by removing water that has been present in the well casing and filter
pack.  The project manager should determine the number of well casing volumes needed for purging
at a site and be consistent in the volumes for subsequent sampling events.

Purging should be performed with the intake or bailer collecting water from the top of the water
column.  This ensures fresh water from the formation will move upward and uniformly from the
screened interval.  In low-yield formations, water should be purged from the bottom of the screened
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interval to assure that all water is removed from the water column.  In no instances of well purging
should the well be purged at a rate which would allow the formation water to cascade down the sides
of the screen and cause the loss of volatiles.  This will generally not be a problem in very slow
recharge wells (i.e. several hours to several days) but can be a potential problem in moderately
permeable formations where the rate of purging can greatly exceeds the recharge rate.  Purging shall
also be performed in such a manner that does not cause the recharge water to be excessively
agitated.

Prior to purging, water level measurements must be taken and the presence of floating product shall
be checked in accordance with the Water Level Measurement protocol.  Several methods for purging
and sampling are described below, the specific method will depend on the site conditions and
parameters being analyzed.  Unless otherwise specified, the method of purging shall be the same
method used for sample collection.  Once a purging method has been established for a specific site
or well, it should be followed for subsequent sampling events.  If the method is changed, it should
be continued for the remainder of the sampling program.

Peristaltic Pump.  Typically a peristaltic pump will be used on wells with shallow ground water
(less than 24 feet bgs).  The pump  may either be operated at 12 VDC  or 120 VAC current.  The
pump will be fitted with medical-grade silicon pump head tubing and attached to clean disposable
intake poly-tubing. The tubing will be transported in a clean container and the portion of the hose
that will be used will be removed out of the case just prior to use .  The hose will be lowered slowly
into the well ensuring that the hose does not come in contact with the ground surface.  The tubing
will be handled with glove-protected hands. The purge rate will be adjusted to closely match the
recharge rate of the well, if possible.  Water within the well casing will be removed by placing the
purge intake at the top of the water column.  The intake will be moved down as necessary to stay
below the top of the water table.  Field measurements will be conducted during the purge process
in accordance with the Field Measurement protocols to ensure that a representative groundwater
sample will be obtained.

Submersible Pump.  Typically, a submersible pump will be used if the groundwater depth is greater
than 24 feet bgs or if the groundwater table will be drawn down below 24 feet bgs during purging.
The pump head will be fitted with clean poly tubing that has been stored in a clean case and
removed just prior to use. The tubing and decontaminated pump and cable will be slowly lowered
into the well ensuring that the tubing, and cable does not come in contact with the ground surface.
The tubing and cable will be handled with glove protected hands and the pump slowly lowered just
below the top of the water column.

The purge rate will be adjusted to closely match the intake flow rate of the well. The pump should
be moved down as necessary to stay below the top of the water table.   Field measurements will be
collected during the purge process in accordance with the Field Measurement protocol to ensure that
a representative groundwater sample will be obtained.
  
Hydropunches.  Purging of groundwater from hydropunches is typically not required because of the
technology of hydropunching.  If installed correctly, the hydropunch does not create significant
disturbance within the water-bearing zone; therefore, water withdrawn is representative of  the water



A-15905qap.2004.wpd-3/17/04

within the sampled zone.  A small portion of water may be purged prior to sampling in order to
remove some of the fine-grained sediments that may have become dislodged during installation.
The groundwater sample may be collected with the use of either a peristaltic pump and tubing, or
a bailer.  Water Sample Collection and Sample Handling protocols will be followed but field
measurements will not be performed. 

Bailer.  The bailing method of purging and sampling can be used in any size well and any depth.
However, if either: 1) significantly large volumes of water are needed for purging and/or sampling,
2) the depth to the water column is great, 3) dense non-aqueous phase liquid compounds (DNAPLs)
are being sampled from the bottom of the water column, or 4) field-filtered metals samples are
required, alternative methods should be considered.  When purging or sampling with a bailer, a new
disposable bottom-filling bailer will be used.  The bailer will be removed from its protective
wrapping, attached to clean cord, and slowly lowered to just below the water interface with glove-
protected hands.  The bailer shall not cause any splashing or agitation when it either enters or is
removed from the water column.  When the bailer becomes full, it will be slowly raised, ensuring
that the cord and bailer do not come into contact with the ground surface.  The first bailer of water
will be checked for free product or product sheen.  Water Sample Collection and Sample Handling
protocols will be followed.

Sample Collection

Samples shall be collected from monitoring wells from the top of the water column unless DNAPLs
are being analyzed.  When sampling for DNAPLs, a pumping method of sampling should be used
in order to access the sampling port or tubing intake at the bottom of the water column.  When
sampling from the top of the water column with a pump, the sampling port or tubing intake may
need to be lowered as necessary during sampling to keep the intake below the top of the water
column.  The discharge shall be monitored such that the rate does not cause the recharge water to
cascade down the well screen.  Samples will be collected in the following order:  volatile, semi-
volatile, metals, other analyses.

When sampling for volatile or semi-volatile analysis using a pump, the pump rate will be decreased
to approximately 100 ml/minute to minimize agitation.  The effluent end of the sampling tube shall
be placed at the bottom of the bottle and raised slowly to create as little turbulence as possible upon
filling.  When sampling with a bailer, a bottom flow control device (supplied with all disposable
bailers) shall be used and the bottle filled in a similar manner.  The 40 ml VOA bottles will be
capped immediately and checked for air bubbles.  If bubbles are observed, the bottle shall be refilled
and checked again.  

The VOA bottles are typically already preserved by the laboratory with HCL.  When sampling
brackish or saline water, a reaction may occur with the preservative; this reaction may create a build-
up of air space, possibly reducing the sample's volatile concentration.  In these instances, non-
preserved VOAs will be used and noted on the label as “not preserved.”

Samples requiring filtration, such as metals, shall be filtered by the laboratory and preserved after
filtration.  When in-field filtration is required by a regulatory agency, a 0.45 micron filter will be
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affixed to the effluent end of the pump discharge tube and placed inside the appropriate sample
bottle.  Samples collected for metals analysis which are not filtered in the field must be filtered then
preserved by the laboratory within 24 hours of collection.  Therefore, if the samples cannot be
delivered to the laboratory within 24 hours, in-field filtering and preservation will be required.
Collected water samples will be handled in accordance with Water Sample Handling and
Preservation protocols.

Field Measurement 

During the purging of monitoring wells, field measurements will be taken by using pH/temperature,
electrical conductivity, turbidity meters, and, in some cases, dissolved oxygen meter.  The
instruments will be calibrated prior to and at the end of each day's sampling event.  The calibration
details along with time, cumulative gallons removed, and appearance of the purge water will be
recorded on the Groundwater Sampling form.  Groundwater parameter stabilization will be
confirmed by three successive casing volumes (if possible) readings within the tolerance listed
below:

• Electrical conductivity +/- 3%

• pH +/- 0.1

• Turbidity +/- 3%

It should be noted that in areas of saltwater intrusion, near Bay margins, stable conditions will be
measured by turbidity.  Field measurements will be collected by placing the instrument probes in
a container filled periodically with  aliquots of purged water.

Temperature/pH Measurement.  Prior to the use of the temperature/pH meter, the instrument will
be calibrated by following the two buffer calibration procedure found in the instrument manual.  The
two buffers used, (either 4.01 and 7.00 or 7.00 and 10.01) will  bracket the expected pH range of the
groundwater.  The instrument will automatically calibrate itself to the two buffers used.  The meter
calibration readings will be recorded under “Before Purging” on the Groundwater Sampling form.
There is no calibration required for the temperature.  Once calibration of the pH probe is complete,
the probe will be placed in the container and pH measurements recorded in to the nearest one-
hundredth, when the "ready" signal  has indicated on the instrument panel.  Readings will be
continued throughout the purge process until stabilization has been achieved.   

At the completion of each sampling event, the pH will be checked for daily drift  by measuring the
two buffer solutions and comparing the values recorded before purging. The values obtained will
be recorded on  the Groundwater Sampling form  under “After Purging.” If a significant variance
is observed, a more frequent calibration period may be required or the battery may need to be
replaced.  Also, if readings are taking more than a few minutes to “ready,” replacement of the
battery or probe may be necessary. All calibration standards used will be fresh and used before the
expiration date.
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Electrical Conductivity Measurement.  Prior to the use of the electrical conductivity (EC) meter, the
instrument will be calibrated by following the calibration procedure in the instrument manual. If the
sample is expected to be fresh water, the probe will be calibrated with 1,000 µmhos/cm standard
solution.  If brackish and/or saline water is expected, the 10,000 µmhos/cm standard solution will
be used. The solution used  will be recorded under “Calibration Standard Reading” under “Before
Purging” on the Groundwater Sampling form.  After calibration, the probe will be placed into a glass
container filled with purge water, and the EC measurements recorded in µmhos/cm.  EC readings
will be continued throughout the purge process at periodic intervals until stabilization has been
achieved.  After completion of each sampling event, the EC meter will be checked for daily drift
by measuring the standard solution used for calibration and comparing the values recorded before
purging.  The values obtained will be recorded on the Groundwater Sampling form  under “After
Purging.”  If a significant variance is observed, the EC probe may need replacement. All calibration
standards used will be fresh and used before the expiration date.

Dissolved Oxygen Measurement.  Prior to the use of the dissolved oxygen (DO) meter, the
instrument will be calibrated by following the calibration procedure in the instrument manual.  The
tip will be checked to ensure the membrane and fluid around the probe is satisfactory (i.e., no air,
clear fluid) then placed into air-saturated deionized water.  The expected dissolved oxygen at a
particular temperature is obtained from the calibration chart; the meter is then adjusted and
calibrated to this value.  The temperature and calibrated value will be recorded on the Groundwater
Sampling form.  After calibration, the probe will be placed into a glass container filled with purge
water and DO measurements  recorded in mg/L.

Turbidity.  Prior to the use of the turbidity meter, the instrument will be calibrated by following the
calibration procedure in the instrument manual.  The sample vial and calibration vial will be checked
to ensure that they are clean prior to their use.  If dirty, they will be cleaned with soapy water and
dried using a lint free cloth.  The instrument will then be calibrated to 0 and 100 Nephelometric
Turbidity Units (NTU) standards and will be recorded under “Before Purging” on the Groundwater
Sampling form.  After calibration, readings will be obtained throughout the purge process at periodic
intervals until stabilization has been achieved.  After completion of each event, the meter will be
checked for daily drift by measuring the standard used before purging.  The values will be recorded
on the Groundwater Sampling form under ”After Purging.”  Calibration standards will replaced
annually with fresh standards.

Water Sample Handling and Preservation

All containers used for water samples will be of the appropriate, type, size, number, and preservative
for the specific analysis.  Sample containers will be prepared in advance by an analytical laboratory.
A list of the most common analyses requested, with the corresponding container type size, number,
and preservative is listed in Table A-1.  If unfiltered samples are collected for metals analysis, the
samples must arrive at the laboratory within 24 hours of filtering and preserving.
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TABLE A-1:  Sample Containers for Typical Analyses

Method Type of Analysis
Containers

(Number, size and preservative)

EPA 601 Chlorinated hydrocarbons three 40-ml VOAs  w/HCL

EPA 8015M Diesel 1 L  amber glass

EPA 8015M Gasoline three 40-ml VOAs w/ HCL

EPA 8015M/8020 Gas/BTXE three 40-ml VOAs w/ HCL

EPA 8015M/8020 Gas/BTXE/MTBE three 40-ml VOAs w/HCL

EPA 8021B BTEX (volatile aromatics) three 40-ml VOAs w/HCL

EPA 8081/8082 PCBs and/or pesticides 1 L  Amber glass

EPA 8260B VOCs (mass spectrometry) three 40-ml  VOAs w/HCL

EPA 8270C SVOCs (mass spectrometry) two 1-L amber glass

EPA 8310 PAHs (polynuclear aromatic
hydrocarbons)

1 L amber glass

EPA 418.1 Total recoverable petroleum
hydrocarbons

1 L glass w/HCL

Standard Method 5520 Oil & grease (gravimetric) 1 L glass w/HCL

160.1 Total dissolved solids 500 ml plastic

160.2 Total suspended solids 500 ml plastic

300.0 Anions by IC, nitrate, nitrite, sulfate,
phosphate, bromide, fluoride, chloride

two 500-ml plastic, unpreserved

Metals by ICP
(200.7/6010)

6010 series 250 ml plastic, filter before preserving
w/HNO3

Metals by GFAA
(7000 Series)

Arsenic, selenium, lead, thallium 250 ml plastic, filter before preserving
w/HNO3

26 CCR Metals
(CAM17)
(6000-7000 Series)

17 metals 250 ml plastic, filter before preserving
w/HNO3

Priority Pollutants
Metals (6000-7000
Series)

13 metals 250 ml plastic, filter before preserving
w/HNO3

RCRA Metals
(6000-7000 Series)

8 metals 250 ml plastic, filter before preserving
w/HNO3

BASELINE will handle water samples using the following protocol:
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C The sample preparation area will be kept clean.

C The person(s) handling the sampling equipment and samples will don clean protective gloves
appropriate for the chemicals of concern.

C A sample label will be filled out with an indelible pen prior to collection of the sample.
Following completion of the label and capping of the sample, the label will be affixed to the
container.  The label will have the following information:

• Sample identification number including depth, if appropriate.
• BASELINE's phone number and address
• Project number
• Project location
• Sampler(s) initials
• Time and date of sample collection
• Any special request or information for the laboratory  

C Once the sample has been labeled it will be placed into an ice chest with ice.  VOA bottles
will be sealed into zip-lock plastic bags.

C An inspection of the water sample will be performed and the observed appearance and odor
will be noted and recorded on the Groundwater Sampling form.  

C Chain-of Custody protocols will be followed.

3.7 Air Monitoring

These protocols describe the procedures BASELINE will follow during air monitoring that may be
performed during drilling operations, soil and groundwater sampling, underground tank removals,
and soil management projects.  These procedures are intended to be typical protocols and may be
modified to address a site-specific work plan and/or site safety plan. They may also be modified
during work progress, if warranted by site conditions, and approved by the project manager.  The
procedures may be superseded by applicable regulatory requirements.

Calibration, PID Photovac Meter

The PID instruments will be calibrated prior to each day's use by following the calibration
procedures found in instrument's operation manual.  The meter will be calibrated to 100 ppm of
isobutylene (isobutylene gas is used during calibration of Photovac meter because it has a response
value comparable to chemicals typically encountered in the field).  The calibration gas used, time,
date, and instrument calibration will be recorded on either the Field Log or Drilling Log.

Calibration, Gastec Meter

The Gastec will be calibrated prior to each day's use by following the calibration procedures found
in the instrument's operation manual.  The meter will be calibrated with hexane at 40% LEL (lower
explosive limit) and 100 mg/L (hexane gas is used during calibration of Gastec meter because it has
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an average response value comparable to chemicals typically encountered in the field).  The
calibration gas used, time, date, and instrument calibration will be recorded on either the Field Log
or Drilling Log.

Calibration, RAE Systems, Multi-RAE Plus (4-gas meter)

The 4-gas meter contains sensors for oxygen, hydrogen sulfide, carbon monoxide, and records the
Lower Explosive Limit (LEL) for combustible gases.  The 4-gas meter will be calibrated, as
frequently as needed, by following the calibration procedures found in the instrument’s operations
manual. The oxygen sensor will be calibrated using fresh air (20.9% oxygen) from an
uncontaminated source. The hydrogen sulfide, carbon monoxide, and LEL meter will be calibrated
using  25 ppm hydrogen sulfide, 50 ppm carbon monoxide, and 2.5% (50% LEL) methane. The
calibration gas used, time, date, and instrument calibration will be recorded on either the Field Log
or the Drilling Log.

Calibration, Drager Accuro Pump and Colorimetric (direct-reading) Tubes

No calibration of the pump or tubes is required prior to use; the pump and tubes are pre-calibrated.
Prior to use, perform a leak test by inserting an unopened tube into the socket. Squeeze the pump
completely and release.  The pump is leak-proof if the white end of stroke indicator has not appeared
after 15 minutes.  The results of the leak test will be recorded on either the Field Log or the Drilling
Log. Observe the temperatures and humidity conditions under which the tubes may be used.   If
needed, the tube reading can be corrected to true atmospheric pressure by multiplying the reading
by an “f-factor;” calculation of an appropriate “f-factor” is indicated on the colorimetric tube
instruction sheets.  Also observe cross-sensitivities that could give an incorrect/false reading; see
the colorimetric tube instruction sheets for details.  A complete pump check will be performed
annually.

Instrument Semi-Annual Maintenance, Performance and Calibration.

All field instruments will be calibrated a minimum of semi-annually and recorded in BASELINE
Instruments Calibration Manual.  Prior to calibration, the instrument will be inspected and checked
for performance.  Any maintenance that may be required according to the instrument maintenance
schedule will be performed.

Air Monitoring, Soil Excavation Activities

After instrument calibration, background sampling points will be established around the perimeter,
upwind and downwind of the excavation (exclusion zone).  The sample locations, date, time, and
wind direction will be recorded on either a site map or a Field Log form. Once background levels
are established, air monitoring within the excavation (exclusion zone) will be performed both in the
breathing zone and near newly excavated soil. If air monitoring action levels described in the Site
Safety Plan are reached, the appropriate action will be implemented.  In some cases this may involve
stopping work until the hazardous conditions have been abated. The instrument readings and any
actions undertaken will be recorded in the Field Log.
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Air Monitoring, Drilling/Coring

After instrument calibration, the air monitoring instrument(s) will be adjusted to nullify any
background levels before drilling/coring proceeds. Air monitoring will be performed downwind of
the drill cuttings, within the breathing zone, and inside the boring.  A reading from the representative
target soil sample will also be recorded.  If air monitoring action levels, as described in Site Safety
Plan, are exceeded, the appropriate action will be implemented. In some cases this may involve
stopping work until the hazardous conditions have been abated. The instrument readings and any
actions undertaken will be recorded in the Field Log and/or the Drilling Logs.

3.8 Decontamination and Disposal

These protocols describe the procedures BASELINE will follow for decontaminating sampling
equipment and managing  liquid and/or solid waste generated from field activities.  These
procedures are intended to be typical protocols and may be modified to address a site specific work
plan and/or site safety plan. They may also be modified during work progress, if warranted by site
conditions and approved by the project manager.  The procedures may be superseded by applicable
regulatory requirements.

Decontamination, Drilling Activities

All drilling equipment, augers, drill rods, drill bits (and cables and 140 lbs drive hammer if they
could come into contact with the subsurface or soil samples) will be  steam cleaned  by the drilling
contractor prior to being brought onto the site.  Between borings, the preferred method for
decontamination of drilling equipment is steam cleaning according to Decon-Method I below.  All
sampling equipment used during sample collection including split spoon samplers, stainless steel
or brass liners, and core barrels, will be decontaminated  prior to and between sampling points.  The
preferred method for decontamination of sampling equipment is by washing them using the  triple
rinse protocol according to Decon Method II, described below.

Decon-Method I, Steam-Cleaner

A decontamination area will be established in an area that is inaccessible to the general public, or
cordoned off  from the general public with the use of caution tape.  A containment area consisting
of either a wood frame basin covered with visquene or a portable steam cleaning tub is used. All
drilling equipment used will be washed inside the basin or tub at high temperature and pressure
produced with a steam cleaner, until decontamination is achieved.  The steam cleaning rinsate is
transferred into 55-gallon drums, sealed, labeled (indicating its contents), and stored on-site until
disposal according to the protocol for Disposal, described below. 

Decon-Method II, Triple Rinse

This method is preferred when decontaminating sampling equipment used during soil sampling.  All
sampling equipment used during sample collection (split spoon sampler, stainless steel or brass
liners, core barrels) will be decontaminated  by washing them using the triple rinse method.  The
equipment will be washed in  a sequence starting with 1) a solution of either alconox or trisodium
phosphate mixed with clean water, 2) clean water, and 3) final rinse in de-ionized water.  Anytime
the water becomes visibly dirty, it will be replaced.
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The used water is transferred into 55-gallon drum(s), sealed, labeled (indicating its contents) and
stored on-site until disposal according to the protocol for Disposal, described below.

DECON-Method III Hand Held Bottle Sprayers

This method is preferred when small portions of the sampling equipment (groundwater level probe,
EnCore® T-handle, or slide hammer core barrel) come in contact with soil or groundwater.  The
equipment is decontaminated by first spraying it with an alconox water solution followed by
spraying with DI rinse water.  Typically this method does not accumulate enough rinsate to be
placed into a drum, and usually evaporates. 

Disposal

Solid waste generated from drilling activities or soil excavation will be  temporarily stored on-site
in either an HW-classified container, or placed on and covered with visquene.  Soil generated for
disposal will be sampled in accordance with SW-846 as described in Section 3.4.  Soil samples will
be analyzed for the parameters at the frequency specified in the profiling requirements for each
landfill.  These profiling requirements can very significantly for each landfill; therefore, preselecting
the landfill(s) is recommended to ensure these requirements are met.  Once classified, the soil will
be transferred to the landfill by an appropriately licensed hauler.  All associated manifests will be
signed by the site property owner or representative.

Liquid waste generated from drilling, soil sampling, and water sampling activities will be
temporarily stored on site in an HW classified container.  The water will be sampled or the analytical
results of well water will be submitted to a recycling facility in accordance with profiling
requirements.  Upon acceptance, the liquid will be hauled to the facility by an appropriately licensed
hauler.  All associated manifest will be signed by the site property owner or representative.

At those sites where small quantities of rinsate (less than five gallons) are generated during sampling
of a soil stockpile, and HW classified containers are not maintained at the site, an alternative
disposal method may be used.  The field geologist, engineer, or technician may apply the
accumulated rinsate water to the soil stockpile providing both of the following provisions are
satisfied:

1) The soil stockpile is of adequate size and absorptive capacity to ensure that no discharge to
the environment will take place, OR the stockpile is on an impermeable surface (i.e.,
pavement or plastic sheet); and

2) There is no measurable thickness of floating product on the rinsate in the container.

3.9 Water Level Measurements

Water levels are determined using a dual interface probe, and are measured to an accuracy of 0.01
foot.  The dual-interface probe measures both the depth to water and the depth to floating product
that may be present in the well.  Depths to water are measured from the same location indicated at
the top of the well casing by a small notch or other survey mark.  The depth to water is measured
twice to ensure that the water level readings are the same (i.e., the water level has stabilized).  In
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cases where the water level continues to rise or drop very slowly, this is noted along with water level
reading on the appropriate forms.  The depths to water and floating product are recorded on a Water
Level Measurement form, Groundwater Sampling form, Well Development form, or Well
Construction diagram, depending on the field activity (Appendix B of BASELINE’s Quality
Assurance Program Plan).  The dual-interface probe is decontaminated immediately after use with
a TSP or alconox and water solution, typically using Decon Method III.

3.10 Chain-of-Custody Procedures

Once samples have been collected and properly preserved, they will be maintained under chain-of-
custody procedures.  The Chain-of-Custody Record (Appendix B of BASELINE’s Quality
Assurance Program Plan) documents the transfer of custody of the samples from the time the
samples are collected in the field by the BASELINE personnel to the time they are received by the
laboratory.  Each sample collected for analysis will be included on the Chain-of-Custody Record,
which will provide the following information

C Project number
C Project name and location
C Sampler’s signature
C Turn-around time
C Laboratory name
C Name of BASELINE project manager 
C Sample ID, number station
C Date, time, media type (soil or water), depth, number of containers
C Analyses required
C Remarks including detection limits and composites
C Condition of samples upon arrival at the laboratory
C The time, date, and signature of any person relinquishing the custody of the samples
C The time, date, and signature of any person receiving the custody of the samples.
C
Blank spaces on the Chain-of-Custody Record will be crossed out between the last person to receive
the samples prior to the signature of the person receiving the samples at the laboratory.

A copy of the Chain-of-Custody Record will be retained by BASELINE personnel after the
laboratory has received the samples.  A copy of the Chain-of-Custody Record will be given to the
project manager and the original will remain at the laboratory with the samples. 

3.11 Mapping Soil Borings, Well Locations, and Surveying

Surface elevations of boring locations should be determined, when possible, using topographic maps
or by field surveying at the time of drilling.  All monitoring wells will be surveyed for both vertical
and horizontal control by a surveyor licenced in the State of California.  The vertical and horizontal
control is established to determine groundwater elevation within a well and determine the  local
groundwater gradient and flow direction at the site.  The vertical control will be established to the
north side of the top of casing (TOC) and ground surface elevation for each well .  The elevation will
be recorded relative to the appropriate datum (as determined by the surveyor or project manager)
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to within 0.01 foot.   The horizontal control of each well will be established by locating the wells
relative to a known permanent structure on the site and/or within reference to one another.

Soil boring,  surface water sample, and grab soil sample locations will mapped in the field by
BASELINE field personnel.  If requested by the client, a surveyor licenced in the State of California
may survey soil boring locations.  A site map will be provided by the client or constructed in the
field by BASELINE.  Each sample location will be plotted on the site map.  A site map and
associated sample locations will be constructed by using a Brunton or similar compass, measuring
tape, and/or walker by plotting the bearing and distance from established reference points. The
bearing and distances measured will be documented on the original site map and stored in the
BASELINE project file under Field Notes/ Maps/Photos.   

4.0 DOCUMENT PRODUCTION

The project manager is responsible for ensuring the quality of documents.  The project manager
should provide detailed instructions regarding document production, including deadlines, to the
designated BASELINE clerical or administrative employee.  The designated BASELINE employee
is responsible for ensuring the following steps are completed:

C Obtaining instructions from the project manager regarding document type, distribution
information, and special instructions.

C Ensuring that the document is complete and all figures have page numbers and titles prior to
reproduction.

C Ensuring that the document has been proofread, and received peer and principal reviews.

C Ensuring that colored stock is used for lead sheets, cover stock is used for front and back
report covers, and acetate front and back covers are included on documents (acetate covers
are not used on proposals).

C If a document is reproduced by a copy service, providing a detailed instruction sheet and
appropriate stock, and identifying lead and cover sheets.

C Reviewing every document, page by page, to ensure that the copy quality is adequate and that
all pages, including figures and appendices, are included and properly oriented.

C Ensuring that a transmittal form is completed, in accordance with instructions from the project
manager.

C Ensuring that documents and addressed envelopes, if requested, are distributed using an
appropriate delivery service.
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C Checking master documents to ensure that they are in order and complete prior to filing.

The project manager is responsible for inspecting each package after production, prior to mailing
or delivery, to ensure that these steps have been completed.



APPENDIX B

FIELD FORMS
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APPENDIX B
FIELD FORMS

Field Log
Site Reconnaissance Checklist
Chain of Custody Record
Drilling Log
Well Construction Summary and Development Log
Field Water Level Measurements
Soil Sample Field Screening
Groundwater Sampling
Sample Label
Drum Label



BASELINE

FIELD LOG Page ____ of ____

Project: Job No:

Logger: Date:

Weather Conditions:

Site Personnel:

Time Field Activities

Arrival Time

Departure Time
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BASELINE

SITE RECONNAISSANCE
FIELD CHECKLIST

Describe the following, in order to meet ASTM standards:

General/Exterior Observations

Topography 

Site improvements (i.e., buildings, roadways, etc.) and current site uses

Adjoining parcels, land uses, and evidence of hazardous material use/release (if apparent) 

Evidence of past uses at site (i.e., building foundations, abandoned equipment) 

Inventory of hazardous substances at site, including approximate quantities, types of containers, and
storage conditions

Check box if present, and describe:

G Aboveground storage tanks and evidence of underground storage tanks (vent pipes, fill tubes,
pumps)

G Unusual or noxious odors (identify source, if possible) 

G Pools of liquid, including standing surface water

G Drums/Hazardous Substance Containers/Unlabeled or unidentified containers 



Site Reconnaissance Field Checklist - continued
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G Electrical equipment (i.e. transformers) known or likely to contain PCBs (excluding fluorescent
lighting)

G Stained or disturbed soil or pavement 

G Stressed vegetation 

G Solid waste (dumping, etc.) 

G Wastewater and storm/surface drainage 

G Wells 

G Septic Systems 

G Public utilities (power, water, sewage, solid waste) 

Interior Observations

Heating and cooling systems 

Stains or corrosion 

Floor drains and sumps 

Interior finish materials (i.e., drywall, textured ceiling material, vinyl flooring, etc.) 
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5900 Hollis Street, Suite D
Emeryville, CA 94608
Tel: (510) 420-8686 Fax: (510) 420-1707

CHAIN OF CUSTODY RECORD
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BASELINE Contact Person
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Sample ID
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Samplers: (Signature)

Date: Media

Containers

Remarks/
Composite

Relinquished by: (Signature)

Relinquished by: (Signature)
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If analyzing for MTBE, confirm
any hits with EPA method 8260.
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5900 Hollis Street, Suite D
Emeryville, California 94608

(510) 420-8686 voice
(510) 420-1707 fax

DRILL LOG NO.: 
(Page 1 of 1)

Location : 
Driller : 
Method : Hollow stem
Logger : WKS
Ground surface elev. : feet

Boring no. : 
Project no. : 
Date : 
Casing size : 2 inch
Bore size : 8 inch

Depth
in

feet

 0

1

2

3
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7

8

9

10
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H
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PID
(ppm)

DESCRIPTION

Water level during drilling

REMARKS
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5900 Hollis Street, Suite D
Emeryville, California 94608

(510) 420-8686 voice
(510) 420-1707 fax

WELL LOG NO.: 
(Page 1 of 1)

Location : 
Driller : 
Method : Hollow stem
Logger : WKS
Datum (TOC) : 

Boring no. : 
Project no. : 
Date : 
Casing size : 
Bore size : 

Depth
in

feet

 0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

G
ra
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ic

U
S

C
S

NA
Well: 

Grout

Bentonite chips

Filter pack, 
Lonestar
2/12 sand

Cover

Blank casing,
2 inch diameter 
PVC, sch 40

Screen casing, 
2 inch diameter
PVC, sch 40,
010 slot

Well Development
Information

Well Construction : 

Surface completion : 
Neat cement (feet) : 
Seal interval (feet) : 
Filter pack (feet) : 
Screen interval (feet) : 

Initial depth to water (feet) : 
Development method : 
Product level from TOC : 
Average recharge rate (gal/min): 
Total gallons removed : 

Well Development
Total depth from TOC:  29.12 feet

Notes





BASELINE

SOIL SAMPLE FIELD SCREENING

Sample
Location Date Depth

Material
Type

Moisture
Content

Visible
Evidence of

Contamination Odor
HNu

Reading TLC



GROUNDWATER SAMPLING

Project no.: Well no.: Date:

Project name: Depth of well from TOC (feet):

Location: Well diameter (inch):

Screened interval from TOC (feet):

Recorded by: TOC elevation (feet):

Weather: Water level from TOC (feet): Time:

Precip in past 5 days (inch): Product level from TOC (feet): Time:

Water level measurement device:

CALCULATION OF WELL VOLUME:

[(          ft) - (          ft)] x (          ft)2 x 3.14 x 7.48 = gallons in one well volume

well depth water level well radius total gallons removed

CALIBRATION

Time Temp (° C) pH EC (µmho/cm) NTU

Calibration Standard: --

Before Purging:

After Purging:

FIELD MEASUREMENTS:

Time
Temp 
(° C) pH

EC
(µmho/cm)

Cumulative Gallons
Removed Appearance NTU

DO calibration: DO results after purge:

Water level after purging prior to sampling (feet): Time:

Appearance of sample: Time:

Duplicate/blank number: Time:

Purge method:    

Sampling equipment: VOC attachment:

Sample containers:

Sample analyses: Laboratory:

Decontamination method: Rinsate disposal:

GROUNDWATER SAMPLING.wpd-3/18/04

BASELINE  • 5900 Hollis Street, Suite D  • Emeryville, CA 94608  • (510) 420–8686  • (510) 420-1707
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LABORATORY QUALITY CONTROL
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Quality Control Checklist
for Review of Laboratory Report

Job No.:  Site:  

Laboratory:  Laboratory Report No:  

Report Date:  BASELINE Review By:  

Yes No NA

GENERAL QUESTIONS 
(Describe "no" responses below in "comments" section.  Contact the laboratory, as required, for further
explanation or action on “no” responses; document discussion in comments section.)

1a. Does the report include a case narrative? (A case narrative MUST be prepared by
the lab for all analytical work requested by BASELINE)

1b. Is the number of pages for the lab report as indicated on the case narrative/lab
transmittal consistent with the number of pages that are included in report?

1c. Does the case narrative indicate which samples were analyzed by a subcontractor
and the subcontractor’s name?

1d. Does the case narrative summarize subsequent requests not shown on the chain-of-
custody (e.g., additional analyses requested, release of “hold” samples)?

1e. Does the case narrative explain why requested analyses could not be performed by
laboratory (e.g., insufficient sample)?

1f. Does the case narrative explain all problems with the QA/QC data as identified in
the checklist (as applicable) ?

2a. Is the laboratory report format consistent and legible throughout the report?

2b. Are the sample and reported dates shown in the laboratory report correct?

3a. Does the lab report include a copy of the chain-of-custody form?

3b. Were all samples appropriately analyzed as requested on the chain-of-custody
form?

4. Was the lab report signed and dated as being reviewed by the laboratory director,
QA manager, or other appropriate personnel? (Some lab reports have signature
spaces for each page).  (This requirement also applies to  any analyses
subcontracted out by the laboratory)

5a. Are preparation methods, cleanup methods (if applicable), and laboratory methods
indicated for all analyses?

5b. If additional analytes were requested as part of the reporting of the data for an
analytical method, were these included in the lab report?

6. Are the units in the lab report provided for each analysis consistent throughout the
report?

7. Are the detection limits (DL) appropriate based on the intended use of the data?
(e.g., DL below applicable MCLs for water quality issues?)

8a. Are detection limits appropriate based on the analysis performed? (i.e., not elevated
due to dilution effects)

8b. If no, is an explanation provided by the laboratory?



Laboratory Quality Control Checklist
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Yes No NA

C-2905qap.2004.wpd-7/14/04

9a. Were the samples analyzed within the appropriate holding time? (generally 2 weeks
for volatiles, and up to 6 months for total metals)

9b. If no, was it flagged in the report?

10. If samples were composited prior to analysis, does the lab report indicate which
samples were composited for each analysis?

11a. Do the chromatograms confirm quantitative laboratory results? (petroleum
hydrocarbons)

11b. Is a standard chromatogram(s) included in the laboratory report?

11c. Do the chromatograms confirm laboratory notes, if present (e.g., sample exhibits
lighter hydrocarbon than standard)

12. Are the results consistent with previous analytical results from the site? (If no,
contact the lab and request review/reanalysis of data, as appropriate)

13a. REVISED LAB REPORTS ONLY.  Is the revised lab report or revised pages to a
lab report signed and dated as being reviewed by the laboratory director, QA
manager, or other appropriate personnel?

13b. REVISED LAB REPORTS ONLY. Does the case narrative indicate the date of
revision and provide an explanation for the revision?

13c. REVISED LAB REPORTS ONLY.  Does the revised lab report adequately address
the problem(s) which triggered the need for a revision?

13d. REVISED LAB REPORTS ONLY. Are the data included in the revised report the
same as data reported in the original report, except where the report was revised to
correct incorrectly reported data?

QA/QC Questions
Field/Laboratory Quality Control - Groundwater Analyses

14. Are field blanks reported as “ND”? (groundwater samples) A field blank is a
sample of DI water which is prepared in the field using the same collection and
handling procedures as the other samples collected, and used to demonstrate that
the sampling procedure has not contaminated the sample.

14a. Are rinsate blanks reported as “ND”? (Soil Sampling) A rinsate blank is a sample
of DI water which is prepared in the field by collecting DI rinse water after it has
been poured over decontaminated sampling equipment.  The rinsate blank is
collected to demonstrate that the decontamination procedure has removed all the
contaminants from the sampling equipment and that the sampling equipment has
not contaminated the sample.

15. Are trip blanks reported as “ND”? (groundwater samples/volatile analyses) A trip
blank is a sample of contaminant-free matrix placed in an appropriate container by
the lab and transported with the field samples collected. Provides information
regarding positive interference introduced during sample transport, storage,
preservation, and analysis. The sample is NOT opened in the field.
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16. Are duplicate sample results consistent with the original sample? (groundwater
samples) Field duplicates consist of two independent samples collected at the same
sampling location during a single sampling event.  Used to evaluate precision of
the analytical data and sampling technique.  (Differences between the duplicate
and sample results may also be attributed to environmental variability).

Batch Quality Control  
(Samples are batched together by matrix [soil, water] and analyses requested.  A batch generally consists of 20 or
fewer samples of the same matrix type, and is prepared using the same reagents, standards, procedures, and time
frame as the samples.  QC samples are run with each batch to assess performance of the entire measurement
process.)

17. Do the sample batch numbers and corresponding laboratory QA/QC batch numbers
match?

18a. Are method blanks (MB) for the analytical method(s) below the laboratory
reporting limits? Used to assess lab contamination and prevent false positive
results.  MBs should be “ND.”

18b. If no, is an explanation provided in the case narrative to validate the data?

18c. Are analytes which may be considered laboratory contaminants reported below the
laboratory reporting limit? Common lab contaminants include acetone, methylene
chloride, diethylhexyl phthalate, and di-n-octyl phthalate.

18d. If no, was the laboratory contacted to determine whether reported analyte could be
a potential laboratory contaminant and was an explanation included in the case
narrative?

19. Are laboratory control samples (LCS) and LCS duplicate (LCSD) [a.k.a., Blank
Spike (BS) and BS duplicates (BSD)] within laboratory reporting limits? Limits
should be provided on the report. LCS is a reagent blank spike with a
representative selection of target analyte(s) and prepared in the same manner as
the samples analyzed.  The LCS should be spiked with the same analytes as the
matrix spike (below).  The LCS is free from interferences from the sample matrix
and demonstrates the ability of the lab instruments to recover the target analytes. 
Accuracy (recovery information) is generally reported as % spike recovery;
precision (reproducibility of results) between the LCS and LCSD is generally
reported as the relative percent difference (RPD).  LCS/LCSD can be run in
addition to or in lieu of, matrix QC data.

20a. Are the Matrix QC data (i.e., MS/MSD) within laboratory limits? Limits should be
provided on the lab report.  The lab selects a sample from the batch and analyzes a
spike and a spike duplicate of that sample.  Matrix QC data is used to obtain
precision and accuracy information and is reported in the same manner as
LCS/LCSD. If the MS/MSD fails, the results may still be considered valid if the MB
and either the LCS/LCSD or BS/BSD is within the lab’s limits (failure is probably
due to matrix interference).

20b. If no, is the MB and either LCS/LCSD or BS/BSD within lab limits to validate the
data?



Laboratory Quality Control Checklist
Page 4

Yes No NA

C-4905qap.2004.wpd-7/14/04

Sample Quality Control

21a. Are the surrogate spikes reported within the lab’s acceptable recovery limits? A
surrogate is a non-target analyte, which is similar in chemical structure to the
analyte(s) being analyzed for, and which is not commonly found in environmental
samples.  A known concentration of the surrogate is spike into the sample or QA
“sample” prior to extraction or sample preparation.  Results are usually reported
as % recovery of the spike.  Failure to meet lab’s limits for primary and secondary
surrogates results in rebatching and reanalysis of the sample; failure of only the
primary or the secondary surrogate may be acceptable under certain
circumstances. Failure generally is due to coelution with the sample matrix.

21b. If no, is an explanation given in the case narrative to validate the data?

Comments:
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SECTIONONE General Information 

1. Section 1 ONE General Information 

1.1 DESCRIPTION OF PROJECT 

1.1.1 Location and Route Description 

The project follows the existing alignment of State Route (SR) 84 (Isabel Avenue) from south of 
Ruby Hill Drive to Jack London Boulevard (PM 22.5/27.3) in the City of Livermore, near the 
eastern boundary of the City of Pleasanton.  The project will conform to the Pigeon Pass Project 
(EA 172400) to the south and the I-580/Isabel Avenue Interchange Project (EA 171300) to the 
north. 

SR 84 follows a discontinuous route consisting of two segments: an east-west segment running 
from Livermore to Fremont in Alameda County, crossing San Francisco Bay via the Dumbarton 
Bridge and continuing from Menlo Park to San Gregorio in San Mateo County.  The other 
section is a north-west segment that begins in Rio Vista and ends at the Interstate 80 interchange 
in Sacramento.  In eastern Alameda County, Route 84 provides local access for the cities of 
Pleasanton and Livermore, as well as an alternative east-west link between the Central Valley 
and the San Francisco Bay Area via the I-580 and I-680 corridors.  Route 84 follows Isabel 
Avenue and Vallecitos Road between I-580 in Livermore and I-680 in Sunol (Figure 1-1).  Isabel 
Avenue was designated as a substitute route for SR 84 in 2003, a shift from its original alignment 
through downtown Livermore.  The station locations are shown in Key Map K-1 in Appendix A. 

1.1.2 General 

The project proposes to widen and upgrade SR 84 to expressway standards (55 mph) from Ruby 
Hill Drive to Jack London Boulevard for the purpose of reducing congestion along Route 84 and 
improving local traffic circulation; reducing impacts of regional traffic diverting to local streets; 
and improving safety and operations on SR 84.  

SR 84 would be widened from two to four lanes between Ruby Hill Drive and Stanley 
Boulevard, and to six lanes between Stanley Boulevard and Jack London Boulevard.  The 
widening would generally conform to the existing roadway alignment, with some potential 
changes in roadway curvature at the southern limit in the section between Ruby Hill Drive and 
Vallecitos Road (the proposed widening is described below by each roadway segment).  As an 
expressway, access on to SR 84 would be limited to intersections to improve traffic flow and 
safety.  Signalized intersections at Ruby Hill Drive, Vallecitos Road, Vineyard Avenue, 
Concannon Boulevard, Discovery Drive (proposed) and Jack London Boulevard would be 
widened and upgraded to accommodate future traffic movements.  At the intersection of SR 
84/Stanley Boulevard the northbound ramp would be widened.  A multi-use trail located on the 
east side of Route 84 between Jack London Boulevard and Concannon Boulevard would remain. 

The roadway cross section would consist of 12-foot traveled lane and 10-foot shoulder widths 
separated by a concrete median barrier.  Where practical, side slopes would be 4:1 
(horizontal:vertical) or flatter to provide a clear recovery zone (CRZ) for errant vehicles.  
Outside the CRZ, side slopes would be 2:1 or flatter.  The approximate station limits of cut and 
fill are presented in Table 1-1.  The roadway median at intersections would be locally widened 
up to 36 feet to accommodate left-turn lanes.  No concrete barrier would be provided at the 
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intersection approaches; a crash cushion would protect the blunt end of the barriers where 
terminated.  

1.1.3 Ruby Hill Drive to Vallecitos Road Improvements 

The SR 84/Vallecitos Road intersection would be realigned and signalized by an interim project 
(City of Livermore Project No. 1999-13) to improve the continuity of SR 84 at this location.  
This alignment would widen and realign existing SR 84 from Ruby Hill Drive to just north of 
Vallecitos Road.  The existing roadway pavement would be used where practical.  A 4,000 foot 
retaining wall would be required on the east side of SR 84 to minimize impacts to an existing 
environmental conservation easement, and on the west side to retain cut adjacent to the Ruby 
Hill development.  A maximum excavation for the retaining wall is expected to be 6 feet.  
Roadway widening section excavations are expected to be approximately 3 feet deep.  Minor 
modifications to the Ruby Hill Drive and Vallecitos Road intersections would be required. 

1.1.4 Vallecitos Road to Vineyard Avenue Improvements 

SR 84 would generally be widened to the east along this segment and incorporate the existing 
roadway pavement.  Roadway widening section excavations are expected to be approximately 3 
feet deep.  The signalized intersection at Vineyard Avenue would be widened and upgraded.  
Vineyard Avenue would also be widened on each approach to the intersection to accommodate 
extended turn lanes. 

1.1.5 Vineyard Avenue to Stanley Boulevard Improvements 

SR 84 would be widened to the east between Vineyard Avenue and Concannon Boulevard, and 
to the west for the remainder of this segment.  Roadway widening section excavations are 
expected to be approximately 3 feet deep.  The existing two-span bridge at Arroyo Del Valle 
would be widened by 55 feet to the east to accommodate the roadway widening.  Excavations to 
the bottom of spread footings at the 2 abutments and center pier are expected to extend to a 
maximum depth of about 9 feet.  The existing abutments, abutment slopes, and center bent would 
be extended to accommodate the widened structure.  The flow channel passes on both sides of 
the center bent.   

A separate new Trail Bridge, also supported on 2 abutments and one center bent on spread 
footings, is planned just east of the existing Arroyo Del Valle Bridge.  About 2 feet of fill would 
be needed in order to raise the bridge soffit above the estimated 100-year flood water level.  
Excavations to the bottom of spread footings at the 2 abutments and center pier are expected to 
extend to a maximum depth of about 10 feet.  The flow channel passes on both sides of the 
center bent. 

Slope protection would be provided underneath the widened bridge and new Trail Bridge.  
Excavation to key in the rock slope protection is anticipated.  An unpaved maintenance road 
crosses under the northern portion of the bridge.  The signalized intersection at Concannon 
Boulevard would be widened and upgraded.  Driveway access to the quarry, west of SR 84, 
would also be realigned to this intersection. 
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There are existing and planned expansions of current gravel mining operations on the west side 
of SR 84 within this segment, which are independent of this proposed SR 84 project.  We 
understand gravel mining to depths as deep as 240 feet is planned on the west side of SR 84 
between Vineyard Avenue and Stanley Boulevard, and also on the east side between Vineyard 
Avenue and Alden Lane.  After mining is completed in approximately 25 years, the adopted 
Reclamation Plan requires the formation of basins to create groundwater storage, conveyance 
and recharge facilities collectively referred to as the Chain of Lakes.  The Zone 7 Water Agency, 
which is the Tri-Valley water wholesaler serving Livermore, Pleasanton, and Dublin, would 
operate and maintain these reclamation facilities.  When mining is completed, Arroyo Del Valle 
would be converted to basins on either side of SR84 and the crossing would become a concrete 
spillway between the two lakes.  Therefore, the SR84 project roadway cross sections, driveway 
access, drainage systems, and utility relocations require coordination with both the mining 
operations and the Zone 7 Reclamation Plan.  

1.1.6 Stanley Boulevard Interchange Improvements 

Roadway widening section excavations are expected to be approximately 3 feet deep.  Retaining 
walls would be required at both abutments of the undercrossing. 

1.1.7 Stanley Boulevard to Jack London Boulevard Improvements  

SR84 will be widened on both sides including retaining walls where it passes under the existing 
Stanley Boulevard bridges, then widened to the west for the remainder of this segment.  
Roadway widening section excavations are expected to be approximately 3 feet deep.  A 
maximum excavation for the retaining wall is expected to be 7 feet.  No modifications to the 
Stanley Boulevard bridge structures are proposed.  

The existing three-span bridge at Arroyo Mocho would be widened by 65 feet to the west to 
accommodate the roadway widening.  Excavations at the 2 abutments and piers are expected to a 
maximum depth of about 6 feet.  Piling support is expected to be placed to a depth of 40 feet.  
The existing abutments, concrete abutment slopes, and bents would be extended to accommodate 
the widened structure.   

In addition a new Access Bridge is planned west of the widened bridge, but supported on spread 
footings.  Excavations at the 2 abutments and piers are expected to a maximum depth of about 6 
feet.  No changes to the channel are proposed.   

The signalized intersections at Jack London Boulevard and at Discovery Drive would be 
widened and upgraded.  

1.1.8 Other Features  

Existing gas, sanitary sewer, storm drain, electrical, cable and telephone utilities lie within the 
proposed right-of-way for the project and would need to be relocated to meet expressway 
standards.  The study area for this project includes provision of utility corridors outside of state 
right of way to accommodate relocation of private utilities.  Roadway runoff would be conveyed 
by gutters to existing drainage systems.  The outfalls for the drainage systems are at Arroyo Del 
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Valle, Arroyo Mocho, and Arroyo Las Positas.  An existing storm water pump station is located 
between the Stanley Boulevard bridges.  Minor modifications to the facility would be required to 
accommodate the roadway widening.  Outfalls for the future Zone 7 basins would be addressed 
by the project. 

Where necessary, retaining walls would be constructed to avoid or minimize impacts on adjacent 
properties and to reduce right-of-way take.  However, the proposed project would require 
additional right-of-way at a number of locations.   

Construction of the project is scheduled to begin in early 2009 and be completed by the end of 
2010. 

1.1.9 Other Projects in the Regional Area 

There are other projects planned or proposed in the regional area, as described below in 
Table 1-2. 
 

Table 1-2 Regional Project Summary 

Project Location Description Anticipated 
Schedule 

I-580 Isabel Avenue 
Interchange 
Construction Project 

At Isabel Avenue and I-580, 
between Jack London 
Boulevard and Portola 
Avenue, directly north of the 
SR 84 Expressway Widening 
Project 

Constructing a new modified 
partial cloverleaf interchange, 
including a new bridge crossing 
I-580, roadway improvements on 
Isabel Avenue to Jack London 
Boulevard, and local street 
improvements  

Begin 
Construction 
Summer 2007, 
Open to traffic 
Fall 2009 

State Route 84 
Realignment and 
Widening (Pigeon 
Pass “SHOPP 
Project”) 

On SR 84 between Ruby Hill 
Drive intersection and the 
Vallecitos Hills/Pigeon Pass 
area, directly south of the 
SR84 Expressway Widening 
Project 

Upgrade SR 84 within the project 
limits to expressway design 
standards, involving realignment 
of horizontal and vertical curves, 
and addition of climbing lanes in 
the Pigeon Pass area. 

Begin 
Construction 
Summer 2006, 
Open to traffic 
Summer 2008 

I-580 Eastbound 
HOV Lane 

Along eastbound I-580 
between Santa Rita Road and 
Greenville Road 

Create an eastbound High 
Occupancy Vehicle (HOV) lane 
from west of Santa Rita Road to 
east of Greenville Road; create 
eastbound auxiliary lanes 
between El Charro Road and 
Airway Boulevard, and between 
First Street and Vasco Road; 
make median barrier and 
drainage improvements. 

Begin 
Construction Fall 
2006, Open to 
traffic Fall 2008 

Gravel Mining 
Operations (Vulcan 
Materials Quarry) 

Adjacent to the west side of 
SR 84 Isabel Avenue, 
between approximately 
Stanley Boulevard and 
Arroyo Del Valle 

Vulcan Materials have mining 
rights to extract gravel deposits 
up to 50 feet of existing right of 
way line 

Ongoing for next 
25 years 
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Table 1-2 Regional Project Summary 

Project Location Description Anticipated 
Schedule 

Gravel Mining 
Operations (Cemex 
Quarry) 

Both sides of Route 84 
between Vineyard Avenue 
and Alden Lane 

Cemex has mining rights to 
extract gravel deposits up to 50 
feet of existing right of way line 

Ongoing for next 
25 years 

Isabel 
Avenue/Vallecitos 
Road Intersection 
Project 

Route 84 at Vallecitos Road Realign Isabel Avenue at 
Vallecitos Road and relocate 
signalized intersection. 

Begin 
Construction 
Summer 2006, 
Open to traffic 
Fall 2007 

Oaks Business Park 
Development 

West side of SR 84, between 
Jack London Boulevard and 
Arroyo Mocho 

178-acre site is graded and 
undeveloped (in mid-2005).  
Subdivided into 35 parcels that 
are zoned for technical/light 
industrial development.  New 
access on Discovery Drive will 
connect to SR 84 at a signalized 
intersection. 
 

Construction 
begins late 2005. 

Chevron Pipeline 
Relocation and 
Watershed Protection 
Project 

Between Arroyo Road in 
Livermore and Calaveras 
Road near I-680.  With 
respect to the ACTIA SR 84 
project, it is in the uplands 
south of Vallecitos Road 

Relocation of 7.5 miles of an 
existing petroleum products 
pipeline (neither the existing or 
proposed pipeline routes 
physically cross Route 84 in the 
project area). 

Draft EIR 
completed in 
2004. 

Date of Latest Revision:  September 7, 2005  

1.1.10 Retaining Walls 

A total of thirteen (13) retaining walls are planned, as shown on Figure 1-2 and as summarized in 
the following table. 
 

Table 1-3 Planned Retaining Walls 

Length Height Wall 
No. Alignment Direction Begin Station 

(Approximately) 
End Station 

(Approximately) (ft) (ft) 
236 Route 84 Lt (SB) “A1” 235+60 “A1” 240+00 460 6 to 10 

246 Route 84 Lt (SB) “A1” 246+00 “A1” 257+54 1,154 5 to 28 

245 
Vallecitos Rd 

Connector 
Rt (NB) “A1” 245+00 “V” 106+60 1,505 3 to 24 

109 Vallecitos Rd Rt (SB) “V” 109+05 “V” 113+02 396 3½ to 12½ 

110 Vallecitos Rd Lt (SB) “V” 110+30 “V” 115+64 546 5½ to 10½ 

314 Route 84 Rt (NB) “A1” 314+40 “A1” 318+68 429 4 to 16½ 

317 Route 84 Lt (SB) “A1” 316+66 “A1” 319+25 192 7 (max) 
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Table 1-3 Planned Retaining Walls 

Length Height Wall 
No. Alignment Direction Begin Station 

(Approximately) 
End Station 

(Approximately) (ft) (ft) 
320 Route 84 Rt (NB) “A1” 320+36 321+98 161 11¼ (max) 

391 Route 84 Lt (SB) “A1” 391+05 “A1” 400+10 920 12 to 18 

400N Route 84 Rt (NB) “A1” 400+00 “A1” 411+80 1,180 8 to 16 

400S Route 84 Lt (SB) “A1” 400+10 “A1” 402+57 247 14 (max) 

403 Route 84 Lt. (SB) “A1” 402+98 “A1” 411+80 882 6 to 24 

437 Route 84 Rt (NB) “A2” 435+85 “A3” 447+08 1,120 10½ (max) 

 
Walls RW 246, 391, 400N, 400S and 403 are considered to be special walls (non-standard).  The 
geotechnical design parameters and aspects of these walls are presented in the Retaining Wall 
Foundation Report, under a separate cover. 

Retaining Wall 246 is planned along the west side of SR84 Between Ruby Hill Drive and 
Vallecitos Road and is required to accommodate roadway widening between Stations 246+00 
and 258+00.  RW 246 is 1,154 feet long and in close proximity to East Ruby Hill Drive.  If a 
conventional cantilever wall were used, it would require either (1) a cut into East Ruby Drive, 
which is infeasible, or (2) temporary shoring, which is cost prohibitive.  Therefore, top-down 
construction techniques such as a soil nail wall are likely to be needed.  The wall would be 
constructed with an initial shotcrete facing and a final cast-in-place reinforced concrete facing 
with architectural treatment.  Maximum wall height would be about 28 feet. 

1.1.11 Soundwalls 

Soundwalls currently are not planned for this project. 

1.2 EXISTING STRUCTURES 

Figures 1-3 through 1-10 present the layout of the existing bridge structures.  Based on as-built 
plans, the pile and spread footing foundation loadings are summarized as follows: 

Table 1-4 Existing Structures 

Bridge 
Number Name Abutment / Bent / 

Foundation Type 

Pile (1) 
Loading 

(tons) 

Allowable 
Bearing 
Pressure 
(pounds 

per square 
foot) (2) 

Abutments (spread 
footings)  

- 8,000 
- 

Arroyo Del Valle Creek Bridge 
Structures (widen) Bents (spread 

footings) 
- 11,000 
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Table 1-4 Existing Structures 

Bridge 
Number Name Abutment / Bent / 

Foundation Type 

Pile (1) 
Loading 

(tons) 

Allowable 
Bearing 
Pressure 
(pounds 

per square 
foot) (2) 

Abutments (spread 
footings) 

- 6,000 
33C-0405 Isabel Avenue Underpass (3) 

Bents (spread 
footings) 

- 6,000 

Abutments (piles)  140 - 
33C-0406 Isabel Avenue Undercrossing (4) 

Bents (piles) 140 - 

Abutments (piles)  80 - 
33C-0407 

Arroyo Mocho Creek Bridge 
(widen)  Bents (piles) 140 - 

(1) All loads including wind and seismic 
(2) Nominal resistance 
(3) Union Pacific Railroad (UPRR) 
(4) Stanley Boulevard 

1.3 PHYSICAL SETTING 

1.3.1 Climate 

Climatologically, the area is classified as Mediterranean with dry summers and mild winters.  
The following discussion includes records at the Livermore weather station (Western Regional 
Climate Center, 2006).  The mean annual temperature is 59.4 F.  Extremes of temperatures 
expected range from an average daily maximum of 89.5 F in July to average daily lows of  
36.4 F in January.  The highest and lowest temperatures on record in Livermore are 115 F and 
18 F.  Freezing temperatures should only be expected to occur an average of 30.8 days per year, 
so freeze-thaw conditions should not be a factor. 

Precipitation in Livermore averages 14.53 inches per year, primarily confined to the months of 
October through May.  December, January, February and March usually have the most 
precipitation accumulation, averaging 2.63, 2.91, 2.57 and 2.12 inches per month, respectively.  
Thunderstorms are rare. 

1.3.2 Terrain 

The proposed improvements to SR84 between Jack London Boulevard on the north and Ruby 
Hill Drive on the south cross the relatively flat Livermore Valley.  The topography along the 
existing roadway ranges in elevation from approximately 410 to 420 feet between Jack London 
Boulevard at Station 448+00 to the drainage crossing of Arroyo Del Valle at Station 320+00.  
The incised Arroyo Del Valle and Arroyo Mocho drainage crossings are at about Elevation 400 
feet in the channel bottom.  South of the Arroyo Del Valle crossing the road alignment gradually 
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climbs a gentle alluvial fan, rising to about elevation 590 feet south of Ruby Hill Drive at Station 
227+00.  South of the intersection with Vallecitos Road the road alignment is surrounded by low 
rolling hills as it enters the mouth of a canyon. 

Development along the project is mixed, including agricultural, scattered commercial and 
industrial (mainly at the north end), planned residential communities and gravel quarries.  The 
gravel quarries are extensive, as the majority of them are located along the west side of SR84, 
between about Station 314+00 north of Vineyard Avenue to Station 415+00 at the Arroyo 
Mocho bridge crossing. 

1.3.3 Surface Drainage 

Watershed 

Major streams within or in the vicinity of the project include, from north to south (Wreco, 2006):  

 Arroyo Las Positas (0.6 mile north of project) 
 Arroyo Mocho (crossed by project) 
 Arroyo Del Valle (crossed by project) 

The two proposed bridges are located in the Arroyo del Valle and Arroyo Mocho watersheds 
(Wreco, 2008).  Arroyo Del Valle begins approximately 29.5 miles upstream of the project site, 
at the confluence of Arroyo Bayo and San Antonio Creek in the County of Santa Clara, between 
the Burnt Hills and Seeboy Ridge.  Lake Del Valle is located 6 miles upstream of the bridge site 
in the Del Valle Regional Park (State Recreation Area).  The headwaters of Arroyo Mocho begin 
approximately 27.8 miles upstream of the project site, at the South Pocket of Mount Mocho 
(3,664 feet) in Santa Clara County. 

Arroyo Del Valle and Arroyo Mocho are tributaries to Alamo Canal.  The confluence of Arroyo 
de la Laguna and Alamo Canal is about 6.4 miles downstream of the project site.  The 
confluence of Arroyo Mocho and Alamo Canal is approximately 6.8 miles downstream of the 
project site.  Alamo Canal turns into Arroyo de la Laguna after it passes under I-680. 

At the Arroyo Del Valle and Arroyo Mocho bridge sites, the areas consist of open space and 
gravel mining operations.  In the project vicinity, the land use is residential with some 
commercial in the City of Livermore.  In general, the Arroyo Mocho watershed in the City of 
Livermore is more developed than the Arroyo Del Valle, which is further south and more distant 
from the developed portions of the city.  Outside of the city, the watersheds can be characterized 
as rural, undeveloped, and hilly to mountains.  Lake Del Valle is a recreational area and park.  
Vegetation ranges from Valley Oak Woodland to Hardwood Rangeland. 

Flood Sources 

The drainage basin of this project is located in the upstream Alameda Creek Watershed of 
eastern Alameda County (Wreco, 2006).  The Arroyo de la Laguna is the major tributary to 
Alameda Creek where all three major streams listed above are tributaries.  According to Federal 
Emergency Management Agency’s (FEMA) Flood Insurance Study (FIS) (1997, 2000), rainfall 
capable of producing floods in the project area only occurs during the winter months.  Storm 
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runoff is concentrated rapidly by the network of tributaries from the eastern hills which discharge 
into the tributaries of Arroyo de la Laguna, including the three major streams:  Arroyo Las 
Positas, Arroyo Mocho and Arroyo Del Valle.  The tributaries have carved well-defined courses 
through the hills, but upon reaching the flat valley, the channels are shallow and inadequate for 
higher frequency flows.  The main flooding problem is caused by low capacity of the lower 
reaches of Arroyo de la Laguna, downstream of the project, which causes backwater flooding in 
its tributary channels.  This was the cause of relatively frequent and substantial flooding of the 
Amador and Livermore Valleys in the past.  The Pacific Ocean storms, which bring the winter 
rains, are capricious, fluctuating in size from year to year and from storm to storm, occasionally 
bringing heavy rainfall in short periods of time.  The flooding was mostly downstream of the 
project area.  (Arroyo Mocho to Alamo Canal, I-580 to downtown Pleasanton which happened in 
1955.) 

When substantial rainfall does occur in this area, the runoff is rapid and heavy, causing stream 
flows to exceed the normal stream courses’ capacities and inundate large areas of the valley 
floor.  Flooding is not limited to occasions of intense precipitation.  Flooding may occur 
following low-intensity precipitation spread over several days, as occurred in the storms of 1955 
and 1958.  Rapid runoff rates, inadequate channels and constricting structures combine with the 
development of some floodplain areas to make the Cities of Dublin, Pleasanton and Livermore 
susceptible to flood damage when large rainstorms occur. 

Since the 1960s, flood channels have been constructed to convey runoff from Livermore Valley 
down toward Alameda Creek.  In recent years (1980s to 1990s), Arroyo Mocho has been 
channelized along East Stanley Boulevard from Murrieta Boulevard to Isabel Avenue to 
accommodate the 100-year flood event.  At the Isabel Avenue crossing, Arroyo Mocho has also 
been realigned and channelized as part of the Isabel Avenue Extension Project.  As a 
consequence of these flood control measures, there is no 100-year flood risk to the project area. 

In 1968, Del Valle Dam was built in the upstream Arroyo Del Valle, creating a reservoir of 
77,100 acre-feet capacity.  The reservoir has a drainage area of 149 square miles.  Since then, the 
flood release has been regulated through the spillway and the downstream flooding along the 
Arroyo Del Valle has been reduced within the existing natural flood channel. 

1.3.4 Regional Geology 

The SR84 alignment lies within the Livermore Valley within the central portion of the Coast 
Ranges geomorphic province of California.  Northwest-southeast-trending valleys and ridges 
characterize the regional morphology of the Coast Ranges province.  These topographic features 
are controlled by folds and faults that resulted from the collision of the Farallon and North 
American plates and subsequent predominantly strike-slip faulting along the San Andreas fault 
system between the Pacific and North American plates.  Regional geologic mapping shows the 
project alignment to be underlain by Holocene alluvium and channel sand and gravel deposits 
along the active channel of Arroyo Del Valle (Dibblee, 1980; Gramer et al., 1996).  More recent 
mapping by Witter and others (2006) subdivide the alluvium into latest Holocene alluvial fan 
deposits extending from about Jack London Boulevard south to Stanley Boulevard, Holocene 
alluvial fan deposits extending from about Stanley Boulevard to just north of Concannon 
Boulevard and historic stream channel deposits within the active channels of Arroyo Mocho and 
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Arroyo Del Valle.  The geologic map (Figure 1-11) shows the areal extent of these various 
geologic units.  Witter (2006) also maps a small area of stream terrace deposits and Pleistocene 
alluvial fan deposits, mostly east of SR84 and north of Arroyo Del Valle in the vicinity of 
Concannon Boulevard.  South of Arroyo Del Valle the road alignment crosses through Holocene 
alluvian deposits and alluvial fan deposits as it enters the mouth of a canyon at the south end of 
the alignment.  The surrounding low hills south of the intersection of Vallecitos Road are 
mapped as older alluvium deposits and the Pleistocene Livermore Gravels Formation.  The 
project alignment does not cross into these older formations. 

In this portion of southeastern Alameda County, the underlying “bedrock” is the nonmarine 
sedimentary Livermore Gravels Formation (Graymer, et al.1996; Dibblee, 1980).  The 
Livermore Gravels Formation is up to about 4,000 feet thick and lies as much as 400 feet in 
depth below the alluvium in the central Livermore Valley (Hall, 1958).  It contains poorly to 
moderately consolidated cobble conglomerate, conglomeratic sandstone, and coarse-grained 
sandstone with some siltstone and claystone (Graymer et al., 1996).  The Livermore Gravels may 
have been encountered at depth in some of the deeper borings completed near the southern 
portion of the project alignment, however it is difficult to distinguish between the gravelly 
alluvium soils and the older Livermore Gravels Formation in the borings.  

1.4 PREVIOUS INVESTIGATIONS NEAR SITE 

The existing Foundation Investigation references provided by the City of Livermore include the 
following: 

Table 1-5 Previous Investigations 

Bridge 
Number Name Report Description Date 

- 
Arroyo Del Valle Creek 
Bridge  

Unavailable - 

33C-0406 
Isabel Avenue 
Undercrossing (at Stanley 
Boulevard) 

Foundation Recommendations (by 
Geotechnical Consultants, Inc.) 

April 15, 1998 

33C-0405 
Isabel Avenue Underpass 
(UPRR adjacent to Stanley 
Boulevard) 

Foundation Recommendations (by 
Geotechnical Consultants, Inc.) 

April 15, 1998 

33C-0407 Arroyo Mocho Bridge  
Foundation Recommendations (by 
Geotechnical Consultants, Inc.) 

April 15, 1998 
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1.5 REVIEW COMMENTS 

URS submitted a Geotechnical Design and Materials Report dated April 28, 2008 for the 
proposed Route 84 Expressway Widening Project.  Subsequently, Caltrans reviewed our report 
and provided their comments in correspondence dated June 2 and June 23, 2008.  Subsequently 
the 65 percent report was issued on September 17, 2008 followed with review comments dated 
October 23, 2009.  The 95 percent report dated February 25, 2010 was reviewed and comments 
were received on May 24, 2010.  Copies of Caltrans’ review comments are attached in Appendix 
N.  We have incorporated these review comments in this report. 
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2. Section 2 TWO Existing Structural Pavement Sections 

2.1 ORIGINAL CONSTRUCTION 

Existing structural pavement sections are shown on six sets of As-built (exist) Typical Cross 
Section drawings in Appendix B.  The six sets of plans include: 

 Project Plans for Construction on State Highway in Alameda County near Livermore from 
0.5 Km East of Route 680 to 1.1 Km East of Vallecitos Atomic Laboratory Road and from 
0.5 Km West of Ruby Hills Drive to 0.2 Km East of Isabel Avenue, Contract No. 04-272614, 
dated August 13, 2004. 

 Project Plans for Construction on Isabel Avenue / Vallecitos Road Intersection Realignment, 
Project No. 1999-13, City of Livermore, Alameda County, California, dated July 31, 2007. 

 Improvement Plan, Isabel Avenue – Phase 1, City of Livermore, Alameda County, 
California, dated July 15, 1999.  Project limits on Isabel Avenue from Station 2+60 to 21+80 
(Metric Units) (approximate SR 84 Station “A1” 246+81 to 252+18). 

 Isabel Avenue Extension-Phase 2, Project 1, City of Livermore Project No. 89-50, dated May 
11, 1999.  Project limits on SR84 extend from Station “I” 101+60 to 145+50. 

 Isabel Avenue Extension-Phase 2, Project 2, City of Livermore Project No. 96-91, dated May 
11, 1999.  Project limits on SR84 extend from Station “RH” 4+60 to Station “I” 101+60. 

 Oaks Business Park – Tract 7300, Construction Plans for Isabel Avenue (SR 84) Widening, 
in Alameda County, in Livermore, from Arroyo Mocho Bridge to 300M South of Jack 
London Boulevard and at Jack London Boulevard, dated January 25, 2008. 

In addition, information from the following design drawings is also reviewed: 

 Project Plans for Construction on Isabel Avenue – Phase 1, in Alameda County in Livermore, 
from 0.75 km South of Concannon Blvd to 0.1 km North of Airway Blvd, dated February 26, 
1998. 

Consistent with Caltrans terminology, for the remainder of this report, the following definitions, 
abbreviations, and acronyms are used: 

 Asphalt concrete, Type A is AC(A) 
 Asphalt treated permeable material is ATPB 
 Asphalt concrete base, Type A is ACB(A) 
 Cement treated base, Class A is Cl. A CTB 
 Cement treated base, Class B is C1. B CTB 
 Lean concrete base is LCB 
 Class 3 aggregate base is Cl. 3 AB 
 Cement treated subbase is CTS 
 Class 4 aggregate subbase is Cl. 4 AS 
 Open graded asphalt concrete is OGAC 
 Portland cement concrete is PCC 
 Selected material is SM 
 Rubberized asphalt concrete, gap graded is RAC-G 
 Pervious subbase material is PSM. 
 Permeable material is Perm. 
 Perforated metal pipe is PMP. 
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 Hot mix asphalt is HMA 

2.2 ROUTE 84 

According to Typical Cross Sections presented in the record drawings discussed in Section 2.1, 
the existing pavement sections for SR84 mainline and shoulders consist of the following 
structural elements.   

Table 2-1 Existing Typical Structural Sections 

Direction Station Traveled Way 
Section (feet) 

Shoulder Section
(feet) Record Drawings 

NB/SB 227+00 to 246+81 RAC (G) 0.15 
AC (Type A) 0.45 
CL 2 AB 0.65 
CL 4 AS 0.75 

RAC (G) 0.15 
AC (Type A) 0.45 
CL 2 AB 0.65 
CL 4 AS 0.75 

0.5 Km West of Ruby 
Hills Drive to 0.2 Km 
East of Isabel Avenue, 
2004 

See 
Station 
Column 

246+81 to 248+77 
NB / SB 
252+18 to 258+01 
SB 
252+18 to 254+28 
NB 
257+19 to 258+01 
NB 

RAC (G) 0.15 
AC (Type A) 0.49 
CL 3 AB 0.94 
CL 4 AS 1.38 

RAC (G) 0.15 
AC (Type A) 0.49 
CL 3 AB 0.94 
CL 4 AS 1.38 

Isabel Avenue / 
Vallecitos Road 
Intersection 
Realignment, City of 
Livermore, 2007 

NB 254+28 to 257+19 AC 0.54 
ATPB 0.25 
CL 3 AB 0.83 
CL 4 AS 1.54 

AC 0.54 
ATPB 0.25 
CL 3 AB 0.83 
CL 4 AS 1.54 

Isabel Avenue / 
Vallecitos Road 
Intersection 
Realignment, City of 
Livermore, 2007 

NB/SB 248+77 to 252+18 RAC (G) 0.15 
AC (Type A) 0.49 
CL 3 AB 0.94 
CL 4 AS 1.38 

RAC (G) 0.15 
AC (Type A) 0.49 
CL 3 AB 0.94 
CL 4 AS 1.38 

Isabel Avenue / 
Vallecitos Road 
Intersection 
Realignment, City of 
Livermore, 2007 

NB/SB 258+01 to 265+49 AC (Type A) 0.54 
ATPB 0.25 
CL 2 AB 0.83 
CL 2 AS 1.54 

AC (Type A) 0.54 
ATPB 0.25 
CL 2 AB 0.83 
CL 2 AS 1.54 

Improvement Plan, 
Isabel Avenue–Phase I, 
City of Livermore, 
1999 

NB/SB 265+49 to 275+33 AC (Type A) 0.54 
ATPB 0.25 
CL 2 AB 0.83 
CL 2 AS 1.25 

AC (Type A) 0.54 
ATPB 0.25 
CL 2 AB 0.83 
CL 2 AS 1.25 

Improvement Plan, 
Isabel Avenue–Phase I, 
City of Livermore, 
1999 

NB/SB 275+33 to 281+89 AC (Type A) 0.54 
ATPB 0.25 
CL 2 AB 0.98 

AC (Type A) 0.54 
ATPB 0.25 
CL 2 AB 0.98 

Improvement Plan, 
Isabel Avenue–Phase I, 
City of Livermore, 
1999 

NB/SB 281+89 to 302+56 AC (Type A) 0.54 
ATPB 0.25 
CL 2 AB 0.83 
CL 4 AS 1.29 

AC (Type A) 0.54 
ATPB 0.25 
CL 2 AB 0.83 
CL 4 AS 1.29 

Improvement Plan, 
Isabel Avenue–Phase I, 
City of Livermore, 
1999 
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Table 2-1 Existing Typical Structural Sections 

Direction Station Traveled Way 
Section (feet) 

Shoulder Section
(feet) Record Drawings 

NB/SB 302+56 to 319+25 AC (Type A) 0.54 
ATPB 0.25 
CL 2 AB 0.69 
CL 4 AS 0.54 

AC (Type A) 0.54 
ATPB 0.25 
CL 2 AB 0.69 
CL 4 AS 0.54 

Improvement Plan, 
Isabel Avenue–Phase I, 
City of Livermore, 
1999 

NB/SB 320+35 to 333+11 
387+44 to 388+88 
411+85 to 419+72 

AC (Type A) 0.59 
ATPB 0.25 
CL 2 AB 0.69 
CL 4 AS 1.08 

AC (Type A) 0.59 
ATPB 0.25 
CL 2 AB 0.69 
CL 4 AS 1.08 

Isabel Avenue 
Extension –Phases 1 & 
2, Project 1, 1999 

NB/SB 333+11 to 387+44 AC (Type A) 0.74 
ATPB 0.25 
CL 2 AB 0.69 
CL 4 AS 1.08 

AC (Type A) 0.74 
ATPB 0.25 
CL 2 AB 0.69 
CL 4 AS 1.08 

Isabel Avenue 
Extension –Phases 1 & 
2, Project 1, 1999 

NB/SB 388+88  to 411+85 
 

AC (Type A) 0.59 
ATPB 0.25 
CL 2 AB 1.08 
CL 3 Perm 0.69 

AC (Type A) 0.59 
ATPB 0.25 
CL 2 AB 1.08 
CL 3 Perm 0.69 

Isabel Avenue 
Extension – Phases 1 & 
2, Project 1, 1999 

NB/SB 419+18 to 447+08 AC (Type A) 0.74 
ATPB 0.25 
CL 2 AB 0.69 
CL 4 AS 1.08 

AC (Type A) 0.74 
ATPB 0.25 
CL 2 AB 0.69 
CL 4 AS 1.08 

Isabel Avenue 
Extension –Phase 2, 
Project 1, 1999 

Figure 2-1 presents a schematic profile of the existing structural pavement sections summarized 
in Table 2-1.  The profile also includes approximate depths of the AC and AB components 
observed in the borings (summarized later in Section 2.4).  In general, the depths of AC are 
consistent with record drawings information.  Between approximate Station 333+11 and 387+44, 
the profile presents the thickness of AC that includes an overlay of 0.15 foot (45 mm) reportedly 
constructed in 1999 for the Isabel Avenue Extension Phases 1 and 2.  The pavement components 
revealed from the shoulder explorations appear to be less than that shown on the record 
drawings.  Therefore, it is conservative to consider the combined AC thickness between Stations 
333+11 and 387+44 is 0.74 foot; the corresponding top of ATPB layer is about 0.74 foot below 
pavement surface.   

2.3 ISABEL AVENUE CONNECTOR 

According to Typical Cross Sections drawings X-6 and X-7 the 1999 pre-existing pavement 
structural sections are not shown.  However, the plans indicate that pavement installed in 1999 at 
this ramp at Stanley Boulevard include Section Numbers 1 and 11 (As-Built Contract Number 
04-233054).  These two sections consist of the following structural elements. 

 Section Number 1 
 0.60 foot AC (A) 

 0.25 foot ATPB 

 0.67 foot Class 2 AB 

 1.08 feet Class 4 AS 

 Section Number 11 
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 0.60 foot AC (A) 

 0.25 foot ATPB 

 1.08 feet Class 2 AB 

 0.67 foot Class 3 Perm 

2.4 STRUCTURAL PAVEMENT SECTION 

The existing pavement structural sections were measured where our boring locations coincided 
with the existing pavement.  Approximate measurements of the existing section were made in 
exploratory boreholes at the time of drilling and are summarized in the following table. 

Table 2-2 Borings in Shoulders/Median 

AC Thickness AB Thickness 
Sample 

Location Boring 
Number 

Approximate 
Station 

Offset 
(feet)* (inches) (feet) (inches) (feet)  

NB05 
A1 252+76 10 

9 0.75 9 
0.75 Travelled 

Lane 
NB16 A1 348+18 52 7 0.58 17 1.42 Shoulder 
NB17 A1 354+12 52 7 0.58 17 1.42 Shoulder 
NB18 A1 359+40 51 8 0.67 16 1.33 Shoulder 
NB25 A1 435+92 62 6 0.50 12 1.00 Shoulder 

RB01 
A1 230+68 -6 

8 0.67 6.5 
0.54 Travelled 

Lane 
RB02 A1 238+10 76 8 0.67 9 0.75 Shoulder 

RB04 
A1 253+70 68 

9 0.75 
Not 

Encountered 
Not 

Encountered 
Shoulder 

RB06 
A1 264+70 5 

5 0.42 4 
0.33 Travelled 

Lane 

RB07 
A1 270+16 -8 

6 0.50 4 
0.33 Travelled 

Lane 
RB08 A1 278+11 -33 5 0.42 4 0.33 Shoulder 
RB09 A1 280+36 -33 5.5 0.46 6.5 0.54 Shoulder 

RB10 
A1 284+94 -3 

5.5 0.46 5 
0.42 Travelled 

Lane 

RB11 
A1 289+94 -6 

6.5 0.54 2 
0.17 Travelled 

Lane 
RB12 A1 295+52 -33 7 0.58 10 0.83 Shoulder 

RB13 
A1 300+54 -10 

6 0.50 4 
0.33 Travelled 

Lane 

RB14 
A1 305+99 11 

6 0.50 12 
1.00 Travelled 

Lane 

RB15 
A1 312+66 -3 

6 0.50 
Not 

Encountered 
Not 

Encountered 
Median 

RB16 
A1 324+39 -30 

6 0.50 
Not 

Encountered 
Not 

Encountered 
Shoulder 

RB18 A1 332+97 -31 5.5 0.46 6.5 0.54 Shoulder 
RB19 A1 341+68 -11 8 0.67 10 0.83 Travelled 
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Table 2-2 Borings in Shoulders/Median 

AC Thickness AB Thickness 
Sample 

Location Boring 
Number 

Approximate 
Station 

Offset 
(feet)* (inches) (feet) (inches) (feet)  

Lane 

RB20 
A2 359+00 12 

8 0.67 
Not 

Encountered 
Not 

Encountered 
Travelled 

Lane 
RB23 A2 364+95 50 7 0.58 26 2.17 Shoulder 
RB27 A2 388+30 52 7.5 0.62 7.5 0.62 Shoulder 

RB28 
A2 393+06 1251 8 0.67 

Not 
Encountered 

Not 
Encountered 

Shoulder 

RB29 A3 395+80 4231 8 0.67 10 0.83 Shoulder 
RB30 A3 396+95 58 7.5 0.62 8.5 0.71 Shoulder 
RB31 A3 400+73 4131 8.5 0.71 6 0.50 Shoulder 

RB32 
A3 405+43 11 

8 0.67 6 
0.50 Travelled 

Lane 
RB33 A3 408+67 37 6.5 0.54 11.5 0.96 Shoulder 

RB34 
A3 416+46 10 

8 0.67 
Not 

Encountered 
Not 

Encountered 
Travelled 

Lane 
RB35A A3 422+01 2 10 0.83 20 1.67 Median 

RB36A 
A3 427+03 22 

9 0.75 29 
2.42 Travelled 

Lane 

RB37A 
A3 432+85 4 

10 0.83 18 
1.50 Travelled 

Lane 

RB38A 
A3 437+66 14 

8.5 0.71 21.5 
1.79 Travelled 

Lane 

RB39 
A3 441+36 8 

6 0.50 12 
1.00 Travelled 

Lane 

RB40 
A3 447+24 -2 

7.5 0.62 
Not 

Encountered 
Not 

Encountered 
Median 

RB41 A3 230+21 0 8.5 0.71 9.5 0.80 Median 
RB42 A3 237+41 30 7 0.58 17 1.41 Shoulder 
RB43 A3 247+57 30 4 0.33 >56 >4½ Shoulder 

1. Cores retrieved on shoulder of Stanley Connector. 
 
Borings RB41 and RB42, drilled in December 2009, were drilled to supplement missing as-built 
structural pavement data for the roadway section between “A1” Station 227+00 and 246+81. 
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3. Section 3 THREE Exploration, Geotechnical Testing and  
 Subsurface Conditions 

3.1 FIELD EXPLORATION 

The locations of all borings for the entire SR84 project are presented in Figures 3-1 through  
3-17.  The locations of selected borings used for this report are presented on Boring Records, in 
Appendix C.  

The selected borings for this GDR/Materials Report include RB01 through RB35, RB37 through 
RB43 and RB35A through RB38A.  These borings were drilled primarily for determination of 
the roadway structural pavement section and subgrade; depths were generally in the range of 9.5 
to 15.0 feet, and typically about 10 feet.  Several RB borings were shallower at a depth of 5 feet 
in Borings RB35A, RB36A, RB37A, RB38A, RB41 through RB43.  RB is an abbreviation for 
roadway boring.  These borings were drilled with a hollow stem auger. 

Furthermore, the selected borings also include other new multipurpose borings (NB) drilled for 
future retaining walls, signs and bridges, as well as modifications to existing bridges.  These 
deeper borings include NB01 through NB26, NB30 through NB36, NB05A, NB07A, NB22A 
and NB25A.  Depths of these borings ranged from 14 to 101½ feet.  These borings were drilled 
by either the rotary wash method or by the hollow stem auger method using a truck-mounted 
drill rig.  Exceptions to this were Borings NB01, NB02 and NB05A, which were drilled using a 
solid-stem auger mounted on a steep hillside portable rig.   

The field investigation was conducted during the period of November 19, 20 and 27, 2007 and 
December 3, 4, 5 and 10, 2007 for the initial RB borings.  The first phase of NB borings were 
drilled during the period of November 20, 21, 26 and 27, 2007, December 4, 5, 7, 10, 13, 14, 17 
through 21, 26 and 27, 2007, January 2, 3, 4 and 18, 2008 and March 4 through 7, 2008.  A 
subsequent phase of field investigation was conducted during the period of December 9, 2008 
through January 7, 2009.  Additional borings included the following: 

 NB30 to NB36 for the proposed retaining walls along the new Vallecitos Road alignment; 
 NB37 and NB38 for the center pier at Arroyo Del Valle bridge and proposed trail bridge; 
 RB41 to RB43 for the roadway section of Isabel Avenue between Ruby Hill and Vallecitos 

Road. 
 
During drilling, visual classifications of the soils encountered were made from cuttings and soil 
samples.  Typically, drive samples were collected just below the ground surface or under the 
pavement structural section to a depth of approximately 6 feet and at intervals thereafter of about 
2 to 5 feet.  Bulk samples of the subgrade materials were also collected for R-value testing. 

After the borings were completed, the approximate horizontal location (latitude and longitude) 
and vertical location (ground surface elevation) were recorded using a GPS (global positioning 
system) unit.  In addition, boring locations were also measured from known landmarks as field 
checked of the GPS positions. 

A representative of URS supervised the drilling operations and soil sampling.  The soil samples 
collected were labeled and sealed immediately to preserve their natural moisture content.  At 
completion of the exploration, samples were delivered to the laboratory for further examination 
and testing.  Descriptions of individual laboratory tests and results are presented in Appendix D, 
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“Laboratory Tests,” and on the Boring Records.  A summary of laboratory test results is 
presented in Table 3-1.   

Comprehensive descriptions of the soils encountered at each boring, together with field and 
laboratory test data are presented on the Boring Records.   

3.2 SUBSURFACE CONDITIONS 

3.2.1 General 

All explorations (auger and rotary wash borings) were located in the paved shoulder, the paved 
mainline areas, in the future traveled way (ramps and median), within bridge areas (existing or 
replace), or near future retaining walls and soundwalls.  The pavement sections encountered in 
our explorations are presented previously in Section 2 “Existing Structural Pavement Sections”. 

3.2.2 Subsurface Conditions 

Based on a review of the borings completed along the project alignment, the soil profile along a 
portion of the alignment consists of a few feet of fill (Borings NB01 through NB05, NB12, 
NB13, NB22, NB25A, RB01, RB11, RB40 through RB43) overlying alluvium.  The fill, where 
encountered, ranges from about 3 feet thick to as much as 12 feet in thickness in Boring NB13 
on the north bridge abutment of Arroyo Del Valle, to 20 feet in Boring NB25A in a man-made 
ridge, to 25 feet in Boring NB02 on the hillside between SR84 and East Ruby Hill Drive.  The 
fill consisted of locally derived silt, sand and clay with gravel and occasionally contained asphalt 
and concrete fragments.  In addition, an existing pavement section typically consisting of asphalt 
concrete overlying aggregate base material was encountered in a number of borings; this 
information is summarized in Section 2.4 “Structural Pavement Section”. 

Alluvium was encountered in all of the borings either beginning at the ground surface or 
underlying the road base and fill materials.  The alluvium consists of complexly interbedded 
sand, silt and clay with gravel and extensive channel deposits of silty gravel, clayey gravel and 
poorly graded sand/gravel mixtures.   

In general the alluvium encountered south of Arroyo Del Valle, where the road alignment 
gradually climbs a gentle alluvial fan, is more dense/stiff compared with the alluvium north of 
the drainage.  The uncorrected N-values in the borings south of the drainage are nearly all above 
40 blows per foot and most were well above 50 blows per foot, even in the silts and clays.  South 
of Arroyo Del Valle the fine grained soils (silts and clays) are generally medium stiff to hard in 
consistency, and occasionally soft; coarse grained soils (sands and gravels) are typically medium 
dense to very dense in relative density, and occasionally loose.  Fat clays (CH) were revealed in 
Borings RB13, RB14 and NB13 and elastic silt (MH) in RB07.  Cobbles were encountered in 
Borings NB03 (at 7 feet bgs) and NB06 (at 31 feet bgs).   

North of Arroyo Del Valle the fine grained soils are generally medium stiff to hard, and 
occasionally soft.  Coarse grained soils are typically medium dense to very dense in relative 
density.  Cobbles and/or boulders were encountered in Borings NB13 (at 11½ to 15 feet bgs and 
25 feet), NB23 (at 3 feet bgs) and NB24 (about 4 feet bgs).  North of the drainage the alluvium is 
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less dense/stiff with N-values typically in the 10 to 30 blows per foot range in the upper 20 to 30 
feet and increasing with depth.  

 

3.2.3 Groundwater 

None of the shallow “RB” borings completed for pavement design using hollow stem auger 
methods encountered groundwater.  These borings were generally 10 to 15 feet in depth.   

The groundwater depths encountered for the deeper NB series are summarized in the following 
table. 

Table 3-2 Groundwater Measurements 

Boring 
Number 

Water Depth 
(feet) 

Total Boring 
Depth (feet) Drilling Method Comments 

NB01 20.0 25.0 Auger Hillside boring 
NB02 Dry 30.0 Auger Hillside boring 
NB03 Not Measured 80.0 Rotary Wash Dry to 7 feet 
NB04 Dry 25.0 Hollow Stem Auger  
NB05 Not Measured 56.5 Rotary Wash Dry to 7 feet 
NB05A Dry 35.0  Hillside boring 
NB06 Not Measured 80.0 Rotary Wash Dry to 7 feet 
NB07 Dry 20.0 Hollow Stem Auger  
NB07A Dry 20.0 Hollow Stem Auger  
NB08 Dry 31.5 Hollow Stem Auger  
NB09 Dry 30.0 Hollow Stem Auger  
NB10 23.5 30.0 Hollow Stem Auger  

NB11 Not Measured 60.0 Rotary Wash 
5 feet to drilling fluid upon 
completion of drilling 

NB12 Not Measured 71.5 Rotary Wash 
8 feet to drilling fluid level on 
2nd day of drilling 

NB13 Not Measured 80.0 Rotary Wash 
14 feet to drilling fluid level on 
2nd day of drilling 

NB14 Not Measured 60.0 Rotary Wash Dry to 11.5 feet 
NB15 Dry 14.0 Hollow Stem Auger  
NB16 Dry 15.5 Hollow Stem Auger  
NB17 Dry 20.0 Hollow Stem Auger  
NB18 Dry 20.0 Hollow Stem Auger  
NB19 Dry 30.0 Hollow Stem Auger  
NB20 Dry 40.0 Hollow Stem Auger  
NB21 Dry 40.0 Hollow Stem Auger  
NB22 Dry 30.0 Hollow Stem Auger  
NB22A 24.7 30.0 Hollow Stem Auger  

NB23 Not Measured 101.5 Rotary Wash 
42.5 feet to drilling fluid level 
after 6th day 

NB24 Not Measured 101.5 Rotary Wash 
26.5 feet to drilling fluid level 
on 2nd day of drilling 
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Table 3-2 Groundwater Measurements 

Boring 
Number 

Water Depth 
(feet) 

Total Boring 
Depth (feet) Drilling Method Comments 

NB25 Dry 22.0 Hollow Stem Auger  
NB25A Dry 25.0 Hollow Stem Auger  
NB26 Dry 30.0 Hollow Stem Auger  
NB30 24 50.0 Hollow Stem Auger  
NB31 28 50.0 Hollow Stem Auger  
NB32 Dry 50.0 Hollow Stem Auger  
NB33 Dry 30.0 Hollow Stem Auger  
NB34 Dry 35.0 Hollow Stem Auger  
NB35 14.5 50.0 Hollow Stem Auger  
NB36 Dry 50.0 Hollow Stem Auger  
NB37 3.5 90.0 Rotary Wash  
NB38 3 90.0 Rotary Wash  
 
All of the deeper exploratory borings completed for the bridge foundations were drilled with 
rotary wash drilling methods and immediately backfilled with a mixture of soil, cement and 
bentonite grout at completion of drilling; therefore, groundwater depths could not be measured in 
these borings.  However, many of the “NB” borings completed for the retaining wall structures 
were drilled using hollow stem auger drilling methods.  These borings ranged from about 15 to 
50 feet in depth and groundwater was encountered in some of the borings with depths ranging 
from 14½ to 28 feet bgs.  In Boring NB22A, wet soils were noted at a depth of 24.7 feet; 
however, at the completion of drilling to a depth of 30 feet bgs, it was noted to be dry.   

No groundwater springs or seeps were observed on or near the project alignment, and the stream 
channels crossed by the alignment flow only during the rainy season and shortly afterwards.  

Groundwater levels may vary considerably in the area with seasonal rainfall or with fluctuations 
of water levels in Arroyo Mocho and Arroyo Del Valle. 
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4. Section 4 FOUR Seismic and Geologic Hazards 

4.1 REGIONAL TECTONIC SETTING AND SEISMICITY 

The project alignment lies between known active and potentially active geologic faults.  In 
general, earthquakes occur as a result of movement along active faults.  For the purpose of 
activity classification, faults are generally grouped into the following categories by the California 
Division of Mines and Geology (since renamed the California Geological Survey, CGS) 
(Jennings, 1994): 

 Holocene:  displacement has occurred within the last 10,000 to 11,000 years. 
 Late Quaternary:  displacement has occurred within the last 700,000 years, but evidence of 

Holocene activity is lacking. 
 Quaternary:  evidence of displacement within the last 1.6 million years, but evidence of 

Holocene activity is lacking. 
 Pre-quaternary: no recognized evidence of displacement in the last 1.6 million years. 
Generally, faults with Holocene movement are considered to be “active” while faults with late 
Quaternary to Quaternary movement are considered to be “potentially active”.  

The closest active faults to the project alignment are the Greenville, Calaveras, and Verona 
Williams faults (Mualchin, 1996).  The California Geological Survey (2000) has produced maps 
showing Alquist-Priolo Earthquake Fault Zones along faults with known Holocene activity that 
pose a potential surface faulting hazard.  All three of these faults are included as Alquist-Priolo 
(A-P) zoned faults.  The Greenville fault is located about 5.2 miles (8.3 km) east of the project 
site.  The Calaveras fault is located about 4.5 miles (7.3 km) west of the site and the Verona 
Williams fault is located about 1.7 miles (2.8 km) southwest of the southern end of the project 
alignment.  More distant active faults include the Hayward fault located 10.5 miles (16.9 km) 
southwest of the southern end of the project alignment, and the San Andreas fault located 29 
miles (46.7 km) southwest of the southern end of the project alignment.  Figure 4-1 shows active 
faults within the region relative to the project.  The project alignment does not cross any mapped 
A-P zoned faults. 

Other nearby mapped faults include the southwest extension of the Las Positas fault, located 
about 1 mile (1.6 km) southeast of the southern end of the project alignment, and the Livermore 
fault, located about 1,000 feet northeast of the intersection of SR84 and Jack London Boulevard.  
The geologic map (Figure 1-11) shows the location of the Livermore fault as mapped by Dibblee 
(1980) and Alamdea County Seismic Safety Element (1982).  The California Geological Survey 
(2000) includes a portion of the Las Positas fault as an A-P zoned fault south of the Lawrence 
Livermore complex, but does not extend the A-P zone as far west as Dibblee (1980) and Wagner 
et al. (1990) map the fault.  Both Dibblee and Wagner also map the Livermore fault as a 
concealed fault trending northwesterly.  The Alameda County Seismic Safety Element (1982) 
also shows this fault on hazard maps, indicating its location is based on a groundwater barrier.  
They classify the fault as “potentially uncertain” meaning the activity of the fault has insufficient 
evidence to give it an activity classification.  Wagner et al. (1990) maps the Livermore fault as 
an early Quaternary fault (2,000,000 to 700,000 years old).  The project alignment does not cross 
either the Los Positas fault or the Livermore fault. 

The following paragraphs are brief descriptions of the nearby active faults. 
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4.1.1 Calaveras Fault 

The Calaveras fault is a dextral strike-slip fault that is part of the larger San Andreas fault system 
and is located along the eastern side of the East Bay Hills.  The fault is located about 4.5 miles 
(7.3 km) west of the project alignment and is predominantly a vertical fault with a slip rate of 
0.47 to 0.71 inch/year (12 to 18 mm/year) (WGCEP, 2003).  Active seismicity, including a 
moderate magnitude earthquake in 1856, has been recorded along the Calaveras fault resulting in 
surface ruptures and large earthquakes (Kelson and others, 1996; Simpson and others, 1999).  In 
addition to seismic events, fault creep continues to be present along the Calaveras fault as 
indicated by a seismic surficial fault rupture in numerous localities.  

4.1.2 Greenville Fault  

The Greenville fault lies 5.2 miles (8.3 km) east of the project alignment.  Recent investigations 
of the Greenville fault and Mount Diablo thrust indicate that these two structures are 
geometrically linked, with the Mount Diablo thrust acting to transfer strain from the Greenville 
fault to the Concord-Green Valley fault (Unruh and Sawyer, 1997).  This suggests that the 
Greenville fault does not continue to the north as previously mapped, but dies out near Morgan 
Territory Road.  Two earthquakes during January 1980 on this fault measured Richter 
magnitudes of 5.9 and 5.8.  

Available data on the late Quaternary slip rate of the Greenville fault are sparse and have 
significant uncertainties.  The Working Group on California Earthquake Probabilities estimates 
the slip rate on the Greenville fault to be about 0.08 inch/year (2 mm/yr) (WGCEP, 2003).  
Based on correlation of terraces south of Livermore Valley offset by the Greenville fault, Wright 
et al. (1982) documented approximately 295 feet (90 m) of Pleistocene displacement.  The 
deformed terraces were estimated to be 125,000 to 180,000 years old, based on soil profile 
development, thus implying a slip rate of 0.02 to 0.03 inch/year (0.5 to 0.7 mm/yr) (Wright et al., 
1982).  Paleoseismic trench investigations across one of the strands of the northern Greenville 
fault documented evidence for Holocene surface-rupturing events.  Wright et al. (1982) 
estimated a horizontal slip rate of approximately 0.004 to 0.01 inch/year (0.1 to 0.3 mm/yr) with 
a recurrence interval estimated to be on the order of 550 years.  Recent investigations by Unruh 
and Sawyer (1998) and Sawyer and Unruh (2002) indicate a 43.5-mile (70-km) length for the 
active Greenville fault.  Preliminary Holocene slip rate estimates from a site at the northern end 
of the Livermore Valley are 0.16 ± 0.07 inch/year (4.1 ± 1.8 mm/yr) (Sawyer and Unruh, 2002).  
However, Unruh cites strong geomorphic and structural evidence to support a more limited 
rupture length for a Maximum Credible Earthquake (MCE) on the Greenville fault.  Detailed 
geomorphic and preliminary paleoseismic investigations support a maximum rupture length of 
26.7 miles (43 km) along the northern part of the Greenville fault; equivalent to rupture of the 
Livermore and Arroyo Mocho sections of Unruh and Sawyer (1998).  A rupture of this length 
would generate a MCE of M 7. 

4.1.3 Verona Williams Fault 

The Verona Williams fault is located about 1.7 miles (2.8 km) southwest of the southern end of 
the project alignment.  This fault is shown as an uncertain trace over a curving length of about 4 
miles (6½ km) along the base of the hills on the north side of the Vallecitos Valley (CGS, 2000). 
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Because the CGS believes that there is insufficient evidence to indicate that this fault is inactive 
and that there is sufficient evidence to indicate that this fault is potentially active, it is included 
within an Alquist-Priolo Earthquake Fault Zone (Hart, 1975; CDMG, 1982a).  

4.1.4 Las Positas Fault 

The Las Positas fault was originally mapped in 1975 and 1977 by Herd as a northeast-trending, 
9.3-mile (15-km) long zone of left-lateral strike slip faults.  Herd showed the southwest end of 
the fault (the end closest to the project alignment) covered by alluvium and landslides.  Herd 
cites geomorphic features including scarps and several drainages that have been deflected as 
evidence for recent movement along the fault.  Radiometric dating of buried charcoal from a 
faulted stream terrace indicated that faulting has occurred 17,400  250 years ago (Carpenter et 
al., 1980).  Bonilla et al. (1980) described several en echelon fractures that they attributed to 
tectonic movement along the Las Positas fault following the two1980 Livermore earthquakes on 
the Greenville fault.  An analysis of seismicity in the Livermore Valley area following these two 
earthquakes showed that the movement along the Las Positas fault was left lateral and that this 
fault is “probably seismically active”, although the analysis of the limited data set compiled for 
this study could not prove seismic activity (Ellsworth and Marks, 1980).  

California Division of Mines and Geology Fault Evaluation Report 112 by Smith (1981) 
summarizes the exploratory work and mapping that were performed by numerous authors to 
evaluate the activity of the Las Positas fault and this document was used to justify the delineation 
of the Earthquake Fault Zone along a portion of this fault.  The Alquist-Priolo Earthquake Fault 
Zone delineated along the Las Positas fault is located about 3.5 miles (5.6 km) northeast of the 
end of the project alignment (CGS, 2000).  

4.2 PEAK BEDROCK ACCELERATION 

The active faults close to the SR84 alignment between Ruby Hill Drive and Jack London 
Boulevard are the Greenville, Calaveras, and Verona Williams faults.  The Greenville fault, 
Calaveras fault, and Verona Williams fault are designated with MCE magnitudes of 7.25, 7.5 and 
6.0, respectively, by the California Seismic Hazard Map (Mualchin, 1996).  The locations of 
these faults and associated peak bedrock acceleration (PBA) contours were obtained from the 
California Seismic Hazard Map and transferred to a topographical map showing the SR84 
structure.  Three faults contribute the same level of ground shaking at the site (0.5g) even though 
the Verona Williams fault is closest to the site.  The MCE, nevertheless, is the earthquake on the 
Calaveras fault since it potentially releases the highest energy (M=7.5).  The SR84 alignment is 
roughly parallel to the Calaveras fault, and the distance from the site to the Calaveras fault is 
approximately 4.5 miles (7.3 km). 

Table 4-1 Seismic Source Parameters 
Distance Fault Type MCE 

(km) (miles)
Near Field 

Effects? 
Design 

PBA (g) 
Calaveras strike-slip 7.5 7.3 4.5 Y 0.5 

Greenville strike-slip 7.25 8.3 5.2 Y 0.5 

Verona Williams Unknown 6 2.8 1.7 Y 0.5 
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4.3 POTENTIAL GEOLOGIC HAZARDS 

4.3.1 Surface Fault Displacement and Ground Shaking 

The project alignment does not cross any Alquist-Priolo Earthquake Fault Zones. Surface rupture 
due to faulting along the alignment, therefore, is not expected to occur.  However, the short 
distance to the Earthquake Fault Zones along the Calaveras, Verona Williams, Greenville and 
Hayward faults, does create a high risk for ground shaking from fault movement.  The intensity 
of the ground shaking is dependent upon the size of the earthquake, the distance of the epicenter 
from the site, the direction that the earthquake propagates along the fault, and the site geologic 
conditions.  Section 4.2 “Peak Bedrock Acceleration” discusses the anticipated seismic shaking 
from these more distant faults. 

4.3.2 Landslides 

With the exception of the southern portion of the project alignment where it enters the mouth of 
a canyon, the roadway is on relatively flat ground and is not subject to landsliding.  Our 
reconnaissance mapping along the alignment indicates that there are two small landslides that 
extend into the existing right-of-way.  These landslides are both about 150 feet in width and 220 
to 240 feet in length and occur on the slopes located east of SR84 (see Figure 1-11), opposite 
Station 247+00 and 250+00.  These are both old rotational slump type landslides that are 
overgrown with trees and brush.  Both of the landslides toe out in a small drainage channel that 
parallels the eastern edge of the roadway.  Boring NB04 was drilled about 100 feet west and 
northwest of the toe of these landslides for a proposed retaining wall.  Although the toes of these 
old landslides extend into the existing right-of-way, they should not impact the proposed 
improvements.  Therefore, landslide mitigation is not anticipated.  No other landslides were 
noted in the vicinity of the project alignment and a review of the U.S. Geological Survey 
landslide map for the Livermore quadrangle (Nilsen, 1975) does not show any other landslides.  

4.3.3 Liquefaction 

Liquefaction is a phenomenon whereby sediments temporarily lose shear strength and collapse.  
This condition is caused by cyclic loading during earthquake shaking that generates high pore 
water pressures within the sediments.  The soil type most susceptible to liquefaction is loose, 
cohesionless, granular soil below the water table and within about 50 feet of the ground surface.  
Liquefaction can result in loss of foundation support and settlement of overlying structures, 
ground subsidence and translation due to lateral spreading, lurch cracking, and differential 
settlement of affected deposits.  Lateral spreading occurs when a layer liquefies at depth and 
causes horizontal movement or displacement of the overburden mass towards a free face such as 
a stream bank or excavation, or towards an open body of water. 

In a regional study of the nine-county San Francisco Bay region for the U.S. Geological Survey, 
Witter et al. (2006) mapped the liquefaction susceptibility of the site soils along the project 
alignment.  The alluvium between Jack London Boulevard and Stanley Boulevard (Station 
401+00) is mapped as having “high” liquefaction susceptibility.  Between Stanley Boulevard and 
Arroyo Del Valle (Station 321+00) the alluvium is mapped as having “moderate” liquefaction 
susceptibility.  From Arroyo Del Valle extending south about 1,500 feet to Station 304+00 the 
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alluvium is mapped as having “high” liquefaction susceptibility and south of this point to the 
southern end of the project alignment the soils have a “moderate” liquefaction susceptibility.  
The historic channel deposits in the active channel of both Arroyo Del Valle and Arroyo Mocho 
are mapped as having “very high” liquefaction susceptibility.  

Based on a review of the borings completed along the alignment, a few thin layers of medium 
dense sand and silty sand were encountered in the upper 20 feet, primarily north of Arroyo Del 
Valle.  These upper granular soils could be subject to liquefaction if saturated, however the depth 
to groundwater is at least 20 feet or greater based on the borings drilled in this area.  More 
specifically, groundwater was observed in Borings NB01 (20 feet bgs), NB10 (23.5 feet bgs) and 
NB22A (24.7 feet bgs), as well as the December 2009 Borings NB30 (24 feet bgs), NB31 (28 
feet bgs), and NB35 (14.5 feet bgs).  At and below these depths the soils encountered were 
mostly dense to very dense sands and gravels, interbedded with medium stiff to hard clays; 
therefore, the potential for liquefaction of these materials to occur is also considered to be low.  
An approximately 5-foot-thick discontinuous pocket of medium dense sandy silt was 
encountered in Boring NB37 at a depth of about 43 feet below the channel bed (about Elevation 
360 feet).  This layer is considered potentially liquefiable based on driving resistance, and the 
likely consequence would be localized, liquefaction induced settlement of less than ½ inch. 

4.3.4 Subsidence and Settlement 

Subsidence typically occurs as a result of subsurface fluid extraction (e.g. groundwater, 
petroleum) or compression of soft, geologically young sediments.  Groundwater extraction for 
high volume municipal and agricultural use has the potential to cause future ground subsidence 
in the region.  However, we are not aware of subsidence in the area.  No active petroleum wells 
are present within many miles of the site (California Division of Oil, Gas, and Geothermal 
Resources, 2001).  

Settlement can occur quickly when soil is loaded by a structure or by the placement of fill on top 
of soil and it can also occur gradually when soil pore pressures, increased by vertical loading, 
gradually dissipate over time.  This second type is termed consolidation settlement.  It is unlikely 
that the load imposed by the proposed project improvements will cause settlement.   

Compaction settlement, or seismic densification, occurs when loose granular soils above the 
water table increase in density as a result of earthquake shaking.  The soil densification can result 
in differential settlement because of variations in soil composition, thickness, and initial density.  
For design, we estimated the potential post-earthquake settlement at a number of borings (NB03, 
NB06, NB17, NB20, B12 at Stanley Boulevard, and NB26) ranging in depth from 20 to 80 feet 
and using the computer program LIQUEFY PRO that is based on National Center for Earthquake 
Engineering (NCEE) procedures of liquefaction analysis.  In our analyses we used a peak ground 
acceleration of 0.5 g and design earthquake moment magnitude of 7.5.  The results of these 
studies are presented in Appendix E.  As previously mentioned, occasional layers of medium 
dense granular soils were encountered in a few of the borings, mostly located north of Arroyo 
Del Valle.  These granular layers may be subject to cyclic densification during strong ground 
shaking.  Based on our analyses, we estimate compaction settlement of less than ½ inch.  
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4.3.5 Flooding 

With the exception of the active channels of Arroyo Del Valle and Arroyo Mocho, the project 
alignment is located outside of the 100-year flood zone as shown on the FEMA flood hazard 
zone maps (ABAG, 2007).   

4.4 SCOUR 

The channel and side slopes beneath Arroyo Del Valle Bridge presumably are not lined with 
stone riprap or concrete.  Based on a hydraulic analysis (Wreco - January 31, 2008), the 
estimated scour depth is up to about 22 feet, if the channel bottom and side slopes are left 
unprotected.  In order to protect the new and existing foundations from scour, we understand 
rock slope protection options are being considered. 

The channel and side slopes beneath existing Arroyo Mocho bridge are concrete lined; the new 
widened section will be concrete lined.  For the proposed Access Bridge, estimated scour depth 
is about 1 foot (Wreco, 2008).  Since new footing depth is at least 5 feet, we understand 
additional slope protection is not planned for the Access Bridge. 

4.5 CORROSION 

Results of a site specific study and recommendations regarding the corrostivity of soils and 
groundwater at these structures are presented in more detail in Section 7. 



SECTIONFIVE Structural Pavement 

5. Section 5 FIVE Structural Pavement 

5.1 STRUCTURAL SECTION DESIGN PARAMETERS 

Structural section designs described in the following paragraphs follow in general the Caltrans 
Highway Design Manual dated September 1, 2006, Chapters 600-670 “Pavement Engineering”, 
and in particular Chapter 630 “Flexible Pavement”.33 

Acronyms used in this section are defined in Section 2.1 “Original Construction”. 

We also followed these guidelines in developing the new structural pavement sections: 

 To provide continuity of pavement drainage layers, matching bottom of new ATPB layer 
with bottom of existing ATPB layer, where new pavement section is located on the down 
gradient direction of the existing pavement. 

 Where no ATPB layer in existing pavement section or the new pavement section is to be on 
the up gradient direction of existing pavement, a new pavement section with no drainage 
layer will be specified.  Thicken new HMA so top of existing ATPB layer matches top of 
new AB. 

 Total overlay thicknesses are 0.15 or 0.25 foot, as discussed in Section 5.5 “Pavement 
Overlay.” 

 To minimize the number of grading planes for the various components of the structural 
section; i.e. HMA, AB or AS layers may be thicker than the calculated minimum thickness. 

 To provide continuity of pavement underdrainage where permeable material (Perm) layer is 
required in cut, matching new Perm layer (top and bottom) with existing Perm layer (top and 
bottom). 

 Where Perm layers are not required, both AB and AS are required; AB layer must be 
included. 

 Where widening is required, saw cut line should be at least 1 foot from existing edge of 
travel way and be on the upslope side of existing edge drains. 

5.1.1 Traffic Data 

The projected traffic loading for the SR84 Expressway Widening design is given in terms of 
traffic indices (TI).  The TI for a 20-year design life was determined by URS in agreement with 
Caltrans.  Accordingly, a TI of 11.0 applies for all mainline lanes, as well as the ramp at Stanley 
Boulevard. 

5.2 SUBGRADE CONDITIONS 

The subgrade conditions beneath the areas of the proposed roadway and ramp modifications 
were revealed by the exploratory borings listed previously in section entitled “Roadway, Culvert 
and Embankment Foundations.”  Twenty three bulk samples were retrieved from the borings 
along SR84 and two from Vallecitos Road, and all were submitted to R-value testing; the test 
results are summarized in the table below and in Appendix F. 
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Table 5-1 R-Value Test Results 

Boring R-Value Plasticity 
Index 

Soil 
Description 

Depth 
Interval 

(feet) 

Control 
Line 

Designation 

Stationing 
(feet) 

Offset 
(feet) 

(2) 

RB01 1 and 3 
(1) 

21 CL 1-5 ML 230+68 5½ Lt 

RB41 5 15 CL 1-5 ML 230+17 7 Rt 

RB42 7  CL 1-5 ML 237+88 30.5 Lt 

RB03 65  CL 1-5 ML 243+42 27½ Rt 

RB04 69  SP 1-5 ML 253+70 68 Rt 

RB05 11 5 CL 1-5 ML 260+11 4 Rt 

RB07 45  GP-GM 1-5 ML 270+16 7¾ Lt 

RB10 12 15 CL 1-5 ML 284+94 3¼ Lt 

RB11 31  SC 1-5 ML 289+94 6 Lt 

RB12 31  CL-GM 1-5 ML 295+52 32¾ Lt 

RB14 35  SM 1-5 ML 305+99 10¾ Rt 

RB16 51  GW-GM 1-5 ML 324+39 30 Lt 

RB18 59  SM 1-5 ML 332+97 31 Lt 

RB21 29  GM 1-5 ML 356+49 11¾ Lt 

RB24 25  ML 1-5 ML 369+58 49¼ Lt 

RB25 54  SM 1-5 ML 374+38 9½ Rt 

RB28 68  SM 1-5 ML 393+06 125¼ Rt 

RB31 57  CL 1-5 ML 400+73 412¾ Rt 

RB33 43  SM 1-5 ML 408+67 36¾ Rt 

RB35 18  CL 1-5 ML 422+03 12½ Lt 

RB37 7  CL 1-5 ML 432+76 5¾ Lt 

RB40 72  SP-SM 1-5 ML 447+24 2½ Lt 

NB30 15(3)  CL 1-5 VEX 51+26 34 Rt 

NB36 58(3)  SP-SC 1-5 V1 116+11 25¼ Lt 

1. Actual values are 1 and 3 on two different adjacent soil samples. 

2. Lt = Left, Rt = Right 

3. Along Vallecitos Road 

Caltrans defines an “expansive subgrade” as soil with a plasticity index (PI) greater than 12 and 
California R-value less than 10.  On this basis only the samples from RB01, RB10 and RB41 fall 
in this category or are close to this category. 

 X:\ROUTE 84 - ISABEL AVENUE\GEOTECH\REPORTS\MATERIALS REPORT\MATERIALS REPORT 20110114.DOC  5-2 



SECTIONFIVE Structural Pavement 

R-value tests were performed on bulk samples obtained from the subgrade directly under the 
existing asphalt concrete and aggregate base structural pavement (shoulder) or on fill or native 
soil in the median at depths in the upper 1 to 5 feet.  As shown in the above table, with the 
exception of RB01 the results of the tests range from an R-value of 5 to 72 for the twenty five 
soil samples.  However, in order to assign design R-values we plotted the numerical distribution 
of R-values in Figure 5-1 and the distribution of R-values along the alignment in Figure 5-2.  As 
shown on Figure 5-1, R-values fall in a wide range of 1 to 72.  The geographical distribution of 
R-values is shown in Figure 5-2.  We reviewed the Profile Grade sheets in Appendix B, which 
show minimal cut below present grade (generally 0 to 4 feet).  Minor new fill (0 to 4 feet) is 
anticipated only in two areas, one near Ruby Hill Drive and the other at Arroyo Del Valle 
Bridge.  On this basis, the selected R-values of the anticipated subgrade soils are summarized in 
the following table. 

Table 5-2 Subgrade Design R-values 
Approximate “A-1” Line 

Station Limits (feet) Segment 
Number 

From To 

Segment 
Length 
(feet) 

Design 
R-value Boring Number 

1 227+00 
246+80  

(Ruby Hill Drive) 
700 5 RB41, RB42 

2 246+80 290+00 5,600 10 
RB03, RB04, RB05, 

RB07, RB10 

3 290+00 
415+00 

(Arroyo Mocho) 
12,500 25 

RB11, RB12, RB14, 
RB16, RB18, RB21, 
RB24, RB25, RB28, 

RB31, RB33 

4 415+00 450+00 3,500 5 RB35, RB37, RB40 

Total 22,300   

 
We understand an R-value of 5 was used for original design in Segment 1.  R-value tests at 
Boring RB41 and RB42 are 5 and 7, respectively; these results confirm the lean clay subgrade 
soils in this area.  Although two soil samples at RB01 (about Station 230+68) revealed R-value 
test results lower than 5, the lack of pavement distress along this segment of Isabel Avenue 
indicates that the structural pavement section based on a design R-value of 5 appears appropriate.  
For these reasons, we recommend new pavement be designed with a minimum R-value of 5 for 
Segment 1.  Alternatively, consideration was given to excavating the subgrade soil in Segment 1 
to a depth of 4 feet and replacing it with imported fill that meets the requirement of R-value 
greater than 15 pursuant to the Standard Specifications.  However, as shown on Sheet X-2, the 
existing shoulder (in Segment 1) will be partially removed, as well as soil outside the shoulder; 
this cut slot width will range from 4 to 6.9 feet (Station 226+97.10 to 234+50.00), 4 to 10 feet 
(Southbound Shoulder Details Station 226+97.10 to 232+40.00) and 2 to 20.9 feet (Southbound 
Shoulder Details Station 232+40.00 to 234+50.00).  The lower bound widths (2 to 4 feet) in 
combination with a 4 foot subgrade cut would require removal of a portion of the shoulder 
pavement to allow compaction with a standard roller.  For that reason, no further consideration 
was given to this alternative. 
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For the Route 84 portion of the project (excluding Vallecitos Road), the estimated cut quantities 
are very large when compared to the estimated fill quantities.  Similarly, between Stations 
290+00 and 415+00 (where high soil R-values of 25 are available), the estimated cut quantities 
are also very large when compared to the estimated fill quantities.  Since there is excess high R-
value cut available between Stations 290+00 and 415+00 (Segment 3), we recommend the 
Segment 3 cut material be placed within 4 feet of the grading plane in Segment 3. 

For only the Vallecitos Road portion of the project (along “V” Line and “VEX” Line), the cut 
quantities are very small when compared to the estimated fill quantities. More than 40,000 cubic 
yards of cut will need to be transported from along Route 84 and be placed as fill along 
Vallecitos Road.  A subgrade R-value of 15 was used for pavement structural design along 
Vallecitos Road.  Since  there is excess high R-value (of 25) cut available between Stations 
290+00 and 415+00 (Segment 3), we recommend the Segment 3 cut material also be placed 
within 4 feet of the grading plane in fill areas along Vallecitos Road.  There also is 
approximately 2,000 cubic yards of cut available (R-value of 15 or greater) along Vallecitos 
Road that can be reused as fill along Vallecitos Road and placed within 4 feet of the grading 
plane. 

5.3 EXISTING STRUCTURAL PAVEMENT SECTIONS 

The existing pavement structural sections for SR84 and adjacent ramps were discussed 
previously under the section entitled “Existing Structural Pavement Sections” and are presented 
in Appendix B. 

5.4 NEW STRUCTURAL PAVEMENT SECTIONS 

5.4.1 Background 

As discussed in a later section entitled Section 6.3, “Storm Drainage System”, all cuts for new 
pavement require an underdrain system consisting of a layer of permeable material with toe 
(underdrains) drains.  The approximate Station limits of these cuts are summarized as follows: 

 Between “A1” Line Stations 247+00 to 262+00 

 Between “A1” Line Stations 388+90 to 411+85 

In addition, existing underdrain systems should be extended under the widened roadway.  As 
presented in Section 2.2, a blanket drain underdrain system is present between Stations 388+88 
and 411+85 

There is an existing drainage ditch on the west side of Route 84 beginning at “A1” Station 
230+00 and terminating at “A1” Station 242+40.  This drainage ditch is also shown on plan sheet 
X-3 cross section “A1” 240+00.07 to “A1” 246+00.00.  Beginning at this latter location, a new 
culvert will be constructed under the highway terminating on the east side of Route 84.  From the 
east side of Route 84, another drainage ditch continues northward.  As shown on Sheet X-3, a 
new embankment is also planned on the west side of Route 84; the fill will be placed on the 
existing drainage ditch.  We anticipate some overexcavation of unsuitable material (see Standard 
Specifications Section 19-2, Roadway Excavation) below the ditch bottom. 
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We recommend that a note be added to the Project Plans stating “The elevation of the ATPB 
layer may be adjusted during construction in order to match the elevation of the existing ATPB 
layer”.  Some funds should be included in the PS&E to allow the Resident Engineer to make this 
adjustment. 

An edge drain is recommended at the edge of new shoulders where ATPB layers are included in 
the pavement structural section. 

At locations where widening includes removing existing shoulder sections with edge drains, the 
saw cut line should be placed about 1 foot from the existing edge drains, on the upslope 
direction. 

We have analyzed structural pavement design, numbered Structural Pavement Cross Sections 
(SPCS) 1 through 8 for the mainline and shoulder of SR 84.  SPCS 10 through 13 are for 
Vallecitos Road, the trails and quarry access roads.  The recommended sections were estimated 
using the Caltrans HDM method, and then, optimized to aim at reducing the total required 
number of sections following the guidelines presented in Section 5.1.  Figures 5-3, 5-4 and 5-5 
present schematically the beginning and end stations of each SPCS and corresponding design 
plan Typical Cross Section (TCS) numbers.  Detailed descriptions of the SPCS and the 
corresponding TCS are presented in Section 5.4.3.  For reference purposes, the South Segment 
limits are A1 Station 226+97 to A2 Station 364+00 (Figure 5-5), whereas the North Segment 
limits are A2 Station 364+00 to A3 Station 447+76 (Figures 5-3 and 5-4). 

5.4.2 RHMA Considerations 

Consideration was given to Rubberized Hot Mix Asphalt Concrete (RHMA) as a structural 
course.  RHMA is formulated by mixing granulated (crumb) rubber with hot asphalt to form an 
elastic binder with less susceptibility to temperature changes.  The rubberized asphalt is 
substituted for the regular asphalt as the binder for the flexible pavement.  RHMA is generally 
specified to retard reflection cracking, resist thermal stresses created by wide temperature 
variations and add flexibility to a structural overlay.  Caltrans uses gap-graded (RHMA-G) and 
open-graded (RHMA-O) rubberized asphalt.  The difference between the two is in the gradation 
of the aggregate.  RHMA-O is used only as a non-structural wearing course.  RHMA-G can be 
used as either a surface course or a non-structural wearing course.  The minimum thickness for 
RHMA (any type) should be 0.10 foot for new construction and rehabilitation.  For pavement 
preservation, RHMA may be placed as thin as 0.08 foot provided compaction requirements can 
be met.  The maximum thickness for RHMA-G is 0.20 foot.  The maximum thickness for 
RHMA-O is 0.15 foot.  It is undesirable to place RHMA-G or RHMA-O in areas that will not 
allow surface water to drain.  As an example, a surface that is milled only on the traveled way 
and not on the shoulder forms a “bathtub” section that can trap water beneath the surface of the 
traveled way.  To prevent this effect, RHMA-G should be placed over the whole cross section of 
the road (traveled way and shoulders).  For this project RHMA-G is selected. 

According to Section 39 of the 2006 Caltrans Standard Specifications, Hot Mix Asphalt (HMA) 
shall be placed only when the atmospheric temperature is above the following values: 
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Table 5-3 Hot Mix Asphalt Placement Temperatures 

Type of Hot Mixed Asphalt 
Specified Atmospheric Temperature 

oF 

Type A and Type B 45 – 55 

RHMA-G 55 

We compared the specified placement temperatures to the recorded atmospheric temperatures at 
the Livermore weather station.  The latter graph is presented in Figure 5-6 and shows the (1) 
average of all daily maximum temperatures recorded between 1961 and 1990, (2) average of all 
daily minimum (MINADT) temperatures recorded between 1961 and 1990, and (3) average of 
all daily average temperatures recorded between 1961 and 1990.  We then superimposed the 
specific atmospheric temperatures for Type A and B (50oF) on Figure 5-6.  Assuming the 
average of all daily average temperatures is the appropriate temperature criteria, we offer the 
following conclusions based on Figure 5-6:  

 For RHMA a minimum atmospheric temperature of 55oF is required 
 At Livermore (Figure 5-6) the expected placement period is between about  April 1 and 

November 1, which is a relatively large window of time. 

In summary, the seasonal window of time for placement of Types A and B as well as RHMA is 
relatively large.   

We also reviewed local availability of RHMA, which is summarized in Table 8-1 along with 
other materials.  Teichert Aggregate (haul distance about 20½ miles) and Granite Rock (haul 
distance about 1 mile) indicated they can set up a mobile plant to manufacture RHMA-G. 

In summary RHMA-G is locally available but will require setting up a temporary plant for this 
project. 

5.4.3 Recommended SPCS 

Table 5-4 presents the design plan Typical Cross Section (TCS) numbers corresponding to the 
SPCS numbers.  As reference, the Typical Cross Sections for the north segment are presented in 
Appendix G. 
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Table 5-4 Structural Pavement Cross Section versus Design Plan Typical Cross Section 

Structural Pavement 
Cross Section 

Project Segment Design Plan Typical 
Cross Section 

SPCS 1 North TCS 3 

SPCS 2 North TCS 3B 

SPCS 3 North TCS 4 

SPCS 4 North TCS 5 

SPCS 5 North TCS 6 

SPCS 6 North TCS 7 

SPCS 7 South To be determined 

SPCS 8 South To be determined 

SPCS 9 South To be determined 

SPCS 10 North TCS 8 

 South To be determined 

SPCS 11 North TCS 13 

 South To be determined 

SPCS 11A North TCS 10 

SPCS 12 South To be determined 

SPCS 13 
South To be determined for 

Vallecitos Road 

 

Recommended SPCS 1  

Design Factors for SPCS 1, TI20 = 11.0, R-value = 5, GE (required) = 3.34 feet. 

Recommended Structural Section 
Structural Section (feet) Gravel Equivalent (feet) 

RHMA-G 0.15  
HMA 0.60 1.44 
Class 2 AB 1.25 1.38 
Class 4 AS 0.75 0.75 

Total 3.57 
 
In addition to mainline and shoulder lanes, SPCS 1 could be specified for roadway where 
widening and/or improvements are located on the up gradient direction of existing pavement 
sections consisting of ATPB layers. 
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Recommended SPCS 2 

Design Factors for SPCS 2, TI20 = 11.0, R-value = 5, GE (required) = 3.34 feet. 

Recommended Structural Section 
Structural Section (feet) Gravel Equivalent (feet) 

RHMA-G 0.15  
HMA 0.60 1.44 
Class 2 AB 1.25 1.38 
Class 3 Perm 0.75 0.75 

Total 3.57 
 
SPCS 2 should be specified for roadway where cuts are required to accommodate widening 
and/or improvements locating on the up gradient direction of existing pavement sections 
consisting of ATPB layers. 

Recommended SPCS 3 

Design Factors for SPCS 3, TI20 = 11.0, R-value = 25, GE (required) = 2.64 feet. 

Recommended Structural Section 
Structural Section (feet) Gravel Equivalent (feet) 

RHMA-G 0.15  
HMA 0.75 1.83 
Class 2 AB 1.10 1.21 
Class 4 AS 0.75 0.75 

Total 3.79 
 

Recommended SPCS 4 

Design Factors for SPCS 4, TI20 = 11.0, R-value = 5, GE (required) = 3.34 feet. 

Recommended Structural Section 
Structural Section (feet) Gravel Equivalent (feet) 

RHMA-G 0.15  
HMA 0.60 1.44 
ATPB 0.25 0.35 
Class 2 AB 1.00 1.10 
Class 4 AS 0.75 0.75 

Total 3.64 
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Recommended SPCS 5 

Design Factors for SPCS 5, TI20 = 11.0, R-value = 5, GE (required) = 3.34 feet. 

Recommended Structural Section 
Structural Section (feet) Gravel Equivalent (feet) 

RHMA-G 0.15  
HMA 0.75 1.83 
ATPB 0.25 0.35 
Class 2 AB 0.85 0.93 
Class 4 AS 0.75 0.75 

Total 3.86 
 

Recommended SPCS 6 

Design Factors for SPCS 6, TI20 = 11.0, R-value = 25, GE (required) = 2.64 feet. 

Recommended Structural Section 
Structural Section (feet) Gravel Equivalent (feet) 

RHMA-G 0.15  
HMA 0.60 1.44 
ATPB 0.25 0.35 
Class 2 AB 1.00 1.10 
Class 3 Perm 0.75* 0.75 

Total 3.64 
 *Includes underdrain (toe drain) 

Recommended SPCS 7 

Design Factors for SPCS 7, TI20 = 11.0, R-value = 10, GE (required) = 3.17 feet. 

Recommended Structural Section 
Structural Section (feet) Gravel Equivalent (feet) 

RHMA-G 0.15  
HMA 0.55 1.31 
ATPB 0.25 0.35 
Class 2 AB 0.60 0.66 
Class 4 AS 1.00 1.00 

Total 3.32 
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Recommended SPCS 8 

Design Factors for SPCS 8, TI20 = 11.0, R-value = 10, GE (required) = 3.17 feet. 

Recommended Structural Section 
Structural Section (feet) Gravel Equivalent (feet) 

RHMA-G 0.15  
HMA 0.55 1.31 
Class 2 AB 0.85 0.93 
Class 4 AS 1.00 1.00 

Total 3.24 
 

Recommended SPCS 9 

Design Factors for SPCS 9, TI20 = 11.0, R-value = 5, GE (required) = 3.34 feet. 

Recommended Structural Section 
Structural Section (feet) Gravel Equivalent (feet) 

RHMA-G 0.15  
HMA 0.55 1.31 
Class 2 AB 1.00 1.10 
Class 4 AS 1.00 1.00 

Total 3.41 
 
In addition to mainline and shoulder lanes, SPCS 9 could be specified for roadway where 
widening and/or improvements are located on the up gradient direction of existing pavement 
sections consisting of ATPB layers. 

Recommended SPCS 10 

This structural pavement section is recommended for trail pavement sections along lines TR2, 
TR3 and TR4. 

Design Factors for SPCS 10, TI20 = 5.0, R-value = 15 (Fill), GE (required) = 1.46 feet. 

Recommended Structural Section 
Structural Section (feet) Gravel Equivalent (feet) 

HMA 0.60* 1.58 
Total 1.58 

*Full depth HMA 

Recommended SPCS 11 

This structural pavement section is recommended for Discovery Drive (D Station 38+34 to 
39+29), access roads to quarry from “AC1” Line Station 120+20 to 164+23 and trail pavement 
“TR1” Line. 
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Design Factors for SPCS 11, TI20 = 10.0, R-value = 25, GE (required) = 2.40 feet. 

Recommended Structural Section 
Structural Section (feet) Gravel Equivalent (feet) 

HMA 0.50 0.90 
Class 2 AB 1.40 1.54 

Total 2.44 
 
Quarry vehicles including hauling trucks are expected to utilize trail TR1; therefore, a section 
compatible to the quarry access road should be used.  Alternatively, a full depth HMA section 
with a thickness of 1.1 feet can be specified; this alternative is numbered as SPCS 11A. 

Recommended SPCS 12 

This structural pavement section is recommended for Access Roads to Quarry Section from 
“AC2” Line Station 212+53 to 223+97, and it should use same structural section as SPCS 11. 

Design Factors for this section are as follows: 

TI20 = 8.0, R-value = 5, GE (required) = 2.43 feet. 

Recommended Structural Section 
Structural Section (feet) Gravel Equivalent (feet) 

HMA 0.50 1.00 
Class 2 AB 1.40 1.54 

Total 2.54 
 
For the above table, we assumed (1) the same HMA thickness and the same Class 2 AB 
thickness as for SPCS 10 and (2) a reduced TI20 = 8.0.  The latter value is not known, but is 
believed to be less than 10.0 and is consistent with the traffic volume at the quarry.  
Conservatively, we have also reduced the R-value = 5 from 25 for SPCS 11. 

Recommended SPCS 13 

This structural pavement section is recommended for Vallecitos Road from “V” Line Station 
100+97 to 115+64. 
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Design Factors for SPCS 13, TI20 = 11.0, R-value = 15*, GE (required) = 2.99 feet. 

Recommended Structural Section 
Structural Section (feet) Gravel Equivalent (feet) 

RHMA-G 0.15  
HMA 0.45 1.07 
Class 2 AB 0.65 0.72 
Class 4 AS 1.20 1.20 

Total 2.99 
*The proposed alignment of the new portion of Vallecitos Road is expected to be placed on imported fill.  On that 
basis, a subgrade R-value of 15 is appropriate for the new structural pavement section.  Furthermore, two 
subgrade R-value test results (NB30 and NB36) of 15 and 58 also are consistent with a design R-value of 15. 

 

5.5 PAVEMENT OVERLAY 

5.5.1 Background 

CHEC Management Systems, Inc., under subcontract to URS, performed field deflection tests on 
March 11 and 12, 2008 on existing AC sections on both SR84 mainline and AC outside 
shoulders.  Testing was performed by CHEC using the Dynaflect nondestructive pavement 
testing device in accordance with California Test Method (CTM) 356.  This device places a 
1,000 pound oscillatory load on the pavement surface.  Motion sensing geophones (sensors) 
placed on the pavement surface read the pavement deflection resulting from the load.  A strong 
pavement will deflect less than a weak pavement under the same loading. 

The analysis and initial recommendations are presented in the CHEC report dated March 20, 
2008 and their letter dated April 4, 2008 (see Appendix H) and were developed for a Design 
Traffic Index (TI) of 11.0.   

5.5.2 Overlay Recommendations 

The following table provides design recommendations for each of six pavement segments. 
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Table 5-5 Summary of AC Overlay Recommendations 

Segment 
Number From To 

CTM 
Structural 

Requirement 

Overlay Design 
Recommendations 

1 
Jack London 
Blvd. 

Stanley Blvd. 
0.00 ft HMA 
Overlay 

0.15 ft. RHMA-G Overlay (surface 
layer)(1) 

2 Stanley Blvd. Concannon Blvd. 
0.00 ft HMA 
Overlay 

0.15 ft. RHMA-G Overlay (surface 
layer)(1) 

3 
Concannon 
Blvd. 

Vineyard Ave. 
0.00 ft HMA 
Overlay 

0.15 ft. RHMA-G Overlay (surface 
layer)(2) 

4 Vineyard Ave. 
Pavement Change 
North of 
Vallecitos Road 

0.00 ft HMA 
Overlay 

0.15 ft. RHMA-G Overlay (surface 
layer)(2)  

5 
Pavement 
Change North of 
Vallecitos Road 

Pavement Change 
South of 
Vallecitos Road 

0.00 ft HMA 
Overlay 

0.15 ft. RHMA-G Overlay (surface 
layer)(2)  

6 
Pavement 
Change South of 
Vallecitos Road 

Ruby Hill Road 
0.25 ft HMA 
Overlay 

0.15 ft. RHMA-G and 0.10 ft HMA 
Overlay (surface layer)(2)  

(1) The HMA overlay (0.15 or 0.13 foot) was omitted in Segment Numbers 1 and 2 at the request of Caltrans; 
they stated “this proposed overlay is a very conservative design since the pavement was constructed in 
2000±.” 

(2) As-built information in Table 2-1 (Existing Typical  Structural Sections) reveals existing thickness of 
travelled way of HMA or HMA plus RHMA-G ranging from 0.54 to 0.64 foot.  According to Caltrans 
Flexible Pavement Rehabilitation Design Manual (CFPRDM) dated 2001 (Chapter 4) and HDM Section 
635, overlay thickness to retard reflective cracking should be at least one-half the thickness of the existing 
HMA pavement.  Therefore, the overlay thickness should be in the range of 0.27 foot (½ x 0.54) to 0.32 
foot (½ x 0.64).  Since RHMA-G has a thickness equivalency of 1:2 (HDM Table 635.1D) compared to 
HMA, the RHMA-G required overlay should be in the range of 0.13 foot (½ x 0.27) to 0.16 foot (½ x 0.32).  
However, the 0.16 foot RHMA-G overlay applies to about 1,200 feet of roadway constructed in 2007.  
Therefore, it is our engineering opinion that a uniform overlay thickness of 0.15 foot meets the intent of 
both CFPRDM and HDM. 

The above recommendations were made based on criteria and analyses in Caltrans Flexible 
Pavement Rehabilitation Design Manual (2001) and Highway Design Manual (HDM 2009).  The 
purpose of the overlay is to extend the service life of the existing structural pavement by a 
minimum of 10 years.  Each segment of road needs to satisfy both the structural and reflective 
requirements of the design procedure.   

CHEC provided these additional guidelines: 

 With asphalt overlays, wedge cutting is recommended at all conforms to provide a smooth 
taper and transition. 

 Prior to an overlay, an application of a tack coat is required for a proper bond. 
 According to Caltrans, all areas of moderate to severe alligator cracking and/or bleeding 

should be removed to the top of aggregate base or ATPB, not to exceed a depth 0.50 foot.  
The dig out should be replaced with HMA. 

 According to Caltrans, all transverse and longitudinal cracks wider than ¼ inch should be 
sealed with a low modulus asphalt crack sealant or asphalt rubber (instead of emulsified 
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6. Section 6 SIX Geotechnical Analysis and Design 

6.1 FOUNDATION TREATMENT 

6.1.1 Clearing and Grubbing 

Before any grading begins, all locations to be filled should be cleared of existing improvements 
(rails, posts, curbs, pavements, etc.), all debris, vegetation, and any soils containing roots or other 
vegetative matter in accordance with Section 16 of Caltrans Standard Specifications.  A stripping 
depth of 4 to 6 inches is estimated.  The entire root ball of large shrubs should be removed, 
including all roots greater than 1 inch in diameter. 

6.1.2 Subgrade Preparation 

Immediately after existing guardrail posts have been removed, the resulting voids should be 
backfilled with slurry cement up to present ground surface in accordance with Caltrans Standard 
Specifications Section 19-3.062 “Slurry Cement Backfill”. 

All subgrades should be prepared in accordance with Caltrans Standard Specifications Section 
25-1.03 “Subgrade”.  After the areas to receive fill have been cleared and stripped, the exposed 
subgrade soil should be scarified, moisture conditioned to near the optimum moisture content, 
and compacted to the requirements of fill to a minimum depth of 6 inches.  When the subgrade 
has been compacted and approved by the Engineer, fill can be placed to provide the desired 
finished grades. 

6.1.3 Fill Material 

In general, materials intended for use as fill materials should be a soil or soil/rock mixture that is 
free of organic matter and other deleterious substances in accordance with Section 19 of Caltrans 
Standard Specifications.  In addition, these materials should have an R-value greater than 25 to 
be consistent with the design R-value used in pavement structural design.  All import material 
should meet these requirements and should be approved by the Engineer prior to construction.  
Asphalt concrete and aggregate base that are pulverized to meet the size requirements for fill 
material detailed above, could be reused as fill. 

6.1.4 Fill Placement 

All fill should be constructed in accordance with Caltrans Standard Specifications Section 19, 
entitled “Earthwork.”  Relative compaction of not less than 90 percent should be achieved in all 
fill materials, except where 95 percent is required. 

6.2 ESTIMATED SETTLEMENT 

6.2.1 General 

Based on the profile sheets (in Appendix I) along the SR84 “A-1”, “A-2” and “A-3” lines, cuts 
and fills are generally less than 2 feet in height.  Exceptions to this for cuts include: (1) 
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maximum cut of about 4 feet between approximately Stations 249+00 to 251+00, (2) maximum 
cut of about 28 feet at Station 256+00 for a tie-back retaining wall and (3) maximum cut of about 
3 feet between about Stations 422+00 and 473+00.  Exceptions to this for fill include: (1) 
maximum fill height of 3 feet between Stations 227+00 and 230+00, (2) maximum fill height of 
order 4 feet or more between Stations 241+00 and 245+00, and (3) maximum fill height of 2 feet 
at approach embankments at Arroyo Del Valle between Stations 317+00 and 322+00. 

6.2.2 Most Fill Areas 

Most new fill depths are less than 2 feet.  In these areas, it is our opinion (1) that immediate 
settlement of well compacted fill should be less than ⅛ inch and (2) that long term settlement of 
these fill areas should be negligible. 

6.2.3 Maximum Fill Area 

As discussed above, maximum fill height is about 4 feet (or more) between Stations 241+00 and 
245+00.  We estimate immediate settlement at this location should be about ¼ inch and long 
term settlement should be negligible. 

At the approach embankments for the Arroyo Del Valle bridge, we estimate immediate 
settlement should be less than ¼ inch and long term settlement should be negligible. 

6.2.4 Surcharge and Monitoring 

The immediate settlement estimated above is expected to occur during placement of fill, as a 
result of elastic compression of granular and cohesive soils.  Long term consolidation settlement 
of clay soils is not anticipated (1) since groundwater is relatively deep and (2) clays below 
groundwater are generally hard and relatively incompressible.  Considering that the estimated 
settlements are relatively small, we see no need for (1) surcharging the fills and (2) monitoring 
the settlement of fills with settlement monitoring devices. 

6.3 STORM DRAINAGE SYSTEM 

To intercept and transmit storm water, new and realigned storm drains, and raising of some 
existing drain inlets are planned as shown in Drainage Plan drawings D-1 through D-14 in 
Appendix J. 

In general, the retaining wall drainage system probably should be separated from the underdrain 
system.  However, retaining wall drainage requirements depend on the type of retaining walls.  
For example, Standard Type I walls include pervious backfill material about 12 inches thick 
immediately behind the wall.  Whereas, it would be difficult to install a pervious backfill section 
behind other types of walls such as a soldier pile and lagging anchored wall.  

 

6.4 UNDERDRAIN SYSTEM 

New underdrains are planned as shown in Typical Underdrain Detail drawing X-1 and in 
Appendix G. 
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We recommend the following guidelines for design of underdrains to handle groundwater. 

1. All cuts for new pavement should include an underdrain system consisting of a layer of 
permeable material with toe drains. 

2. All existing underdrain systems should be extended under roadway widening.  Please refer to 
drawing X-1 for typical detail in Appendix G. 
 Remove existing toe drains and extend permeable material layer under new pavement 

section. 
 Install new toe drains along edge of extended permeable material layer. 
 Extend drainage trench to accommodate the underdrain pipe plus a minimum of 12 

inches below the bottom of the permeable blanket.  The size of the underdrain pipes 
should have a minimum diameter of 8 inches. 

 

6.5 UTILITY CROSSINGS 

6.5.1 General 

As shown on Utility Plan Sheets U-1 through U-23 (Appendix K) there are several existing and 
planned buried utilities that cross the roadway.  In general, we estimate that buried utilities 
subject to loading from new fill will undergo settlement less than ⅛ inch, except in fill areas 
described in Section 6.2.3 “Maximum Fill Area” where we estimate settlement of about ¼ inch.  

6.5.2 Gas Line Crossing at Station 323+80 

6.5.2.1 Description 

The location of the proposed 24 inch high pressure PG&E gas main is shown on Sheet U-10 in 
Appendix K, Utility Plan Drawings.  As shown, it will cross under Route 84 and therefore could 
be installed by a trenchless construction method.  It is located about 1,000 feet north of Vineyard 
Avenue and about 450 feet north of Arroyo Del Valle.  According to Caltrans Encroachment 
Permits Manual, Chapter 600 Utility Permits, Table 6.8 (revised 07/09) and Appendix H, natural 
gas lines require a minimum 7.5 feet depth of cover (for bore and jack or directional drilling) and 
should be encased.  On that basis, depth to pipe invert is at least 10 feet bgs. 

6.5.2.2 Subsurface Conditions 

In order to investigate the subsurface conditions at and in the vicinity of the crossing, four 
exploratory borings (RB16, RB17, NB13 and NB14) were drilled at the locations shown on 
Sheet X-10, Field Exploration Location Plan 3-10.  Boring RB16 is located about 40 feet from 
the crossing, whereas the other three borings are located about 300 to 400 feet from the crossing.  
The borings extend to depths of 10 feet (RB16 and RB17), 60 feet (NB14) and 80 feet (NB13) 
below present ground surface (bgs).  Logs of borings are presented in Appendix C Boring 
Records.  Boring RB16 is positioned on the west shoulder, whereas Borings RB-17, NB13 and 
NB14 are positioned off the east shoulder of Route 84.  In addition, Boring NB13 is positioned 
in the north approach embankment fill for Arroyo Del Valle Bridge.  Based on the boring 
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records, ground surface at RB16 is about Elevation 424; assuming 10 feetto pipe invert; pipe 
invert  is about Elevation 414.  Ground surface at RB17 is about 1.7 feet above ground surface at 
RB16; ground surface at NB13 and NB14 is about 3.2 and 9.2 feet lower, respectively, than 
ground surface at RB16.  Considering the large distance of NB13 and NB14 from the gas main 
crossing, as well as the lower ground surface, no further consideration was given to soil 
conditions at NB13 and NB14; only soil conditions at RB16 and RB17 are discussed. 

At Boring RB16, an asphalt concrete pavement 6 inches thick was encountered.  Underlying the 
pavement and extending to a depth of 5.5 feet bgs is a layer of dense to very dense well graded 
gravel.  From a depth of 5.5 to 8.3 feet bgs, a deposit of very stiff sandy lean clay with gravel 
was encountered.  Occurring directly below this deposit is medium dense well-graded gravel to 
the terminal depth of 10 feet. 

At Boring RB17, silty gravel with sand occurred from ground surface to terminal depth of 10 
feet bgs.  In general, this layer is dense, except at 8.5 feet it becomes medium dense. 

Both Borings RB16 and RB17 were dry to terminal depth of 10 feet bgs.  Groundwater was 
encountered in distant Boring NB13 at a depth of 14 feet bgs (Elevation 407).  This groundwater 
level is about 7 feet below assumed pipe invert Elevation 414 and may be related to water in 
Arroyo Del Valle. 

6.5.2.3 Experience in Area 

We have contacted several PG&E staff familiar with historical pipeline crossings in the Isabel 
Avenue Livermore area.  Based on these conversations, we have summarized below their 
experience. 

One crossing was partially constructed and then aborted more than 10 years ago; it was placed 
perpendicular to Isabel Avenue near Vineyard Avenue in Livermore.  A 24-inch steel gas 
pipeline crossing was planned; 7.5 feet of cover was required, resulting in a 10 foot deep trench.  
Reportedly, sand and gravel were encountered using the conventional cut and cover technique 
and it was difficult to excavate sloping sides within the sand to depths greater than 8 feet or so; 
shoring was not used.  The trench was dry and cobbles and boulders were not encountered.  
Traffic plates were temporarily placed across trench for night-time traffic.  For reasons unknown 
to the PG&E’s representatives, the City (Livermore) cancelled the project before the crossing 
was completed. 

In another separate project, two 24-inch steel gas pipelines were jacked years ago under railroad 
tracks located near the Stanley Boulevard Underpass at Isabel Avenue.  These pipelines were 
installed using a “pneumatic hammer bore.”  Reportedly, the pipe installation went well with no 
problems.  In this method, a pneumatic hammer is attached to the inside of a sacrificial piece of 
carrier pipe; soil on the face is then dislodged with the hammer.  The sacrificial pipe and 
subsequent sections welded on are pushed from a large jacking pit.  Once the sacrificial pipe 
reaches the receiving pit, it is removed and soil is manually excavated for a short distance from 
inside the next pipe section.  A special plug is then placed inside the excavated pipe face and 
induced water pressure pushes the plug and soil back to the jacking pit where they are removed.  
Then, this becomes an open pipe.  This method requires excavation of a long jacking pit and 

 X:\ROUTE 84 - ISABEL AVENUE\GEOTECH\REPORTS\MATERIALS REPORT\MATERIALS REPORT 20110114.DOC  6-4 



SECTIONSIX Geotechnical Analysis and Design 

carefully setting the jacked pipe to proper grade and slope within the pit.  Reportedly, material 
“nothing of significant size” was encountered, inferred to be boulders and/or cobbles. 

6.5.2.4 Discussion 

Since open cut trenching is not allowed at this crossing, the Contractor should submit a 
trenchless construction method based on soil and groundwater conditions, buried existing 
utilities and surface constraints at the pits and along the alignment.  Potential trenchless 
construction methods considered include pipe ramming, pipe jacking, microtunneling, and 
horizontal directional drilling, as discussed below. 

Such systems are available to install almost any size pipe from about 1 to 10 feet in diameter.  It 
should be noted that in North America the definition of microtunneling has been expanded to 
include all remote-controlled pipe jacking operations, while in Europe, the definition of 
microtunneling is limited to non-person entry pipe sizes, which are typically less than about 3 
feet in diameter, as discussed below.   

Pipe Ramming 

Pipe ramming is a trenchless construction method that uses pneumatic percussive blows to 
advance an open-ended pipe that allows the soil to enter the pipe interior as it advances through 
the ground.  Spoil removal from inside the pipe may be performed by auger, compressed air, or 
water jetting, and may be done after the entire pipe length is in place, or it may be removed 
before installation is complete to reduce the ramming force required.  Pipe ramming is not-
steerable, meaning that subsurface obstruction (such as gravel encountered in Borings RB16 and 
RB17) or improperly aligned pipes may result in significant deviations from the desired line and 
grade. 

Pipe Jacking 

Pipe jacking involves installing a pipeline by pushing pipe sections through the ground with 
hydraulic jacks assembled in a jacking frame located in a shaft excavation called the jacking pit.  
This involves constructing the tunnel in a one-pass method by which the casing pipe is pushed 
directly behind the wheel cutter.  The spoils fall into a drum located behind the cutter head and 
are transported from the tunnel via a conveyor system.  These machines are steerable in any 
direction and use laser guided sights to maintain line and grade.  If needed, following the 
installation of an initial casing for ground support, the final carrier pipe can be constructed safely 
within the casing.  Pipe jacking is favorable at this site since groundwater is below pipe invert. 

Microtunneling 

Microtunneling is distinguished from pipe ramming and pipe jacking in several ways: 1) 
microtunneling utilizes remotely controlled equipment that does not require personnel to work 
underground, 2) microtunneling machines have sophisticated computer controlled guidance 
systems which are capable of more accurate control of line and grade, and 3) microtunneling 
machines have the capability to control groundwater inflows and minimize loss of ground 
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without the need for dewatering or ground improvement.  The pipe is then installed using pipe 
jacking techniques similar to those described above. 

Microtunneling machines can generally be divided into two categories: slurry machines and 
auger machines.  In a slurry machine, soil excavated by the cutterhead of the machine passes 
through slots or ports where it is mixed with slurry in a chamber at the front of the machine.  The 
spoil-slurry mixture is pumped to the jacking pit through slurry discharge pipes, installed inside 
the jacking pipe string and is discharged to a surface separation plant to remove spoil. 

Conversely, an auger machine relies on a continuous flight auger to convey the excavated soil 
from the face to the jacking pit.  The tunnel face is supported by an earth pressure that results 
from holding the excavated spoil under pressure in a chamber between the cutterhead and 
bulkhead.  A plug is formed in the chamber by forcing the excavated spoil into the chamber and 
compacting it. 

Since both Borings RB16 and RB17 were dry to 10 feet, control of groundwater is not required; 
therefore microtunnelling is not required to control groundwater. 

Horizontal Directional Drilling 

Another trenchless construction method that is commonly used is horizontal directional drilling 
(HDD).  HDD methods utilize a guided drilling bit to drill a pilot hole which is subsequently 
enlarged with various reaming tools.  After the hole has been enlarged to the required size, the 
pipeline is pulled back into the hole in a single operation.  Both microtunneling and HDD 
methods have advantages and limitations that need to be recognized.  For example, HDD 
methods are not generally feasible in soils having a gravel content more than about 50 percent, 
soils with cobbles and boulders, and in hard rock, stronger than about 12,000 psi.  HDD is not 
advisable at this site due to gravel content exceeding 50 percent at pipe depth in Borings RB16 
and RB17. 

Geotechnical Engineering Considerations 

Selection of the right equipment for the project depends on determining equipment requirements 
that are compatible with the subsurface conditions that will be encountered during construction.  
Because of this, it is extremely important to have a thorough understanding of the subsurface 
conditions and the physical properties of the soil/rock deposits that will be encountered.  There 
are various types of cutterheads that can be used to adapt these machines to a wide range of 
ground conditions including sand and gravel, stiff clay, cobbles and boulders, and rock.  For 
these reasons, we recommend that additional field exploration be performed near/on the 
proposed pipeline alignment.  At present, Boring RB16 is located about 40 feet from the 
crossing, whereas other borings are 300 feet or more from the crossing.  Therefore, we 
recommend that two additional borings, each 20 feet deep, be drilled on/near the outside edge of 
each shoulder.  Continuous sampling is recommended. 

One advantage to using microtunneling methods is the ability to complete successful pipeline 
installations where other methods might not be successful.  In unstable soil conditions, such as 
saturated sand and gravel deposits, special microtunneling equipment can be used to safely 
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install the pipeline without the need for dewatering and without excessive loss of ground and 
surface settlement. 

In general, slurry machines are more appropriate for clean, saturated sand and gravel deposits 
because they can handle higher groundwater pressures and also provide more precise pressure 
regulation at the cutterhead that is needed to control loss of ground in these deposits.  Auger 
systems are used mainly for cohesive silts and clays because these materials are capable of 
forming an impervious plug in the chamber that can resist the hydrostatic pressure. 

Mixed face conditions consist of soil and rock in the heading at the same time or, in some cases, 
two soils with extremely different physical properties in the heading at the same time.  A mixed 
face of soil and rock can result in steering difficulties because the machine will tend to ride up 
the rock contact following the path of least resistance.  The best approach to dealing with these 
potential problems is to avoid a mixed face of soil and rock if at all possible. 

Evaluation of Trenchless Construction Methods 

Key issues that should be considered when developing a preliminary construction cost estimate 
are as follows: 

 Geotechnical and groundwater conditions. 
 Potential for cobbles, rock, timber debris, tree roots, old foundations, or other obstructions. 
 Potential for contaminated soils and/or groundwater. 
 Casing requirements. 
 Pipe/casing sizes and materials. 
 Total length of project, number of drives, and maximum drive lengths. 
 Line and grade tolerances. 
 Required jacking loads. 
 Shaft sizes, depths, and groundwater control requirements. 
 Site layout, staging area, site access, and traffic control. 
 Equipment requirements and production rates. 
 Slurry separation requirements; spoil and slurry disposal sites. 

In addition, the following items should be considered in the planning of the project in order to 
develop a realistic cost estimate: 

 Project set up. 
 Power supply. 
 Water supply. 
 Existing utilities. 
 Staging areas. 
 Traffic control and site access. 

The pipeline invert will be positioned at a depth of about 10 feet bgs, or about Elevation 414.  At 
these depths, highly variable deposits of medium dense to very dense well-graded gravel, silty 
gravel and very stiff sandy clay were encountered in Borings RB16 and RB17.  Both borings 
were dry to the terminal depth of 10 feet bgs.  Groundwater was encountered in only one Boring 
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NB13 located in the general area (at Elevation 407); this groundwater level is about 7 feet below 
assumed pipe invert Elevation 414. 

Based on the site surface and subsurface conditions, we offer the following comments: 

 Construction dewatering is not anticipated for invert depth of 10 feet bgs. 
 Pipe ramming is not advisable for this site because significant deviations from desired line 

and grade may result.  There is also a risk that the existing gas main could be damaged. 
 HDD is not advisable for this site because of the high gravel content. 
 Either pipe jacking or microtunneling are feasible methods from a geotechnical point of 

view; cost may then be a key consideration. 

After the additional exploration is completed, the boring records should be included in this 
document and the discussion in Section 6.4 be modified to include our interpretation. 

6.5.2.5 Jacking and Receiving Pits 

This crossing will also require construction of two access shafts (jacking and receiving) or pits to 
provide an area to mobilize equipment for this trenchless operation, remove spoils and install the 
pipeline.  These access shafts should be located in accordance with applicable right-of-way 
requirements. 

The design of the shoring system at jacking and receiving pits, as well as design of the jacking 
system, should be performed by a California Registered Civil or Structural Engineer, retained by 
the Contractor, and submitted to the Engineer prior to its implementation.  Furthermore, the 
Contractor should retain a California Registered Geotechnical Engineer to provide shoring 
design parameters. 

Where shaft or pit excavations are supported with temporary shoring, some settlement of the 
adjacent ground surface should be anticipated.  If these shored excavations are placed in a paved 
street or highway, cracking and settlement of the adjacent pavements should be anticipated.  The 
project specifications should require restoration of these damaged pavements, curbs and gutters 
to their preconstruction condition. 

At the base of the jacking and receiving pits, the Contractor should consider installing a working 
platform to stabilize the subgrade.  Based on the logs of our two borings, the pit subgrade soils 
are anticipated to be medium dense gravel and very stiff lean clay.  Although these soils are 
relatively strong, the exposed subgrade could become disturbed and weakened.  Therefore, the 
subgrade should be stabilized by placement of a minimum thickness of 12 inches of ¾ inch drain 
rock encapsulated in a layer of high strength geofabric such as TC Mirafi 600X or equivalent.  
As an alternative, a lean concrete rat slab (seal course) could be placed on the subgrade. 

6.5.2.6 Pipe Jacking Considerations 

The pipe should be designed to accommodate the axial jacking stresses, as well as the earth loads 
imposed due to the full overburden pressure.  The use of the full overburden pressure is 
recommended since the depth of the pipe is too shallow to result in a pressure reduction due to 
soil arching.  The excavation method should be selected by the Contractor. 
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6.5.2.7 Settlement Monitoring 

An independent Instrumentation Specialist must install and monitor settlement monitoring 
points.  The survey accuracy of the settlement monitoring points must be within 0.01 foot 
(1/8 inch).  Evaluate settlements using methods developed by Birger Schmidt and Peck (1969), 
Bennett (1998), or equivalent that are approved by the Engineer. 

Subsurface monitoring points must be installed at 5 feet and 10 feet above the crown of the 
proposed tunnel near the jacking shaft, above utilities, and on shoulders of roadways, before 
proceeding under critical locations.  Additional points at non-critical locations must be 
monitored to gain an early indication of workmanship.  Additional surface settlement monitoring 
points may be used to supplement subsurface points.  Surface settlement points must be checked 
hourly when heading is within 25 feet, otherwise daily.  If ¼ to ½ inch settlement is detected, 
corrective action must be taken, including but not limited to: filling voids with grout, limiting the 
radial overcut or filling the annulus with bentonite lubricant during tunneling.  Changes in means 
and methods may be appropriate and should be considered, such as position of cutting tools with 
respect to leading edge of casing and discontinuing use of high pressure cutting nozzles or jets 
etc. 

Surface settlement points located in traffic lanes must be checked before and after tunneling.  If 
¼ inch settlement is detected, corrective action must be taken, including but not limited to: filling 
voids with grout.  Monitoring points must be surveyed prior to tunneling to establish the 
baseline. 

If settlement results in roadway distress, resurfacing by the Contractor could become necessary. 

6.6 CUTS AND EXCAVATIONS 

6.6.1 Along Mainline 

The approximate station limits of cut and fill are presented in Table 1-1. 

In most ramp and median areas, relatively shallow excavations (less than 4 feet) are currently 
planned for placement of new pavement sections, retaining wall foundations and bridge footings.  
A maximum cut depth (vertical height) of about 28 feet near Station 256+00 is anticipated for 
RW 246.  A special overexcavation of unsuitable material in a drainage ditch is recommended 
between Station 240+00 and 246+00 on the west side of Route 84; refer to Section 5.4.1 
“Background” for details. 

Shallow excavations will be completed entirely in the existing pavement structural sections and 
into the embankment fill or native materials underlying the existing pavements.  Cobbles and/or 
boulders were encountered at boring locations at depths ranging from 3 to 31 feet bgs, as 
discussed previously in Section 3.2.2 “Subsurface Conditions”.  In particular, cobbles and/or 
boulders were encountered at variable depths in the vicinity of Arroyo Mocho and Arroyo Del 
Valle. 

In our opinion, materials excavated from the existing pavement structural sections can be reused 
as fill materials in the new or raised embankments provided the asphalt concrete is pulverized to 
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meet the size requirements for fill.  However, the existing fill materials underlying the pavement 
structure should be reviewed by the Geotechnical Engineer at the time of construction to verify 
they meet the requirements for fill. 

Based on the Boring Records, potentially expansive fat clay (CH) and elastic silt (MH) were 
encountered at shallow depths primarily in the following areas: 

 At Boring RB13 at about Station 300+54 CH ranging in depth from 3 to terminal depth of 10 
feet bgs. 

 At Boring RB14 at approximate Station 305+99 CH ranging in depth from 2½ to 4½ feet 
bgs. 

 At Boring NB13 at approximate Station 320+87 CH ranging in depth from 20 to 24½ feet 
bgs. 

 At Boring RB07 at about Station 270+16 MH ranging in depth from 8½ to 12 feet bgs. 

In our opinion the CH materials, if excavated at RB13, RB14 and NB13, should not be reused as 
engineered fill due to their expansive nature, i.e. potential to shrink and swell with moisture 
changes.  This requirement is included in Section 9, Specifications, 9.2.1 Earthwork, Table 9-1; 
estimated station limits are also included in this table.  If used in embankments, CH soils will 
slough where exposed.  The insitu moisture content of these soils is about 12 percent and is close 
to optimum moisture content.  At RB07, the MH material is below a depth of 8½ feet and will be 
left in place. 

 

The explorations were completed during the months of November and December 2007, both of 
which were relatively dry, and January 2008, which was wet.  No perched water was 
encountered in the semi-permeable aggregate base component of the pavements.  However, it is 
conceivable that some free water could potentially be encountered in the aggregate base and 
subbase components of the existing pavements if construction occurs in the winter and spring 
months. 

As stated above, cuts ranging from about 1 to 28 feet are anticipated along the median, 
shoulders, and into the hillsides.  Based on the most recent water depths measured in the closest 
borings, it appears the 2007 and 2008 groundwater levels are below the bottom of most shallow 
excavations.  However, some localized groundwater is anticipated in a few excavations, 
particularly for bridge foundations.  If excavations extend below the groundwater level, the 
Contractor should be prepared to provide standard sumping during construction to remove 
accumulated seepage at the bottom of bridge foundation excavations.  

6.6.2 Gravel Mining Excavations 

As discussed previously in Section 1.1.5 “Vineyard Avenue to Stanley Boulevard 
Improvements”, significant gravel mining operations to depths of 240 feet are planned on 
portions of the west and east sides of SR84.   

Two previous slope stability studies (Shannon & Wilson, 1978; Geomatrix, 2004) were 
performed for side slopes as a result of future mining operations planned just west of Isabel 
Avenue and south of Stanley Boulevard. Those studies were based on a maximum side slope 
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inclination of 1½ to 1 (horizontal to vertical) for both temporary and permanent slopes. 
Geomatrix concluded: 

 The 1½ to 1 slope inclination was appropriate; 
 The granular soils are not likely to liquefy during or after earthquake shaking; and 
 The estimated deformations due to earthquake shaking are about 1 foot for the excavated 

slope during mining and reclamation and less than ¼ foot after reclamation. 
 

The hinge point of these slopes is about 35 to more than 50 feet from Caltrans right-of-way. The 
previous slope stability studies by others indicate a 1½ to 1 slope inclination would meet County 
permit requirements. However, we understand the current quarry permit approved a 2 to 1 side 
slope inclination. Nevertheless, as discussed with and concurred with by Caltrans, we believe it 
would be prudent to monitor horizontal ground movements to maximum depths of order 240 
feet. We recommend that five slope inclinometers be installed and periodically monitored, 
including before, during and after excavation (mining). The approximate recommended locations 
near the proposed new shoulders are as follows: 

 

Table 6-1 Recommended Inclinometer Locations 

Inclinometer 
Number 

Approximate Station 
(feet) 

Shoulder 
Location 

Approximate Casing Depth 
(feet) 

I-1 A1 322+00 NB 180 

I-2 A1 323+20 SB 240 

I-3 A2 347+00 SB 240 

I-4 A2 371+00 SB 240 

I-5 A3 395+00 SB 180 

 

 Soil samples should be obtained at intervals of 10 feet; the installation and reading of 
inclinometers should be supervised by a Certified Engineering Geologist (CEG) or 
Registered Geotechnical Engineer (GE). The monitored ground movements should also 
be interpreted by a CEG or GE, to assess the structural integrity of SR 84. 

6.7 EMBANKMENTS 

Most embankment fills will be on the order of 4 feet or less in height.   

The planned fills should be constructed in accordance with Caltrans Standard Specifications 
Section 19, entitled “Earthwork”.  The undesirable materials should be removed in accordance 
with Caltrans Standard Specifications Section 16, “Clearing and Grubbing”. 

Consistent with Caltrans standards, the proposed slope inclinations of new embankments 
throughout the project are 2H:1V and 1½H:1V under bridge abutments.  In our opinion, the 
existing embankment soils and supporting soils are capable of being inclined at these proposed 
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slopes provided that the new embankment fills are constructed in accordance with the 
recommendations of this report and Caltrans Standard Specifications.  For most engineered fill 
embankments constructed with the above slope inclinations, stability analyses generally are not 
required.  

New embankment fill should be benched and keyed into existing slopes as specified in Caltrans 
Standard Specifications Section 19-6 “Embankment Construction”. 

6.8 EARTHWORK FACTORS 

In general minor cuts and fills are anticipated.  Some cut materials will be generated by 
removing the existing shoulder and median to allow for placement of the new traveled way 
pavement structural section. 

In general, no apparent distress was observed in median shoulder pavements.  Assuming that the 
existing pavement structural sections were constructed in accordance with Caltrans Standard 
Specifications, it is likely that the pavement structural sections were well compacted at the time 
they were constructed.  Based on density tests performed in our laboratory on samples recovered 
from our borings, the subgrade materials appear to exhibit moderate to high in place density.  
Based on our field observations, laboratory testing, and our engineering judgment and 
experience, the following earthwork factors are recommended for the purpose of estimating the 
volume changes during construction. 

1. For existing asphalt concrete and aggregate base materials used for fill material 
compacted to a relative compaction of 95 percent, use 1.0 for an earthwork factor. 

2. For native subgrade materials underlying the existing pavements, used for fill material 
compacted to a relative compaction of 95 percent, use 0.94 for an earthwork factor (i.e., 6 
percent volume decrease). 

3. For existing fill materials used for new fill compacted to a relative compaction of 95 
percent, use 1.0 for an earthwork factor. 

6.9 RETAINING WALLS 

As discussed previously in Section 1.1.10 “Retaining Walls”, thirteen (13) retaining walls are 
planned.  Foundation design concepts and preliminary geotechnical recommendations for five 
special walls (non-standard) including RW 246, 391, 400N, 400S and 403 are summarized in a 
separate Foundation Investigation Report.  Drawings and details of the remaining eight (8) 
retaining walls are presented in Appendix M.  Table 6-2 presents a summary of wall 
configurations of the eight proposed standard Type 1 walls. 

Table 6-2 Summary of Wall Configurations 
Wall Length 

(feet) 
Wall Height 

(feet) 
Approximate 
Depth of Cut 
from Original 
Ground (feet) 

Approximate 
Fill Height from 

Original 
Ground (feet) 

236 460 8 to 12 9 to 13  
245 1,505 3 to 24  3 to 22 
109 396 3½ to 12½  1½ to 9 
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110 546 5½ to 10½  1½ to 9 
314 429 4 to 16½  0 to 12 
317 192 7 maximum  0 to 5½ 
320 161 5½ to 11¼  2½ to 6 
437 1,120 4 to 10½ 4 to 12  

 
Based on the project quantity estimates, it is understood that there could be excess cut material 
need to be hauled offsite.  Therefore, it is assumed that all embankment fill and wall backfill 
would be derived from onsite soils.  Based on exploratory boring data at proposed cut slopes, we 
estimate the resulting fill material to be of clayey to silty sand and gravel, with an an average as 
compacted moist unit weight of 130 pcf.  For a compacted clayey to silty sand and gravel fill 
material, we anticipate the friction angle, ’, to be greater than 34 degrees; thus, the resulting 
equivalent fluid pressure of the wall backfill should be equal to less than 36 psf per lineal foot.  
Therefore, the standard plan Type 1 wall soil design parameters are applicable. 

Table 6-3 below presents a summary of the estimated base bearing pressures at the maximum 
wall height location of each of the eight standard Type 1 walls. 

Table 6-3 Type I Wall Soil Parameters 
Wall Maximum Wall 

Height 
(feet) 

Ultimate 
Bearing 
Pressure 

(psf) 

Allowable 
Bearing 
Pressure 

(psf) 

Equivalent 
Fluid Pressure 
(psf per lineal 

foot) 
236 12 9,000 3,000 36 
245 
(LOL 5+00 to 
10+00) 

5 12,000 4,000 36 

245 
(LOL 10+00 to 
20+00 

24 18,000 6,000 36 

109 12½ 13,500 4,500 36 
110 10½ 10,500 3,500 36 
314 16½ 18,000 6,000 36 
317 7 7,000 2,300 36 
320 11¼ 15,000 5,000 36 
437 9½ 10,500 3,500 36 
 

6.10 SOUNDWALLS 

Soundwalls currently are not planned for this project. 

6.11 GEOTECHNICAL CALCULATIONS 

A copy of our geotechnical engineering calculations are presented in Appendix L.  These 
calculations include estimated settlement. 
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7. Section 7 SEVEN Corrosion Investigation 

7.1 CORROSION INVESTIGATION SUMMARY 

An assessment of the potential for corrosion of various buried foundation and pipe structures was 
performed by V&A Consulting Engineers (V&A).  The results of their investigation are 
presented in Appendix O.  The following paragraphs include their summary, conclusions, and 
recommendations. 

V&A was retained by URS Corporation to perform a corrosion survey on SR 84, from Ruby Hill 
Drive to Jack London Boulevard, in Livermore, California.  The objective of the investigation 
was to measure various soil parameters and evaluate the results with respect to possible levels of 
corrosion along the highway.  The soil was tested at depths ranging from 0 to 62 feet below 
existing grade.  This report recommends corrosion control for construction materials being 
considered for a proposed retaining wall along the Ruby Hill Drive/Vallecitos Road segment of 
SR 84, for retaining wall modifications at the Stanley Boulevard Underpass, for new and existing 
bridge structures at Arroyo del Valle and Arroyo Mocho stream crossings and for culverts and 
underdrain pipes along the roadway.  The materials being considered as part of this investigation 
include buried reinforced concrete, prestressed concrete piles, steel pipe piles, metal culverts and 
metal or plastic drainage pipes. 

This report gives recommendations for corrosion control of reinforced concrete foundations and 
soil nails for the Ruby Hill Drive/Vallecitos Road Retaining Wall from Station 245+50 to Station 
258+00, and for reinforced concrete foundations and soil nails for two retaining walls at the 
Stanley Boulevard Underpass between Stations 391+00 and 412+00.  Corrosion control 
recommendations are provided for reinforced concrete foundations, prestressed concrete piles, 
and steel pipe piles for existing highway bridge modifications and new public access bridges at 
the Arroyo del Valle crossing, Station 320+00 and at the Arroyo Mocho crossing, Station 
415+00.  Metal culvert and underdrain pipe material recommendations for 50 year maintenance-
free service based on ambient soil conditions are also included. 

The investigation was conducted in accordance with California Department of Transportation’s 
Division of Engineering Services, Materials Engineering and Testing Services, Corrosion 
Technology Branch “Corrosion Guidelines” (Guidelines) dated September 2003.  These 
Guidelines consider representative soil or water samples to be corrosive to structural elements if 
one or more of the following conditions exist: 

1. The chloride concentration is 500 ppm or greater, 

2. The sulfate concentration is 2,000 ppm or greater, 

3. The pH is 5.5 or less. 

Evaluation of the soil environment was made in terms of potential corrosion damage to concrete 
and metal structures.  Soil resistivity measurements were conducted in the field during the intial 
stages of the work.  In addition, 14 soil samples taken during a geotechnical investigation were 
provided to V&A for laboratory testing.  The soil samples were analyzed for minimum 
(saturated) resistivity, as well as for pH, chloride and sulfate ion concentrations.  All of these 
affect the corrosion rate of buried structures.  Table 7-1 presents a summary of the sample 
locations in relation to existing and proposed buried utilities and pipelines, as well as test data 
results.
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Table 7-1 Summary of Corrosion Test Locations, Nearby Buried Utilities and Test Data 

Boring Test Data 

Chemical Data Boring 
Number 

Line Station 
Offset 
(feet) 

Depth 
(feet) 

Proposed Drainage System 
Existing 
Drainage 
System 

Proposed Utilities Existing Utilities 

Approximate 
Distance 

from Boring 
Location 

(feet) 

Minimum  Soil 
Resistivity       
(ohm-cm) pH 

Sulfate 
(mg/kg) 

Chloride 
(mg/kg) 

NB03 
(5 to 6.5 feet) A1 245+90.1 27.8 Lt 80.0 18" APC    18 3,302 7.5 <5 6 

gutter/ditch flow line    50 NB05 
(5 to 6.5 feet) A1 252+76.0 10.2 Rt 56.5 

18" RCP    64 
7,312 8.4 <5 <2 

gutter/ditch flow line    <5 NB07 
(5 to 6.5 feet) A1 293+10.8 53.8 Lt 20.0 

18" APC    53 
1,510 7.1 <5 20 

  Gas Line  44 
18" APC    70 

   12" Water Line <5 
   TV Cable Line (AT&T) 25 
   Sewer 39 

NB11 
(20 to 21.5 feet) A1 318+45.8 111.8 

Rt 60.0 

 edge drain   24 

7,255 7.4 <5 <2 

18” APC    24 
  Gas Line  50 

42” APC    87 
   12" Water Line <5 
   TV Cable Line (AT&T) 29 

NB12 
(5 to 6.5 feet) A1 318+90.0 19.4 Rt 71.5 

   Sewer 40 

10,028 8.6 <5 <2 

  Gas Line  50 
42" APC    38 

drainage easement    32 
   12" Water Line 29 

NB13 
(25 to 26.5 feet) A1 320+87.3 15.7 Rt 80.0 

   12" Water Line <5 

7,992 8.3 <5 <2 

  Gas Line  <5 
42" APC    13 

drainage easement    18 
NB14 

(5 to 6.5 feet) A1 320+72.1 65.7 Rt 60.0 

   12" Water Line 48 

10,586 8.5 <5 <2 

24" APC    46 
 edge drain   26 
 under drain   29 

NB20 
(3.5 to 5 feet) A3 395+45.2 63.8 Lt 40.0 

24" SD    52 

5,340 8.2 7 <2 

   RCW 11 
18" APC    34 NB22A 

(3.5 to 5 feet) A3 407+87.4 91.1 Rt 30.0 
 under drain   55 

5,386 8.6 <5 9 

5,347 8.4 <5 2 NB23 
(5 to 6.5 feet, 

60 to 61.5 feet) 
A3 413+63.2 94.8 Lt 101.5    Gas Line 7 

6,052 7.9 <5 3 

24”RCP    39 14,478 9.1 <5 <2 NB24 
(5 to 6.5 feet, 

60 to 61.5 feet) 
A3 415+18.7 155.2 

Lt 101.5 
   Gas Line 65 1,978 7.8 <5 7 
   RCW 12 

24" RCP    38 
   Sewer 60 

NB25A 
(8.5 to 10 feet) A3 435+92.0 92.4 Rt 25.0 

  edge drain     46 

23,278 8.3 <5 <2 

Notes:  APC = alternative pipe culvert, RCP = reinforced concrete pipe, RCW = reclaimed water 
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The minimum (saturated) resistivity of the 14 soil borings submitted for analysis ranged from 
1,510 ohm-cm to 23,278 ohm-cm.  The soil pH ranged from 7.1 to 9.1 and the water-soluble 
chloride concentrations ranged from below the detection limit of 2 mg/kg to 20 mg/kg.  The 
water-soluble sulfate concentrations ranged from below the detection limit of 5 mg/kg to 
7 mg/kg. 

One water sample taken from the stream at the existing Arroyo del Valle Bridge site was also 
analyzed for resistivity, pH, soluble chloride and soluble sulfate.  The water resistivity is 1,686 
ohm-cm and its pH is 8.3.  The soluble chloride is 63.7 mg/L and the soluble sulfate is 19.9 
mg/L. 

Culvert materials were selected using the Department of Transportation Alternative Pipe Culvert 
Selection Website (AltPipe Version 6.08) which calculates Maintenance-Free Service Design 
Estimates using California Department of Transportation (Caltrans) criteria. The latter are 
outlined in Caltrans California Test Method 643, in Caltrans Highway Design Manual, Section 
850, Physical Standards, dated November 2, 2009 and in Design Information Bulletin 83-01 
dated June 30, 2003. The results listed in V&A’s Appendix 2 (Appendix O) used conditions 
from the analyzed soil bore samples taken closest to each drainage system. Where no bore 
samples were taken near a drainage system, the more corrosive of two samples taken closest to 
the ends of the drainage system was used. Drainage Systems 56 and 59 used the analytical results 
of soil bore samples NB24-2-X and NB23-2-4, respectively, which were in better agreement 
with the field resistivity measurements at 10 feet below grade. An intermittent flow velocity of 
less than 1.5 meters/second (5 feet/second) under non-abrasive conditions, and a maximum 
burial depth of 10 feet were used for the AltPipe calculations. 

7.2 CONCLUSIONS 

 The soil bore chemical analyses and the stream water analysis all gave pH values higher 
than 5.5, soluble chloride concentrations less than 500 mg/kg and soluble sulfate 
concentrations less than 2,000 mg/kg.  According to the Guidelines, the soils and water are 
considered non-corrosive. 

 No corrosion mitigation for steel piles is required by the Guidelines for non-corrosive soil 
conditions. 

 None of the proposed bridge structures are within 1,000 feet of salt or brackish water. 

7.3 RECOMMENDATIONS 

Based on the test data and a review of the project requirements, recommendations for each 
material alternative are listed below. 

7.3.1 Buried Reinforced Concrete Structures and Cast in Place Piles 

Buried concrete structures should be constructed of durable concrete as described in ACI 
Standards 201.2R and 222R.  These recommendations include, but are not limited to, the 
following: 

 The water/cement ratio should not exceed 0.50. 
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 A concrete cover of a minimum of 2 inches should be applied over all steel reinforcement. 

 Sand and water used in concrete mixtures should contain a maximum of 100 ppm of water-
soluble chloride ions and water-soluble sulfate ions.  They should also have a pH in the 
range of 6.5 to 8.0.  Potable water should be used in concrete mixtures. 

 Type I-P (MS) modified or Type II modified cement should be used. 

7.3.2 Prestressed Concrete Piles 

Prestressed concrete piles should be constructed of durable concrete as described in ACI 
Standards 201.2R and 222R.  These recommendations include, but are not limited to, the 
following: 

 The water/cement ratio should not exceed 0.50. 

 A minimum concrete cover of 2 inches should be applied over all steel reinforcement. 

 Sand and water used in concrete mixtures should contain a maximum of 100 ppm of water-
soluble chloride ions and water-soluble sulfate ions.  They should also have a pH in the 
range of 6.5 to 8.0.  Potable water should be used in concrete mixtures. 

 Type I-P (MS) modified or Type II modified cement should be used. 

7.3.3 Drainage Culverts and Underdrain Pipes 

Specific material selections for each of the 35 proposed new or modified drainage systems have 
been determined using the Caltrans AltPipe (Alternative Pipe) Version 6.08. The results are 
presented in V&A’s Appendix 2 (Appendix O).  Using soil bore sample data from sites in closest 
proximity to the new or modified drainage systems proposed along Highway 84, the following 
material recommendations are made for 50-year culvert service life:  

Coated steel pipe can be used in all of the proposed drainage systems. The coating material, 
minimum metal thickness, and recommended corrugated or ribbed structural designs are dictated 
by the soil resistivity, soil pH, and pipe diameter in each drainage system.  

Aluminum metal pipes are not recommended for sites where the soil pH is higher than 8.5.  

Ribbed and corrugated PVC and HDPE plastic pipe can be used at all drainage sites.  

Reinforced concrete pipes are acceptable for all of the proposed drainage systems. AltPipe 
recommends 0.75-inch concrete cover over steel reinforcement for 12 and 18-inch diameter pipe, 
and 1 inch of concrete cover for 24 to 42-inch diameter pipe. 

7.3.4 Mechanically Stabilized Embankment and Metallic Soil Reinforcement Backfill 

In accordance with the Guidelines, non-corrosive backfill for metallic soil reinforcement, such as 
tie-back anchors or soil nails and reinforced concrete structures shall meet the following 
requirements: 

 Minimum resistivity greater than 1,500 ohm-cm. 
 Water soluble chloride ion concentration less than 500 mg/kg 
 Water soluble sulfate ion concentration less than 2,000 mg/kg 
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 A pH between 5.5 and 10.0 
 Slag aggregate should not be used in backfill due to high sulfate concentrations 
 

7.3.5 Soil Nails and Rock Anchors 

Ruby Hill Drive/Vallecitos Road Retaining Wall and Stanley Boulevard Underpass Retaining 
Walls 

All metallic soil reinforcement must be galvanized in accordance with requirements in California 
Department of Transportation Standard Specification 75-1.05. 

Soil Borings NB03 at Station 246+00 and NB05 at Station 293+00 were used to evaluate site 
corrosivity at the Ruby Hill Drive/Vallecitos Road Retaining Wall: 

 NB03 has a pH of 7.5 and a minimum resistivity of 3,302 ohm-cm 
 NB05 has a pH of 8.4 and a minimum resistivity of 7,312 ohm-cm 
 
Soil Borings NB20 at Station 395+50 and NB22A at Station 408+00 were used to evaluate site 
corrosivity: 

 NB20 has a pH of 8.2 and a minimum resistivity of 5,340 ohm-cm 
 NB22A has a pH of 8.6 and a minimum resistivity of 5,386 ohm-cm 
 
 Soil Nails 

 Soil nails shall be constructed in conformance with “Structure Reference Specification 
19-660,” Section 10-1. This specification can be found at 
(http://www.dot.ca.gov/hq/esc/structurespecs). 

 Corrosion mitigation measures are required at any level of soil corrosivity, due to the 
vital character of the soil nails.  Individual corrosion mitigation measures shall depend on 
the specific construction of the soil nails. 

 Soil nail bar reinforcement shall conform to the provisions in Section 52, 
“Reinforcement,” of the Standard Specifications. 
 Grade 60 soil nails bar reinforcement shall also conform to ASTM Designation   A 

615/A 615M or A 706/A 706M requirements 
 Grade 75 soil nails bar reinforcement shall also conform to ASTM Designation   A 

615/A 615M 
 Soil nails shall be either a reinforcing bar encapsulated full length in a grouted corrugated 

plastic sheathing or an epoxy coated reinforcing bar partially encapsulated in a grouted 
corrugated plastic sheathing. 
 The bar shall be centered in the sheathing and the space between the sheathing and 

the bar shall be filled with grout. 
 The epoxy coating shall have a minimum thickness of 0.012 inch (12 mils). 

 Tieback Anchors 
 Tieback anchors shall be constructed in conformance with “Structure Reference 

Specification 50-560,” Section 10-1. 
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 Corrosion mitigation measures are required at any level of soil corrosivity due to the vital 
nature of the tieback anchors. 

 Grouting procedures shall follow guidelines discussed in Section 50, “Prestressing 
Concrete,” of the Standard Specifications. 

 The tieback anchorage assembly and anchor steel shall be protected against rust, 
corrosion and physical damage prior to completion of all enclosure grouting or 
encasement in concrete per Section 50 of the Standard Specifications. 

 Strand type tendons shall be encapsulated in a corrosion inhibiting grease per Structure 
Reference Specification 50-560.  The environment shall always be considered corrosive 
for the purposes of determining the proper test criterion. 

 Tiedown Anchors 
 Tiedown anchors shall be constructed in conformance with “Structure Reference 

Specification 50-570,” Section 10-1. 
 Corrosion mitigation measures are required at any level of soil corrosivity due to the vital 

nature of the tiedown anchors. 
 Grouting procedures shall follow guidelines discussed in Section 50, “Prestressing 

Concrete,” of the Standard Specifications. 
 Tiedown anchor steel shall be protected prior to completion of all grouting against rust, 

corrosion and physical damage per Section 50 of the Standard Specifications. 
 Strand type tendons shall be encapsulated in a corrosion inhibiting grease per Structure 

Reference Specification 50-570.  The environment shall always be considered corrosive 
for the purposes of determining the proper test criterion. 



SECTIONEIGHT Materials Available 

8. Section 8 EIGHT Materials Available 

Materials available for the project construction are summarized in Table 8-1. 
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9. Section 9 NINE Recommendations and Specifications 

9.1 RECOMMENDATIONS 

The specifications for this project shall be Caltrans Standard Specifications dated 2003 or later, 
as applicable. 

9.2 SPECIFICATIONS 

9.2.1 Earthwork 

Earthwork shall conform to the applicable portions of Section 19 of the Standard Specifications 
and to current Special Provisions. 

Expansive fat clay (CH) and elastic silt (MH) were encountered in the following borings. 

Table 9-1 Summary of Potentially Expansive Soil 

Estimated Limits of CH or MH 
Soils 

Station (feet) 

Boring 
Boring 

Station (feet) 
Estimated Depth of CH 

or MH Soils (feet) From To 

RB13 300+54 3-10 299+00 303+00 

RB14 305+99 2½- 4½ 303+00 308+00 

NB13 320+87 20-24½ 320+50 322+00 

RB07 270+16 8½ -12 268+00 273+00 

 
Where these CH and MH soils are excavated, these soils shall be hauled offsite. 

Structure Backfill 

Structure backfill shall conform to the provisions in Section 19-3 of the Standard Specifications. 

Embankment Construction 

Embankment material for at least 4 feet below the grading plane shall conform to the 
requirements noted in the Special Provisions.  All imported borrow shall conform to the 
provisions of Section 19-7.02 of the Standard Specifications and to current Special Provisions. 

Unsuitable material was observed in an existing drainage ditch on the west side of Route 84 
between “A1” Station 240+00 and “A1” 246+00.  This unsuitable material shall be removed and 
hauled offsite. 
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9.2.2 Structural Pavement Sections 

Hot Mix Asphalt (HMA) 

Hot mix asphalt shall be Type A, ¾-inch maximum coarse graded and shall conform to the 
provisions in Section 39 of the Standard Specifications and to the requirements noted in the 
Standard Special Provisions. 

Asphalt Treated Permeable Material (ATPB) 

Asphalt treated permeable material shall conform to the provisions in Section 29 of the Standard 
Specifications and to the requirements noted in the Standard Special Provisions. 

Aggregate Base (AB) 

Aggregate base shall be Class 3, 1½-inch or ¾-inch maximum grading and shall conform to the 
provisions in Section 26 of the Standard Specifications and to the requirements noted in the 
Standard Special Provisions. 

Aggregate Subbase (AS) 

Aggregate subbase shall be Class 4 and shall conform to the provisions in Section 25 of the 
Specifications and to the requirements noted in the Standard Special Provisions. 

9.2.3 Culverts And Drains 

Edge Drains 

Edge drains shall conform to the provisions in Section 68-3 of the Standard Specifications. 

Filter Fabric 

Filter fabric shall conform to the provisions in Section 88-1.03 of the Standard Specifications. 

9.2.4 Standard Special Provisions 

Aggregate Base (AB) 

Aggregate base shall be Class 3, 1½-inch or ¾-inch maximum grading and shall conform to the 
provisions in Section 26 of the Standard Specifications and to the following Special Provisions. 

The aggregate grading for Class 3 aggregate base is revised from the Class 2 aggregate base by 
changing “Percentage Passing” the No. 200 screen to: 

 1½-inch Maximum ¾-inch Maximum 
 Operating Contract Operating Contract 
   Range    Compliance    Range    Compliance 
No. 200 2-11 0-14 2-11 0-14 
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The quality requirements shall conform to the quality requirements shown on the following table. 

 
Requirements 

Tests California Test 
Method Number Operating Range Contract 

Compliance 
Sand Equivalent 217 25 Min. 22 Min. 
Resistance (R-value) 301 - 78 Min. 
Durability Index 229 - 35 Min. 

 

Aggregate Subbase (AS) 

Aggregate subbase shall be Class 4 and shall conform to the provisions in Section 25 of the 
Caltrans Standard Specifications and to the following Special Provisions. 

Class 4 aggregate subbase shall be clean and free from vegetable matter and other deleterious 
substances. 

The percentage composition by weight of Class 4 aggregate subbase shall conform to the 
following grading as determined by California Test Method No. 202. 

 Percentage Passing 
Sieve Size Moving Range Individual Test Results 
2½-inches 100 100 
No. 4 30-65 25-70 
No. 200 0-15 0-18 

Class 4 aggregate subbase shall also conform to the quality requirements shown on the following 
table. 

  Requirements 
 
Tests 

California Test 
Method Number 

 
Moving Average 

Individual 
Test Results 

Sand Equivalent 217 21 Min. 18 Min. 
Resistance (R-value) 301 -- 50 Min. 

9.2.5 Special Provisions 

Embankment Construction 

The high R-value material excavated between Stations 290+00 and 415+00 shall be placed as fill 
exclusively within 4 feet of the grading plane (1) between Stations 290+00 and 415+00 and (2) 
along Vallecitos Road. 

Settlement monitoring devices shall be installed prior to filling where new fill height exceeds  
3.3 feet.  These devices shall not be damaged by the Contractor.  Settlement shall be measured 
once a week, plotted and submitted to URS for review. 
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Unsuitable material was observed in an existing drainage ditch on the west side of Route 84 
between “A1” Station 240+00 and “A1” 246+00.  This unsuitable material shall be removed and 
hauled offsite.  This note is shown on the plans (sheet X-3).   

 



SECTIONTEN Limitations 

10. Section 10 TEN Limitations 

The opinions, conclusions and recommendations contained in this Geotechnical Design Report 
and Materials Report are based upon the information obtained from explorations made at widely 
separated locations, geologic reconnaissance, review of available geologic and topographic 
information and historic data, and upon local experience and engineering judgment. 

The recommendations presented in this report are based on the assumption that the soil and 
geologic conditions do not deviate substantially from those encountered in the exploratory 
borings.  If any variations are encountered during construction, URS should be consulted so that 
supplementary recommendations can be made.   

If the planned construction is changed from that presently conceived, URS should be retained to 
review the changes and make modifications to the original recommendations presented in this 
report in order to meet the project needs.   

Geotechnical issues may arise during construction which are not apparent at this time.  We 
should be retained during construction to review the soil conditions encountered and the 
construction procedures.  All testing should be done under the direct observation of a 
representative of our firm. 

The elevations shown on the logs of new borings are based on interpolation from spot and 
contour elevations shown on available topographic maps. 

A specific review related to environmental and hazardous waste issues and an investigation for 
subsurface environmental contamination is being performed by Baseline Environmental and will 
be presented in a separate report. 

As-built drawings pertinent only to the geotechnical investigation are included. 

The recommendations presented in this Geotechnical Design Report and Materials Report were 
developed with the standard of care commonly used as state of the practice in the profession.  No 
other warranties are included, either express or implied, as to the professional advice presented in 
this report. 
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Table 1-1 
Preliminary Cut/Fill Evaluation 

 
Cut/Fill Beg Station End 

Station Northbound Southbound Comment/Note 

226+97 228+40 Fill Fill  
228+40 230+00 Fill Cut  
230+00 233+00 Cut Cut  
233+00 234+00 Cut Fill  

Ruby Hill Drive Intersection Approximate location of intersection: Station 233+60 to 235+25 
234+00 235+79 Fill Fill  
235+79 237+20 Fill Cut  
237+20 240+20 Cut Cut  
240+20 244+60 Cut Fill  
244+60 245+80 Fill Fill  
245+80 257+00 Fill Cut  

Vallecitos Road Intersection Approximate location of intersection: Station 258+30 to 259+75 
257+00 315+20 Cut Cut Southbound:  Cut most likely over estimated for these stations, see note 1. 

Vallecitos Road Intersection Approximate location of intersection: Station 312+75 to 314+20 
315+20 317+00 Fill Cut  
317+00 322+00 Fill Fill  
322+00 325+00 Fill Cut  
325+00 345+73 Cut Cut Southbound:  Cut most likely over estimated for these stations, see note 1. 

Concannon Boulevard Intersection Approximate location of intersection: Station 344+50 to 346+30 
345+73 352+80 Cut Cut  
352+80 365+20 Cut Fill Northbound:  Cut most likely over estimated for these stations, see note 1. 
365+20 393+20 Cut Cut Northbound:  Cut most likely over estimated for these stations, see note 1. 

Stanley Connector Intersection Approximate location of intersection: Station 392+50 to 394+00 
393+20 413+60 Cut Cut  
413+60 415+25 Fill Fill  

Discovery Drive Intersection Approximate location of intersection: Station 424+50 to 426+20 
415+25 446+50 Cut Cut  
446+50 447+00 Cut Fill  

Jack London Boulevard Intersection Approximate location of intersection: Station 447+50 to 449+00 
 
Note 1:  Cut most likely over estimated for certain stations, In-roads shows a cut for new structural sections, however some sections will only 

be widening/overlay of existing structural section. 
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NB01 7-Mar-08 Lt. 1 6,580       9.9 123
NB01 7-Mar-08 Lt. 10 12.5
NB02 7-Mar-08 Lt. 2 1,240       13.9 116
NB02 7-Mar-08 Lt. 5 27 17 10 10.9
NB02 7-Mar-08 Lt. 10 3,220       9.2 125
NB03 14-Dec-07 245+90.1 A1 Lt. 27.8 5 6 123
NB03 14-Dec-07 245+90.1 A1 Lt. 27.8 15 31 21 10 7,140       17.9 114
NB03 14-Dec-07 245+90.1 A1 Lt. 27.8 20 11,800     19.3 112
NB03 14-Dec-07 245+90.1 A1 Lt. 27.8 25 11,340     18.5 113
NB03 14-Dec-07 245+90.1 A1 Lt. 27.8 30 19,850     18.1 114
NB03 14-Dec-07 245+90.1 A1 Lt. 27.8 35 16,120     16.1 117
NB03 14-Dec-07 245+90.1 A1 Lt. 27.8 65 10,580     14.2 121
NB04 27-Nov-07 248+46.5 A1 Rt. 51.4 3.5 31 14 17 13,650     9.9 120
NB04 27-Nov-07 248+46.5 A1 Rt. 51.4 8.5 5,970       16.3 113
NB04 27-Nov-07 248+46.5 A1 Rt. 51.4 13.5 21,250     15.5 119
NB05 13-Dec-07 252+76.0 A1 Rt. 10.2 5 4.4 124
NB05 13-Dec-07 252+76.0 A1 Rt. 10.2 20 19,720     13.8 121
NB05 13-Dec-07 252+76.0 A1 Rt. 10.2 25 14,220     15.3 118
NB05 13-Dec-07 252+76.0 A1 Rt. 10.2 30 15,660     15.8 117
NB05 13-Dec-07 252+76.0 A1 Rt. 10.2 35 12,750     19.9 110
NB05 13-Dec-07 252+76.0 A1 Rt. 10.2 40 15,860     15.5 119
NB05 13-Dec-07 252+76.0 A1 Rt. 10.2 45 15,880     15.8 116
NB05 13-Dec-07 252+76.0 A1 Rt. 10.2 50 15,080     18.1 113
NB05A 6-Mar-08 Lt. 1 3,560       11.9 113
NB05A 6-Mar-08 Lt. 10 8,300       15.5 114
NB06 17-Dec-07 258+83.4 A1 Lt. 38 1 6.2 132
NB06 17-Dec-07 258+83.4 A1 Lt. 38 5 8.2 130
NB06 17-Dec-07 258+83.4 A1 Lt. 38 10 100 85 78 71 63 49 39 30 24 19 16 14 7.4 136
NB06 17-Dec-07 258+83.4 A1 Lt. 38 35 7,380       10.7 127
NB06 17-Dec-07 258+83.4 A1 Lt. 38 40 13,500     19.8 109
NB06 17-Dec-07 258+83.4 A1 Lt. 38 45 14,910     15.4 118
NB06 17-Dec-07 258+83.4 A1 Lt. 38 50 17,980     16.3 116
NB06 17-Dec-07 258+83.4 A1 Lt. 38 55 22,170     15.8 117
NB06 17-Dec-07 258+83.4 A1 Lt. 38 60 14.5 121
NB07 10-Dec-07 293+10.8 A1 Lt. 53.8 1 8,780       7.4 126
NB07 10-Dec-07 293+10.8 A1 Lt. 53.8 3 10,570     13 120
NB07 10-Dec-07 293+10.8 A1 Lt. 53.8 5 10,590     14.9 118
NB07 10-Dec-07 293+10.8 A1 Lt. 53.8 8.5 12,920     15.7 117
NB09 26-Nov-07 314+51.4 A1 Rt. 63.7 1 22 19 3 5.1
NB11 2-Jan-08 318+45.8 A1 Rt. 111.8 5 100 98 89 84 62 46 29 19 15 13 12 14 118
NB11 2-Jan-08 318+45.8 A1 Rt. 111.8 25 8.7 134
NB11 2-Jan-08 318+45.8 A1 Rt. 111.8 45 10.7 130

Sieve Analysis Results (Percent Passing) In-Place ConditionsAtterberg Limits
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Sieve Analysis Results (Percent Passing) In-Place ConditionsAtterberg Limits

NB13 18-Dec-07 320+87.3 A1 Rt. 15.7 5 4.6 143
NB13 18-Dec-07 320+87.3 A1 Rt. 15.7 15 100 94 94 83 77 57 42 31 23 18 15 13 12
NB13 18-Dec-07 320+87.3 A1 Rt. 15.7 20 100 94 100 92 91 88 80 71 65 62 60 53 17.8 109
NB13 18-Dec-07 320+87.3 A1 Rt. 15.7 65 11.2 135
NB14 18-Jan-08 320+72.1 A1 Rt. 65.7 1 21 20 1 8.8 122
NB14 18-Jan-08 320+72.1 A1 Rt. 65.7 10 96 83 75 56 44 34 26 21 16 14 4.8
NB14 18-Jan-08 320+72.1 A1 Rt. 65.7 15 33 21 12 1,680       27 99
NB14 18-Jan-08 320+72.1 A1 Rt. 65.7 30 9.5 133
NB14 18-Jan-08 320+72.1 A1 Rt. 65.7 40 7.9 143
NB14 18-Jan-08 320+72.1 A1 Rt. 65.7 58.5 12.5 126
NB17 26-Nov-07 354+11.8 A1 Rt. 51.5 8.5 77 72 65 62 54 46 40 34 28 20 15
NB18 26-Nov-07 359+40.0 A1 Rt. 51.3 1 9.4 124
NB19 21-Nov-07 391+83.6 A1 Lt. 76.1 1 1,810       13.3 113
NB19 21-Nov-07 391+83.6 A1 Lt. 76.1 2.5
NB19 21-Nov-07 391+83.6 A1 Lt. 76.1 3 22 18 4 1,080       15.1 112
NB19 21-Nov-07 391+83.6 A1 Lt. 76.1 8.5 24 15 9 3,470       11.2 120
NB20 21-Nov-07 395+45.2 A1 Lt. 63.8 3.5 23 17 6 2,880       6.2 114
NB20 21-Nov-07 395+45.2 A1 Lt. 63.8 8.5 11,890     9.1 125
NB20 21-Nov-07 395+45.2 A1 Lt. 63.8 13.5 15,270     8.8 126
NB20 21-Nov-07 395+45.2 A1 Lt. 63.8 18.5 19,300     12.7 122
NB20 21-Nov-07 395+45.2 A1 Lt. 63.8 23.5 7,950       12 114
NB21 21-Nov-07 408+03.9 A1 Lt. 34.2 1 7,760       7.9 123
NB21 21-Nov-07 408+03.9 A1 Lt. 34.2 8.5 100 93 90 87 81 77 72 67 60 49 42 6.3
NB21 21-Nov-07 408+03.9 A1 Lt. 34.2 13.5 16,470     9.3 128
NB21 21-Nov-07 408+03.9 A1 Lt. 34.2 33.5 29 16 13 5,900       16.5 117
NB22 4-Dec-07 407+96.2 A1 Rt. 48.5 18.5 6.2 127
NB22A 7-Dec-07 407+87.4 A1 Rt. 91.1 8.5 24 17 7 10.6
NB22A 7-Dec-07 407+87.4 A1 Rt. 91.1 18.5 6.3 126
NB22A 7-Dec-07 407+87.4 A1 Rt. 91.1 23.5 6.7 136
NB23 27-Dec-07 413+63.2 A1 Lt. 94.8 1 4.5 143
NB23 27-Dec-07 413+63.2 A1 Lt. 94.8 10 6,680       12 127
NB23 27-Dec-07 413+63.2 A1 Lt. 94.8 30 31 18 13 1,960       22.4 103
NB23 27-Dec-07 413+63.2 A1 Lt. 94.8 35 27 18 9 2,020       21 99
NB23 27-Dec-07 413+63.2 A1 Lt. 94.8 50 91 81 77 64 47 32 23 17 14 12 7.5 136
NB23 27-Dec-07 413+63.2 A1 Lt. 94.8 55 23 18 5 2,860       17.5 116
NB23 27-Dec-07 413+63.2 A1 Lt. 94.8 60 3,430       13.7 121
NB23 27-Dec-07 413+63.2 A1 Lt. 94.8 65 2,390       13.5 125
NB23 27-Dec-07 413+63.2 A1 Lt. 94.8 80 5,630       17.5 110
NB23 27-Dec-07 413+63.2 A1 Lt. 94.8 85 5,590       12.1 127
NB24 26-Dec-07 415+18.7 A1 Lt. 155.2 1 1,230       8 106
NB24 26-Dec-07 415+18.7 A1 Lt. 155.2 15 100 87 83 68 63 48 39 33 27 22 16 13 7.2 132
NB24 26-Dec-07 415+18.7 A1 Lt. 155.2 35 9,640       13.2 126
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Sieve Analysis Results (Percent Passing) In-Place ConditionsAtterberg Limits

NB24 26-Dec-07 415+18.7 A1 Lt. 155.2 50 3,140       8.2 137
NB24 26-Dec-07 415+18.7 A1 Lt. 155.2 55 5,350       25 101
NB24 26-Dec-07 415+18.7 A1 Lt. 155.2 60 28 18 10 3,130       21.5 106
NB24 26-Dec-07 415+18.7 A1 Lt. 155.2 65 12,830     13.8 123
NB24 26-Dec-07 415+18.7 A1 Lt. 155.2 70 3,150       17.8 114
NB24 26-Dec-07 415+18.7 A1 Lt. 155.2 80 27 19 8 3,740       20 108
NB24 26-Dec-07 415+18.7 A1 Lt. 155.2 85 6,450       18.9 110
NB24 26-Dec-07 415+18.7 A1 Lt. 155.2 95 9,890       16.3 117
NB24 26-Dec-07 415+18.7 A1 Lt. 155.2 100 7,210       22.3 104
NB25 5-Dec-07 435+92.1 A1 Rt. 61.8 3.5 6.9 128
NB25 5-Dec-07 435+92.1 A1 Rt. 61.8 8.5 4,110       14.5 117
NB25 5-Dec-07 435+92.1 A1 Rt. 61.8 13.5 25 16 9 7.3 129
NB25 5-Dec-07 435+92.1 A1 Rt. 61.8 18.5 4.2 138
NB25A 7-Dec-07 435+92.0 A1 Rt. 92.4 13.5 3,080       18.1 111
NB25A 7-Dec-07 435+92.0 A1 Rt. 92.4 18.5 4,330       13.6 120
NB26 20-Nov-07 447+24.4 A1 Rt. 77.5 1 6.4 116
NB26 20-Nov-07 447+24.4 A1 Rt. 77.5 8.5 2.7 124
NB26 20-Nov-07 447+24.4 A1 Rt. 77.5 18.5 21 19 2 1,400       18.6 112
NB26 20-Nov-07 447+24.4 A1 Rt. 77.5 28.5 8.3 119
NB30 9-Dec-08 51+26.5 VEX Rt. 34 3.5 15 5.8 123
NB30 9-Dec-08 51+26.5 VEX Rt. 34 5 21 16 5 9.5 127
NB30 9-Dec-08 51+26.5 VEX Rt. 34 8.5 14,540     17.2 116
NB30 9-Dec-08 51+26.5 VEX Rt. 34 13.5 8.3
NB30 9-Dec-08 51+26.5 VEX Rt. 34 18.5 21.3
NB30 9-Dec-08 51+26.5 VEX Rt. 34 23.5 10.7 127
NB30 9-Dec-08 51+26.5 VEX Rt. 34 28.5 12.9 121
NB30 9-Dec-08 51+26.5 VEX Rt. 34 33.5 10.5
NB30 9-Dec-08 51+26.5 VEX Rt. 34 38.5 19.3
NB30 9-Dec-08 51+26.5 VEX Rt. 34 43.5 16,900     13.6 122
NB30 9-Dec-08 51+26.5 VEX Rt. 34 48.5 14,510     16.8 117
NB31 9-Dec-08 54+34.8 VEX Rt. 45.3 1 4.1
NB31 9-Dec-08 54+34.8 VEX Rt. 45.3 3.5 6.4 115
NB31 9-Dec-08 54+34.8 VEX Rt. 45.3 5 8.2 123
NB31 9-Dec-08 54+34.8 VEX Rt. 45.3 8.5 5.1 125
NB31 9-Dec-08 54+34.8 VEX Rt. 45.3 13.5 18.7 111
NB31 9-Dec-08 54+34.8 VEX Rt. 45.3 18.5 7.4 110
NB31 9-Dec-08 54+34.8 VEX Rt. 45.3 23.5 11
NB31 9-Dec-08 54+34.8 VEX Rt. 45.3 27.5 11
NB31 9-Dec-08 54+34.8 VEX Rt. 45.3 33.5 13.8
NB31 9-Dec-08 54+34.8 VEX Rt. 45.3 38.5 11.5
NB31 9-Dec-08 54+34.8 VEX Rt. 45.3 48.5 9,660       20.5 110
NB32 5-Jan-09 103+81.5 V1 Lt. 8.7 3.5 7.2
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Sieve Analysis Results (Percent Passing) In-Place ConditionsAtterberg Limits

NB32 5-Jan-09 103+81.5 V1 Lt. 8.7 8.5 8.6
NB32 5-Jan-09 103+81.5 V1 Lt. 8.7 18.5 31 20 11 20.8
NB32 5-Jan-09 103+81.5 V1 Lt. 8.7 23.5 9,390       23.8 106
NB32 5-Jan-09 103+81.5 V1 Lt. 8.7 28.5 10,940     15.1 119
NB32 5-Jan-09 103+81.5 V1 Lt. 8.7 33.5 18 109
NB32 5-Jan-09 103+81.5 V1 Lt. 8.7 38.5 2,920       20.1 109
NB32 5-Jan-09 103+81.5 V1 Lt. 8.7 43.5 3,930       20.3 108
NB32 5-Jan-09 103+81.5 V1 Lt. 8.7 49.5 3,290       31.1 90
NB33 10-Dec-08 107+16.6 V1 Rt. 67.7 5 23 17 6 4.9
NB33 10-Dec-08 107+16.6 V1 Rt. 67.7 8.5 4.9
NB33 10-Dec-08 107+16.6 V1 Rt. 67.7 13.5 100 99 99 97 95 93 89 76 60 10.1
NB33 10-Dec-08 107+16.6 V1 Rt. 67.7 18.5 9.6
NB33 10-Dec-08 107+16.6 V1 Rt. 67.7 23.5 13.4
NB33 10-Dec-08 107+16.6 V1 Rt. 67.7 28.5 20.5
NB34 10-Dec-08 108+22.3 V1 Rt. 40.6 1 6
NB34 10-Dec-08 108+22.3 V1 Rt. 40.6 3.5 10.9
NB34 10-Dec-08 108+22.3 V1 Rt. 40.6 5 29 15 14 10.3 125
NB34 10-Dec-08 108+22.3 V1 Rt. 40.6 8.5 9.7 111
NB34 10-Dec-08 108+22.3 V1 Rt. 40.6 18.5 7.2 131
NB34 10-Dec-08 108+22.3 V1 Rt. 40.6 23.5 14,900     15.3 119
NB34 10-Dec-08 108+22.3 V1 Rt. 40.6 28.5 19,600     16.5 117
NB34 10-Dec-08 108+22.3 V1 Rt. 40.6 33.5 13,150     15.7 120
NB35 6-Jan-09 111+44.2 V1 Lt. 22.8 2.5 7.4 116
NB35 6-Jan-09 111+44.2 V1 Lt. 22.8 8.5 88 87 82 78 70 64 59 55 48 37 27 4.9
NB35 6-Jan-09 111+44.2 V1 Lt. 22.8 13.5 25 15 10 17.5 117
NB35 6-Jan-09 111+44.2 V1 Lt. 22.8 23.5 8.9 134
NB35 6-Jan-09 111+44.2 V1 Lt. 22.8 28.5 9.1 129
NB35 6-Jan-09 111+44.2 V1 Lt. 22.8 33.5 10,250     13.9 121
NB35 6-Jan-09 111+44.2 V1 Lt. 22.8 38.5 11.2 127
NB35 6-Jan-09 111+44.2 V1 Lt. 22.8 43.5 12 124
NB36 5-Jan-09 116+11.3 V1 Lt. 25.3 3.5 58 4.9
NB36 5-Jan-09 116+11.3 V1 Lt. 25.3 8.5 7.5
NB36 5-Jan-09 116+11.3 V1 Lt. 25.3 18.5 17.3
NB36 5-Jan-09 116+11.3 V1 Lt. 25.3 23.5 9,310       13.1 122
NB36 5-Jan-09 116+11.3 V1 Lt. 25.3 28.5 8,490       15.9 120
NB36 5-Jan-09 116+11.3 V1 Lt. 25.3 33.5 12,470     18.1 116
NB36 5-Jan-09 116+11.3 V1 Lt. 25.3 38.5 18,670     12.8 126
NB36 5-Jan-09 116+11.3 V1 Lt. 25.3 43.5 14.3 124
NB36 5-Jan-09 116+11.3 V1 Lt. 25.3 48.5 13.2 127
NB37 12-Dec-08 319+95.6 A1 Rt. 23.1 5 1,900       23 104
NB37 12-Dec-08 319+95.6 A1 Rt. 23.1 20 8.3 133
NB37 12-Dec-08 319+95.6 A1 Rt. 23.1 25 9.7 124
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Sieve Analysis Results (Percent Passing) In-Place ConditionsAtterberg Limits

NB37 12-Dec-08 319+95.6 A1 Rt. 23.1 30 93 84 80 75 60 46 34 25 19 15 12 11.8
NB37 12-Dec-08 319+95.6 A1 Rt. 23.1 35 8.4 133
NB37 12-Dec-08 319+95.6 A1 Rt. 23.1 45 NP NP NP 26.6
NB37 12-Dec-08 319+95.6 A1 Rt. 23.1 50 11 125
NB37 12-Dec-08 319+95.6 A1 Rt. 23.1 60 88 83 79 71 66 52 41 33 26 20 17 15 9.2 136
NB38 11-Dec-08 320+02 A1 Lt. 64.5 15 9.3 130
NB38 11-Dec-08 320+02 A1 Lt. 64.5 25 4.3 136
NB38 11-Dec-08 320+02 A1 Lt. 64.5 40 95 87 76 58 42 31 24 19 15 13 12.3
NB38 11-Dec-08 320+02 A1 Lt. 64.5 65 93 81 75 68 57 47 38 31 25 21 18 9.4 133

RB01 4-Dec-07 230+68.3 A1 Lt. 5.6 1 71 56 37 16 21 7,750       14.4 119
RB01 4-Dec-07 230+68.3 A1 Lt. 5.6 3 1 12.6 121
RB01 4-Dec-07 230+68.3 A1 Lt. 5.6 5 12.1 127
RB01 7-Mar-08 230+70 A1 Rt. 62 1.5 3
RB02 4-Dec-07 238+09.6 A1 Rt. 75.9 5 30 16 14 1,340       12.5 124
RB03 27-Nov-07 243+42.4 A1 Rt. 27.6 1 4,210       10.9 116
RB03 27-Nov-07 243+42.4 A1 Rt. 27.6 3.5 65 6.8 120
RB04 10-Dec-07 253+70.5 A1 Rt. 68 1
RB05 19-Nov-07 260+11.3 A1 Rt. 4.1 1 69 21 16 5 2,700       7.1 121
RB05 19-Nov-07 260+11.3 A1 Rt. 4.1 3 8,840       10.1 114
RB05 19-Nov-07 260+11.3 A1 Rt. 4.1 5 9.2 122
RB05 19-Nov-07 260+11.3 A1 Rt. 4.1 8.5 8.5 123
RB06 19-Nov-07 A1 Lt. 8.5 6,930       14 117
RB07 19-Nov-07 270+16.4 A1 Lt. 7.8 1 11
RB07 19-Nov-07 270+16.4 A1 Lt. 7.8 8.5 17 16 1 1,620       12.1 115
RB07 19-Nov-07 270+16.4 A1 Lt. 7.8 12 10,070     15.5 116
RB08 27-Nov-07 278+11.0 A1 Lt. 33.1 3.5 2,180       9.9 125
RB08 27-Nov-07 278+11.0 A1 Lt. 33.1 8.5 11.3 123
RB08 27-Nov-07 278+11.0 A1 Lt. 33.1 13.5 45 1.4
RB09 27-Nov-07 280+36.2 A1 Lt. 33 1 4,940       7.8 126
RB09 27-Nov-07 280+36.2 A1 Lt. 33 3.5 7.2 124
RB09 27-Nov-07 280+36.2 A1 Lt. 33 8.5 23.9 108
RB09 27-Nov-07 280+36.2 A1 Lt. 33 13.5 2,390       13.4 112
RB10 19-Nov-07 284+94.3 A1 Lt. 3.2 1
RB10 19-Nov-07 284+94.3 A1 Lt. 3.2 3 32 17 15 16.2
RB10 19-Nov-07 284+94.3 A1 Lt. 3.2 5 8,200       15.3 117
RB10 19-Nov-07 284+94.3 A1 Lt. 3.2 8.5 6.8 116
RB11 19-Nov-07 289+94.0 A1 Lt. 6.1 1
RB11 19-Nov-07 289+94.0 A1 Lt. 6.1 5 15.1 116
RB11 19-Nov-07 289+94.0 A1 Lt. 6.1 10 14.8
RB12 20-Nov-07 295+52.0 A1 Lt. 32.7 1 12 8.2
RB12 20-Nov-07 295+52.0 A1 Lt. 32.7 8.5 4,970       11.2 124

X:\Route 84 - Isabel Avenue\geotech\Reports\Materials Report\lab_summary.xlslab_summary.xls Page 5 of 7



TABLE 3-1
SUMMARY OF LABORATORY TEST RESULTS

Bo
rin

g 
or

 S
am

pl
e 

N
o.

D
at

e 
Sa

m
pl

ed

St
at

io
n

Li
ne

D
is

ta
nc

e 
fro

m
 L

in
e 

(fe
et

)

D
ep

th
 (f

ee
t)

%
<1

.5
-in

%
<1

-in

%
<3

/4
-in

%
<1

/2
-in

%
<3

/8
-in

%
<#

4

%
<#

8

%
<#

16

%
<#

30

%
<#

50

%
<#

10
0

%
<#

20
0

R
-v

al
ue

Li
qu

id
 L

im
it

Pl
as

tic
 L

im
it

Pl
as

tic
ity

 In
de

x

U
nc

on
fin

ed
 C

om
pr

es
si

ve
 

St
re

ng
th

 (p
sf

)

W
at

er
 C

on
te

nt
 (%

)

 D
ry

 U
ni

t W
ei

gh
t (

pc
f)

Sieve Analysis Results (Percent Passing) In-Place ConditionsAtterberg Limits

RB13 19-Nov-07 300+54.3 A1 Lt. 10.1 3 26 18 8 12.2 122
RB13 19-Nov-07 300+54.3 A1 Lt. 10.1 5 43 20 23 4,430       22 104
RB13 19-Nov-07 300+54.3 A1 Lt. 10.1 8.5 31 3,520       15.2 113
RB14 19-Nov-07 305+98.7 A1 Rt. 10.8 1
RB14 19-Nov-07 305+98.7 A1 Rt. 10.8 3 11.8 114
RB15 10-Dec-07 312+65.8 A1 Lt. 3 1 31 12.1
RB16 10-Dec-07 324+38.9 A1 Lt. 30 1
RB16 10-Dec-07 324+38.9 A1 Lt. 30 5 12.3 125
RB17 19-Nov-07 328+24.4 A1 Rt. 56.6 8.5 77 72 65 62 54 46 40 34 28 20 15 6.3
RB18 5-Dec-07 332+96.7 A1 Lt. 31.1 1
RB18 5-Dec-07 332+96.7 A1 Lt. 31.1 8.5 35 7.5
RB19 3-Dec-07 341+68.3 A1 Lt. 11.3 8.5 20.8 102
RB20 5-Dec-07 358+99.5 A1 Rt. 11.9 1 19.9 97
RB21 19-Nov-07 356+49.4 A1 Lt. 11.8 1 51
RB23 10-Dec-07 364+94.7 A1 Rt. 49.5 1 20.8 99
RB23 10-Dec-07 364+94.7 A1 Rt. 49.5 3 14.4 120
RB23 10-Dec-07 364+94.7 A1 Rt. 49.5 5 13.3 124
RB23 10-Dec-07 364+94.7 A1 Rt. 49.5 8.5 59 3.5 131
RB24 20-Nov-07 369+58.3 A1 Lt. 49.2 1 9.8 130
RB24 20-Nov-07 369+58.3 A1 Lt. 49.2 3 2,010       6.1 124
RB24 20-Nov-07 369+58.3 A1 Lt. 49.2 8.5 3,870       11 121
RB25 20-Nov-07 374+38.4 A1 Rt. 9.5 1 29
RB25 20-Nov-07 374+38.4 A1 Rt. 9.5 3 7.3 125
RB26 20-Nov-07 379+84.3 A1 Lt. 67.3 8.5 10.5 127
RB27 5-Dec-07 388+29.9 A1 Rt. 52.3 3 8.4 128
RB27 5-Dec-07 388+29.9 A1 Rt. 52.3 8.5 9.7 118
RB28 3-Dec-07 393+05.8 A1 Rt. 125.3 1
RB29 3-Dec-07 395+79.7 A1 Rt. 422.9 3 4,790       14.7 115
RB29 3-Dec-07 395+79.7 A1 Rt. 422.9 5 28 18 10 4,940       14.9 116
RB29 3-Dec-07 395+79.7 A1 Rt. 422.9 8.5 25 5,430       15.6 117
RB30 3-Dec-07 396+95.1 A1 Rt. 57.9 5 1,930       12.2 125
RB31 3-Dec-07 400+72.6 A1 Rt. 412.8 1 29 19 10 14.6 117
RB31 3-Dec-07 400+72.6 A1 Rt. 412.8 3 54 76.2 76
RB31 3-Dec-07 400+72.6 A1 Rt. 412.8 5 7 117
RB32 4-Dec-07 405+43.1 A1 Rt. 11 3 6.4 106
RB32 4-Dec-07 405+43.1 A1 Rt. 11 8.5 68 6.9 135
RB33 4-Dec-07 408+67.3 A1 Rt. 36.8 1 9.2 124
RB33 4-Dec-07 408+67.3 A1 Rt. 36.8 3 14,970     49.3 93
RB33 4-Dec-07 408+67.3 A1 Rt. 36.8 8.5 57 2.4 135
RB35 20-Nov-07 422+03.4 A1 Lt. 12.6 1 14.4 114
RB35 20-Nov-07 422+03.4 A1 Lt. 12.6 5 7.5 116
RB35 20-Nov-07 422+03.4 A1 Lt. 12.6 8.5 1,910       4.4 109
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TABLE 3-1
SUMMARY OF LABORATORY TEST RESULTS
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Sieve Analysis Results (Percent Passing) In-Place ConditionsAtterberg Limits

RB37 20-Nov-07 432+76.2 A1 Lt. 5.7 1 24 20 4 15.9
RB37 20-Nov-07 432+76.2 A1 Lt. 5.7 3 43 5.2 112
RB37 20-Nov-07 432+76.2 A1 Lt. 5.7 5 28 20 8 10.8
RB37 20-Nov-07 432+76.2 A1 Lt. 5.7 8.5 18 17,030     11.3 122
RB38 20-Nov-07 437+67.8 A1 Lt. 14 8.5 4,640       14.7 120
RB39 5-Dec-07 441+35.9 A1 Rt. 7.6 1 7 4.2 123
RB39 5-Dec-07 441+35.9 A1 Rt. 7.6 5 4,090       13 119
RB40 10-Dec-07 447+24.5 A1 Lt. 2.4 1
RB40 10-Dec-07 447+24.5 A1 Lt. 2.4 5 72 26 17 9 15.8 120
RB41 6-Jan-09 230+16.7 A1 Rt. 6.8 2 30 15 15 13.4
RB41 6-Jan-09 230+16.7 A1 Rt. 6.8 1 to 5 5
RB42 6-Jan-09 237+88 A1 Lt. 9.1 1 to 5 7
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TABLE 8-1 
MATERIALS AVAILABLE 

Teichert 
Aggregate 

Granite Rock 
Hot Mix 
Facility 
Pleasanton 

Cemex Vulcan 
Materials 

Central 
Concrete 

Hanson 
Aggregates 
Pleasanton 

   Source:  

209-832-4150 925-600-8307 916-941-2850 925-373-1802 408-404-1073 925-846-8800    
Haul 
Distance 
(one way) Miles: 

 
20.6 1 1 1 1 21    

Quarry:  Tracy  Eliot Pleasanton 
Asphalt  Pleasanton    

Product: Units:  
Portland Cement 
Concrete: 
Class A, 6 Sack 
7 Sack, no CaC1 
7 Sack, 2% CaC1 

Cubic 
Yard 

 
 
 
 

  
 
 

$103 
$110 

  
 
 

$114 
$120 

  
 

 

Asphalt 
Concrete: 
Type A 
Open Graded 

Ton 

$40-$49.50 $58        

Rubberized 
(RAC-G) 

Ton $40-$49.50 $80-$100    *    

Cement Treated 
Base: 
Plant Mix 

Ton 
  $94  $99     

Cement Treated 
Base Aggregate 
(Class A) 

Ton 
  $103       

Asphalt Treated 
Permeable Base 

Ton  $60        

Aggregate Base 
Rock, Class 2 

Ton $8.25-$8.50  $10  $16 $13.50    

Aggregate Sub- 
Base rock 
Class 4 

Ton 
  $10       

Structural 
Backfill 

Ton          

Permeable 
Material 
Class 1, Type A 

Ton 
$10.70-$11  $15.50       

Permeable 
Material 
Class 2 

Ton 
  $16.50  $21.50     

Import Borrow Load $40-$60         
Gabion Rock Ton          

*Set up temporary plant 

X:\Route 84 - Isabel Avenue\geotech\Reports\Materials Report\Table_8_1_materials_avail.doc 
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    FIGURE 5-6
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Data is smoothed using a 29 day running average.

 - Max. Temp. is the average of all daily maximum temperatures recorded for the day of the year 
between the years 1961 and 1990.
 - Ave. Temp. is the average of all daily average temperatures recorded for the day of the year
between the years 1961 and 1990.
 - Min. Temp. is the average of all daily minimum temperatures recorded for the day of the year
between the years 1961 and 1990.
 - Precipitation is the average of all daily total precipitation recorded for the day of the year
between the years 1961 and 1990.

LIVERMORE, CALIFORNIA 
1961 - 1990 Temperature and Precipitation 
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Excerpts from the following plan sets:  

• Project Plans for Construction on State Highway in Alameda County near Livermore from 

0.5 Km East of Route 680 to 1.1 Km East of Vallecitos Atomic Laboratory Road and from 

0.5 Km West of Ruby Hills Drive to 0.2 Km East of Isabel Avenue, Contract No. 04-

272614, dated August 13, 2004. 

• Project Plans for Construction on Isabel Avenue / Vallecitos Road Intersection Realignment, 

Project No. 1999-13, City of Livermore, Alameda County, California, dated July 31, 2007. 

• Improvement Plan, Isabel Avenue – Phase 1, City of Livermore, Alameda County, 

California, dated July 15, 1999.  Project limits on Isabel Avenue from Station 2+60 to 21+80 

(Metric Units) (approximate SR 84 Station “A1” 246+81 to 252+18). 

• Project Plans for Construction on Isabel Avenue Extension – Phase 2 in Alameda County in 

Livermore from 1.0 km South of Concannon Blvd to Airway Blvd.  

- Isabel Avenue Extension-Phase 2, Project 1, City of Livermore Project No. 89-50, dated 

May 11, 1999.  Project limits on SR84 extend from Station “I” 101+60 to 145+50. 

- Isabel Avenue Extension-Phase 2, Project 2, City of Livermore Project No. 96-91, dated 

May 11, 1999.  Project limits on SR84 extend from Station “RH” 4+60 to Station “I” 

101+60. 

• Oaks Business Park – Tract 7300, Construction Plans for Isabel Avenue (SR 84) Widening, 

in Alameda County, in Livermore, from Arroyo Mocho Bridge to 300M South of Jack 

London Boulevard and at Jack London Boulevard, dated January 25, 2008. 
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12310

12

Lean CLAY with GRAVEL (CL); stiff; brown to dark
brown; moist; FILL.

SANDY lean CLAY (CL); very stiff; brown.

SILTY SAND with GRAVEL (SM); very dense; reddish
brown; moist; fine GRAVEL.

SANDY lean CLAY with GRAVEL (CL); hard; brown;
moist.

CLAYEY SAND with GRAVEL (SC); very dense; brown;
moist; coarse GRAVEL.

CLAYEY SAND with GRAVEL (SC/CL); brown; moist;
some GRAVEL.

Bottom of Borehole at 25.0 ft.
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18

17

34

38

12

19

33

31

47

50/5"

33

21

50/5"

Sampler advanced 17 in.

Sampler advanced 17 in.

Cave-in to 22' - could not clean

28

72

52

 97/
11"

 71/
11"

TOTAL DEPTH OF BORING

25.0 ft

DRILLING CONTRACTOR

Clear Heart Drilling

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

4 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96"), CA (2.44")

BOREHOLE LOCATION (Offset, Station, Line)

~ 65.5'  Lt  Sta  ~ 235+62.1 A1

DRILLING METHOD

Solid-Stem Auger
DRILL RIG

Steep Hillside Portable Rig

SPT HAMMER TYPE

140lb/30in - Auto

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

20 ft

BEGIN DATE

3-7-08
COMPLETION DATE

3-7-08
LOGGED BY

C.Rambo
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

2055630.6 ft / 6184601.3 ft  NAD83
HOLE ID

NB01
SURFACE ELEVATION

575 ft NAVD 88

HOLE ID

NB01
EA

04-297601

REPORT TITLE

BORING RECORD
DIST.

04
COUNTY

Alameda

San Jose Office

55 S. Market St, Ste 1500

San Jose, CA  95113
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L.Phillips
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POSTMILE
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ROUTE
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116

125

14

11

9

Lean CLAY with GRAVEL (CL); stiff; brown; moist to
wet [FILL].

  At EL. 569.5 ft, becomes brown mottled with yellowish
brown.

  At EL. 568.0 ft, becomes hard.

Lean CLAY with GRAVEL (CL); hard; dark gray and
dark grayish brown; moist to wet [FILL].

  At EL. 558.0 ft, with brown.

  At EL. 552.0 ft, with very stiff; multicolored.

7
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26
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20

41

14

21

45

17

13

10

Hand auger to 2'

LL=27
PI=10
PI

17

47

61

66

23

TOTAL DEPTH OF BORING

30.0 ft

DRILLING CONTRACTOR

Clear Heart Drilling

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

4 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96"), CA (2.44")

BOREHOLE LOCATION (Offset, Station, Line)

~ 64.4'  Lt  Sta  ~ 240+01.8 A1

DRILLING METHOD

Solid-Stem Auger
DRILL RIG

Steep Hillside Portable Rig

SPT HAMMER TYPE

140lb/30in - Auto

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry

BEGIN DATE

3-7-08
COMPLETION DATE

3-7-08
LOGGED BY

C.Rambo
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

2056087.4 ft / 6184642.6 ft  NAD83
HOLE ID

NB02
SURFACE ELEVATION

573 ft NAVD 88

HOLE ID

NB02
EA

04-297601

REPORT TITLE
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DIST.
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COUNTY

Alameda

(continued)

San Jose Office

55 S. Market St, Ste 1500

San Jose, CA  95113
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6
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Lean CLAY with GRAVEL (CL) (continued).

Lean CLAY (CL); reddish brown; moist.

SANDY lean CLAY (CL); very stiff; reddish brown;
moist.

Increase in sand.

CLAYEY SAND (SC); very dense; brown.

Boring dry ATD.
Bottom of Borehole at 30.0 ft.
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42

50/3" No recovery
Sampler advanced 3 in.

60

REF

HOLE ID

NB02
EA

04-297601

REPORT TITLE

BORING RECORD
DIST.

04
COUNTY

Alameda

San Jose Office
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UC =3.6

UC =5.9

1

2

3

4

5

123

114

112

6

18

19

GRAVELLY SILT (ML); stiff; brown; moist; with asphalt
concrete chunks (FILL).

Lean CLAY with GRAVEL (CL); brown; moist.

  At EL. 534.3 ft, with increase in sand content.

CLAYEY SAND with GRAVEL (SC); dense; brown;
moist.

  At EL. 532.3 ft, with cobbles.

  At EL. 529.3 ft, becomes very dense.

SILT (ML); very stiff; brown; moist; trace GRAVEL.

  At EL. 519.3 ft, becomes hard; brown to grayish brown
with balck speckling; black speckling.
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22

6
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31
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21
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4" solid flight augered to 7 feet.

Dry to 7 feet; began rotary wash.

PI

41

28

84

54

50

TOTAL DEPTH OF BORING

80.0 ft

DRILLING CONTRACTOR

Pitcher Drilling

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

4-7/8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96"), SPT (1.44")

BOREHOLE LOCATION (Offset, Station, Line)

~ 27.8'  Lt  Sta  ~ 245+90.1 A1

DRILLING METHOD

Rotary Wash
DRILL RIG

Failing 1500

SPT HAMMER TYPE

140lb/30in - Auto

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Not measured

BEGIN DATE

12-14-07
COMPLETION DATE

12-14-07
LOGGED BY

C.Rambo
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

37° 38' 8.67" / -121° 48' 3.12"  NAD83
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UC =5.7
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  At EL. 514.3 ft, grades to silty clay (CL-ML).

SANDY lean CLAY (CL); hard; dark brown; moist; trace
fine GRAVEL; gray mottling and some black speckling.

  At EL. 502.3 ft, with increase in gravel content.

CLAYEY SAND with GRAVEL (SC); very dense;
reddish brown; moist; fine GRAVEL.
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Drilling fluid seeped through casing
annulas to ground surface.

Extra casing added.

Sampler advanced 15 in.

Sampler advanced 8 in.
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UC =5.3
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CLAYEY SAND with GRAVEL (SC) (continued).

  At EL. 477.8 ft, with decrease in gravel content.

Lean CLAY (CL); hard; brown; moist; with black
speckling.

CLAYEY GRAVEL with SAND (GC); very dense; brown;
moist.

SANDY lean CLAY (CL); hard; dark reddish brown;
moist; trace GRAVEL.

  At EL. 462.3 ft, with increase in gravel content.

CLAYEY SAND with GRAVEL (SC); very dense; brown;
moist.

Bottom of Borehole at 80.0 ft.
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UC =6.8

UC =3

UC =10.6
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SANDY SILT with GRAVEL (ML); very dense; dark
yellowish brown; moist; - FILL.

Lean CLAY with GRAVEL (CL); hard; grayish brown;
moist.

Poorly graded SAND with SILT and GRAVEL (SP-SM);
very dense; light yellowish brown; moist.

Lean CLAY (CL); hard; light brownish gray to brownish
yellow; moist.

  At EL. 514.2 ft, becomes brown to yellowish red.

  At EL. 509.2 ft, with gravel.

CLAYEY SAND with GRAVEL (SC); very dense;
browinsh red; moist.

CLAYEY GRAVEL with SAND (GC); very dense;
browinsh red; moist.
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Sampler advanced 14 in.

Hard drilling.

Sampler advanced 16 in.

Sampler advanced 8 in.

Sampler advanced 8 in.
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TOTAL DEPTH OF BORING

25.0 ft

DRILLING CONTRACTOR

Exploration Geoservices, Inc

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96"), CA (2.44")

BOREHOLE LOCATION (Offset, Station, Line)

~ 51.4' Rt  Sta  ~ 248+46.5 A1

DRILLING METHOD

Hollow-Stem Auger
DRILL RIG

Mobile B53

SPT HAMMER TYPE

140lb/30in - Wirewinch

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry
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Boring dry ATD.
Bottom of Borehole at 25.0 ft.

Refusal at 25 feet.
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UC =9.9
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124

121

4

14

9 inches Asphalt Concrete over 9 inches AB.

SILTY SAND with GRAVEL (SM); very dense; gray;
moist; with asphalt concrete chunks - FILL.

SANDY lean CLAY with GRAVEL (CL); stiff; black;
moist.

CLAYEY SILT (ML/CL); stiff; brownish yellow to brown;
moist.

SILTY, CLAYEY SAND with GRAVEL (SC-SM); very
dense; brown; moist.

SILTY SAND with GRAVEL (SM); very dense; brown;
moist.

CLAYEY SAND with GRAVEL (SC); very dense; brown;
moist.

Lean CLAY (CL); hard; gray; moist; trace GRAVEL;
brown mottling with some black speckling.
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4" solid flight augered to 7 feet.

Dry to 7 feet; began rotary wash.

Some fluid loss.
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TOTAL DEPTH OF BORING

56.5 ft

DRILLING CONTRACTOR

Pitcher Drilling

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

4-7/8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96"), SPT (1.44")

BOREHOLE LOCATION (Offset, Station, Line)

~ 10.2' Rt  Sta  ~ 252+76.0 A1

DRILLING METHOD

Rotary Wash
DRILL RIG

Failing 1500

SPT HAMMER TYPE

140lb/30in - Auto

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Not measured
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UC =7.1

UC =7.8

UC =6.4

UC =7.9

UC =7.9

UC =7.5
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Lean CLAY (CL) (continued).

  At EL. 477.3 ft, becomes (Lean CLAY) (CL); dark
reddish brown.

  At EL. 473.3 ft, with (Lean CLAY) (CL); gravel.
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12Lean CLAY (CL) (continued).

Bottom of Borehole at 56.5 ft.
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Lean CLAY with GRAVEL (CL); hard; brown mottled
with dark brown; moist; gravel at the top.

SANDY lean CLAY (CL); very stiff; black; moist.

SILTY SAND with GRAVEL (SM); dense; reddish
brown; moist; fine GRAVEL.

SANDY lean CLAY (CL); hard; brown; moist.

Gravel layer 3".

SILTY SAND (SM); dense; brown; fine GRAVEL.

SANDY lean CLAY (CL); very stiff; brown; moist.

SILTY SAND with GRAVEL (SM); very dense; reddish
brown.

SILTY SAND (SM); very dense; reddish brown; moist.

Gravel.

SANDY SILT (ML); hard; brown; moist.
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TOTAL DEPTH OF BORING

35.0 ft

DRILLING CONTRACTOR

Clear Heart Drilling

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

4 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96")

BOREHOLE LOCATION (Offset, Station, Line)

~ 44.4'  Lt  Sta  ~ 256.67 A1

DRILLING METHOD

Solid-Stem Auger
DRILL RIG

Steep Hillside Portable Rig

SPT HAMMER TYPE

140lb/30in - Auto

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry

BEGIN DATE
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COMPLETION DATE
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SURFACE ELEVATION

546 ft NAVD 88
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SANDY SILT (ML) (continued).

SILTY SAND (SM); very dense; moist; coarse SAND.

SANDY SILT (ML); brown.

SILTY SAND (SM); very dense; reddish brown; fine
GRAVEL.

SANDY lean CLAY (CL); hard; brown.

CLAYEY SAND (SC); very dense; brown.

Boring dry ATD.
Bottom of Borehole at 35.0 ft.
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Sampler advanced 16 in.

Samples disturbed

Sampler advanced 12 in.
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CLAYEY SAND with GRAVEL (SC); very dense; brown;
moist.

CLAYEY GRAVEL with SAND (GC); very dense; brown;
moist.

95

85

50

100

90

14

27

28

25

40

29

28

36

45

27

48

58

35

62

64

4" solid flight augered to 7 feet.

Dry to 7 feet; began rotary wash.

PA
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TOTAL DEPTH OF BORING

80.0 ft

DRILLING CONTRACTOR

Pitcher Drilling

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

4-7/8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96"), SPT (1.44")

BOREHOLE LOCATION (Offset, Station, Line)

~ 38'  Lt  Sta  ~ 258+83.4 A1

DRILLING METHOD

Rotary Wash
DRILL RIG

Failing 1500

SPT HAMMER TYPE

140lb/30in - Auto

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Not measured

BEGIN DATE

12-17-07
COMPLETION DATE

12-17-07
LOGGED BY

C.Rambo
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

37° 38' 18.98" / -121° 47' 55.34"  NAD83
HOLE ID

NB06
SURFACE ELEVATION

527.80 ft NAVD 88

HOLE ID
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San Jose Office
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UC =3.7

UC =6.8

UC =7.5

UC =9
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11
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CLAYEY GRAVEL with SAND (GC) (continued).

  At EL. 500.8 ft, with (CLAYEY GRAVEL with SAND)
(GC); increase in gravel content.

  At EL. 496.8 ft, with (CLAYEY GRAVEL with SAND)
(GC); cobbles.

Poorly graded GRAVEL (GP); very dense; with
interbedded clayey sand lenses.

CLAYEY SAND with GRAVEL (SC); very dense; brown;
moist.

  At EL. 490.3 ft, with decrease in gravel content.

Lean CLAY (CL); hard; reddish brown; moist; with black
speckling.

  At EL. 482.8 ft, with (Lean CLAY) (CL); some fine
SAND.

  At EL. 477.8 ft, with gray mottling.
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Sampler advanced 3 in.

Very hard drilling from 31 to 34  feet.

149

REF

103

64

96

100

HOLE ID

NB06
EA

04-297601

REPORT TITLE

BORING RECORD
DIST.

04
COUNTY

Alameda

(continued)

San Jose Office

55 S. Market St, Ste 1500

San Jose, CA  95113
SHEET

2  of  3

R
Q

D
 (

%
)

S
h

e
a

r 
S

tr
e

n
g

th
(t

s
f)

S
a

m
p

le
 N

u
m

b
e

r

D
ry

 U
n

it
 W

e
ig

h
t

(p
c
f)

M
o
is

tu
re

C
o
n
te

n
t 
(%

)

E
L

E
V

A
T

IO
N

 (
ft
)

501.80

499.80

497.80

495.80

493.80

491.80

489.80

487.80

485.80

483.80

481.80

479.80

477.80

475.80

473.80

DESCRIPTION

M
a

te
ri

a
l

G
ra

p
h

ic
s

D
E

P
T

H
 (

ft
)

R
e

c
o

v
e

ry
 (

%
)

B
lo

w
s
 p

e
r 

6
 i
n

.

S
a

m
p

le
 L

o
c
a

ti
o

n

D
ri
lli

n
g
 M

e
th

o
d

C
a
s
in

g
 D

e
p
th

PREPARED BY

M.Thummaluru
DATE

12-17-07
BRIDGE NUMBER

Remarks

B
lo

w
s
 p

e
r 

F
o

o
t

POSTMILE

22.9/27.1
ROUTE

84
PROJECT OR BRIDGE NAME

SR 84 Expy Widen (URS 28649640)

U
R

S
 B

O
R

IN
G

 R
E

C
O

R
D

 2
0

0
8

0
2

  
2

8
6

4
9

6
4

0
-R

O
U

T
E

8
4

.G
P

J
  

S
N

J
_

C
T

.G
L

B
  

9
/1

6
/1

0

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55



UC =11.112
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  At EL. 472.8 ft, with (Lean CLAY) (CL); no gray
mottling.

Lean CLAY (CL) (continued).

CLAYEY SAND with GRAVEL (SC); very dense;
reddish brown; moist.

CLAYEY GRAVEL (GC); very dense; reddish brown;
moist.

CLAYEY SAND with GRAVEL (SC); very dense;
reddish brown; moist.

Bottom of Borehole at 80.0 ft.
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Sampler advanced 14 in.

Sampler advanced 8 in.
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UC =4.4

UC =5.3

UC =5.3

UC =6.5
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GRAVELLY lean CLAY with SAND (CL); hard; brown;
moist; some GRAVEL.

SANDY lean CLAY (CL); hard; reddish brown; moist;
some GRAVEL.

Poorly graded SAND with GRAVEL (SP); very dense;
reddish brown; moist.

Well-graded GRAVEL with SAND (GW); very dense;
light gray; moist; angular GRAVEL.

  At EL. 426.5 ft, becomes reddish brown.

  At EL. 423.5 ft, becomes light gray.

Boring dry ATD.
Bottom of Borehole at 20.0 ft.
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TOTAL DEPTH OF BORING

20.0 ft

DRILLING CONTRACTOR

Exploration Geoservices, Inc

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96")

BOREHOLE LOCATION (Offset, Station, Line)

~ 53.8'  Lt  Sta  ~ 293+10.8 A1

DRILLING METHOD

Hollow-Stem Auger
DRILL RIG

Mobile B53

SPT HAMMER TYPE

140lb/30in - Wirewinch

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry

BEGIN DATE

12-10-07
COMPLETION DATE

12-10-07
LOGGED BY

S.Ball
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

37° 38' 48.21" / -121° 48' 13.41"  NAD83
HOLE ID

NB07
SURFACE ELEVATION

443.00 ft NAVD 88

HOLE ID

NB07
EA

04-297601
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Alameda

San Jose Office

55 S. Market St, Ste 1500

San Jose, CA  95113
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1

2

3

4

5

6

Lean CLAY with GRAVEL (CL); medium stiff; reddish
brown; moist; trace fine roots and topsoil.

CLAYEY SAND with GRAVEL (SC); loose; yellowish
brown; moist.

At 3 ft, same as above except very dense.

Lean CLAY (CL); soft; yellowish brown; moist; trace fine
gravel.

At 8.5 ft, same as above except with gravel.

CLAYEY GRAVEL with SAND (GC); very dense;
brownish yellow; moist.

Bottom of Boring @ 20 feet
Boring dry at ATD.
Bottom of Borehole at 20.0 ft.
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Sampler advanced 16 in.
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TOTAL DEPTH OF BORING

20.0 ft

DRILLING CONTRACTOR

Clearheart Drilling

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96")

BOREHOLE LOCATION (Offset, Station, Line)

~ 81.9'  Lt  Sta  ~ 298+02.6 A1

DRILLING METHOD

Hollow-Stem Auger
DRILL RIG

DR10K-1

SPT HAMMER TYPE

140lb/30in - Wirewinch

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry

BEGIN DATE

3-5-08
COMPLETION DATE

3-5-08
LOGGED BY

M.Thummaluru
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

37° 38' 52.38" / -121° 48' 16.77"  NAD83
HOLE ID

NB07A
SURFACE ELEVATION

437.00 ft NAVD 88

HOLE ID

NB07A
EA

04-297601

REPORT TITLE

BORING RECORD
DIST.

04
COUNTY

Alameda

San Jose Office

55 S. Market St, Ste 1500

San Jose, CA  95113
SHEET
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1

2

3

4

5

6

7

CLAYEY SAND with GRAVEL (SC); medium dense;
yellowish brown; moist.

SANDY SILTY CLAY (CL-ML); very stiff; yellowish
brown; moist.

SANDY lean CLAY with GRAVEL (CL); very stiff;
yellowish brown; moist.

SANDY lean CLAY (CL); At 5 ft, same as above except
trace fine gravel.

Poorly graded SAND with SILT (SP-SM); very dense;
reddish brown; moist.

Poorly graded GRAVEL with SILT and SAND (GP-GM);
very dense; dark yellowish brown; moist.
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Sampler advanced 6 in.
Big cobble in shoe
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TOTAL DEPTH OF BORING

31.5 ft

DRILLING CONTRACTOR

Clearheart drilling

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96")

BOREHOLE LOCATION (Offset, Station, Line)

~ 73.6'  Lt  Sta  ~ 301+18.4 A1

DRILLING METHOD

Hollow-Stem Auger
DRILL RIG

DR10K-1

SPT HAMMER TYPE

140lb/30in - Wirewinch

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry

BEGIN DATE

3-5-08
COMPLETION DATE

3-5-08
LOGGED BY

M.Thummaluru
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

37° 38' 55.35" / -121° 48' 18.23"  NAD83
HOLE ID

NB08
SURFACE ELEVATION

434.90 ft NAVD 88

HOLE ID

NB08
EA

04-297601

REPORT TITLE

BORING RECORD
DIST.

04
COUNTY

Alameda

(continued)

San Jose Office

55 S. Market St, Ste 1500

San Jose, CA  95113
SHEET

1  of  2

R
Q

D
 (

%
)

S
h

e
a

r 
S

tr
e

n
g

th
(t

s
f)

S
a

m
p

le
 N

u
m

b
e

r

D
ry

 U
n

it
 W

e
ig

h
t

(p
c
f)

M
o
is

tu
re

C
o
n
te

n
t 
(%

)

E
L

E
V

A
T

IO
N

 (
ft
)

432.90

430.90

428.90

426.90

424.90

422.90

420.90

418.90

416.90

414.90

412.90

410.90

DESCRIPTION

M
a

te
ri

a
l

G
ra

p
h

ic
s

D
E

P
T

H
 (

ft
)

R
e

c
o

v
e

ry
 (

%
)

B
lo

w
s
 p

e
r 

6
 i
n

.

S
a

m
p

le
 L

o
c
a

ti
o

n

D
ri
lli

n
g
 M

e
th

o
d

C
a
s
in

g
 D

e
p
th

PREPARED BY

M.Thummaluru
DATE

3-9-08
BRIDGE NUMBER

Remarks

B
lo

w
s
 p

e
r 

F
o

o
t

POSTMILE

22.9/27.1
ROUTE

84
PROJECT OR BRIDGE NAME

SR 84 Expy Widen (URS 28649640)

U
R

S
 B

O
R

IN
G

 R
E

C
O

R
D

 2
0

0
8

0
2

  
2

8
6

4
9

6
4

0
-R

O
U

T
E

8
4

.G
P

J
  

S
N

J
_

C
T

.G
L

B
  

9
/1

6
/1

0

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25



8

9

Poorly graded GRAVEL with SILT and SAND (GP-GM)
(continued).

CLAYEY GRAVEL with SAND (GC); very dense; light
yellowish brown; moist.

End of Boring @ 31.5 ft
Boring dry ATD.
Bottom of Borehole at 31.5 ft.
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Sampler advanced 12 in.

Sampler advanced 3 in.
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GRAVELLY SILT (ML); hard; brown; moist.

SILTY GRAVEL (GM); very dense; brown to light gray;
moist.

  At EL. 401.1 ft, becomes (SILTY GRAVEL) (GM); wet.
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TOTAL DEPTH OF BORING

30.0 ft

DRILLING CONTRACTOR

Exploration Geoservices, Inc

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96"), CA (2.44")

BOREHOLE LOCATION (Offset, Station, Line)

~ 63.7' Rt  Sta  ~ 314+51.4 A1

DRILLING METHOD

Hollow-Stem Auger
DRILL RIG

Mobile B53

SPT HAMMER TYPE

140lb/30in - Wirewinch

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry

BEGIN DATE

11-26-07
COMPLETION DATE

11-26-07
LOGGED BY

M.Thummaluru
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

37° 39' 8.53" / -121° 48' 19.38"  NAD83
HOLE ID

NB09
SURFACE ELEVATION

425.10 ft NAVD 88

HOLE ID

NB09
EA

04-297601

REPORT TITLE

BORING RECORD
DIST.

04
COUNTY

Alameda

(continued)

San Jose Office

55 S. Market St, Ste 1500

San Jose, CA  95113
SHEET
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7

SILTY GRAVEL (GM) (continued).

Boring dry ATD.
Bottom of Borehole at 30.0 ft.
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BORING RECORD
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San Jose, CA  95113
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CLAYEY GRAVEL with SAND (GC); dense; dark brown;
moist; subrounded GRAVEL.

Lean CLAY (CL); medium stiff; dark grayish brown;
moist.

SANDY lean CLAY with GRAVEL (CL); medium stiff;
dark grayish brown; moist.

Poorly graded GRAVEL with SILT and SAND (GP-GM);
very dense; light yellowish brown; moist.

At 18.5 ft, same as above except Poorly Graded Sand
with Clay and Sand (GP-GC).

At 21 ft, same as above except Poorly Graded Gravel
with Silt and Sand (GP-GM).

At 23 ft, same as above except Poorly Graded Sand
with Silt (GP-GM), wet.
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TOTAL DEPTH OF BORING

30.0 ft

DRILLING CONTRACTOR

Clearheart Drilling

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96"), SPT (1.44"), CA (2.44")

BOREHOLE LOCATION (Offset, Station, Line)

~ 37.3'  Lt  Sta  ~ 317+64.8 A1

DRILLING METHOD

Hollow-Stem Auger
DRILL RIG

DR10K-1

SPT HAMMER TYPE

140lb/30in - Wirewinch

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

23.5 ft

BEGIN DATE

3-4-08
COMPLETION DATE

3-4-08
LOGGED BY

M.Thummaluru
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

37° 39' 11.62" / -121° 48' 20.65"  NAD83
HOLE ID

NB10
SURFACE ELEVATION

421.90 ft NAVD 88

HOLE ID

NB10
EA

04-297601

REPORT TITLE

BORING RECORD
DIST.

04
COUNTY

Alameda

(continued)

San Jose Office

55 S. Market St, Ste 1500

San Jose, CA  95113
SHEET

1  of  2
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(continued).

CLAYEY GRAVEL with SAND (GC); very dense; light
brown; wet.

At 29.5 ft, same as above except increase in sand
content.
End of Boring @ 30 ft.
Bottom of Borehole at 30.0 ft.
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SANDY lean CLAY with GRAVEL (CL); brownish gray;
moist.

CLAYEY SAND with GRAVEL (SC); very dense;
grayish brown; moist to wet.

Cobbles from 2.5 to 4.5 feet.

  At EL. 406.5 ft, becomes dense; light brown.

  At EL. 402.0 ft, becomes very dense.

CLAYEY SAND with GRAVEL (SC); gravel layer from
18 to 18.5 feet.
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Drilling fluid measured at 5 feet upon
completion of drilling.

Began rotary wash.

Suspended drilling on 01/02/08;
resumed on 01/03/08.
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CLAYEY SAND with GRAVEL (SC) (continued).

CLAYEY SAND with GRAVEL (SC); very dense; brown
to reddish brown; moist.

SILTY, CLAYEY SAND with GRAVEL (SC-SM); very
dense; brown; moist; trace GRAVEL; with clay.
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SILTY, CLAYEY SAND with GRAVEL (SC-SM)
(continued).

Bottom of Borehole at 60.0 ft.
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SANDY SILT (ML); dark grayish brown; moist; trace
GRAVEL.

CLAYEY SAND with GRAVEL (SC); very dense; dark
grayish brown; moist.

SANDY lean CLAY with GRAVEL (CL); brown.

SILTY SAND with GRAVEL (SM); very dense; brown.
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4" Solid Flight Auger to 3.5 feet

Dry to 3.5 feet.  Began rotary wash.

Water level observed at 8 ft prior to
start of drilling on 12/20/08.
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TOTAL DEPTH OF BORING

71.5 ft

DRILLING CONTRACTOR
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SILTY SAND with GRAVEL (SM) (continued).

CLAYEY GRAVEL with SAND (GC); dense; brown;
moist.

  At EL. 382.0 ft, becomes (CLAYEY GRAVEL with
SAND) (GC); very dense.
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resumed on 12/20/07.
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CLAYEY GRAVEL with SAND (GC) (continued).

Bottom of Borehole at 71.5 ft.
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SANDY SILT (ML); medium stiff; dark brown; moist;
trace GRAVEL; (FILL).

SILTY SAND with GRAVEL (SM); dense; brown; moist;
(FILL).

CLAYEY SAND with GRAVEL (SC); dense; brown;
moist; (FILL).

2 inches asphalt concrete.

Very dense; Boulders and cobbles.

CLAYEY SAND with GRAVEL (SC); medium dense;
light brown; moist.

SANDY fat CLAY (CH); medium stiff; light brown; moist.

SILTY GRAVEL with SAND (GM); very dense; brown;
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4" solid flight augered to 12 feet.

Dry to 12 feet; began rotary wash.

Very hard drilling.

PA
Water level measured at 14 ft prior
to resuming drilling on 12/20/07.

PA

No recovery at first attempt;
disturbed sample retrieved in second
attempt.

Hard drilling
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TOTAL DEPTH OF BORING

80.0 ft

DRILLING CONTRACTOR

Pitcher Drilling

AFTER DRILLING (DATE)

14 ft on 12-19-07

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

4-7/8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96"), SPT (1.44")

BOREHOLE LOCATION (Offset, Station, Line)

~ 15.7' Rt  Sta  ~ 320+87.3 A1

DRILLING METHOD

Rotary Wash
DRILL RIG

Failing 1500

SPT HAMMER TYPE

140lb/30in - Auto

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Not measured
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moist.

  At EL. 386.0 ft, becomes dense.

  At EL. 376.0 ft, becomes very dense.
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13511

SILTY SAND with GRAVEL (SM); very dense; brown;
moist.

SILTY GRAVEL with SAND (GM); very dense; brown;
moist.

SILTY SAND (SM); dense; brown; moist.

SILTY SAND with GRAVEL (SM); very dense; brown;
moist.

Bottom of Borehole at 80.0 ft.
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81/3"

Suspended drilling on 12/18/07;
resumed on 12/19/07.

Sampler advanced 15 in.
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1.5
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SILT with GRAVEL (ML); stiff; brown; moist.

SILTY GRAVEL (GM); very dense; brown; moist.

CLAYEY GRAVEL with SAND (GC); medium dense;
grayish brown; moist.

Lean CLAY (CL); stiff; brown with grayish brown
mottles; moist.

CLAYEY SAND with GRAVEL (SC); very dense; brown.
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LL=21
PI=1
PI
PI
4" solid flight augered to 11.5 feet.

PA

Dry to 11.5 feet; began rotary wash.

LL=33
PI=11
PI
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TOTAL DEPTH OF BORING

60.0 ft

DRILLING CONTRACTOR

Pitcher Drilling

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

4-7/8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96"), CA (2.44")

BOREHOLE LOCATION (Offset, Station, Line)

~ 65.7' Rt  Sta  ~ 320+72.1 A1

DRILLING METHOD

Rotary Wash
DRILL RIG

Failing 1500

SPT HAMMER TYPE

140lb/30in - Auto

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Not measured
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CLAYEY SAND with GRAVEL (SC) (continued).

  At EL. 370.0 ft, becomes dense.

  At EL. 365.0 ft, becomes very dense.

65

65

65

65

35

50

15

39

32

9

25

30

26

43

44

19

27

27

6

11

29

15

42/1"

Slight fluid loss

Sampler advanced 7 in.
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12

13 12612

Lean CLAY with SAND (CL); brown.

CLAYEY SAND with GRAVEL (SC); very dense; brown;
moist.

Bottom of Borehole at 60.0 ft.
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GRAVELLY lean CLAY (CL); very stiff; grayish brown to
black; moist.

SILTY, CLAYEY GRAVEL with SAND (GC-GM); dense;
yellowish brown; moist.

  At EL. 414.0 ft, grades to very dense; Clayey GRAVEL
(GC).

  At EL. 410.5 ft, with sand.

Boring dry ATD.
Bottom of Borehole at 14.0 ft.
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Cobble in shoe.

Hard drilling.

Sampler advanced 7.5 in.

Refusal at 14 feet.
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TOTAL DEPTH OF BORING

14.0 ft

DRILLING CONTRACTOR

Exploration Geoservices, Inc

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96"), CA (2.44")

BOREHOLE LOCATION (Offset, Station, Line)

~ 24.1' Rt  Sta  ~ 337+46.9 A1

DRILLING METHOD

Hollow-Stem Auger
DRILL RIG

Mobile B53
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140lb/30in - Wirewinch

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS
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1

2

3

4

7 inches Asphalt Concrete over 17 inches AB.

SILTY GRAVEL (GM); very dense; brown mottled with
gray red; moist.

SILTY SAND with GRAVEL (SM); very dense; brown;
moist.

SILTY GRAVEL (GM); very dense; brown; moist.

Boring dry ATD.
Bottom of Borehole at 15.5 ft.

40

70

85

70

64

50/1"

22

24

30

35

21

28

23

28

106

Bag sample 1 to 5 feet.

Sampler advanced 7 in.

Tried SPT at 15.5 feet; blow count =
50 for < 1 inch.

Refusal at 15.5 feet.

50/
1"

54

49

134

TOTAL DEPTH OF BORING

15.5 ft

DRILLING CONTRACTOR

Exploration Geoservices, Inc

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96"), CA (2.44")

BOREHOLE LOCATION (Offset, Station, Line)

~ 52.1' Rt  Sta  ~ 348+17.7 A2

DRILLING METHOD

Hollow-Stem Auger
DRILL RIG

Mobile B53

SPT HAMMER TYPE

140lb/30in - Wirewinch

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry

BEGIN DATE

11-26-07
COMPLETION DATE

11-26-07
LOGGED BY

C.Rambo
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

37° 39' 41.81" / -121° 48' 19.4"  NAD83
HOLE ID

NB16
SURFACE ELEVATION

420.90 ft NAVD 88

HOLE ID

NB16
EA

04-297601

REPORT TITLE

BORING RECORD
DIST.

04
COUNTY

Alameda

San Jose Office

55 S. Market St, Ste 1500

San Jose, CA  95113
SHEET
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1

2

3

4

5

7 inches Asphalt Concrete over 17 inches AB.

CLAYEY GRAVEL (GC); very dense; dark gray; moist.

SILTY GRAVEL (GM); dense; brown; moist.

CLAYEY GRAVEL with SAND (GC); very dense; brown;
moist.

Boring dry ATD.
Bottom of Borehole at 20.0 ft.

30

55

65

100

95

63

35

32

20

23

24

32

36

36

35

44

59

30

41

79

Bag sample 1 to 5 feet.

PA

67

47

72

103

120

TOTAL DEPTH OF BORING

20.0 ft

DRILLING CONTRACTOR

Exploration Geoservices, Inc

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96"), CA (2.44")

BOREHOLE LOCATION (Offset, Station, Line)

~ 51.5' Rt  Sta  ~ 354+11.8 A2

DRILLING METHOD

Hollow-Stem Auger
DRILL RIG

Mobile B53

SPT HAMMER TYPE

140lb/30in - Wirewinch

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry

BEGIN DATE

11-26-07
COMPLETION DATE

11-26-07
LOGGED BY

C.Rambo
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

37° 39' 47.68" / -121° 48' 19.34"  NAD83
HOLE ID

NB17
SURFACE ELEVATION

419.60 ft NAVD 88

HOLE ID

NB17
EA

04-297601

REPORT TITLE

BORING RECORD
DIST.

04
COUNTY

Alameda

San Jose Office

55 S. Market St, Ste 1500

San Jose, CA  95113
SHEET
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1

2

3

4

5

1249

8 inches Asphalt Concrete over 16 inches AB.

Lean CLAY (CL); stiff; reddish brown; moist.

SILTY GRAVEL (GM); very dense; brown; moist.

Boring dry ATD.
Bottom of Borehole at 20.0 ft.

15

65

90

65

25

16

12

10

26

37

49

37

41

57

54

58

44

40

43

Bag sample 1 to 5 feet.
28

63

78

112

83

TOTAL DEPTH OF BORING

20.0 ft

DRILLING CONTRACTOR

Exploration Geoservices, Inc

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96"), CA (2.44")

BOREHOLE LOCATION (Offset, Station, Line)

~ 51.3' Rt  Sta  ~ 359+40.0 A2

DRILLING METHOD

Hollow-Stem Auger
DRILL RIG

Mobile B53

SPT HAMMER TYPE

140lb/30in - Wirewinch

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry

BEGIN DATE

11-26-07
COMPLETION DATE

11-26-07
LOGGED BY

C.Rambo
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

37° 39' 52.9" / -121° 48' 19.27"  NAD83
HOLE ID

NB18
SURFACE ELEVATION

414.50 ft NAVD 88

HOLE ID

NB18
EA

04-297601

REPORT TITLE

BORING RECORD
DIST.

04
COUNTY

Alameda

San Jose Office

55 S. Market St, Ste 1500

San Jose, CA  95113
SHEET

1  of  1
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UC =0.9

UC =0.5

UC =1.7

1

2

3

4

5

6

113

112

120

13

15

11

SILTY CLAY (CL-ML); medium stiff; dark brown; moist;
trace GRAVEL.

Lean CLAY (CL); very stiff; light brown; moist.

CLAYEY SAND with GRAVEL (SC); medium dense to
dense; brown; moist.

SILTY, CLAYEY SAND with GRAVEL (SC-SM); very
dense; brown; moist.

SILT (ML); stiff; brown; moist.

65

95

50

55

70

100

4

6

6

3

3

5

5

12

13

11

16

18

34

40

42

9

8

9

PI

PI

12

   8

25

34

82

17

TOTAL DEPTH OF BORING

30.0 ft

DRILLING CONTRACTOR

Exploration Geoservices, Inc

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96"), CA (2.44"), SPT (1.44")

BOREHOLE LOCATION (Offset, Station, Line)

~ 76.1'  Lt  Sta  ~ 391+83.6 A2

DRILLING METHOD

Hollow-Stem Auger
DRILL RIG

Mobile B53

SPT HAMMER TYPE

140lb/30in - Wirewinch

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry

BEGIN DATE

11-21-07
COMPLETION DATE

11-21-07
LOGGED BY

C.Rambo
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

37° 40' 24.96" / -121° 48' 20.14"  NAD83
HOLE ID

NB19
SURFACE ELEVATION

420.60 ft NAVD 88

HOLE ID

NB19
EA

04-297601

REPORT TITLE

BORING RECORD
DIST.

04
COUNTY

Alameda

(continued)

San Jose Office

55 S. Market St, Ste 1500

San Jose, CA  95113
SHEET

1  of  2
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7

SILTY SAND with GRAVEL (SM); very dense; brown;
moist.

Boring dry ATD.
Bottom of Borehole at 30.0 ft.

5521

34

36

70

HOLE ID

NB19
EA

04-297601

REPORT TITLE

BORING RECORD
DIST.

04
COUNTY

Alameda

San Jose Office

55 S. Market St, Ste 1500

San Jose, CA  95113
SHEET

2  of  2
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UC =1.4

UC =5.9

UC =7.6

UC =9.7

UC =4

1

2

3

4

5

6

114

125

126

122

114

6

9

9

13

12

SILTY CLAY (CL-ML); very stiff; brown; moist; trace
GRAVEL.

  At EL. 417.4 ft, becomes light brown.

  At EL. 412.9 ft, becomes hard.

  At EL. 397.9 ft, becomes very stiff to hard; fine sand
lenses.

40
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TOTAL DEPTH OF BORING

40.0 ft

DRILLING CONTRACTOR

Exploration Geoservices, Inc

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96"), CA (2.44")

BOREHOLE LOCATION (Offset, Station, Line)

~ 63.8'  Lt  Sta  ~ 395+45.2 A3

DRILLING METHOD

Hollow-Stem Auger
DRILL RIG

Mobile B53

SPT HAMMER TYPE

140lb/30in - Wirewinch

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry

BEGIN DATE

11-21-07
COMPLETION DATE

11-21-07
LOGGED BY

C.Rambo
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

37° 40' 28.56" / -121° 48' 20.13"  NAD83
HOLE ID

NB20
SURFACE ELEVATION

421.40 ft NAVD 88

HOLE ID

NB20
EA

04-297601

REPORT TITLE

BORING RECORD
DIST.

04
COUNTY

Alameda

(continued)

San Jose Office

55 S. Market St, Ste 1500

San Jose, CA  95113
SHEET

1  of  2
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SILTY CLAY (CL-ML) (continued).

  At EL. 391.4 ft, with (SILTY CLAY) (CL-ML); some
GRAVEL.

SILTY GRAVEL with SAND (GM); very dense; brown;
moist.

Boring dry ATD.
Bottom of Borehole at 40.0 ft.
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UC =8.2
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SANDY lean CLAY with GRAVEL (CL); very stiff; dark
brown; moist.

  At EL. 412.8 ft, with increase in gravel content.

CLAYEY SAND with GRAVEL (SC); medium dense;
moist.

SANDY lean CLAY with GRAVEL (CL); hard; brown;
moist.

  At EL. 402.3 ft, with increase in gravel content.

Poorly graded SAND with SILT and GRAVEL (SP-SM);
very dense; tan brown; dry.
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UC =3

7

8

9

11716

Poorly graded SAND with SILT and GRAVEL (SP-SM)
(continued).

  At EL. 389.3 ft, becomes wet.

Lean CLAY (CL); hard; brown.

Poorly graded SAND with SILT and GRAVEL (SP-SM);
very dense; tan brown; moist to wet.

Boring dry ATD.
Bottom of Borehole at 40.0 ft.
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1276

5 inches AC over 7 inches AB.

SILTY GRAVEL (GM); dense; brown; moist; trace fine
GRAVEL; (FILL).

  At EL. 404.3 ft, becomes medium dense.

CLAYEY GRAVEL with SAND (GC); medium dense;
moist to wet.

SANDY lean CLAY (CL); very stiff; brown; moist to wet.

  At EL. 393.8 ft, with some fine GRAVEL; increase in
sand content.

SILTY SAND with GRAVEL (SM); very dense; brown;
moist.

55

30

55

65

45

80

21

28

24

11

10

7

7

7

23

13

18

21

36

43

31

43

78

91

Plastic shavings in gravel cuttings;
might have trimmed an underdrain
pipe.

52

17

30

39

74

169

TOTAL DEPTH OF BORING

30.0 ft

DRILLING CONTRACTOR

Exploration Geoservices, Inc

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96"), CA (2.44")

BOREHOLE LOCATION (Offset, Station, Line)

~ 48.5' Rt  Sta  ~ 407+96.2 A3

DRILLING METHOD

Hollow-Stem Auger
DRILL RIG

Mobile B53

SPT HAMMER TYPE

140lb/30in - Wirewinch

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry

BEGIN DATE

12-4-07
COMPLETION DATE

12-4-07
LOGGED BY

C.Rambo
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

37° 40' 40.91" / -121° 48' 18.74"  NAD83
HOLE ID

NB22
SURFACE ELEVATION

407.80 ft NAVD 88

HOLE ID

NB22
EA

04-297601

REPORT TITLE

BORING RECORD
DIST.

04
COUNTY

Alameda

(continued)

San Jose Office

55 S. Market St, Ste 1500

San Jose, CA  95113
SHEET

1  of  2

R
Q

D
 (

%
)

S
h

e
a

r 
S

tr
e

n
g

th
(t

s
f)

S
a

m
p

le
 N

u
m

b
e

r

D
ry

 U
n

it
 W

e
ig

h
t

(p
c
f)

M
o
is

tu
re

C
o
n
te

n
t 
(%

)

E
L

E
V

A
T

IO
N

 (
ft
)

405.80

403.80

401.80

399.80

397.80

395.80

393.80

391.80

389.80

387.80

385.80

383.80

DESCRIPTION

M
a

te
ri

a
l

G
ra

p
h

ic
s

D
E

P
T

H
 (

ft
)

R
e

c
o

v
e

ry
 (

%
)

B
lo

w
s
 p

e
r 

6
 i
n

.

S
a

m
p

le
 L

o
c
a

ti
o

n

D
ri
lli

n
g
 M

e
th

o
d

C
a
s
in

g
 D

e
p
th

PREPARED BY

M.Thummaluru
DATE

12-4-07
BRIDGE NUMBER

Remarks

B
lo

w
s
 p

e
r 

F
o

o
t

POSTMILE

22.9/27.1
ROUTE

84
PROJECT OR BRIDGE NAME

SR 84 Expy Widen (URS 28649640)

U
R

S
 B

O
R

IN
G

 R
E

C
O

R
D

 2
0

0
8

0
2

  
2

8
6

4
9

6
4

0
-R

O
U

T
E

8
4

.G
P

J
  

S
N

J
_

C
T

.G
L

B
  

9
/1

6
/1

0

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25



7

SILTY SAND with GRAVEL (SM) (continued).

Boring dry ATD.
Bottom of Borehole at 30.0 ft.
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50/2"
Sampler advanced 8 in.
Rock fragment at 29 feet.
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3 inches asphalt concrete.

SANDY lean CLAY with GRAVEL (CL); stiff; brown;
moist.

SILTY SAND (SM); yellowish brown.

SANDY SILTY CLAY with GRAVEL (CL-ML); medium
stiff; brown; moist.

  At EL. 407.0 ft, becomes (SANDY lean CLAY with
GRAVEL) (CL); very stiff.

CLAYEY SAND with GRAVEL (SC); dense; brown;
moist.

  At EL. 397.5 ft, becomes (CLAYEY SAND with
GRAVEL) (SC); very dense; wet.
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6

CLAYEY SAND with GRAVEL (SC) (continued).

  At EL. 392.5 ft, becomes dense.

Bottom of Borehole at 30.0 ft.
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6 inches Aggregate.

CLAYEY SAND with GRAVEL (SC); dense to very
dense; brown; moist.

Cobbles.

CLAYEY SAND with GRAVEL (SC); medium dense;
dark grayish brown; moist to wet.

Lean CLAY (CL); stiff; dark brown; moist; trace fine
GRAVEL.

  At EL. 406.0 ft, with coarse sand.

CLAYEY SAND with GRAVEL (SC); very dense; dark
brown; moist.

CLAYEY GRAVEL with SAND (GC); dense; dark brown;
moist.

CLAYEY SAND with GRAVEL (SC); dense; brown.
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CLAYEY SAND with GRAVEL (SC) (continued).

Lean CLAY (CL); stiff; light brown; moist.

SILTY, CLAYEY SAND with GRAVEL (SC-SM); very
dense; grayish brown.

  At EL. 367.0 ft, becomes dense.

  At EL. 365.0 ft, with less gravel.

SILTY CLAY (CL-ML); very stiff; light brown.
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SILTY CLAY (CL-ML) (continued).

Lean CLAY (CL); very stiff; brown; moist; trace
GRAVEL.

  At EL. 352.0 ft, with sand lenses.

SILTY GRAVEL with SAND (GM); very dense; brown.

Lean CLAY (CL); very stiff to hard; brown; moist.

  At EL. 335.0 ft, with some sand.

SANDY lean CLAY with GRAVEL (CL); very stiff;
reddish brown; moist.
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12712SANDY lean CLAY with GRAVEL (CL) (continued).

CLAYEY SAND with GRAVEL (SC); very dense; brown.

Bottom of Borehole at 101.5 ft.
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6 inches Aggregate.

GRAVELLY SILT (ML); brown.

SANDY SILT (ML); medium stiff; dark brown; moist;
trace fine GRAVEL.

SILTY GRAVEL (GM); medium dense; grayish brown;
dry; with some cobbles up to 6 inches.

CLAYEY SAND with GRAVEL (SC); medium dense;
dark brown; moist.

CLAYEY GRAVEL with SAND (GC); medium dense;
grayish brown; moist.

  At EL. 397.5 ft, becomes dense.
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Dry to 8 feet; began rotary wash.
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DRILLING CONTRACTOR

Pitcher Drilling

AFTER DRILLING (DATE)

26.5 ft on 12-27-07
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4-7/8 inch
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Modified CA (1.96"), CA (2.44")
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  At EL. 392.5 ft, becomes very dense.
CLAYEY GRAVEL with SAND (GC) (continued).

  At EL. 390.5 ft, with some gravel layers upto 6 inches
thick.

Lean CLAY (CL); hard; dark brown; moist; trace coarse
SAND.

CLAYEY SAND with GRAVEL (SC); very dense; brown
with gray mottling; moist.

  At EL. 369.5 ft, with (CLAYEY SAND with GRAVEL)
(SC); decrease in gravel content.

Lean CLAY (CL); hard; dark brown; moist; trace
GRAVEL.
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to resuming drilling on 12/27/07.
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UC =1.9

12

13

14

15

16

17

101

106

123

114

108

25

21

14

18

20

  At EL. 362.5 ft, becomes very stiff.
Lean CLAY (CL) (continued).

CLAYEY GRAVEL (GC); brown.

Lean CLAY (CL); stiff; dark brown; moist.

  At EL. 352.5 ft, becomes hard.

  At EL. 347.5 ft, becomes stiff.

SILTY SAND (SM); dense; dark brown; moist.

  At EL. 345.5 ft, with gravel.

Lean CLAY with SAND (CL); dark brown.

Poorly graded SAND with SILT (SP-SM); very dense;
dark brown; moist; trace fine GRAVEL.

Lean CLAY (CL); stiff; dark brown; moist.
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  At EL. 332.5 ft, becomes very stiff.
Lean CLAY (CL) (continued).

  At EL. 327.5 ft, becomes hard.

  At EL. 317.5 ft, becomes light brown.

Bottom of Borehole at 101.5 ft.
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Suspended drilling on 12/26/07;
resumed on 12/27/07.
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UC =2.1

1
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3
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128

117

129

138

7

15

7

4

6 inches Asphalt Concrete over 12 inches AB.

SILTY SAND with GRAVEL (SM); very dense; dark
grayish brown; moist.

SILTY, CLAYEY SAND (SC-SM); medium dense; dark
brown; moist; trace fine GRAVEL.

Lean CLAY (CL); stiff to very stiff; dark brown; moist.

CLAYEY SAND with GRAVEL (SC); medium dense;
dark brown; moist to wet; trace GRAVEL.

SILTY SAND with GRAVEL (SM); very dense; brown to
brownish gray; moist.

Boring dry ATD.
Bottom of Borehole at 22.0 ft.
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Hard drilling.

Refusal at 22 feet.
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TOTAL DEPTH OF BORING

22.0 ft

DRILLING CONTRACTOR

Exploration Geoservices, Inc

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96")

BOREHOLE LOCATION (Offset, Station, Line)

~ 61.8' Rt  Sta  ~ 435+92.1 A3

DRILLING METHOD

Hollow-Stem Auger
DRILL RIG

Mobile B53

SPT HAMMER TYPE

140lb/30in - Wirewinch

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry

BEGIN DATE

12-5-07
COMPLETION DATE
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C.Rambo
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

37° 41' 8.56" / -121° 48' 19.63"  NAD83
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PP = 2
UC =1.5

PP =
4.5

UC =2.2

1

2

3

4

5

111

120

18

14

SANDY lean CLAY with GRAVEL (CL); stiff; dark brown
mottled with gray pockets; moist; (FILL).

Well-graded SAND with GRAVEL (SW); dense; brown;
(FILL).

Lean CLAY (CL); very stiff; brown; moist; trace fine
GRAVEL; (FILL).

  At EL. 406.3 ft, becomes hard; brown mottled with gray
pockets; increase in gravel content.

3 inches asphalt concrete.

SANDY lean CLAY with GRAVEL (CL); stiff; brown;
moist.

CLAYEY SAND with GRAVEL (SC); dense; brown;

65
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Hand augered to 3.5 feet.
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TOTAL DEPTH OF BORING

25.0 ft

DRILLING CONTRACTOR

Exploration Geoservices, Inc

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96"), CA (2.44")

BOREHOLE LOCATION (Offset, Station, Line)

~ 92.4' Rt  Sta  ~ 435+92.0 A3

DRILLING METHOD

Hollow-Stem Auger
DRILL RIG

Mobile B53

SPT HAMMER TYPE

140lb/30in - Wirewinch

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry

BEGIN DATE

12-7-07
COMPLETION DATE
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BOREHOLE LOCATION (Lat/Long or North/East and Datum)

37° 41' 8.59" / -121° 48' 19.63"  NAD83
HOLE ID
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425.30 ft NAVD 88

HOLE ID

NB25A
EA

04-297601
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BORING RECORD
DIST.
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COUNTY
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(continued)

San Jose Office

55 S. Market St, Ste 1500

San Jose, CA  95113
SHEET
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moist.
Boring dry ATD.
Bottom of Borehole at 25.0 ft.
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PP =
1.5

UC =0.7

1

2

3

4

5

6

7

116

124

112

6

3

19

GRAVELLY lean CLAY (CL); stiff; yellowish brown;
moist.

  At EL. 407.2 ft, with sand, gravel up to 2 inches.

  At EL. 405.2 ft, with (GRAVELLY lean CLAY) (CL);
trace SAND.

Poorly graded SAND with SILT and GRAVEL (SP-SM);
medium dense; light brownish yellow to grayish brown;
moist.

Lean CLAY with GRAVEL (CL); stiff; dark reddish
brown; moist.

SILT (ML); medium stiff to stiff; brownish gray; moist;
trace GRAVEL; trace SAND; orange and black mottling.

CLAYEY SAND with GRAVEL (SC); very dense; olive
brown to grayish brown; wet.

75

70

75

85

95

90

9

8

9

5

6

8

8

7

7

9

12

14

30

12

14

9

10

12

31

36

50/6"

2-inch gravel in shoe; sample
disturbed.
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12"

TOTAL DEPTH OF BORING

30.0 ft

DRILLING CONTRACTOR

Exploration Geoservices, Inc

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96"), CA (2.44")

BOREHOLE LOCATION (Offset, Station, Line)

~ 77.5' Rt  Sta  ~ 447+24.4 A3

DRILLING METHOD

Hollow-Stem Auger
DRILL RIG

Mobile B53

SPT HAMMER TYPE

140lb/30in - Wirewinch

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry

BEGIN DATE

11-20-07
COMPLETION DATE

11-20-07
LOGGED BY

M.Thummaluru
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

37° 41' 19.71" / -121° 48' 19.7"  NAD83
HOLE ID

NB26
SURFACE ELEVATION

410.20 ft NAVD 88

HOLE ID

NB26
EA

04-297601

REPORT TITLE

BORING RECORD
DIST.
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COUNTY

Alameda

(continued)

San Jose Office

55 S. Market St, Ste 1500

San Jose, CA  95113
SHEET
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8 1198

CLAYEY SAND with GRAVEL (SC) (continued).

Boring dry ATD.
Bottom of Borehole at 30.0 ft.

3550/6"

Sampler advanced 18 in.

Sampler advanced 6 in.
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GRAVELLY SILT (ML); very stiff; reddish brown; moist.

SILTY CLAY with SAND (CL-ML); hard; dark gray;
moist; some GRAVEL.

Less sand.

Lean CLAY with GRAVEL (CL); very stiff; brown mottled
with gray; moist.

CLAYEY SAND with GRAVEL (SC); very dense; brown;
moist.

Lean CLAY (CL); hard; brown mottled with grayish
brown; moist.

SILTY SAND with GRAVEL (SM); very dense; wet.
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TOTAL DEPTH OF BORING
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DRILLING CONTRACTOR

Exploration Geoservices, Inc

AFTER DRILLING (DATE)

24 ft on 12-9-08

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96"), SPT (1.44")

BOREHOLE LOCATION (Offset, Station, Line)

~ 34' Rt  Sta  ~ 51+26 VEX

DRILLING METHOD

Hollow-Stem Auger
DRILL RIG

Mobile B53

SPT HAMMER TYPE

140lb/30in - Wirewinch

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING
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Lean CLAY (CL); hard; brown; moist.

CLAYEY SAND with GRAVEL (SC); brown.

Lean CLAY (CL); very stiff to hard; brown; moist; with
black speckling.

Bottom of Borehole at 50.0 ft.
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GRAVELLY SILT (ML); very stiff; brown; moist.

SANDY SILT (ML); very stiff; brown; moist.

SILTY SAND with GRAVEL (SM); very dense; brown;
with GRAVEL.

  At EL. 507.0 ft, becomes reddish brown.

Lean CLAY (CL); hard; reddish brown mottled with gray;
moist.

SILTY SAND (SM); very dense; brown; some GRAVEL;
trace fines.

CLAYEY SAND (SC); very dense; brown; moist; with
GRAVEL.
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Sampler advanced 11 in.

Sampler advanced 4 in.
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TOTAL DEPTH OF BORING

50.0 ft

DRILLING CONTRACTOR

Exploration Geoservices, Inc

AFTER DRILLING (DATE)

28 ft on 12-9-08

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96"), SPT (1.44")

BOREHOLE LOCATION (Offset, Station, Line)

~ 45.4' Rt  Sta  ~ 54+34 VEX

DRILLING METHOD

Hollow-Stem Auger
DRILL RIG

Mobile B53

SPT HAMMER TYPE

140lb/30in - Wirewinch

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

28 ft
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SURFACE ELEVATION

518 ft NAVD 88
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04-297601
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>4.5

UC =4.83
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CLAYEY SAND (SC) (continued).

Lean CLAY (CL); hard; reddish brown; moist.

  At EL. 469.5 ft, becomes reddish brown mottled with
gray; and some black speckling.

Bottom of Borehole at 50.0 ft.
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Sampler advanced 8 in.

Sampler advanced 12 in.
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UC =4.7
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8" Asphalt Concrete.

Aggregate Base.

SILTY SAND with GRAVEL (SM); reddish brown; trace
GRAVEL; with fines.

SILTY GRAVEL with SAND (GM); very dense; brown.

Lean CLAY (CL); hard; brown; moist; black speckling.

Brown mottled with grayish brown.
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Bag sample 2 to 5'

Sampler advanced 3 in.

Sampler advanced 4 in.

Sampler advanced 6 in.

LL=31
PI=11
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TOTAL DEPTH OF BORING

50.0 ft

DRILLING CONTRACTOR

Exploration Geoservices, Inc

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96"), SPT (1.44")

BOREHOLE LOCATION (Offset, Station, Line)

~ 21.3' Rt  Sta  ~ 103+77 V1

DRILLING METHOD

Hollow-Stem Auger
DRILL RIG

Mobile B53

SPT HAMMER TYPE

140lb/30in - Wirewinch
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GROUNDWATER
READINGS

DURING DRILLING
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UC =1.5
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Lean CLAY (CL) (continued).

With GRAVEL.

SANDY lean CLAY (CL); stiff; grayish brown; moist.

Lean CLAY with SAND (CL); stiff; grayish brown; moist.

Lean CLAY (CL); stiff; grayish brown mottled with
reddish brown; moist.

Bottom of Borehole at 50.0 ft.
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GRAVELLY SILT (ML); very dense; brown; moist.

Less gravel.

SILTY, CLAYEY SAND with GRAVEL (SC-SM); very
dense; brown; moist; with GRAVEL.

SILTY SAND with GRAVEL (SM); dense; dark brown;
moist; with GRAVEL.

Lean CLAY with SAND (CL); hard; brown; moist; trace
GRAVEL.

CLAYEY SAND (SC); brown; trace GRAVEL.

Increase gravel.

SILT with SAND (ML); hard; brown; moist; with fine
SAND.
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Bag sample 0-5 feet

Sampler advanced 4 in.

Sampler advanced 5 in.

LL=23
PI=6
Sampler advanced 5 in.
PI
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-#200=60%
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TOTAL DEPTH OF BORING

30.0 ft
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Exploration Geoservices, Inc
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HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96"), SPT (1.44")

BOREHOLE LOCATION (Offset, Station, Line)
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DRILLING METHOD
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DRILL RIG

Mobile B53
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8 20

SILT with SAND (ML) (continued).

Lean CLAY (CL); hard; brown; moist.

Bottom of Borehole at 30.0 ft.
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PP =
>4.5

PP =
>4.5

PP =
>4.5

UC =7.4

1
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131
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6

11

10

10

7

15

SILTY GRAVEL (GM); dense; dark brown; moist.

With AC chunks.

SANDY lean CLAY with GRAVEL (CL); hard; reddish
brown; moist; with GRAVEL.

SILTY SAND with GRAVEL (SM); dense; reddish
brown; moist.

SILT with SAND (ML); hard; reddish brown; moist; with
fine SAND.

SILTY SAND with GRAVEL (SM); very dense; reddish
brown; moist; with GRAVEL.

  At EL. 490.0 ft, becomes brown; increasing gravel.

Lean CLAY (CL); very stiff to hard; reddish brown;
moist; with black speckling and light gray streaking.
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Bag sample 0-5 feet

LL=29
PI=14
PI

Sampler advanced 12 in.

Sampler advanced 12 in.

Sampler advanced 12 in.
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TOTAL DEPTH OF BORING
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DRILLING CONTRACTOR

Exploration Geoservices, Inc

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96")

BOREHOLE LOCATION (Offset, Station, Line)

~ 41.2' Rt  Sta  ~ 108+22 V1

DRILLING METHOD

Hollow-Stem Auger
DRILL RIG

Mobile B53

SPT HAMMER TYPE

140lb/30in - Wirewinch
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GROUNDWATER
READINGS

DURING DRILLING
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>4.5

UC =9.8

UC =6.6
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Lean CLAY (CL) (continued).

Bottom of Borehole at 35.0 ft.
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Sampler advanced 17 in.
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4" Asphalt Concrete.

Aggregate base.

SANDY lean CLAY with GRAVEL (CL); very stiff;
reddish brown; moist.

Poorly graded SAND with GRAVEL (SP); very dense;
dark gray; layer.

SILTY SAND with GRAVEL (SM); dense; reddish
brown; moist.

SANDY lean CLAY (CL); medium stiff; dark grayish
brown; moist to wet; trace GRAVEL.

Lean CLAY (CL); hard; reddish brown; trace GRAVEL.

CLAYEY SAND (SC); very dense; reddish brown; moist.
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Bag sample 2-1/2 - 5'

Sampler advanced 12 in.

Sampler advanced 8 in.

+#4=30%
-#200=27%
PA

LL=25
PI=10
PI

HSA sealed off first aquifer at 19'
Hit second one at 49'.  H2O quickly
up to 15'
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TOTAL DEPTH OF BORING

50.0 ft

DRILLING CONTRACTOR

Exploration Geoservices, Inc

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96"), SPT (1.44")

BOREHOLE LOCATION (Offset, Station, Line)

~ 12.6'  Lt  Sta  ~ 111+44 V1

DRILLING METHOD

Hollow-Stem Auger
DRILL RIG

Mobile B53

SPT HAMMER TYPE

140lb/30in - Wirewinch

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

14.5 ft

BEGIN DATE
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HOLE ID
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487 ft NAVD 88

HOLE ID
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UC =5.1
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CLAYEY SAND (SC) (continued).

Lean CLAY (CL); hard; reddish brown mottled with light
brown; moist; trace GRAVEL.

CLAYEY SAND (SC); very dense; reddish brown; moist.

Bottom of Borehole at 50.0 ft.
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Sampler advanced 11 in.

Sampler advanced 6 in.
Aquifer
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UC =4.7

1
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4" Asphalt Concrete.

Aggregate Base.

SILTY SAND with GRAVEL (SM); very dense; reddish
brown; moist.

Browner color.

Lean CLAY (CL); very stiff; brown; moist.

GRAVELLY lean CLAY with SAND (CL); very stiff;
brown.

Lean CLAY with SAND (CL); hard; reddish brown;
moist.
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Bag sample 2.5 to 5'

Sampler advanced 4 in.

Sampler advanced 12 in.

Sampler advanced 6 in.
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TOTAL DEPTH OF BORING

50.0 ft

DRILLING CONTRACTOR

Exploration Geoservices, Inc

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96"), SPT (1.44")

BOREHOLE LOCATION (Offset, Station, Line)

~ 13.7'  Lt  Sta  ~ 116+12 V1

DRILLING METHOD

Hollow-Stem Auger
DRILL RIG

Mobile B53

SPT HAMMER TYPE

140lb/30in - Wirewinch

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry

BEGIN DATE

1-5-09
COMPLETION DATE

1-5-09
LOGGED BY

C.Rambo
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

2058228.7 ft / 6186575.8 ft  NAD83
HOLE ID

NB36
SURFACE ELEVATION

492 ft NAVD 88

HOLE ID

NB36
EA

04-297601
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San Jose Office
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San Jose, CA  95113
SHEET

1  of  2

R
Q

D
 (

%
)

S
h

e
a

r 
S

tr
e

n
g

th
(t

s
f)

S
a

m
p

le
 N

u
m

b
e

r

D
ry

 U
n

it
 W

e
ig

h
t

(p
c
f)

M
o
is

tu
re

C
o
n
te

n
t 
(%

)

E
L

E
V

A
T

IO
N

 (
ft
)

490.00

488.00

486.00

484.00

482.00

480.00

478.00

476.00

474.00

472.00

470.00

468.00

DESCRIPTION

M
a

te
ri

a
l

G
ra

p
h

ic
s

D
E

P
T

H
 (

ft
)

R
e

c
o

v
e

ry
 (

%
)

B
lo

w
s
 p

e
r 

6
 i
n

.

S
a

m
p

le
 L

o
c
a

ti
o

n

D
ri
lli

n
g
 M

e
th

o
d

C
a
s
in

g
 D

e
p
th

PREPARED BY

L.Phillips
DATE

1-6-09
BRIDGE NUMBER

Remarks

B
lo

w
s
 p

e
r 

F
o

o
t

POSTMILE

22.9/27.1
ROUTE

84
PROJECT OR BRIDGE NAME

SR 84 Expy Widen (URS 28649640)

U
R

S
 B

O
R

IN
G

 R
E

C
O

R
D

 2
0

0
8

0
2

  
2

8
6

4
9

6
4

0
-R

O
U

T
E

8
4

.G
P

J
  

S
N

J
_

C
T

.G
L

B
  

9
/1

6
/1

0

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25



UC =4.2

UC =6.2

UC =9.3

7

8

9

10

11

120

116

126

124

127

16

18

13

14

13

Lean CLAY with SAND (CL) (continued).

With black speckling.

Mottled with gray.

Hard; some black speckling.

CLAYEY SAND (SC); very dense; reddish brown; moist;
trace GRAVEL.

Bottom of Borehole at 50.0 ft.
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SILTY SAND with GRAVEL (SM); dense; grayish
brown; moist.

CLAYEY GRAVEL with SAND (GC); reddish brown;
moist.

Lean CLAY with SAND (CL); stiff; brown; with orange
mottles.

SANDY lean CLAY (CL); stiff; brown; moist.

CLAYEY GRAVEL (GC); brown.

CLAYEY SAND with GRAVEL (SC); dense; brown;
moist.

At 15 ft, becomes very dense.

At 20 ft, becomes dense.
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4" solid flight auger to 5 feet

began rotary wash

slight fluid loss

58

18
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TOTAL DEPTH OF BORING

90.0 ft

DRILLING CONTRACTOR

Pitcher Drilling Co.

AFTER DRILLING (DATE)

3.5 ft on 12-15-08

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

4-7/8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96"), SPT (1.44")

BOREHOLE LOCATION (Offset, Station, Line)

~ 23.1' Rt  Sta  ~ 319+95.6 A1

DRILLING METHOD

Rotary Wash
DRILL RIG

Failing 1500

SPT HAMMER TYPE

140lb/30in - Auto

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry

BEGIN DATE

12-12-08
COMPLETION DATE

12-15-08
LOGGED BY

M.Selvendran
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

2063189.1 ft / 6183749.7 ft  NAD83
HOLE ID

NB37
SURFACE ELEVATION

404 ft NAVD 88

HOLE ID

NB37
EA

04-297601
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(continued)

San Jose Office
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CLAYEY SAND with GRAVEL (SC) (continued).

At 35 ft, becomes very dense.

SANDY SILT (ML); medium dense; brown; moist; trace
GRAVEL; fine SAND.

CLAYEY SAND with GRAVEL (SC); dense; brown;
moist.
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+#4=40%
-#200=12%
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Non-plastic

stop drilling 12/12/2008
resme drilling 12/15/2008
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At 55 ft, becomes very dense.
CLAYEY SAND with GRAVEL (SC) (continued).

CLAYEY GRAVEL with SAND (GC); very dense; brown;
moist.

At 65 ft, same as above except dark brown mottles.

At 70 ft, same as above except reddish brown mottles.
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CLAYEY GRAVEL with SAND (GC) (continued).

Bottom of Borehole at 90.0 ft.
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SILTY SAND with GRAVEL (SM); dense; grayish
brown; moist.

CLAYEY SAND with GRAVEL (SC); very dense; brown;
moist.
At 4.5 ft, 3 inch gravel lense.

At 10 ft, becomes dense.

At 20 ft, becomes very dense.

50

70

60

50

50

13

19

21

11

28

59

16

15

22

24

21

22

14

24

32

4" solid flight auger to 5 feet

began rotary wash
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TOTAL DEPTH OF BORING

90.0 ft

DRILLING CONTRACTOR

Pitcher Drilling Co.

AFTER DRILLING (DATE)

3 ft on 12-11-08

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

4-7/8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96"), SPT (1.44")

BOREHOLE LOCATION (Offset, Station, Line)

~ 64.5'  Lt  Sta  ~ 320+02 A1

DRILLING METHOD

Rotary Wash
DRILL RIG

Failing 1500

SPT HAMMER TYPE

140lb/30in - Auto

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry

BEGIN DATE

12-11-08
COMPLETION DATE

12-11-08
LOGGED BY

C.Rambo
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

2063196.5 ft / 6183662.3 ft  NAD83
HOLE ID

NB38
SURFACE ELEVATION

404 ft NAVD 88

HOLE ID
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04-297601
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CLAYEY SAND with GRAVEL (SC) (continued).

At 30 ft, becomes dense.
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1339CLAYEY GRAVEL with SAND (GC); very dense; brown;
moist; At 35 ft, becomes very dense.
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CLAYEY GRAVEL with SAND (GC) (continued).

Bottom of Borehole at 90.0 ft.
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8 inches Asphalt Concrete over 6.5 inches AB.

SANDY lean CLAY (CL); very stiff; brown; moist; trace
fine GRAVEL; (FILL).

GRAVELLY lean CLAY with SAND (CL); hard; brown;
moist.

CLAYEY SAND with GRAVEL (SC); dense; brown;
moist.

Boring dry ATD.
Bottom of Borehole at 10.0 ft.
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45
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36

24
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33

3

22

30

Bag sample 1 to 5 feet.
PA, PI, R34

57

56

52

TOTAL DEPTH OF BORING

10.0 ft

DRILLING CONTRACTOR

Exploration Geoservices, Inc

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96"), CA (2.44")

BOREHOLE LOCATION (Offset, Station, Line)

~ 5.6'  Lt  Sta  ~ 230+68.3 A1

DRILLING METHOD

Hollow-Stem Auger
DRILL RIG

Mobile B53

SPT HAMMER TYPE

140lb/30in - Wirewinch

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry

BEGIN DATE

12-4-07
COMPLETION DATE
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LOGGED BY

C.Rambo
BOREHOLE LOCATION (Lat/Long or North/East and Datum)
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04-297601

REPORT TITLE

BORING RECORD
DIST.

04
COUNTY

Alameda

San Jose Office
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UC =0.7

1
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4

12413

8 inches  Asphalt Concrete over 9 inches AB.

SILTY, CLAYEY SAND with GRAVEL (SC-SM);
medium dense; brown; moist.

  At EL. 551.6 ft, with decrease in gravel content.

SANDY lean CLAY (CL); stiff; grayish brown; moist.

SILTY, CLAYEY SAND with GRAVEL (SC-SM); very
dense; brown; moist.

Boring dry ATD.
Bottom of Borehole at 10.0 ft.
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Large gravel; disturbed sample.

LL=30
PI=15
PI

41

27
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TOTAL DEPTH OF BORING

10.0 ft

DRILLING CONTRACTOR

Exploration Geoservices, Inc

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96"), CA (2.44")

BOREHOLE LOCATION (Offset, Station, Line)

~ 75.9' Rt  Sta  ~ 238+09.6 A1

DRILLING METHOD

Hollow-Stem Auger
DRILL RIG

Mobile B53

SPT HAMMER TYPE

140lb/30in - Wirewinch

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry

BEGIN DATE

12-4-07
COMPLETION DATE
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LOGGED BY

C.Rambo
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

37° 38' 1.71" / -121° 48' 6.3"  NAD83
HOLE ID
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SURFACE ELEVATION

554.10 ft NAVD 88

HOLE ID

RB02
EA

04-297601

REPORT TITLE

BORING RECORD
DIST.
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San Jose Office

55 S. Market St, Ste 1500

San Jose, CA  95113
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UC =2.11

2

3

4

116

120

11

7

SANDY lean CLAY (CL); very stiff; yellowish brown;
moist.

SILTY GRAVEL with SAND (GM); very dense; light
brownish yellow; moist.

CLAYEY GRAVEL with SAND (GC); very dense; light
brownish yellow; moist.

Boring dry ATD.
Bottom of Borehole at 10.0 ft.

90
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56
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32

77/4"

33

42

108

Bag sample 1 to 5 feet.
R

Sampler advanced 10 in.

LL=31
PI=10

26

28

77/
4"

150

TOTAL DEPTH OF BORING

10.0 ft

DRILLING CONTRACTOR

Exploration Geoservices, Inc

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96"), CA (2.44")

BOREHOLE LOCATION (Offset, Station, Line)

~ 27.6' Rt  Sta  ~ 243+42.4 A1

DRILLING METHOD

Hollow-Stem Auger
DRILL RIG

Mobile B53

SPT HAMMER TYPE

140lb/30in - Wirewinch

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry

BEGIN DATE

11-27-07
COMPLETION DATE

11-27-07
LOGGED BY

M.Thummaluru
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

37° 38' 6.51" / -121° 48' 4.68"  NAD83
HOLE ID

RB03
SURFACE ELEVATION

547.80 ft NAVD 88

HOLE ID

RB03
EA

04-297601

REPORT TITLE

BORING RECORD
DIST.

04
COUNTY

Alameda

San Jose Office

55 S. Market St, Ste 1500

San Jose, CA  95113
SHEET
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1

2

3

4

9 inches Asphalt Concrete.

Poorly graded SAND with GRAVEL (SP); very dense;
brown; moist; trace fines.

Poorly graded SAND (SP); dense; yellowish brown;
moist.

Poorly graded SAND with SILT and GRAVEL (SP-SM);
very dense; yellowish brown; moist.

Boring dry ATD.
Bottom of Borehole at 10.0 ft.

60

65

65

60

43

47

36

34

52

62

54

86/4"

43

50/2"

Bag sample 1 to 5 feet.
R

Sampler advanced 10 in.

Sampler advanced 8 in.

83

114

86/
4"

50/
2"

TOTAL DEPTH OF BORING

10.0 ft

DRILLING CONTRACTOR

Exploration Geoservices, Inc

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96")

BOREHOLE LOCATION (Offset, Station, Line)

~ 68' Rt  Sta  ~ 253+70.5 A1

DRILLING METHOD

Hollow-Stem Auger
DRILL RIG

Mobile B53

SPT HAMMER TYPE

140lb/30in - Wirewinch

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry

BEGIN DATE

12-10-07
COMPLETION DATE

12-10-07
LOGGED BY

S.Ball
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

37° 38' 13.76" / -121° 47' 55.55"  NAD83
HOLE ID

RB04
SURFACE ELEVATION

531.70 ft NAVD 88

HOLE ID

RB04
EA

04-297601

REPORT TITLE

BORING RECORD
DIST.

04
COUNTY

Alameda

San Jose Office

55 S. Market St, Ste 1500

San Jose, CA  95113
SHEET
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M.Thummaluru
DATE

12-10-07
BRIDGE NUMBER
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SR 84 Expy Widen (URS 28649640)
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UC =1.4

UC =4.4

1

2

3

4

121

114

122

123

7

10

9

8

SILTY SAND with GRAVEL (SM); dense; dark reddish
brown; moist.

SANDY lean CLAY (CL); very stiff; dark reddish brown;
moist.

Poorly graded GRAVEL with SILT and SAND (GP-GM);
very dense; light yellowish brown to white; moist.

  At EL. 518.2 ft, becomes medium dense.

Boring dry ATD.
Bottom of Borehole at 10.0 ft.

70

70

75

75

20
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11

15
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25

38

29

13

15

14

LL=21
PI=5
PI, R

Bag sample 1 to 5 feet.

39

43

67

29

TOTAL DEPTH OF BORING

10.0 ft

DRILLING CONTRACTOR

Exploration Geoservices, Inc

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96")

BOREHOLE LOCATION (Offset, Station, Line)

~ 4.1' Rt  Sta  ~ 260+11.3 A1

DRILLING METHOD

Hollow-Stem Auger
DRILL RIG

Mobile B61

SPT HAMMER TYPE

140lb/30in - Wirewinch

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry

BEGIN DATE

11-19-07
COMPLETION DATE

11-19-07
LOGGED BY

M.Thummaluru
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

37° 38' 20.22" / -121° 47' 54.76"  NAD83
HOLE ID

RB05
SURFACE ELEVATION

527.20 ft NAVD 88

HOLE ID

RB05
EA

04-297601

REPORT TITLE

BORING RECORD
DIST.

04
COUNTY

Alameda

San Jose Office

55 S. Market St, Ste 1500

San Jose, CA  95113
SHEET
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22.9/27.1
ROUTE
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PROJECT OR BRIDGE NAME

SR 84 Expy Widen (URS 28649640)
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UC =3.5

1

2

3

4 11714

5 inches Asphalt Concrete over 4 inches AB.

Poorly graded GRAVEL with SILT and SAND (GP-GM);
medium dense; light yellowish brown; moist.

  At EL. 503.1 ft, grades to (Poorly graded GRAVEL with
CLAY and SAND) (GP-GC); dense; Poorly Graded
GRAVEL with CLAY and SAND (GP-GC); light
yellowish brown to olive brown.

CLAYEY SAND (SC); medium dense; dark reddish
brown; moist; trace GRAVEL.

Boring dry ATD.
Bottom of Borehole at 10.0 ft.

45

60

95

85

21

8

10
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15
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43

9

16
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18

40

68

34

TOTAL DEPTH OF BORING

10.0 ft

DRILLING CONTRACTOR

Exploration Geoservices, Inc

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96")

BOREHOLE LOCATION (Offset, Station, Line)

~ 5' Rt  Sta  ~ 264+70 A1

DRILLING METHOD

Hollow-Stem Auger
DRILL RIG

Mobile B61

SPT HAMMER TYPE

140lb/30in - Wirewinch

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry

BEGIN DATE

11-19-07
COMPLETION DATE

11-19-07
LOGGED BY

M.Thummaluru
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

37° 38' 24.78" / -121° 47' 55.15"  NAD83
HOLE ID

RB06
SURFACE ELEVATION

506.30 ft NAVD 88

HOLE ID

RB06
EA

04-297601

REPORT TITLE

BORING RECORD
DIST.

04
COUNTY

Alameda

San Jose Office

55 S. Market St, Ste 1500

San Jose, CA  95113
SHEET

1  of  1
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PROJECT OR BRIDGE NAME

SR 84 Expy Widen (URS 28649640)
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UC =0.8

UC =5

1

2

3

4

5

115

116

12

15

6 inches Asphalt Concrete over 4 inches AB.

Poorly graded GRAVEL with SILT and SAND (GP-GM);
medium dense; brownish yellow; moist.

Elastic SILT (MH); soft; grayish brown; moist to wet;
trace fine GRAVEL.

SANDY lean CLAY (CL); very stiff; reddish brown with
black mottling; moist.

Boring dry ATD.
Bottom of Borehole at 13.5 ft.
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R

No recovery.

No recovery.

LL=17
PI=1
PI

23

25

11

   6

28

TOTAL DEPTH OF BORING

13.5 ft

DRILLING CONTRACTOR

Exploration Geoservices, Inc

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96")

BOREHOLE LOCATION (Offset, Station, Line)

~ 7.8'  Lt  Sta  ~ 270+16.4 A1

DRILLING METHOD

Hollow-Stem Auger
DRILL RIG

Mobile B61

SPT HAMMER TYPE

140lb/30in - Wirewinch

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry

BEGIN DATE

11-19-07
COMPLETION DATE

11-19-07
LOGGED BY

M.Thummaluru
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

37° 38' 29.97" / -121° 47' 56.84"  NAD83
HOLE ID

RB07
SURFACE ELEVATION

489.10 ft NAVD 88

HOLE ID

RB07
EA

04-297601

REPORT TITLE

BORING RECORD
DIST.

04
COUNTY

Alameda

San Jose Office

55 S. Market St, Ste 1500

San Jose, CA  95113
SHEET
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UC =1.1

1

2

3

4

125

123

10

11

1

5 inches of Asphalt Concrete over 4 inches AB.

CLAYEY GRAVEL with SAND (GC); dense; dark
reddish brown; moist.

CLAYEY SAND (SC); medium dense; dark reddish
brown; moist; trace GRAVEL.

  At EL. 454.4 ft, with some GRAVEL.

Poorly graded SAND with SILT and GRAVEL (SP-SM);
medium dense; reddish brown; moist.

Boring dry ATD.
Bottom of Borehole at 15.0 ft.

75

90

90

90

19

17

26

13

12

11

12

14

25

14

14

12

Bag sample 1 to 5 feet.
43

23

39

26

TOTAL DEPTH OF BORING

15.0 ft

DRILLING CONTRACTOR

Exploration Geoservices, Inc

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96"), SPT (1.44")

BOREHOLE LOCATION (Offset, Station, Line)

~ 33.1'  Lt  Sta  ~ 278+11.0 A1

DRILLING METHOD

Hollow-Stem Auger
DRILL RIG

Mobile B53

SPT HAMMER TYPE

140lb/30in - Wirewinch

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry

BEGIN DATE

11-27-07
COMPLETION DATE

11-27-07
LOGGED BY

M.Thummaluru
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

37° 38' 36.85" / -121° 48' 1.42"  NAD83
HOLE ID

RB08
SURFACE ELEVATION

460.40 ft NAVD 88

HOLE ID

RB08
EA

04-297601

REPORT TITLE

BORING RECORD
DIST.

04
COUNTY

Alameda

San Jose Office

55 S. Market St, Ste 1500

San Jose, CA  95113
SHEET
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BRIDGE NUMBER
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UC =2.5

UC =1.2

1

2

3

4

126

124

108

112

8

7

24

13

5.5 inches of Asphalt Concrete over 6.5 inches of AB.

CLAYEY GRAVEL with SAND (GC); dense; dark
reddish brown; moist.

CLAYEY SAND with GRAVEL (SC); medium dense;
reddish brown; moist.

Lean CLAY (CL); very stiff; reddish brown; moist.

SILTY SAND (SM); dense; reddish brown to yellowish
brown; moist.

  At EL. 448.2 ft, becomes medium dense.

Boring dry ATD.
Bottom of Borehole at 15.0 ft.

95

95

90

90

26

30

32

25

18

16

11

17

27

6

8

16

Bag sample 1 to 5 feet.
62

34

44

24

TOTAL DEPTH OF BORING

15.0 ft

DRILLING CONTRACTOR

Exploration Geoservices, Inc

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96")

BOREHOLE LOCATION (Offset, Station, Line)

~ 33'  Lt  Sta  ~ 280+36.2 A1

DRILLING METHOD

Hollow-Stem Auger
DRILL RIG

Mobile B53

SPT HAMMER TYPE

140lb/30in - Wirewinch

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry

BEGIN DATE

11-27-07
COMPLETION DATE

11-27-07
LOGGED BY

M.Thummaluru
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

37° 38' 38.64" / -121° 48' 3.02"  NAD83
HOLE ID

RB09
SURFACE ELEVATION

461.70 ft NAVD 88

HOLE ID

RB09
EA

04-297601

REPORT TITLE

BORING RECORD
DIST.

04
COUNTY

Alameda

San Jose Office

55 S. Market St, Ste 1500

San Jose, CA  95113
SHEET

1  of  1
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PROJECT OR BRIDGE NAME
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1

2

3

4

117

116

16

15

7

5.5 inches Asphalt Concrete over 5 inches AB.

Poorly graded GRAVEL with SILT and SAND (GP-GM);
medium dense; brownish yellow; moist.

SANDY lean CLAY (CL); stiff; dark reddish brown;
moist; trace GRAVEL.

  At EL. 446.8 ft, becomes very stiff.

Poorly graded SAND with GRAVEL (SP); medium
dense; reddish brown to orange red; moist.

Boring dry ATD.
Bottom of Borehole at 10.0 ft.

60

90

90

85

10

14
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9

10

4

8
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Bag sample 1 to 5 feet.
R

LL=32
PI=15
PI

21

19

21

35

TOTAL DEPTH OF BORING

10.0 ft

DRILLING CONTRACTOR

Exploration Geoservices, Inc

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96")

BOREHOLE LOCATION (Offset, Station, Line)

~ 3.2'  Lt  Sta  ~ 284+94.3 A1

DRILLING METHOD

Hollow-Stem Auger
DRILL RIG

Mobile B61

SPT HAMMER TYPE

140lb/30in - Wirewinch

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry

BEGIN DATE

11-19-07
COMPLETION DATE

11-19-07
LOGGED BY

M.Thummaluru
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

37° 38' 42.23" / -121° 48' 6.48"  NAD83
HOLE ID

RB10
SURFACE ELEVATION

451.80 ft NAVD 88

HOLE ID

RB10
EA

04-297601

REPORT TITLE

BORING RECORD
DIST.

04
COUNTY

Alameda

San Jose Office

55 S. Market St, Ste 1500

San Jose, CA  95113
SHEET
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1

2

3

4

5

11615

15

6.5 inches Asphalt Concrete over 2 inches AB.

CLAYEY SAND with GRAVEL (SC); loose; yellowish
brown; moist; FILL.

SANDY lean CLAY (CL); stiff; reddish brown; moist;
some GRAVEL.

CLAYEY SAND with GRAVEL (SC); loose to medium
dense; reddish brown; moist.

SANDY lean CLAY (CL/SC); stiff; reddish brown; moist.

Boring dry ATD.
Bottom of Borehole at 11.5 ft.

35

60

90

0
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7

5

3

4

7

10

8

5

6

5

5

5

3

5

10

Bag sample 1 to 5 feet.
R

No recovery.

Sample disturbed; used catcher.

   8

17

11

10

15

TOTAL DEPTH OF BORING

11.5 ft

DRILLING CONTRACTOR

Exploration Geoservices, Inc

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96")

BOREHOLE LOCATION (Offset, Station, Line)

~ 6.1'  Lt  Sta  ~ 289+94.0 A1

DRILLING METHOD

Hollow-Stem Auger
DRILL RIG

Mobile B61

SPT HAMMER TYPE

140lb/30in - Wirewinch

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry

BEGIN DATE

11-19-07
COMPLETION DATE

11-19-07
LOGGED BY

M.Thummaluru
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

37° 38' 45.92" / -121° 48' 10.61"  NAD83
HOLE ID

RB11
SURFACE ELEVATION

447.40 ft NAVD 88

HOLE ID

RB11
EA

04-297601

REPORT TITLE

BORING RECORD
DIST.

04
COUNTY

Alameda

San Jose Office

55 S. Market St, Ste 1500

San Jose, CA  95113
SHEET
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1

2

3

4 124

8

11

7 inches of Asphalt Concrete over 10 inches of AB.

SANDY lean CLAY with GRAVEL (CL); very stiff; dark
brown; moist.

SILTY GRAVEL (GM); medium dense; tan; moist.

SANDY lean CLAY with GRAVEL (CL); very stiff; dark
brown; moist.

CLAYEY SAND with GRAVEL (SC); medium dense;
brown; moist.

Boring dry ATD.
Bottom of Borehole at 10.0 ft.

50

40

30

55
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16

21
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9

9

9

9

R
37

25

17

18

TOTAL DEPTH OF BORING

10.0 ft

DRILLING CONTRACTOR

Exploration Geoservices, Inc

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96")

BOREHOLE LOCATION (Offset, Station, Line)

~ 32.7'  Lt  Sta  ~ 295+52.0 A1

DRILLING METHOD

Hollow-Stem Auger
DRILL RIG

Mobile B53

SPT HAMMER TYPE

140lb/30in - Wirewinch

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry

BEGIN DATE

11-20-07
COMPLETION DATE

11-20-07
LOGGED BY

C.Rambo
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

37° 38' 50.38" / -121° 48' 14.76"  NAD83
HOLE ID

RB12
SURFACE ELEVATION

440.50 ft NAVD 88

HOLE ID

RB12
EA

04-297601

REPORT TITLE

BORING RECORD
DIST.

04
COUNTY

Alameda

San Jose Office

55 S. Market St, Ste 1500

San Jose, CA  95113
SHEET

1  of  1

R
Q

D
 (

%
)

S
h

e
a

r 
S

tr
e

n
g

th
(t

s
f)

S
a

m
p

le
 N

u
m

b
e

r

D
ry

 U
n

it
 W

e
ig

h
t

(p
c
f)

M
o
is

tu
re

C
o
n
te

n
t 
(%

)

E
L

E
V

A
T

IO
N

 (
ft
)

438.50

436.50

434.50

432.50

430.50

428.50

426.50

424.50

422.50

420.50

418.50

416.50
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1

2

3

4

122

104

113

12

22

15

6 inches of Asphalt Concrete over 4 inches of AB.

CLAYEY SAND (SC); loose; yellowish brown; moist;
trace GRAVEL.

Fat CLAY (CH); stiff; brownish gray; moist.

  At EL. 425.5 ft, with trace GRAVEL.

Boring dry ATD.
Bottom of Borehole at 10.0 ft.

0
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Bag sample 1 to 5 feet.

No recovery.

LL=26
PI=9
PI

LL=43
PI=23
PI

12

24

15

17

TOTAL DEPTH OF BORING

10.0 ft

DRILLING CONTRACTOR

Exploration Geoservices, Inc

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96"), CA (2.44")

BOREHOLE LOCATION (Offset, Station, Line)

~ 10.1'  Lt  Sta  ~ 300+54.3 A1

DRILLING METHOD

Hollow-Stem Auger
DRILL RIG

Mobile B61

SPT HAMMER TYPE

140lb/30in - Wirewinch

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry

BEGIN DATE

11-19-07
COMPLETION DATE

11-19-07
LOGGED BY

M.Thummaluru
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

37° 38' 54.98" / -121° 48' 17.2"  NAD83
HOLE ID

RB13
SURFACE ELEVATION

434.00 ft NAVD 88

HOLE ID

RB13
EA

04-297601

REPORT TITLE

BORING RECORD
DIST.

04
COUNTY

Alameda

San Jose Office

55 S. Market St, Ste 1500

San Jose, CA  95113
SHEET

1  of  1
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1

2

3

4

11412

6 inches Asphalt Concrete over 12 inches AB.

SILTY SAND (SM); medium dense; tan brown.

Fat CLAY with GRAVEL (CH); stiff; black; moist.

Poorly graded GRAVEL (GP); medium dense;
tan/brown.

  At EL. 423.0 ft, becomes dense.

Boring dry ATD.
Bottom of Borehole at 10.0 ft.

30

65

0

40

18

13

5

4

8

9

8

9

10

18

24

18

Bag sample 1 to 5 feet.
R18

17

19

42

TOTAL DEPTH OF BORING

10.0 ft

DRILLING CONTRACTOR

Exploration Geoservices, Inc

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96"), CA (2.44")

BOREHOLE LOCATION (Offset, Station, Line)

~ 10.8' Rt  Sta  ~ 305+98.7 A1

DRILLING METHOD

Hollow-Stem Auger
DRILL RIG

Mobile B61

SPT HAMMER TYPE

140lb/30in - Wirewinch

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry

BEGIN DATE

11-19-07
COMPLETION DATE

11-19-07
LOGGED BY

C.Rambo
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

37° 39' 0.19" / -121° 48' 18.94"  NAD83
HOLE ID

RB14
SURFACE ELEVATION

431.50 ft NAVD 88

HOLE ID

RB14
EA

04-297601

REPORT TITLE

BORING RECORD
DIST.

04
COUNTY

Alameda

San Jose Office

55 S. Market St, Ste 1500

San Jose, CA  95113
SHEET

1  of  1

R
Q

D
 (

%
)

S
h

e
a

r 
S

tr
e

n
g

th
(t

s
f)

S
a

m
p

le
 N

u
m

b
e

r

D
ry

 U
n

it
 W

e
ig

h
t

(p
c
f)

M
o
is

tu
re

C
o
n
te

n
t 
(%

)

E
L

E
V

A
T

IO
N

 (
ft
)

429.50

427.50

425.50

423.50

421.50

419.50

417.50

415.50

413.50

411.50

409.50

407.50

DESCRIPTION

M
a

te
ri

a
l

G
ra

p
h

ic
s

D
E

P
T

H
 (

ft
)

R
e

c
o

v
e

ry
 (

%
)

B
lo

w
s
 p

e
r 

6
 i
n

.

S
a

m
p

le
 L

o
c
a

ti
o

n

D
ri
lli

n
g
 M

e
th

o
d

C
a
s
in

g
 D

e
p
th

PREPARED BY

M.Thummaluru
DATE

11-30-07
BRIDGE NUMBER

Remarks

B
lo

w
s
 p

e
r 

F
o

o
t

POSTMILE

22.9/27.1
ROUTE

84
PROJECT OR BRIDGE NAME

SR 84 Expy Widen (URS 28649640)

U
R

S
 B

O
R

IN
G

 R
E

C
O

R
D

 2
0

0
8

0
2

  
2

8
6

4
9

6
4

0
-R

O
U

T
E

8
4

.G
P

J
  

S
N

J
_

C
T

.G
L

B
  

9
/1

6
/1

0

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25



1

2

3

4

12

6 inches Asphalt Concrete.

SILT (ML); soft; brown; moist; trace GRAVEL; trace
SAND.

Poorly graded SAND with GRAVEL (SP); very loose to
loose; brown; moist.

  At EL. 418.7 ft, becomes medium dense.

  At EL. 417.2 ft, becomes very dense.

Boring dry ATD.
Bottom of Borehole at 9.5 ft.

25

0

25

3
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3

3

3

2

3

4

6

12

50/0.5"

Bag sample 1 to 5 feet.

No recovery.

Used catcher; disturbed sample.

Sampler advanced 0.5 in.

   6

   5

18

REF

TOTAL DEPTH OF BORING

9.5 ft

DRILLING CONTRACTOR

Exploration Geoservices, Inc

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96")

BOREHOLE LOCATION (Offset, Station, Line)

~ 3'  Lt  Sta  ~ 312+65.8 A1

DRILLING METHOD

Hollow-Stem Auger
DRILL RIG

Mobile B53

SPT HAMMER TYPE

140lb/30in - Wirewinch

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry

BEGIN DATE

12-10-07
COMPLETION DATE

12-10-07
LOGGED BY

S.Ball
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

37° 39' 6.69" / -121° 48' 20.17"  NAD83
HOLE ID

RB15
SURFACE ELEVATION

423.70 ft NAVD 88

HOLE ID

RB15
EA

04-297601

REPORT TITLE

BORING RECORD
DIST.

04
COUNTY

Alameda

San Jose Office

55 S. Market St, Ste 1500

San Jose, CA  95113
SHEET
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12512

6 inches Asphalt Concrete.

Well-graded GRAVEL with SILT and SAND (GW-GM);
very dense; light gray; moist.

  At EL. 421.2 ft, becomes dense.

SANDY lean CLAY with GRAVEL (CL); very stiff;
brown; moist.

Well-graded GRAVEL with SILT and SAND (GW-GM);
medium dense; brown; moist.

Boring dry ATD.
Bottom of Borehole at 10.0 ft.

75

35

75

45

33

92

69

26

29

28

13

10

9

12

20

14

Bag sample 1 to 5 feet.
R161

57

19

34

TOTAL DEPTH OF BORING

10.0 ft

DRILLING CONTRACTOR

Exploration Geoservices, Inc

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96")

BOREHOLE LOCATION (Offset, Station, Line)

~ 30'  Lt  Sta  ~ 324+38.9 A1

DRILLING METHOD

Hollow-Stem Auger
DRILL RIG

Mobile B53

SPT HAMMER TYPE

140lb/30in - Wirewinch

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry

BEGIN DATE

12-10-07
COMPLETION DATE

12-10-07
LOGGED BY

S.Ball
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

37° 39' 18.29" / -121° 48' 20.56"  NAD83
HOLE ID

RB16
SURFACE ELEVATION

424.20 ft NAVD 88

HOLE ID

RB16
EA

04-297601

REPORT TITLE

BORING RECORD
DIST.

04
COUNTY

Alameda

San Jose Office

55 S. Market St, Ste 1500

San Jose, CA  95113
SHEET
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1

2

3

4 6

SILTY GRAVEL with SAND (GM); dense; tan; moist.

  At EL. 417.4 ft, becomes medium dense.

Boring dry ATD.
Bottom of Borehole at 10.0 ft.

35

65

50

35

28

24

25

23

25

24

26

23

24

12

8

10

Bag sample 1 to 5 feet.

+#4=46%
-#200=15%
PA

49

49

47

18

TOTAL DEPTH OF BORING

10.0 ft

DRILLING CONTRACTOR

Exploration Geoservices, Inc

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

CA (2.44")

BOREHOLE LOCATION (Offset, Station, Line)

~ 56.6' Rt  Sta  ~ 328+24.4 A1

DRILLING METHOD

Hollow-Stem Auger
DRILL RIG

Mobile B61

SPT HAMMER TYPE

140lb/30in - Wirewinch

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry

BEGIN DATE

11-19-07
COMPLETION DATE

11-19-07
LOGGED BY

C.Rambo
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

37° 39' 22.1" / -121° 48' 19.45"  NAD83
HOLE ID

RB17
SURFACE ELEVATION

425.90 ft NAVD 88

HOLE ID

RB17
EA

04-297601

REPORT TITLE

BORING RECORD
DIST.

04
COUNTY

Alameda

San Jose Office

55 S. Market St, Ste 1500

San Jose, CA  95113
SHEET

1  of  1
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1

2

3

4 7

5.5 inches Asphalt Concrete over 6.5 inches AB.

SILTY SAND with GRAVEL (SM); dense; dark grayish
brown; moist.

  At EL. 418.2 ft, becomes medium dense.

SILTY SAND with GRAVEL (SM); dense; light brown;
moist.

  At EL. 412.7 ft, becomes dark brown.

Boring dry ATD.
Bottom of Borehole at 10.0 ft.

45

0

55

100

22

22

23

8

17

19

18

22

22

21

24

22

Bag sample 1 to 5 feet.
R

No recovery.

45

36

44

46

TOTAL DEPTH OF BORING

10.0 ft

DRILLING CONTRACTOR

Exploration Geoservices, Inc

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96"), CA (2.44")

BOREHOLE LOCATION (Offset, Station, Line)

~ 31.1'  Lt  Sta  ~ 332+96.7 A1

DRILLING METHOD

Hollow-Stem Auger
DRILL RIG

Mobile B53

SPT HAMMER TYPE

140lb/30in - Wirewinch

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry

BEGIN DATE

12-5-07
COMPLETION DATE

12-5-07
LOGGED BY

C.Rambo
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

37° 39' 26.77" / -121° 48' 20.49"  NAD83
HOLE ID

RB18
SURFACE ELEVATION

421.20 ft NAVD 88

HOLE ID

RB18
EA

04-297601

REPORT TITLE

BORING RECORD
DIST.

04
COUNTY

Alameda

San Jose Office

55 S. Market St, Ste 1500

San Jose, CA  95113
SHEET

1  of  1
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1

2

3

4 10221

8 inches asphalt concrete over 10 inches AB.

SILTY SAND with GRAVEL (SM); dense; brown; moist.

  At EL. 410.2 ft, becomes very dense.

  At EL. 406.7 ft, becomes dense; with less gravel.

Boring dry ATD.
Bottom of Borehole at 10.0 ft.

65

85

65

67

17

25

21

33

35

33

39

40

41

24

33

28

Bag sample 1 to 5 feet.
46

68

81

61

TOTAL DEPTH OF BORING

10.0 ft

DRILLING CONTRACTOR

Exploration Geoservices, Inc

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96"), CA (2.44")

BOREHOLE LOCATION (Offset, Station, Line)

~ 11.3'  Lt  Sta  ~ 341+68.3 A1

DRILLING METHOD

Hollow-Stem Auger
DRILL RIG

Mobile B53

SPT HAMMER TYPE

140lb/30in - Wirewinch

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry

BEGIN DATE

12-3-07
COMPLETION DATE

12-3-07
LOGGED BY

C.Rambo
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

37° 39' 35.39" / -121° 48' 20.14"  NAD83
HOLE ID

RB19
SURFACE ELEVATION

415.20 ft NAVD 88

HOLE ID

RB19
EA

04-297601

REPORT TITLE

BORING RECORD
DIST.

04
COUNTY

Alameda

San Jose Office

55 S. Market St, Ste 1500

San Jose, CA  95113
SHEET

1  of  1
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1

2

3

4

9720

8 inches Asphalt Concrete.

SILTY SAND with GRAVEL (SM); dense; gray.

SILTY, CLAYEY SAND with GRAVEL (SC-SM); very
dense; brown; moist.

SILTY GRAVEL with SAND (GM); very dense; grayish
brown.

CLAYEY SAND with GRAVEL (SC); very dense; brown;
moist.

Boring dry ATD.
Bottom of Borehole at 10.0 ft.

45

78

65

78

70

32

13

25

43

84

32

43

39

35

35

35

Bag sample 1 to 5 feet.
45

127

82

70

TOTAL DEPTH OF BORING

10.0 ft

DRILLING CONTRACTOR

Exploration Geoservices, Inc

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96"), CA (2.44")

BOREHOLE LOCATION (Offset, Station, Line)

~ 11.9' Rt  Sta  ~ 358+99.5 A2

DRILLING METHOD

Hollow-Stem Auger
DRILL RIG

Mobile B53

SPT HAMMER TYPE

140lb/30in - Wirewinch

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry

BEGIN DATE

12-5-07
COMPLETION DATE

12-5-07
LOGGED BY

C.Rambo
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

37° 39' 52.5" / -121° 48' 19.77"  NAD83
HOLE ID

RB20
SURFACE ELEVATION

415.60 ft NAVD 88

HOLE ID

RB20
EA

04-297601

REPORT TITLE

BORING RECORD
DIST.

04
COUNTY

Alameda

San Jose Office

55 S. Market St, Ste 1500

San Jose, CA  95113
SHEET

1  of  1
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DESCRIPTION
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1

2

3

4

SILTY GRAVEL (GM); medium dense to dense; brown;
moist.

SILTY, CLAYEY GRAVEL (GC-GM); very dense;
reddish to yellowish brown; moist.

  At EL. 410.3 ft, becomes dense.

Boring dry ATD.
Bottom of Borehole at 10.0 ft.

45

60

55

45

23

21

20

24

23

25

44

39

46

33

29

31

Bag sample 1 to 5 feet.
R41

48

85

60

TOTAL DEPTH OF BORING

10.0 ft

DRILLING CONTRACTOR

Exploration Geoservices, Inc

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

CA (2.44")

BOREHOLE LOCATION (Offset, Station, Line)

~ 11.8'  Lt  Sta  ~ 356+49.4 A2

DRILLING METHOD

Hollow-Stem Auger
DRILL RIG

Mobile B61

SPT HAMMER TYPE

140lb/30in - Wirewinch

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry

BEGIN DATE

11-19-07
COMPLETION DATE

11-19-07
LOGGED BY

C.Rambo
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

37° 39' 50.04" / -121° 48' 20.1"  NAD83
HOLE ID

RB21
SURFACE ELEVATION

418.80 ft NAVD 88

HOLE ID

RB21
EA

04-297601

REPORT TITLE

BORING RECORD
DIST.

04
COUNTY

Alameda

San Jose Office

55 S. Market St, Ste 1500

San Jose, CA  95113
SHEET

1  of  1
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1

2

3

4

SILTY GRAVEL (GM); very dense; tan; dry.

SANDY SILT (ML); very stiff; dark brown; dry.

  At EL. 417.2 ft, becomes hard.

  At EL. 415.2 ft, with trace GRAVEL.

Boring dry ATD.
Bottom of Borehole at 10.0 ft.

75

35

50

22

46

50/4"

12

13

17

13

19

23

50/6"

Bag sample 1 to 5 feet.

Sampler advanced 10 in.

Sample disturbed.

Sample disturbed.

Sampler advanced 6 in.
Sample disturbed.

50/
4"

30

42

REF

TOTAL DEPTH OF BORING

10.0 ft

DRILLING CONTRACTOR

Exploration Geoservices, Inc

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

CA (2.44")

BOREHOLE LOCATION (Offset, Station, Line)

~ 16.2'  Lt  Sta  ~ 362+04.1 A2

DRILLING METHOD

Hollow-Stem Auger
DRILL RIG

Mobile B61

SPT HAMMER TYPE

140lb/30in - Wirewinch

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry

BEGIN DATE

11-19-07
COMPLETION DATE

11-19-07
LOGGED BY

C.Rambo
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

37° 39' 55.52" / -121° 48' 20.03"  NAD83
HOLE ID

RB22
SURFACE ELEVATION

422.20 ft NAVD 88

HOLE ID

RB22
EA

04-297601

REPORT TITLE

BORING RECORD
DIST.

04
COUNTY

Alameda

San Jose Office

55 S. Market St, Ste 1500

San Jose, CA  95113
SHEET
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1

2

3

4

99

120

124

131

21

14

13

3

7 inches Asphalt Concrete over 26 inches AB.

SANDY lean CLAY (CL); very stiff; brown; moist; trace
GRAVEL.

Poorly graded SAND with SILT and GRAVEL (SP-SM);
very dense; brown; moist.

Boring dry ATD.
Bottom of Borehole at 10.0 ft.

78

78

78

78

56

75

18

8

9

11

8

12

16

22

36

29

Bag sample 1 to 5 feet.
93

20

28

65

TOTAL DEPTH OF BORING

10.0 ft

DRILLING CONTRACTOR

Exploration Geoservices, Inc

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96")

BOREHOLE LOCATION (Offset, Station, Line)

~ 49.5' Rt  Sta  ~ 364+94.7 A2

DRILLING METHOD

Hollow-Stem Auger
DRILL RIG

Mobile B53

SPT HAMMER TYPE

140lb/30in - Wirewinch

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry

BEGIN DATE

12-10-07
COMPLETION DATE

12-10-07
LOGGED BY

S.Ball
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

37° 39' 58.36" / -121° 48' 19.06"  NAD83
HOLE ID

RB23
SURFACE ELEVATION

411.30 ft NAVD 88

HOLE ID

RB23
EA

04-297601

REPORT TITLE

BORING RECORD
DIST.

04
COUNTY

Alameda

San Jose Office

55 S. Market St, Ste 1500

San Jose, CA  95113
SHEET
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1

2

3

4

130

124

121

10

6

11

SILT (ML); very stiff; dark brown; moist; trace GRAVEL.

  At EL. 414.0 ft, observed increase in sand content.

Boring dry ATD.
Bottom of Borehole at 10.0 ft.

35

35

45

50

17

19

19

11

10

11

7

9

11

7

10

10

Bag sample 1 to 5 feet.
R38

21

20

20

TOTAL DEPTH OF BORING

10.0 ft

DRILLING CONTRACTOR

Exploration Geoservices, Inc

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96")

BOREHOLE LOCATION (Offset, Station, Line)

~ 49.2'  Lt  Sta  ~ 369+58.3 A2

DRILLING METHOD

Hollow-Stem Auger
DRILL RIG

Mobile B53

SPT HAMMER TYPE

140lb/30in - Wirewinch

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry

BEGIN DATE

11-20-07
COMPLETION DATE

11-20-07
LOGGED BY

C.Rambo
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

37° 40' 2.99" / -121° 48' 19.98"  NAD83
HOLE ID

RB24
SURFACE ELEVATION

417.00 ft NAVD 88

HOLE ID

RB24
EA

04-297601

REPORT TITLE

BORING RECORD
DIST.

04
COUNTY

Alameda

San Jose Office

55 S. Market St, Ste 1500

San Jose, CA  95113
SHEET

1  of  1
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1

2

3

4

1257

8.5 inches of Aspahalt Concrete over 8 inches AB.

SILTY SAND (SM); medium dense; brown; moist.

Lean CLAY with GRAVEL (CL); very stiff; brown; moist.

SILTY GRAVEL (GM); medium dense; brown; moist.

CLAYEY GRAVEL (GC); medium dense; dark brown;
moist.

Boring dry ATD.
Bottom of Borehole at 10.0 ft.

55

40

35

40

39

16

8

6

9

11

10

11

12

11

16

17

Bag sample 1 to 5 feet.
R24

20

23

33

TOTAL DEPTH OF BORING

10.0 ft

DRILLING CONTRACTOR

Exploration Geoservices, Inc

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96")

BOREHOLE LOCATION (Offset, Station, Line)

~ 9.5' Rt  Sta  ~ 374+38.4 A2

DRILLING METHOD

Hollow-Stem Auger
DRILL RIG

Mobile B53

SPT HAMMER TYPE

140lb/30in - Wirewinch

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry

BEGIN DATE

11-20-07
COMPLETION DATE

11-20-07
LOGGED BY

C.Rambo
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

37° 40' 7.71" / -121° 48' 19.08"  NAD83
HOLE ID

RB25
SURFACE ELEVATION

410.60 ft NAVD 88

HOLE ID

RB25
EA

04-297601

REPORT TITLE

BORING RECORD
DIST.

04
COUNTY

Alameda

San Jose Office

55 S. Market St, Ste 1500

San Jose, CA  95113
SHEET

1  of  1
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386.60

DESCRIPTION
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1

2

3

4 12710

CLAYEY GRAVEL (GC); medium dense; dark gray to
brown; moist.

Lean CLAY (CL); very stiff; dark brown; moist; trace
GRAVEL.

Boring dry ATD.
Bottom of Borehole at 10.0 ft.

25

35

60

60

17

15

16

13

18

19

18

12

18

11

12

11

31

37

30

23

TOTAL DEPTH OF BORING

10.0 ft

DRILLING CONTRACTOR

Exploration Geoservices, Inc

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96")

BOREHOLE LOCATION (Offset, Station, Line)

~ 67.3'  Lt  Sta  ~ 379+84.3 A2

DRILLING METHOD

Hollow-Stem Auger
DRILL RIG

Mobile B53

SPT HAMMER TYPE

140lb/30in - Wirewinch

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry

BEGIN DATE

11-20-07
COMPLETION DATE

11-20-07
LOGGED BY

C.Rambo
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

37° 40' 13.11" / -121° 48' 20.02"  NAD83
HOLE ID

RB26
SURFACE ELEVATION

423.20 ft NAVD 88

HOLE ID

RB26
EA

04-297601

REPORT TITLE

BORING RECORD
DIST.

04
COUNTY

Alameda

San Jose Office

55 S. Market St, Ste 1500

San Jose, CA  95113
SHEET

1  of  1
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1

2

3

4

128

118

8

10

7.5 inches Asphalt Concrete over 7.5 inches AB.

SANDY lean CLAY with GRAVEL (CL); very stiff;
brown; moist.

  At EL. 411.2 ft, becomes grayish brown.

Boring dry ATD.
Bottom of Borehole at 10.0 ft.

55

55

65

65

13

14

15

15

15

21

18

16

19

14

12

14

Bag sample 1 to 5 feet.

Metal shavings on top of sample
liner 3; probably fill.

29

36

35

26

TOTAL DEPTH OF BORING

10.0 ft

DRILLING CONTRACTOR

Exploration Geoservices, Inc

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96"), CA (2.44")

BOREHOLE LOCATION (Offset, Station, Line)

~ 52.3' Rt  Sta  ~ 388+29.9 A2

DRILLING METHOD

Hollow-Stem Auger
DRILL RIG

Mobile B53

SPT HAMMER TYPE

140lb/30in - Wirewinch

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry

BEGIN DATE

12-5-07
COMPLETION DATE

12-5-07
LOGGED BY

C.Rambo
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

37° 40' 21.46" / -121° 48' 18.55"  NAD83
HOLE ID

RB27
SURFACE ELEVATION

414.20 ft NAVD 88

HOLE ID

RB27
EA

04-297601

REPORT TITLE

BORING RECORD
DIST.

04
COUNTY

Alameda

San Jose Office

55 S. Market St, Ste 1500

San Jose, CA  95113
SHEET

1  of  1
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1

2

3

4

8 inches Asphalt Concrete.

SILTY SAND with GRAVEL (SM); very dense; moist.

  At EL. 404.4 ft, becomes dense.

  At EL. 400.9 ft, with increase in gravel size.

Boring dry ATD.
Bottom of Borehole at 10.0 ft.

65

55

60

70

33

38

58

71

51

39

24

27

24

31

26

31

Bag sample 1 to 5 feet.
R96

90

51

57

TOTAL DEPTH OF BORING

10.0 ft

DRILLING CONTRACTOR

Exploration Geoservices, Inc

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96"), CA (2.44")

BOREHOLE LOCATION (Offset, Station, Line)

~ 125.3' Rt  Sta  ~ 393+05.8 A2

DRILLING METHOD

Hollow-Stem Auger
DRILL RIG

Mobile B53

SPT HAMMER TYPE

140lb/30in - Wirewinch

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry

BEGIN DATE

12-3-07
COMPLETION DATE

12-3-07
LOGGED BY

C.Rambo
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

37° 40' 26.17" / -121° 48' 17.64"  NAD83
HOLE ID

RB28
SURFACE ELEVATION

409.40 ft NAVD 88

HOLE ID

RB28
EA

04-297601

REPORT TITLE

BORING RECORD
DIST.

04
COUNTY

Alameda

San Jose Office

55 S. Market St, Ste 1500

San Jose, CA  95113
SHEET

1  of  1

R
Q

D
 (

%
)

S
h

e
a

r 
S

tr
e

n
g

th
(t

s
f)

S
a

m
p

le
 N

u
m

b
e

r

D
ry

 U
n

it
 W

e
ig

h
t

(p
c
f)

M
o
is

tu
re

C
o
n
te

n
t 
(%

)

E
L

E
V

A
T

IO
N

 (
ft
)

407.40

405.40

403.40

401.40

399.40

397.40

395.40

393.40

391.40

389.40

387.40

385.40

DESCRIPTION

M
a

te
ri

a
l

G
ra

p
h

ic
s

D
E

P
T

H
 (

ft
)

R
e

c
o

v
e

ry
 (

%
)

B
lo

w
s
 p

e
r 

6
 i
n

.

S
a

m
p

le
 L

o
c
a

ti
o

n

D
ri
lli

n
g
 M

e
th

o
d

C
a
s
in

g
 D

e
p
th

PREPARED BY

M.Thummaluru
DATE

12-3-07
BRIDGE NUMBER

Remarks

B
lo

w
s
 p

e
r 

F
o

o
t

POSTMILE

22.9/27.1
ROUTE

84
PROJECT OR BRIDGE NAME

SR 84 Expy Widen (URS 28649640)

U
R

S
 B

O
R

IN
G

 R
E

C
O

R
D

 2
0

0
8

0
2

  
2

8
6

4
9

6
4

0
-R

O
U

T
E

8
4

.G
P

J
  

S
N

J
_

C
T

.G
L

B
  

9
/1

6
/1

0

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25



1

2

3

4

115

116

117

15

15

16

8 inches Asphalt Concrete over 10 inches AB.

SILTY SAND with GRAVEL (SM); medium dense;
brown.

Lean CLAY (CL); very stiff; brown; moist.

  At EL. 401.0 ft, becomes hard.

Boring dry ATD.
Bottom of Borehole at 10.0 ft.

55

100

78

85

34

81/4"

17

17

19

5

9

10

18

26

33

Sampler advanced 10 in.

LL=28
PI=10
PI

81/
4"

36

19

59

TOTAL DEPTH OF BORING

10.0 ft

DRILLING CONTRACTOR

Exploration Geoservices, Inc

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96"), CA (2.44")

BOREHOLE LOCATION (Offset, Station, Line)

~ 422.9' Rt  Sta  ~ 395+79.7 A3

DRILLING METHOD

Hollow-Stem Auger
DRILL RIG

Mobile B53

SPT HAMMER TYPE

140lb/30in - Wirewinch

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry

BEGIN DATE

12-3-07
COMPLETION DATE

12-3-07
LOGGED BY

C.Rambo
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

37° 40' 28.88" / -121° 48' 14.07"  NAD83
HOLE ID

RB29
SURFACE ELEVATION

410.00 ft NAVD 88

HOLE ID

RB29
EA

04-297601

REPORT TITLE

BORING RECORD
DIST.

04
COUNTY

Alameda

San Jose Office

55 S. Market St, Ste 1500

San Jose, CA  95113
SHEET
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1

2

3

4

12512

7.5 inches of Asphalt Concrete over 8.5 inches AB.

Poorly graded GRAVEL (GP); dense.

  At EL. 397.1 ft, becomes medium dense.

Lean CLAY (CL); stiff; brown; moist.

  At EL. 391.1 ft, becomes very stiff.

Boring dry ATD.
Bottom of Borehole at 10.0 ft.

55

65

65

55

19

19

19

10

9

8

4

4

6

15

17

19

Filter fabric at 1.5 feet.

Probably storm drain trench backfill.

38

17

10

36

TOTAL DEPTH OF BORING

10.0 ft

DRILLING CONTRACTOR

Exploration Geoservices, Inc

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96")

BOREHOLE LOCATION (Offset, Station, Line)

~ 57.9' Rt  Sta  ~ 396+95.1 A3

DRILLING METHOD

Hollow-Stem Auger
DRILL RIG

Mobile B53

SPT HAMMER TYPE

140lb/30in - Wirewinch

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry

BEGIN DATE

12-3-07
COMPLETION DATE

12-3-07
LOGGED BY

C.Rambo
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

37° 40' 30.01" / -121° 48' 18.62"  NAD83
HOLE ID

RB30
SURFACE ELEVATION

400.10 ft NAVD 88

HOLE ID

RB30
EA

04-297601

REPORT TITLE

BORING RECORD
DIST.

04
COUNTY

Alameda

San Jose Office

55 S. Market St, Ste 1500

San Jose, CA  95113
SHEET

1  of  1
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1

2

3

4

117

76

117

15

76

7

8.5 inches Asphalt Concrete over 6 inches AB.

Lean CLAY (CL); stiff; brown; moist; trace GRAVEL.

SILTY SAND (SM); dense; brown; moist.

Boring dry ATD.
Bottom of Borehole at 10.0 ft.

55

65

90

78

6

6

8

4

5

10

15

18

21

30

35

24

Bag sample 1 to 5 feet.
PI, R
LL=29
PI=10

14

15

39

59

TOTAL DEPTH OF BORING

10.0 ft

DRILLING CONTRACTOR

Exploration Geoservices, Inc

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96"), CA (2.44")

BOREHOLE LOCATION (Offset, Station, Line)

~ 412.8' Rt  Sta  ~ 400+72.6 A3

DRILLING METHOD

Hollow-Stem Auger
DRILL RIG

Mobile B53

SPT HAMMER TYPE

140lb/30in - Wirewinch

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry

BEGIN DATE

12-3-07
COMPLETION DATE

12-3-07
LOGGED BY

C.Rambo
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

37° 40' 33.75" / -121° 48' 14.21"  NAD83
HOLE ID

RB31
SURFACE ELEVATION

416.10 ft NAVD 88

HOLE ID

RB31
EA

04-297601

REPORT TITLE

BORING RECORD
DIST.

04
COUNTY

Alameda

San Jose Office

55 S. Market St, Ste 1500

San Jose, CA  95113
SHEET

1  of  1
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1

2

3

4

106

135

6

7

8 inches Asphalt Concrete over 6 inches AB.

SILTY SAND (SM); very dense; brown.

  At EL. 399.9 ft, becomes dense.

  At EL. 398.9 ft, with gravel.

  At EL. 394.9 ft, becomes very dense.

Boring dry ATD.
Bottom of Borehole at 10.0 ft.

35

65

65

65

82

50/2"

18

17

25

29

29

30

35

33

31

Sampler advanced 8 in.

50/
2"

42

59

64

TOTAL DEPTH OF BORING

10.0 ft

DRILLING CONTRACTOR

Exploration Geoservices, Inc

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96")

BOREHOLE LOCATION (Offset, Station, Line)

~ 11' Rt  Sta  ~ 405+43.1 A3

DRILLING METHOD

Hollow-Stem Auger
DRILL RIG

Mobile B53

SPT HAMMER TYPE

140lb/30in - Wirewinch

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry

BEGIN DATE

12-4-07
COMPLETION DATE

12-4-07
LOGGED BY

C.Rambo
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

37° 40' 38.41" / -121° 48' 19.21"  NAD83
HOLE ID

RB32
SURFACE ELEVATION

402.90 ft NAVD 88

HOLE ID

RB32
EA

04-297601

REPORT TITLE

BORING RECORD
DIST.

04
COUNTY

Alameda

San Jose Office

55 S. Market St, Ste 1500

San Jose, CA  95113
SHEET

1  of  1
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1

2

3

4

124

93

135

9

49

2

6.5 inches Asphalt Concrete over 11.5 inches AB.

SILTY SAND with GRAVEL (SM); dense; brown.

SILT (ML); very stiff; brown; moist.

SILTY SAND with GRAVEL (SM); very dense; brown;
moist.

Boring dry ATD.
Bottom of Borehole at 10.0 ft.

65

45

70

90

25

20

21

13

15

22

40

69/4"

21

33

33

Bag sample 1 to 5 feet.
R

Sampler advanced 10 in.

41

37

69/
4"

66

TOTAL DEPTH OF BORING

10.0 ft

DRILLING CONTRACTOR

Exploration Geoservices, Inc

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96")

BOREHOLE LOCATION (Offset, Station, Line)

~ 36.8' Rt  Sta  ~ 408+67.3 A3

DRILLING METHOD

Hollow-Stem Auger
DRILL RIG

Mobile B53

SPT HAMMER TYPE

140lb/30in - Wirewinch

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry

BEGIN DATE

12-4-07
COMPLETION DATE

12-4-07
LOGGED BY

C.Rambo
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

37° 40' 41.61" / -121° 48' 18.89"  NAD83
HOLE ID

RB33
SURFACE ELEVATION

411.10 ft NAVD 88

HOLE ID

RB33
EA

04-297601

REPORT TITLE

BORING RECORD
DIST.

04
COUNTY

Alameda

San Jose Office

55 S. Market St, Ste 1500

San Jose, CA  95113
SHEET

1  of  1
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1

2

3

4

8 inches Asphalt Concrete.

SILTY, CLAYEY GRAVEL (GC-GM); dense; dark
brown; moist.

  At EL. 417.8 ft, becomes very dense.

  At EL. 412.3 ft, becomes dense.

Boring dry ATD.
Bottom of Borehole at 10.0 ft.

55

90

50

80

18

25

26

22

38

39

28

50/6"

14

19

28

Bag sample 1 to 5 feet.

Sampler advanced 12 in.

51

77

50/
6"

47

TOTAL DEPTH OF BORING

10.0 ft

DRILLING CONTRACTOR

Exploration Geoservices, Inc

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96")

BOREHOLE LOCATION (Offset, Station, Line)

~ 9.7' Rt  Sta  ~ 416+46.1 A3

DRILLING METHOD

Hollow-Stem Auger
DRILL RIG

Mobile B53

SPT HAMMER TYPE

140lb/30in - Wirewinch

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry

BEGIN DATE

11-20-07
COMPLETION DATE

11-20-07
LOGGED BY

C.Rambo
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

37° 40' 49.31" / -121° 48' 19.23"  NAD83
HOLE ID

RB34
SURFACE ELEVATION

420.80 ft NAVD 88

HOLE ID

RB34
EA

04-297601

REPORT TITLE

BORING RECORD
DIST.

04
COUNTY

Alameda

San Jose Office

55 S. Market St, Ste 1500

San Jose, CA  95113
SHEET
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1

2

3

4

114

116

109

14

7

4

SANDY lean CLAY (CL); stiff; grayish brown; moist.

  At EL. 419.8 ft, becomes very stiff; some GRAVEL.

SANDY SILT (ML); very stiff; brownish yellow; dry to
moist.

Boring dry ATD.
Bottom of Borehole at 10.0 ft.

75

75

75

65

3

5

7

8

11

9

9

11

13

7

10

11

Bag sample 1 to 5 feet.
R12

20

24

21

TOTAL DEPTH OF BORING

10.0 ft

DRILLING CONTRACTOR

Exploration Geoservices, Inc

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96")

BOREHOLE LOCATION (Offset, Station, Line)

~ 12.6'  Lt  Sta  ~ 422+03.4 A3

DRILLING METHOD

Hollow-Stem Auger
DRILL RIG

Mobile B53

SPT HAMMER TYPE

140lb/30in - Wirewinch

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry

BEGIN DATE

11-20-07
COMPLETION DATE

11-20-07
LOGGED BY

M.Thummaluru
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

37° 40' 54.82" / -121° 48' 19.51"  NAD83
HOLE ID

RB35
SURFACE ELEVATION

422.80 ft NAVD 88

HOLE ID

RB35
EA

04-297601

REPORT TITLE

BORING RECORD
DIST.

04
COUNTY

Alameda

San Jose Office

55 S. Market St, Ste 1500

San Jose, CA  95113
SHEET
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1

10 inches asphalt concrete over 20 inches AB.

SANDY lean CLAY (CL); hard; grayish brown; dry to
moist.

Boring dry ATD.
Bottom of Borehole at 5.0 ft.

19

28

18

46

TOTAL DEPTH OF BORING

5.0 ft

DRILLING CONTRACTOR

Exploration Geoservices, Inc

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

SPT (1.44")

BOREHOLE LOCATION (Offset, Station, Line)

~ 1.6' Rt  Sta  ~ 422+01.1 A3

DRILLING METHOD

Hollow-Stem Auger
DRILL RIG

Mobile B53

SPT HAMMER TYPE

140lb/30in - Wirewinch

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry

BEGIN DATE

11-20-07
COMPLETION DATE

11-20-07
LOGGED BY

M.Thummaluru
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

37° 40' 54.8" / -121° 48' 19.33"  NAD83
HOLE ID

RB35A
SURFACE ELEVATION

422.20 ft NAVD 88

HOLE ID

RB35A
EA

04-297601

REPORT TITLE

BORING RECORD
DIST.

04
COUNTY

Alameda

San Jose Office

55 S. Market St, Ste 1500

San Jose, CA  95113
SHEET
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1

9 inches asphalt concrete over 29 inches AB.

GRAVELLY lean CLAY (CL); very stiff; brownish yellow;
moist.

Boring dry ATD.
Bottom of Borehole at 5.0 ft.

19

26

15

41

TOTAL DEPTH OF BORING

5.0 ft

DRILLING CONTRACTOR

Exploration Geoservices, Inc

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96")

BOREHOLE LOCATION (Offset, Station, Line)

~ 22.2' Rt  Sta  ~ 427+01.8 A3

DRILLING METHOD

Hollow-Stem Auger
DRILL RIG

Mobile B53

SPT HAMMER TYPE

140lb/30in - Wirewinch

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry

BEGIN DATE

11-20-07
COMPLETION DATE

11-20-07
LOGGED BY

M.Thummaluru
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

37° 40' 59.76" / -121° 48' 19.21"  NAD83
HOLE ID

RB36A
SURFACE ELEVATION

420.50 ft NAVD 88

HOLE ID

RB36A
EA

04-297601

REPORT TITLE

BORING RECORD
DIST.

04
COUNTY

Alameda

San Jose Office

55 S. Market St, Ste 1500

San Jose, CA  95113
SHEET

1  of  1
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PP =
2.5

1

2

3

4

112

122

16

5

11

11

SILT (ML); very stiff; grayish brown; moist; with mulch.

  At EL. 413.9 ft, grades to SANDY SILT (ML), with fine
roots.

Lean CLAY (CL); very stiff; yellowish brown; moist.

Boring dry ATD.
Bottom of Borehole at 10.0 ft.

70

90

75

80

6

9

10

7

9

12

6

9

9

9

13

15

LL=24
PI=5
PI, R
Bag sample 1 to 5 feet.

LL=28
PI=9
PI

19

21

18

28

TOTAL DEPTH OF BORING

10.0 ft

DRILLING CONTRACTOR

Exploration Geoservices, Inc

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96")

BOREHOLE LOCATION (Offset, Station, Line)

~ 5.7'  Lt  Sta  ~ 432+76.2 A3

DRILLING METHOD

Hollow-Stem Auger
DRILL RIG

Mobile B53

SPT HAMMER TYPE

140lb/30in - Wirewinch

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry

BEGIN DATE

11-20-07
COMPLETION DATE

11-20-07
LOGGED BY

M.Thummaluru
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

37° 41' 5.4" / -121° 48' 20.12"  NAD83
HOLE ID

RB37
SURFACE ELEVATION

416.90 ft NAVD 88

HOLE ID

RB37
EA

04-297601

REPORT TITLE

BORING RECORD
DIST.

04
COUNTY

Alameda

San Jose Office

55 S. Market St, Ste 1500

San Jose, CA  95113
SHEET
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1

2

10 inches Asphalt Concrete over 18 inches AB.

Poorly graded SAND with GRAVEL (SP); very dense;
grayish brown to brownish yellow; moist.

Boring dry ATD.
Bottom of Borehole at 5.0 ft.

19

50/4.5"

50/5"

Sampler advanced 10.5 in.

Sampler advanced 5 in.

50/
4.5"

REF

TOTAL DEPTH OF BORING

5.0 ft

DRILLING CONTRACTOR

Exploration Geoservices, Inc

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96")

BOREHOLE LOCATION (Offset, Station, Line)

~ 4.1' Rt  Sta  ~ 432+85.3 A3

DRILLING METHOD

Hollow-Stem Auger
DRILL RIG

Mobile B53

SPT HAMMER TYPE

140lb/30in - Wirewinch

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry

BEGIN DATE

11-20-07
COMPLETION DATE

11-20-07
LOGGED BY

M.Thummaluru
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

37° 41' 55.01" / -121° 48' 20.01"  NAD83
HOLE ID

RB37A
SURFACE ELEVATION

419.90 ft NAVD 88

HOLE ID

RB37A
EA

04-297601

REPORT TITLE

BORING RECORD
DIST.

04
COUNTY

Alameda

San Jose Office

55 S. Market St, Ste 1500

San Jose, CA  95113
SHEET

1  of  1
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PP =
1.8

1

2

3

4 12015

CLAYEY GRAVEL with SAND (GC); medium dense;
yellowish brown; wet.

Poorly graded GRAVEL with SILT and SAND (GP-GM);
medium dense; reddish brown; moist.

  At EL. 409.8 ft, grades to wet; Poorly graded GRAVEL
with CLAY and SAND (GP-GC).

Lean CLAY (CL); stiff; grayish brown; moist.

Boring dry ATD.
Bottom of Borehole at 10.0 ft.

70

78

75

90

6

8

8

13

16

18

15

17

14

9

10

13

Bag sample 1 to 5 feet.
16

34

31

23

TOTAL DEPTH OF BORING

10.0 ft

DRILLING CONTRACTOR

Exploration Geoservices, Inc

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96")

BOREHOLE LOCATION (Offset, Station, Line)

~ 14'  Lt  Sta  ~ 437+67.8 A3

DRILLING METHOD

Hollow-Stem Auger
DRILL RIG

Mobile B53

SPT HAMMER TYPE

140lb/30in - Wirewinch

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry

BEGIN DATE

11-20-07
COMPLETION DATE

11-20-07
LOGGED BY

M.Thummaluru
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

37° 41' 10.24" / -121° 48' 20.07"  NAD83
HOLE ID

RB38
SURFACE ELEVATION

414.80 ft NAVD 88

HOLE ID

RB38
EA

04-297601

REPORT TITLE

BORING RECORD
DIST.

04
COUNTY

Alameda

San Jose Office

55 S. Market St, Ste 1500

San Jose, CA  95113
SHEET
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1

8.5 inches asphalt concrete over 21.5 inches AB.

Poorly graded GRAVEL with CLAY and SAND
(GP-GC); medium dense; reddish brown to grayish
brown; moist.

Boring dry ATD.
Bottom of Borehole at 5.0 ft.

7516

19

16

35

TOTAL DEPTH OF BORING

5.0 ft

DRILLING CONTRACTOR

Exploration Geoservices, Inc

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96")

BOREHOLE LOCATION (Offset, Station, Line)

~ 13.7' Rt  Sta  ~ 437+66.2 A3

DRILLING METHOD

Hollow-Stem Auger
DRILL RIG

Mobile B53

SPT HAMMER TYPE

140lb/30in - Wirewinch

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry

BEGIN DATE

11-20-07
COMPLETION DATE

11-20-07
LOGGED BY

M.Thummaluru
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

37° 41' 10.24" / -121° 48' 20.36"  NAD83
HOLE ID

RB38A
SURFACE ELEVATION

413.10 ft NAVD 88

HOLE ID

RB38A
EA

04-297601

REPORT TITLE

BORING RECORD
DIST.

04
COUNTY

Alameda

San Jose Office

55 S. Market St, Ste 1500

San Jose, CA  95113
SHEET
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1

2

3

4

123

119

4

13

6 inches asphalt concrete over 12 inches AB.

SILTY, CLAYEY SAND with GRAVEL (SC-SM);
medium dense to dense; brown.

Lean CLAY (CL); very stiff; brown; moist.

SILTY SAND (SM); dense; brown; moist.

Boring dry ATD.
Bottom of Borehole at 10.0 ft.

78

45

65

78

15

20

20

14

10

9

12

15

17

19

19

20

Bag sample 1 to 5 feet.
40

19

32

39

TOTAL DEPTH OF BORING

10.0 ft

DRILLING CONTRACTOR

Exploration Geoservices, Inc

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96"), CA (2.44")

BOREHOLE LOCATION (Offset, Station, Line)

~ 7.6' Rt  Sta  ~ 441+35.9 A3

DRILLING METHOD

Hollow-Stem Auger
DRILL RIG

Mobile B53

SPT HAMMER TYPE

140lb/30in - Wirewinch

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry

BEGIN DATE

12-5-07
COMPLETION DATE

12-5-07
LOGGED BY

C.Rambo
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

37° 41' 13.89" / -121° 48' 20.59"  NAD83
HOLE ID

RB39
SURFACE ELEVATION

413.50 ft NAVD 88

HOLE ID

RB39
EA

04-297601

REPORT TITLE

BORING RECORD
DIST.

04
COUNTY

Alameda

San Jose Office

55 S. Market St, Ste 1500

San Jose, CA  95113
SHEET
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1

2

3

4

12016

7.5 inches Asphalt Concrete.

Poorly graded SAND with SILT and GRAVEL (SP-SM);
medium dense; brown; moist; gravel up to 1/4 inch.

  At EL. 411.3 ft, with fine gravel, light gray.

  At EL. 410.3 ft, becomes loose; moist to wet.

SANDY lean CLAY with GRAVEL (CL); stiff; brown;
moist to wet.

Boring dry ATD.
Bottom of Borehole at 10.0 ft.

70

10

78

85

24

17

19
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6

4

3

5

6

3

4

7

Bag sample 1 to 5 feet.
R

LL=26
PI=9
PI

36

10

11

11

TOTAL DEPTH OF BORING

10.0 ft

DRILLING CONTRACTOR

Exploration Geoservices, Inc

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Modified CA (1.96")

BOREHOLE LOCATION (Offset, Station, Line)

~ 2.4'  Lt  Sta  ~ 447+24.5 A3

DRILLING METHOD

Hollow-Stem Auger
DRILL RIG

Mobile B53

SPT HAMMER TYPE

140lb/30in - Wirewinch

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry

BEGIN DATE

12-10-07
COMPLETION DATE

12-10-07
LOGGED BY

S.Ball
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

37° 41' 19.71" / -121° 48' 20.7"  NAD83
HOLE ID

RB40
SURFACE ELEVATION

413.30 ft NAVD 88

HOLE ID

RB40
EA

04-297601

REPORT TITLE

BORING RECORD
DIST.

04
COUNTY

Alameda

San Jose Office

55 S. Market St, Ste 1500

San Jose, CA  95113
SHEET
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R
Q

D
 (

%
)

S
h

e
a

r 
S

tr
e

n
g

th
(t

s
f)

S
a

m
p

le
 N

u
m

b
e

r

D
ry

 U
n

it
 W

e
ig

h
t

(p
c
f)

M
o
is

tu
re

C
o
n
te

n
t 
(%

)

E
L

E
V

A
T

IO
N

 (
ft
)

411.30

409.30

407.30

405.30

403.30

401.30

399.30

397.30

395.30

393.30

391.30

389.30

DESCRIPTION

M
a

te
ri

a
l

G
ra

p
h

ic
s

D
E

P
T

H
 (

ft
)

R
e

c
o

v
e

ry
 (

%
)

B
lo

w
s
 p

e
r 

6
 i
n

.

S
a

m
p

le
 L

o
c
a

ti
o

n

D
ri
lli

n
g
 M

e
th

o
d

C
a
s
in

g
 D

e
p
th

PREPARED BY

M.Thummaluru
DATE

12-10-07
BRIDGE NUMBER

Remarks

B
lo

w
s
 p

e
r 

F
o

o
t

POSTMILE

22.9/27.1
ROUTE

84
PROJECT OR BRIDGE NAME

SR 84 Expy Widen (URS 28649640)

U
R

S
 B

O
R

IN
G

 R
E

C
O

R
D

 2
0

0
8

0
2

  
2

8
6

4
9

6
4

0
-R

O
U

T
E

8
4

.G
P

J
  

S
N

J
_

C
T

.G
L

B
  

9
/1

6
/1

0

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25



13

8-1/2" Asphalt Concrete.

Aggregate Base.

Lean CLAY (CL); brown; moist.

Bottom of Borehole at 5.0 ft.

Bag sample 2 - 5'

LL=30
PI=15
PI

TOTAL DEPTH OF BORING

5.0 ft

DRILLING CONTRACTOR

Exploration Geoservices, Inc

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Bulk

BOREHOLE LOCATION (Offset, Station, Line)

~ 0' Rt  Sta  ~ 230+21 A1

DRILLING METHOD

Hollow-Stem Auger
DRILL RIG

Mobile B53

SPT HAMMER TYPE

140lb/30in - Wirewinch

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry

BEGIN DATE

1-6-09
COMPLETION DATE

1-6-09
LOGGED BY

C.Rambo
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

2055088.7 ft / 6184696.3 ft  NAD83
HOLE ID

RB41
SURFACE ELEVATION

575 ft NAVD 88

HOLE ID

RB41
EA

04-297601

REPORT TITLE

BORING RECORD
DIST.

04
COUNTY

Alameda

San Jose Office

55 S. Market St, Ste 1500

San Jose, CA  95113
SHEET
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7" Asphalt Concrete.

Aggregate Base.

Lean CLAY (CL); grayish brown; moist.

Bottom of Borehole at 5.0 ft.

Bag sample 2 - 4'

TOTAL DEPTH OF BORING

5.0 ft

DRILLING CONTRACTOR

Exploration Geoservices, Inc

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Bulk

BOREHOLE LOCATION (Offset, Station, Line)

~ 30.5' Rt  Sta  ~ 237+41 A1

DRILLING METHOD

Hollow-Stem Auger
DRILL RIG

Mobile B53

SPT HAMMER TYPE

140lb/30in - Wirewinch

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry

BEGIN DATE

1-6-09
COMPLETION DATE

1-6-09
LOGGED BY

C.Rambo
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

2055859.8 ft / 6184655.6 ft  NAD83
HOLE ID

RB42
SURFACE ELEVATION

558 ft NAVD 88

HOLE ID

RB42
EA

04-297601

REPORT TITLE

BORING RECORD
DIST.

04
COUNTY

Alameda

San Jose Office

55 S. Market St, Ste 1500

San Jose, CA  95113
SHEET

1  of  1
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4" Asphalt Concrete.

Aggregate Base.

Bottom of Borehole at 5.0 ft.

Bag sample

TOTAL DEPTH OF BORING

5.0 ft

DRILLING CONTRACTOR

Exploration Geoservices, Inc

AFTER DRILLING (DATE)

HAMMER EFFICIENCY, ERi

BOREHOLE DIAMETER

8 inch

SAMPLER TYPE(S) AND SIZE(S) (ID)

Bulk

BOREHOLE LOCATION (Offset, Station, Line)

~ 30' Rt  Sta  ~ 247+57 A1

DRILLING METHOD

Hollow-Stem Auger
DRILL RIG

Mobile B53

SPT HAMMER TYPE

140lb/30in - Wirewinch

BOREHOLE BACKFILL AND COMPLETION

Cement
GROUNDWATER
READINGS

DURING DRILLING

Dry

BEGIN DATE

1-6-09
COMPLETION DATE

1-6-09
LOGGED BY

C.Rambo
BOREHOLE LOCATION (Lat/Long or North/East and Datum)

2056674.6 ft / 6185156.2 ft  NAD83
HOLE ID

RB43
SURFACE ELEVATION

534 ft NAVD 88

HOLE ID

RB43
EA

04-297601

REPORT TITLE

BORING RECORD
DIST.

04
COUNTY

Alameda

San Jose Office

55 S. Market St, Ste 1500

San Jose, CA  95113
SHEET
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The water content, dry density and unconfined compressive strength were determined for selected 

samples to estimate the strength and compressibility of the underlying soils.  The results of these 

tests, together with the resistance to penetration of the sampler are shown at the corresponding 

sample location on the Boring Records, Appendix C. 

Atterberg limit tests were performed on cohesive samples to determine the plasticity 

characteristics.  The results of these tests are presented in this appendix. 

Gradations were performed on granular samples to determine the grain size distributions; the 

results of these tests are presented in this appendix. 
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Figure D-2
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Hole No.=NB14    Water Depth=14 ft    Surface Elev.=415 Magnitude=7.5
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LIQUEFACTION ANALYSIS
SR 84 Isabel Ave Improvements

Alameda County, California Figure 

Hole No.=NB20    Water Depth=40 ft    Surface Elev.=421 Magnitude=7.5

Acceleration=0.5g
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LIQUEFACTION ANALYSIS
SR 84 Isabel Ave Improvements

Alameda County, California Figure 

Hole No.=NB21    Water Depth=43 ft    Surface Elev.=418 Magnitude=7.5

Acceleration=0.5g
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LIQUEFACTION ANALYSIS
SR 84 Isabel Ave Improvements

Alameda County, California Figure 

Hole No.=NB23    Water Depth=42.5 ft    Surface Elev.=417 Magnitude=7.5

Acceleration=0.5g
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LIQUEFACTION ANALYSIS Note: Cells in Red must be input
Project Route 84 Widening Hammer type : Type CE Code CE

Project No. 28649640 Donut 0.75 1 3

Boring No. NB37 Safety 1 2

Auto 1.16 3

Borehole Diameter: (inch) (mm) CB CB

PGA = 0.5 2.5-4.5 65-115 1 1 1

Mw = 7.5 6 150 1.05 2

GWT during EQ 3.0 ft 8 200 1.15 3

Sampler: Symbol Corr. Factor Rod Length: (feet) (m) CR

SPT S 1 Default 999

Mod.Cal M 0.8 Sampling Method: Type Cs

California C 0.7 Stand 1

Mag. Weighting Factor(CSRM/CSRM=7.5) 1.00 No liners 1.2

Note: F.S. greater than 2 is set to be equal to 2

EQ

σσσσo u σσσσ'o CSR K
σσσσ

(USCS) pcf ft m ft m psf psf psf % FC< 5% EQ  during EQ Critical Lower Upper Middle NCEER NCEER

1 SM 130 5.0 1.52 2.5 0.76 325 0 325 0.996 0.324 1.00 1.00 1.00 Y 2.00 N 1

2 CL 128 7.0 2.13 6.0 1.83 778 187 591 0.988 0.423 1.00 1.00 1.00 N 2.00 N 1

3 SC 144 25.0 7.62 16.0 4.88 2,202 811 1,391 0.966 0.497 51 M 40.8 15 45.3 1.23 1.16 1.00 0.85 1.00 55 0.459 1.00 1.00 1.00 1.000 N 2.00 N 1

4 SC 136 35.0 10.67 30.0 9.14 4,178 1,685 2,493 0.921 0.501 43 S 43 15 47.6 0.92 1.16 1.00 0.95 1.20 58 0.459 1.00 1.00 1.00 0.975 N 2.00 N 1

5 SC 144 44.0 13.41 39.5 12.04 5,506 2,278 3,228 0.855 0.474 78 M 62.4 15 67.9 0.81 1.16 1.00 1.00 1.00 64 0.459 1.00 1.00 1.00 0.933 N 2.00 N 1

6 ML 110 48.0 14.63 46.0 14.02 6,374 2,683 3,691 0.794 0.445 17 S 17 55 25.4 0.76 1.16 1.00 1.00 1.20 27 0.315 1.00 1.00 1.00 0.909 N 0.64 Liquef 1

7 SC 140 90.0 27.43 69.0 21.03 9,534 4,118 5,416 0.597 0.342 59 M 47.2 15 52.0 0.63 1.16 1.00 1.00 1.00 38 0.459 1.00 1.00 1.00 0.829 N 2.00 N 1

                      

                         

                         

Thickness σσσσo u σσσσ'o rd (N 1) 60-cs Liquefy ? ττττcyc CSRM=7.5 CSRM Volumetric Strain** Settl.

ft psf psf psf NCEER psf ττττcyc/σσσσ'o ττττcyc/σσσσ'o % in

1 5.0 5.0 325 0 325 0.996 N 105.2 0.324 0.32 0.00

2 7.0 2.0 778 187 591 0.988 N 249.8 0.423 0.42 0.00

3 25.0 18.0 2,202 811 1,391 0.966 55.0 N 691.6 0.497 0.50 0.00

4 35.0 10.0 4,178 1,685 2,493 0.921 58.0 N 1250.0 0.501 0.50 0.00

5 44.0 9.0 5,506 2,278 3,228 0.855 63.8 N 1530.7 0.474 0.47 0.00

6 48.0 4.0 6,374 2,683 3,691 0.794 26.8 Liquef 1643.9 0.445 0.45 1.0 0.48

7 90.0 42.0 9,534 4,118 5,416 0.597 37.7 N 1851.1 0.342 0.34 0.00

           

            

            

Total Settlement (inch)   = 0.48

*  Note: The equation used to obtain CRR7.5 is not valid for corrected (N1)60 higher than 30.  According to NCEER 1997, the soil layer with corrected (N1)60 higher than 30 blows per foot is unlikely to be susceptible to liquefaction.

** Note: These values were obtained from a chart for estimation of volumetric strain in saturated sands based on a cyclic stress ratio and standard penetration resistance (Tokimatsu and Seed, 1987). 

              See figure 9.53 from "Geotechnical Earthquake Engineering" by S. Kramer.
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Resistance value (R-value) tests were performed on twenty five (25) bulk samples of near surface 

soils at borings.  The results of these tests are presented herein. 

 

 

 

 





















































APPENDIXG TYPICAL CROSS SECTIONS DRAWINGS  
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DESIGN DESIGNATION:
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ADT (2010)  26,800        D    55%

ADT (2030)  37,500        D    67%

DHV        3,750         T    2.77%    

ESAL       3,967,661     V    50 MPH 

                        TI     11      

FOR LOCATIONS AND LIMITS OF HMA DIKES, CURBS, AND RS SEE LAYOUT

AND SUMMARY OF QUANTITY SHEETS.

SR 84 BETWEEN STANLEY AND CONCANNON

ADT (2010)  18,700        D    63%

ADT (2030)  28,400        D    58%

DHV        2,840         T    2.77%

ESAL       3,004,842     V    50 MPH   
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April 4, 2008        Job No. 07659  
             
        
URS 
55 South Market Street 
Suite 1500 
San Jose, CA  95113 
 
Attn:  Mr. Stephen Huang 
          Project Manager 
 
Subject: Rubberized AC Design Modification -Route 84 Expressway Widening Project 
     Jack London Boulevard to Ruby Hill Road  
 
Gentlemen: 
 
We have completed our report for Route 84 Expressway � Jack London Blvd. to Ruby 
Hill Road.  Per our conversation, Monday March 29th, 2008, we overlooked the 
CALTRANS design requirement that does not utilize more than 0.20 ft. of RAC as an 
overlay thickness.  We have communicated both with the CALTRANS Lab in 
Sacramento and our Local Redding office and this report explains the findings and new 
design recommendations when utilizing RAC. 
 
History and Background 
 
In June of 2001 CALTRANS revised the Flexible Pavement Rehabilitation Design 
Manual.  In this manual CALTRANS states that RAC has a 2:1 trade-off for standard 
dense grade AC in both structural and reflective cracking requirement.   It is also stated 
that 0.20 ft. of RAC is the maximum layer thickness to be utilized. 
 
A few years later failures started to occur, and CALTRANS took another look at the use 
of Rubberized AC and then found that the 2:1 trade-off was for reflective cracking only.  
They determined that there is nothing special in Rubberized AC that gives twice the 
structural strength.  
 
In Recent discussion with the Redding CALTRANS design group for Rubberized AC 
designs, they cautioned us on utilizing the 2:1 factor.  They told us that CALTRANS, at 
least up north is utilizing a 1 ½:1 or 1 ¾:1 factor when utilizing RAC.  They also 
confirmed that at this time CALTRANS is still only placing 0.20 ft of rubberized AC as a 
layer.   
 



URS � Route 84 Livermore 
April 4, 2008 
Page 2 
 
 
So what does this mean for this project?  Since there is still nothing in writing Caltrans 
could give us on the new ratio�s the 2:1 reflective cracking trade-off for RAC is still valid.  
Secondly, this letter, and the re-designed thicknesses utilizing RAC are based on the 
maximum thickness of RAC being 0.20 ft. placed.  So ultimately the new design 
thicknesses require a layered approach of utilizing a base course of Dense Grade 
Asphalt Concrete (DGAC) and a surface layer of Rubberized Asphalt Concrete (RAC). 
 
Revised Design Recommendations for RAC Surface 
 
When utilizing DGAC or RAC, there are a few requirements with respect to placement 
that must be followed. 
 

 Both DGAC and RAC require a minimum thickness of 0.13 ft  
 DGAC does not have the same reflective cracking benefit as RAC and therefore 

may need to be thicker than the RAC Layer placed above 
 
The following table summarizes the new rehabilitation requirement when utilizing RAC 
as the final surface layer.  This is based on the CALTRANS requirements and the 
deflection testing and sampling completed earlier. 
 
 
 
 

Table 1 

Summary of Findings 

Road Name From To 
CTM 

Structural 
Requirement 

CHEC's Overlay 
Design 

Recommendations 

SR 84 - 
Livermore 

Jack London 
Blvd. Stanley Blvd. 0.00 ft. AC 

Overlay 

Alternate Design B:   
0.15 ft. DGAC Overlay 
under 0.15 ft. RAC 
Overlay (surface layer)   
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Road Name From To 
CTM 

Structural 
Requirement 

CHEC's Overlay 
Design 

Recommendations 

SR 84 - 
Livermore Stanley Blvd. Concannon 

Blvd. 
0.00 ft. AC 

Overlay 

Alternate Design B:  
0.13 ft. DGAC Overlay 

under 0.15 ft. RAC 
Overlay (surface layer)   

SR 84 - 
Livermore 

Concannon 
Blvd. Vineyard Ave. 0.00 ft. AC 

Overlay 

 
Alternate Design B:  
0.13 ft. DGAC Overlay 
under 0.15 ft. RAC 
Overlay (surface layer)   
  

SR 84 - 
Livermore 

Vineyard 
Avenue 

Pavement 
Change North 
of Vallecictos 
Blvd. 

0.00 ft. AC 
Overlay 

 
Alternate Design B:  
0.13 ft. DGAC Overlay 
under 0.15 ft. RAC 
Overlay (surface layer)   
  

SR 84 - 
Livermore 

Pavement 
Change North of 
Vallecictos 
Blvd. 

Pavement 
Change South 
of Vallecictos 
Blvd. 

0.00 ft. AC 
Overlay 

 
Alternate Design B:  
0.13 ft. DGAC Overlay 
under 0.15 ft. RAC 
Overlay (surface layer)   

SR 84 - 
Livermore 

Pavement 
Change South 
of Vallecictos 
Blvd. 

Ruby Hill Road 0.25 ft. AC 
Overlay 

 
Alternate Design B:  
0.15 ft. DGAC Overlay 
under 0.15 ft. RAC 
Overlay (surface layer)   



URS � Route 84 Livermore 
April 4, 2008 
Page 4 
 
 
The design recommendations labeled as �Alternate Design B� will replace the RAC 

Designs found in the report dated March 20th, 2008.  As stated in the formal report, 
reflective cracking is the controlling factor for the designs.  These designs meet the 
requirements for controlling the reflective cracks found on the subject project.  
 
We appreciated the opportunity to work with you on this unique project, and look 
forward to future opportunities that may arise. If you have any questions regarding this 
letter report and modifications, please contact CHEC Management Systems at  
800-523-2124. 
 
Very truly yours, 
CHEC MANAGEMENT SYSTEMS, INC. Reviewed by: 
 
 
 
 
James B. Curtis      Alan Curtis, P. E. 
President       V.P. of Engineering 
        CA C. E. #23326 
 
 



























































































































































APPENDIXI PROFILE DRAWINGS 

 I-1
 X:\Route 84 - Isabel Avenue\geotech\Reports\Materials Report\Appendices_r1.doc 

 

 North Segment A2 and A3 Lines 

 September 2010 South Segment A1 and A2 Lines 

 

 



04 Ala 84 25.5/27.1

ALAMEDA COUNTY TRANSPORTATION

IMPROVEMENT AUTHORITY (ACTIA)

1333 Broadway, Suite 300

Oakland, CA 94612

URS CORPORATION

1333 Broadway 

Suite 800

Oakland, CA 94612

Exc

Emb

STATION

CY

TOTAL

10/21/10

68606

09-30-11

A
B

H
IJ

E
E

T
 B

H
O

I

E
L

I
E

 A
B

I
-
J
A

O
U

D
E

Abhijeet
R. Bhoi

x

x

x

x

x

Dist COUNTY ROUTE
POST MILES

TOTAL PROJECT

SHEET

No.

TOTAL

SHEETS

L
A

S
T

 R
E

V
IS

IO
N

S
T

A
T

E
 O

F
 C

A
L

IF
O

R
N

IA
  
- 

 D
E

P
A

R
T

M
E

N
T

 O
F

 T
R

A
N

S
P

O
R

T
A

T
IO

N

No.

Exp.

CIVIL

R
E

G
I

S
T

E
R

E

D
P

ROFESSIONA
L

E
N

G
I

N
E

E
R

S

T
A
TE

OF CALIFORN
IA

REGISTERED CIVIL ENGINEER

T
I
M

E
 P

L
O

T
T

E
D

 =
>

D
A

T
E

 P
L

O
T

T
E

D
 =

>

1
:
2
4
:
4
2
 P

M

1
/
1

3
/
2

0
1

1

C
H

E
C

K
E

D
 B

Y

C
A

L
C

U
L

A
T

E
D

-

D
E

S
IG

N
E

D
 B

Y
R

E
V

IS
E

D
 B

Y

D
A

T
E

 R
E

V
IS

E
D

PLANS APPROVAL DATE

DATE

C
O

N
S

U
L

T
A

N
T

 F
U

N
C

T
IO

N
A

L
 S

U
P

E
R

V
IS

O
R

R
R

1
0
-
2
1
-
1
0

USERNAME => minyoung_kim

DGN FILE => ...\0400020580fa001.dgn

RELATIVE BORDER SCALE

IS IN INCHES

0 1 2 3
UNIT 0733 PROJECT NUMBER & PHASE 04000205801BORDER LAST REVISED 7/2/2010

R
A

M
S

E
Y

 J
. 
H

I
S

S
E

N

A
B

1
2
/
1
5
/
1
0

430

420

410

430

420

410

215 220

PG

OG

E
l
e
v
 4

2
2
.6

0

+
8
5
.6

3
 B

B

E
l
e
v
 4

2
2
.5

2

+
0

5
.6

3
 E

B

WEST ACCESS RD No. 2

"AC2" LINE

2 3 4 6 7 8 9 1 2 3 4

PROFILE

P-1

1,926

32

1,926

32

Horiz 1" = 50’
SCALE:       Vert 1" = 10’

NOTE:

THE VERTICAL DATUM IS NAVD 1988.

ARROYO MOCHO

ACCESS BRIDGE

(SEE STRUCTURES PLANS)

E
l
e
v

 4
1

9
.9

8

+
3

8
.8

2
 B

V
C

E
l
e
v
 4

2
1
.8

2

E
l
e
v

 4
2

3
.9

8

+
3

8
.8

2
 E

V
C

E
l
e
v
 4

2
1
.9

6

+
4

0
.1

2
 B

V
C

E
l
e
v
 4

1
9
.9

2

E
l
e
v
 4

1
9
.4

2

+
9

0
.1

2
 E

V
C

E
l
e
v
 4

1
9
.2

3

+
7

4
.5

3
 B

V
C

E
l
e
v
 4

1
7
.9

2

E
l
e
v
 4

1
8
.0

0

+
2

4
.5

3
 E

V
C

E
l
e
v
 4

1
7
.7

0

+
2

4
.5

3
 B

V
C

E
l
e
v
 4

1
7
.7

0

E
l
e
v
 4

1
7
.4

0

+
7

4
.5

3
 E

V
C

E
l
e
v

 4
1

7
.5

1

+
2

4
.8

8
 B

V
C

E
l
e
v

 4
1

8
.5

8

E
l
e
v
 4

1
8
.6

9
+

7
4

.8
8

 E
V

C

E
l
e
v
 4

1
9
.1

6

E
l
e
v
 4

1
9
.4

7

E
l
e
v
 4

1
8
.8

6

2.16% -2.02%

-0.74% 0.31% -1.19% 0.43%
1.88%

200’ VC 

50’ VC 

50’ VC 

50’ VC 50’ VC 

10%

+
5
3
.6

8

+
3
8
.8

2

+
6
5
.1

2

+
9

8
.6

3

E
l
e
v

 4
1

7
.6

8

+
4

9
.5

3

+
9

9
.5

3

+
4
9
.8

8

+
9

1
.5

1

+
9

7
.6

3



04 Ala 84 25.5/27.1

ALAMEDA COUNTY TRANSPORTATION

IMPROVEMENT AUTHORITY (ACTIA)

1333 Broadway, Suite 300

Oakland, CA 94612

URS CORPORATION

1333 Broadway 

Suite 800

Oakland, CA 94612

Exc

Emb

STATION

CY

TOTAL

10/21/10

68606

09-30-11

A
B

H
IJ

E
E

T
 B

H
O

I

E
L

I
E

 A
B

I
-
J
A

O
U

D
E

Abhijeet
R. Bhoi

x

x

x

x

x

Dist COUNTY ROUTE
POST MILES

TOTAL PROJECT

SHEET

No.

TOTAL

SHEETS

L
A

S
T

 R
E

V
IS

IO
N

S
T

A
T

E
 O

F
 C

A
L

IF
O

R
N

IA
  
- 

 D
E

P
A

R
T

M
E

N
T

 O
F

 T
R

A
N

S
P

O
R

T
A

T
IO

N

No.

Exp.

CIVIL

R
E

G
I

S
T

E
R

E

D
P

ROFESSIONA
L

E
N

G
I

N
E

E
R

S

T
A
TE

OF CALIFORN
IA

REGISTERED CIVIL ENGINEER

T
I
M

E
 P

L
O

T
T

E
D

 =
>

D
A

T
E

 P
L

O
T

T
E

D
 =

>

1
:
2
4
:
4
5
 P

M

1
/
1

3
/
2

0
1

1

C
H

E
C

K
E

D
 B

Y

C
A

L
C

U
L

A
T

E
D

-

D
E

S
IG

N
E

D
 B

Y
R

E
V

IS
E

D
 B

Y

D
A

T
E

 R
E

V
IS

E
D

PLANS APPROVAL DATE

DATE

C
O

N
S

U
L

T
A

N
T

 F
U

N
C

T
IO

N
A

L
 S

U
P

E
R

V
IS

O
R

R
R

1
0
-
2
1
-
1
0

USERNAME => minyoung_kim

DGN FILE => ...\0400020580fb001.dgn

RELATIVE BORDER SCALE

IS IN INCHES

0 1 2 3
UNIT 0733 PROJECT NUMBER & PHASE 04000205801BORDER LAST REVISED 7/2/2010

R
A

M
S

E
Y

 J
. 
H

I
S

S
E

N

A
B

1
2
/
1
5
/
1
0

+
5

0
.0

0
 B

V
C

+
5

0
.0

0
 E

V
C

0.61%
500’ VC -0.72%

+
0

1
.0

0
 E

V
C

+
0

1
.0

0
 B

V
C

-0.30%

200’ VC 

E
l
e
v

 4
1

2
.1

4

E
l
e
v

 4
1

0
.3

4

E
l
e
v
 4

1
1
.8

6

E
l
e
v
 4

1
3
.2

2

E
l
e
v

 4
1

3
.9

4

E
l
e
v

 4
1

4
.2

4

C
O

N
F

O
R

M

+
0

0
.0

0

+
0

1
.0

0

+
0

0
.0

0

+
1

4
.2

5
+

1
4

.2
5

+
9
6
.3

2
+

9
6
.3

2

+
8
2
.8

7

+
7

0
.4

9

+
0
0

10%

5%

0%

-5%

-10%

10%

5%

0%

-5%

-10%

410

430

420

OG

PG

AXIS OF ROTATION

430

420

410

400 400

Rt ETW & ES 2% 

  Lt ETW -2% 

Lt ES -5% 

+
7

7
.9

3
 E

C

Rt ETW & ES

3 4 6365

"A2" LINE

PROFILE

"A2" LINE

SUPERELEVATION

R=14280’ Lt

Lt ETW & ES

Lt ETW & ES

S
E

E
 S

H
E

E
T

 P
S

-
2

S
E

E
 S

H
E

E
T

 P
S

-
2

PROFILE AND

SUPERELEVATION DIAGRAM

PS-1
7 8 9 1 2 3 4 6370 375

SCALE:
Horiz 1" = 50’

       Vert 1" = 10’

+
3
2
.6

4
 B

C

+
2

0
.4

9
 E

C

NOTES:

1. THE VERTICAL DATUM IS NAVD 1988.

2. AXIS OF ROTATION IS AT PROFILE GRADE POINT,

   SEE TYPICAL SECTIONS FOR LOCATION OF PROFILE GRADE POINT.

7

11,142

85

11,142

85

2%

Rt ETW -2%

Rt ES -5%



04 Ala 84 25.5/27.1

ALAMEDA COUNTY TRANSPORTATION

IMPROVEMENT AUTHORITY (ACTIA)

1333 Broadway, Suite 300

Oakland, CA 94612

URS CORPORATION

1333 Broadway 

Suite 800

Oakland, CA 94612

Exc

Emb

STATION

CY

TOTAL

10/21/10

68606

09-30-11

A
B

H
IJ

E
E

T
 B

H
O

I

E
L

I
E

 A
B

I
-
J
A

O
U

D
E

Abhijeet
R. Bhoi

x

x

x

x

x

Dist COUNTY ROUTE
POST MILES

TOTAL PROJECT

SHEET

No.

TOTAL

SHEETS

L
A

S
T

 R
E

V
IS

IO
N

S
T

A
T

E
 O

F
 C

A
L

IF
O

R
N

IA
  
- 

 D
E

P
A

R
T

M
E

N
T

 O
F

 T
R

A
N

S
P

O
R

T
A

T
IO

N

No.

Exp.

CIVIL

R
E

G
I

S
T

E
R

E

D
P

ROFESSIONA
L

E
N

G
I

N
E

E
R

S

T
A
TE

OF CALIFORN
IA

REGISTERED CIVIL ENGINEER

T
I
M

E
 P

L
O

T
T

E
D

 =
>

D
A

T
E

 P
L

O
T

T
E

D
 =

>

1
:
2
4
:
4
8
 P

M

1
/
1

3
/
2

0
1

1

C
H

E
C

K
E

D
 B

Y

C
A

L
C

U
L

A
T

E
D

-

D
E

S
IG

N
E

D
 B

Y
R

E
V

IS
E

D
 B

Y

D
A

T
E

 R
E

V
IS

E
D

PLANS APPROVAL DATE

DATE

C
O

N
S

U
L

T
A

N
T

 F
U

N
C

T
IO

N
A

L
 S

U
P

E
R

V
IS

O
R

R
R

1
0
-
2
1
-
1
0

USERNAME => minyoung_kim

DGN FILE => ...\0400020580fb002.dgn

RELATIVE BORDER SCALE

IS IN INCHES

0 1 2 3
UNIT 0733 PROJECT NUMBER & PHASE 04000205801BORDER LAST REVISED 7/2/2010

R
A

M
S

E
Y

 J
. 
H

I
S

S
E

N

A
B

1
2
/
1
5
/
1
0

+
5

1
.0

7
 B

V
C

0.43%

850’ VC 

E
l
e
v
 4

1
5
.2

0

E
l
e
v

 4
1

7
.5

8

E
l
e
v
 4

1
9
.4

2

+
0

0
.0

0

+
7
6
.0

7

+
7

0
.4

9

+
9

5
.4

9

10%

5%

0%

-5%

-10%

10%

5%

0%

-5%

-10%

410

420 PG

OG

420

410

400 400

AXIS OF ROTATION
Lt ETW -2%

Lt ES -5%

Lt & Rt ETW -2%

Rt ES

7 8 9

"A2" LINE

PROFILE

"A2" LINE

SUPERELEVATION

12,814

PROFILE AND

SUPERELEVATION DIAGRAM

PS-2

S
E

E
 S

H
E

E
T

 P
S

-
3

S
E

E
 S

H
E

E
T

 P
S

-
3

S
E

E
 S

H
E

E
T

 P
S

-
1

S
E

E
 S

H
E

E
T

 P
S

-
1

Rt & Lt ES -5%

Rt & Lt ETW -2%

1 2 3 4 6 7 8 9380 385

SCALE:
Horiz 1" = 50’

       Vert 1" = 10’

1390

0.61%

PG

OG

72

12,814

72



04 Ala 84 25.5/27.1

ALAMEDA COUNTY TRANSPORTATION

IMPROVEMENT AUTHORITY (ACTIA)

1333 Broadway, Suite 300

Oakland, CA 94612

URS CORPORATION

1333 Broadway 

Suite 800

Oakland, CA 94612

Exc

Emb

STATION

CY

TOTAL

10/21/10

68606

09-30-11

A
B

H
IJ

E
E

T
 B

H
O

I

E
L

I
E

 A
B

I
-
J
A

O
U

D
E

Abhijeet
R. Bhoi

x

x

x

x

x

Dist COUNTY ROUTE
POST MILES

TOTAL PROJECT

SHEET

No.

TOTAL

SHEETS

L
A

S
T

 R
E

V
IS

IO
N

S
T

A
T

E
 O

F
 C

A
L

IF
O

R
N

IA
  
- 

 D
E

P
A

R
T

M
E

N
T

 O
F

 T
R

A
N

S
P

O
R

T
A

T
IO

N

No.

Exp.

CIVIL

R
E

G
I

S
T

E
R

E

D
P

ROFESSIONA
L

E
N

G
I

N
E

E
R

S

T
A
TE

OF CALIFORN
IA

REGISTERED CIVIL ENGINEER

T
I
M

E
 P

L
O

T
T

E
D

 =
>

D
A

T
E

 P
L

O
T

T
E

D
 =

>

1
:
2
4
:
5
0
 P

M

1
/
1

3
/
2

0
1

1

C
H

E
C

K
E

D
 B

Y

C
A

L
C

U
L

A
T

E
D

-

D
E

S
IG

N
E

D
 B

Y
R

E
V

IS
E

D
 B

Y

D
A

T
E

 R
E

V
IS

E
D

PLANS APPROVAL DATE

DATE

C
O

N
S

U
L

T
A

N
T

 F
U

N
C

T
IO

N
A

L
 S

U
P

E
R

V
IS

O
R

R
R

1
0
-
2
1
-
1
0

USERNAME => minyoung_kim

DGN FILE => ...\0400020580fb003.dgn

RELATIVE BORDER SCALE

IS IN INCHES

0 1 2 3
UNIT 0733 PROJECT NUMBER & PHASE 04000205801BORDER LAST REVISED 7/2/2010

R
A

M
S

E
Y

 J
. 
H

I
S

S
E

N

A
B

1
2
/
1
5
/
1
0

+
0

1
.0

7
 E

V
C

850’ VC 

E
l
e
v

 4
0

9
.9

8

E
l
e
v
 4

0
5
.6

0

E
l
e
v

 4
0

1
.0

4

+
5

6
.7

2
 B

V
C

E
l
e
v

 3
9

9
.8

4

E
l
e
v

 3
9

1
.1

4

-2.08%

-2.28%

-2.12%
820’ VC 

E
l
e
v

 4
0

9
.3

1

E
l
e
v
 4

0
9
.5

3

-2.22%

+
2

1
.2

9

+
2

1
.2

9

+
0
0
.0

7

+
0

0
.0

0

+
6
6
.7

2

10%

5%

0%

-5%

-10%

10%

5%

0%

-5%

-10%

410

420

OG

PG

420

410

400 400

AXIS OF ROTATION

Rt & Lt ETW -2%

Rt & Lt ES -5%

S
E

E
 S

H
E

E
T

 P
S

-
2

S
E

E
 S

H
E

E
T

 P
S

-
2

S
E

E
 S

H
E

E
T

 P
S

-
4

S
E

E
 S

H
E

E
T

 P
S

-
4

E
N

D
 "

A
2
"
 L

I
N

E

B
e
g

 "
A

3
"
 L

I
N

E

+
1

0
.7

5
 S

T
A

N
L

E
Y

 C
O

N
N

E
C

T
O

R

"A2" "A3" LINE

PROFILE

"A2" "A3"LINE

SUPERELEVATION

+
9

8
.7

6
9

S
T

A
N

L
E

Y
 B

lv
d

 O
C

(
S

T
 L

I
N

E
)

B
r
 N

o
. 
3
3
-
0
7
1
1

1 2 3 4 395390

25,156

124

6 7 8 9 400 1 2

3,163

8

28,319

132

PROFILE AND

SUPERELEVATION DIAGRAM

       Vert 1" = 10’

Horiz 1" = 50’
SCALE:

PS-3

390 390



04 Ala 84 25.5/27.1

ALAMEDA COUNTY TRANSPORTATION

IMPROVEMENT AUTHORITY (ACTIA)

1333 Broadway, Suite 300

Oakland, CA 94612

URS CORPORATION

1333 Broadway 

Suite 800

Oakland, CA 94612

Exc

Emb

STATION

CY

TOTAL

10/21/10

68606

09-30-11

A
B

H
IJ

E
E

T
 B

H
O

I

E
L

I
E

 A
B

I
-
J
A

O
U

D
E

Abhijeet
R. Bhoi

x

x

x

x

x

Dist COUNTY ROUTE
POST MILES

TOTAL PROJECT

SHEET

No.

TOTAL

SHEETS

L
A

S
T

 R
E

V
IS

IO
N

S
T

A
T

E
 O

F
 C

A
L

IF
O

R
N

IA
  
- 

 D
E

P
A

R
T

M
E

N
T

 O
F

 T
R

A
N

S
P

O
R

T
A

T
IO

N

No.

Exp.

CIVIL

R
E

G
I

S
T

E
R

E

D
P

ROFESSIONA
L

E
N

G
I

N
E

E
R

S

T
A
TE

OF CALIFORN
IA

REGISTERED CIVIL ENGINEER

T
I
M

E
 P

L
O

T
T

E
D

 =
>

D
A

T
E

 P
L

O
T

T
E

D
 =

>

1
:
2
4
:
5
3
 P

M

1
/
1

3
/
2

0
1

1

C
H

E
C

K
E

D
 B

Y

C
A

L
C

U
L

A
T

E
D

-

D
E

S
IG

N
E

D
 B

Y
R

E
V

IS
E

D
 B

Y

D
A

T
E

 R
E

V
IS

E
D

PLANS APPROVAL DATE

DATE

C
O

N
S

U
L

T
A

N
T

 F
U

N
C

T
IO

N
A

L
 S

U
P

E
R

V
IS

O
R

R
R

1
0
-
2
1
-
1
0

USERNAME => minyoung_kim

DGN FILE => ...\0400020580fb004.dgn

RELATIVE BORDER SCALE

IS IN INCHES

0 1 2 3
UNIT 0733 PROJECT NUMBER & PHASE 04000205801BORDER LAST REVISED 7/2/2010

R
A

M
S

E
Y

 J
. 
H

I
S

S
E

N

A
B

1
2
/
1
5
/
1
0

+
7

6
.7

2
 E

V
C

E
l
e
v

 4
0

3
.4

4

+
7

7
.2

1
 B

V
C

E
l
e
v

 4
0

3
.4

5
3.00%

+
3

5
.0

0

10%

5%

0%

-5%

-10%

10%

5%

0%

-5%

-10%

410

420

390

OG

PG

390

420

410

400 400

AXIS OF ROTATION

Rt & Lt ETW -2%

Rt & Lt ES -5%

PROFILE AND

SUPERELEVATION DIAGRAM

6 7 8 94052

23,359

Horiz 1" = 50’
SCALE:       Vert 1" = 10’

PS-4

S
E

E
 S

H
E

E
T

 P
S

-
3

S
E

E
 S

H
E

E
T

 P
S

-
3

S
E

E
 S

H
E

E
T

 P
S

-
5

S
E

E
 S

H
E

E
T

 P
S

-
5

I
S

A
B

E
L

 A
v

e
 U

P
 �

B
r
 N

o
. 
3
3
-
0
7
1
2

T
O

P
 O

F
 R

A
I
L

 E
le

v
 4

2
2

.5
7

+
9

6
.2

3

3 4 410 1 2

 "A3" LINE

SUPERELEVATION

 "A3" LINE

PROFILE

22

23,359

22

820’ VC

1495’ VC



04 Ala 84 25.5/27.1

ALAMEDA COUNTY TRANSPORTATION

IMPROVEMENT AUTHORITY (ACTIA)

1333 Broadway, Suite 300

Oakland, CA 94612

URS CORPORATION

1333 Broadway 

Suite 800

Oakland, CA 94612

Exc

Emb

STATION

CY

TOTAL

10/21/10

68606

09-30-11

A
B

H
IJ

E
E

T
 B

H
O

I

E
L

I
E

 A
B

I
-
J
A

O
U

D
E

Abhijeet
R. Bhoi

x

x

x

x

x

Dist COUNTY ROUTE
POST MILES

TOTAL PROJECT

SHEET

No.

TOTAL

SHEETS

L
A

S
T

 R
E

V
IS

IO
N

S
T

A
T

E
 O

F
 C

A
L

IF
O

R
N

IA
  
- 

 D
E

P
A

R
T

M
E

N
T

 O
F

 T
R

A
N

S
P

O
R

T
A

T
IO

N

No.

Exp.

CIVIL

R
E

G
I

S
T

E
R

E

D
P

ROFESSIONA
L

E
N

G
I

N
E

E
R

S

T
A
TE

OF CALIFORN
IA

REGISTERED CIVIL ENGINEER

T
I
M

E
 P

L
O

T
T

E
D

 =
>

D
A

T
E

 P
L

O
T

T
E

D
 =

>

1
:
2
4
:
5
5
 P

M

1
/
1

3
/
2

0
1

1

C
H

E
C

K
E

D
 B

Y

C
A

L
C

U
L

A
T

E
D

-

D
E

S
IG

N
E

D
 B

Y
R

E
V

IS
E

D
 B

Y

D
A

T
E

 R
E

V
IS

E
D

PLANS APPROVAL DATE

DATE

C
O

N
S

U
L

T
A

N
T

 F
U

N
C

T
IO

N
A

L
 S

U
P

E
R

V
IS

O
R

R
R

1
0
-
2
1
-
1
0

USERNAME => minyoung_kim

DGN FILE => ...\0400020580fb005.dgn

RELATIVE BORDER SCALE

IS IN INCHES

0 1 2 3
UNIT 0733 PROJECT NUMBER & PHASE 04000205801BORDER LAST REVISED 7/2/2010

R
A

M
S

E
Y

 J
. 
H

I
S

S
E

N

A
B

1
2
/
1
5
/
1
0

E
l
e
v

 4
2

5
.8

8

+
7
2
.2

1
 P

V
C

C

E
l
e
v
 4

2
2
.5

3

E
l
e
v

 4
2

2
.0

1

+
0
2
.2

1
 P

V
R

C

E
l
e
v

 4
2

0
.9

5

230’ VC 

1495’ VC 

+
2

4
.7

1

+
8

7
.2

1

+
4

5
.6

1

+
2

0
.6

1

+
4

6
.1

0

+
4

6
.1

1

+
8

5
.0

0

10%

5%

0%

-5%

-10%

10%

5%

0%

-5%

-10%

410

420

390

OG

PG

390

420

410

400 400

AXIS OF ROTATION

PROFILE AND

SUPERELEVATION DIAGRAM

"A3" LINE

PROFILE

6 7 8 9

"A3" LINE

SUPERELEVATION

5,110

S
E

E
 S

H
E

E
T

 P
S

-
4

S
E

E
 S

H
E

E
T

 P
S

-
4

S
E

E
 S

H
E

E
T

 P
S

-
6

S
E

E
 S

H
E

E
T

 P
S

-
6

Horiz 1" = 50’
SCALE:       Vert 1" = 10’

PS-5

Rt & Lt ETW & ES -2% Lt ETW -2%

Lt ES

Rt ETW & ES

4153 4 420 1 2 3

PG

OG

+
9
0
.5

7
 B

B

+
1

4
.4

0
 E

B

E
l
e
v
 4

2
0
.2

4
’

E
l
e
v
 4

2
1
.4

6
’

ARROYO MOCHO BRIDGE(WIDEN)

Br No. 33-0713

(SEE STRUCTURES PLANS)

+
9
6
.1

1
 B

C

R=8237.67’ Lt

1,351

13 62

6,461

75



04 Ala 84 25.5/27.1

ALAMEDA COUNTY TRANSPORTATION

IMPROVEMENT AUTHORITY (ACTIA)

1333 Broadway, Suite 300

Oakland, CA 94612

URS CORPORATION

1333 Broadway 

Suite 800

Oakland, CA 94612

Exc

Emb

STATION

CY

TOTAL

10/21/10

68606

09-30-11

A
B

H
IJ

E
E

T
 B

H
O

I

E
L

I
E

 A
B

I
-
J
A

O
U

D
E

Abhijeet
R. Bhoi

x

x

x

x

x

Dist COUNTY ROUTE
POST MILES

TOTAL PROJECT

SHEET

No.

TOTAL

SHEETS

L
A

S
T

 R
E

V
IS

IO
N

S
T

A
T

E
 O

F
 C

A
L

IF
O

R
N

IA
  
- 

 D
E

P
A

R
T

M
E

N
T

 O
F

 T
R

A
N

S
P

O
R

T
A

T
IO

N

No.

Exp.

CIVIL

R
E

G
I

S
T

E
R

E

D
P

ROFESSIONA
L

E
N

G
I

N
E

E
R

S

T
A
TE

OF CALIFORN
IA

REGISTERED CIVIL ENGINEER

T
I
M

E
 P

L
O

T
T

E
D

 =
>

D
A

T
E

 P
L

O
T

T
E

D
 =

>

1
:
2
4
:
5
8
 P

M

1
/
1

3
/
2

0
1

1

C
H

E
C

K
E

D
 B

Y

C
A

L
C

U
L

A
T

E
D

-

D
E

S
IG

N
E

D
 B

Y
R

E
V

IS
E

D
 B

Y

D
A

T
E

 R
E

V
IS

E
D

PLANS APPROVAL DATE

DATE

C
O

N
S

U
L

T
A

N
T

 F
U

N
C

T
IO

N
A

L
 S

U
P

E
R

V
IS

O
R

R
R

1
0
-
2
1
-
1
0

USERNAME => minyoung_kim

DGN FILE => ...\0400020580fb006.dgn

RELATIVE BORDER SCALE

IS IN INCHES

0 1 2 3
UNIT 0733 PROJECT NUMBER & PHASE 04000205801BORDER LAST REVISED 7/2/2010

R
A

M
S

E
Y

 J
. 
H

I
S

S
E

N

A
B

1
2
/
1
5
/
1
0

E
l
e
v
 4

2
0
.0

3

+
0

2
.2

1
 E

V
C

E
l
e
v
 4

1
9
.6

6

E
l
e
v
 4

1
9
.0

0

+
8

0
.0

0
 B

V
C

E
l
e
v
 4

1
7
.8

7

E
l
e
v
 4

1
7
.3

0

+
8
0
.0

0
 P

V
R

C

E
l
e
v
 4

1
7
.6

3

E
l
e
v

 4
1

7
.9

5

+
8

0
.0

0
 E

V
C

E
l
e
v

 4
1

7
.4

5

+
5

0
.0

0
 B

V
C

E
l
e
v

 4
1

7
.1

1

E
l
e
v

 4
1

6
.6

1

+
5

0
.0

0
 E

V
C

E
l
e
v
 4

1
6
.2

6

-0.37%
-0.57%

-0.50%
-0.36%

200’ VC 

200’ VC 

200’ VC 

200’ VC 

+
0

2
.2

1

+
8

1
.7

9

+
8

0
.0

0

+
8

0
.0

0

+
5

0
.0

0

+
6
8
.6

6

+
9
6
.4

2

+
9
3
.6

6

+
9
6
.4

2

+
9

3
.6

6

+
2
1
.4

2

10%

5%

0%

-5%

-10%

10%

5%

0%

-5%

-10%

420

410

400

AXIS OF ROTATION

430

420

410

400

430

"A3" LINE

PROFILE

6 7 8 94252

"A3" LINE

SUPERELEVATION

Lt ETW -2%

13,687

PROFILE AND

SUPERELEVATION DIAGRAM

PS-6

S
E

E
 S

H
E

E
T

 P
S

-
5

S
E

E
 S

H
E

E
T

 P
S

-
5

S
E

E
 S

H
E

E
T

 P
S

-
7

S
E

E
 S

H
E

E
T

 P
S

-
7

Lt ES -5%

4 430 1 2 3

Horiz 1" = 50’
SCALE:       Vert 1" = 10’

+
3
5
.8

1
 D

I
S

C
O

V
E

R
Y

 D
r

+
4

6
.4

2
 E

C

R=8237.67’ Lt

4 435 6

+
4
3
.6

6
 B

C

61

13,687

61

Rt ETW & ES 2%

R=8645.03’ Rt

Lt ETW & ES 2%

Rt ETW -2%

Rt ES -5%

AXIS OF ROTATION



04 Ala 84 25.5/27.1

ALAMEDA COUNTY TRANSPORTATION

IMPROVEMENT AUTHORITY (ACTIA)

1333 Broadway, Suite 300

Oakland, CA 94612

URS CORPORATION

1333 Broadway 

Suite 800

Oakland, CA 94612

Exc

Emb

STATION

CY

TOTAL

10/21/10

68606

09-30-11

A
B

H
IJ

E
E

T
 B

H
O

I

E
L

I
E

 A
B

I
-
J
A

O
U

D
E

Abhijeet
R. Bhoi

x

x

x

x

x

Dist COUNTY ROUTE
POST MILES

TOTAL PROJECT

SHEET

No.

TOTAL

SHEETS

L
A

S
T

 R
E

V
IS

IO
N

S
T

A
T

E
 O

F
 C

A
L

IF
O

R
N

IA
  
- 

 D
E

P
A

R
T

M
E

N
T

 O
F

 T
R

A
N

S
P

O
R

T
A

T
IO

N

No.

Exp.

CIVIL

R
E

G
I

S
T

E
R

E

D
P

ROFESSIONA
L

E
N

G
I

N
E

E
R

S

T
A
TE

OF CALIFORN
IA

REGISTERED CIVIL ENGINEER

T
I
M

E
 P

L
O

T
T

E
D

 =
>

D
A

T
E

 P
L

O
T

T
E

D
 =

>

1
:
2
5
:
0
1
 P

M

1
/
1

3
/
2

0
1

1

C
H

E
C

K
E

D
 B

Y

C
A

L
C

U
L

A
T

E
D

-

D
E

S
IG

N
E

D
 B

Y
R

E
V

IS
E

D
 B

Y

D
A

T
E

 R
E

V
IS

E
D

PLANS APPROVAL DATE

DATE

C
O

N
S

U
L

T
A

N
T

 F
U

N
C

T
IO

N
A

L
 S

U
P

E
R

V
IS

O
R

R
R

1
0
-
2
1
-
1
0

USERNAME => minyoung_kim

DGN FILE => ...\0400020580fb007.dgn

RELATIVE BORDER SCALE

IS IN INCHES

0 1 2 3
UNIT 0733 PROJECT NUMBER & PHASE 04000205801BORDER LAST REVISED 7/2/2010

R
A

M
S

E
Y

 J
. 
H

I
S

S
E

N

A
B

1
2
/
1
5
/
1
0

E
l
e
v
 4

1
5
.7

2

-0.30%

C
O

N
F

O
R

M

+
9

9
.9

9

+
7

5
.8

0

+
1
9
.9

8

10%

5%

0%

-5%

-10%

10%

5%

0%

-5%

-10%

OG

PG
420

410

400

430

420

410

400

430

AXIS OF ROTATION

Lt ETW & ES 2%

Rt ETW -2%

Rt ES -5%

"A3" LINE

PROFILE

4 435 6

"A3" LINE

SUPERELEVATION

10,596

PROFILE AND

SUPERELEVATION DIAGRAM

PS-7

S
E

E
 S

H
E

E
T

 P
S

-
6

S
E

E
 S

H
E

E
T

 P
S

-
6

7 8 9 440 1 2 3 4

Horiz 1" = 50’
SCALE:       Vert 1" = 10’

SEE C SHEETS FOR LT ETW AND ES

+
8

0
.0

0+
6

9
.9

8
 E

C

6 7 8445

C
O

N
F

O
R

M

4
4

7
+

7
5

.8
0

606

10,596

606

R=8645.03’ Rt



04 Ala 84 25.5/27.1

ALAMEDA COUNTY TRANSPORTATION

IMPROVEMENT AUTHORITY (ACTIA)

1333 Broadway, Suite 300

Oakland, CA 94612

URS CORPORATION

1333 Broadway 

Suite 800

Oakland, CA 94612

Exc

Emb

STATION

CY

TOTAL

10/21/10

68606

09-30-11

A
B

H
IJ

E
E

T
 B

H
O

I

E
L

I
E

 A
B

I
-
J
A

O
U

D
E

Abhijeet
R. Bhoi

x

x

x

x

x

Dist COUNTY ROUTE
POST MILES

TOTAL PROJECT

SHEET

No.

TOTAL

SHEETS

L
A

S
T

 R
E

V
IS

IO
N

S
T

A
T

E
 O

F
 C

A
L

IF
O

R
N

IA
  

- 
 D

E
P

A
R

T
M

E
N

T
 O

F
 T

R
A

N
S

P
O

R
T

A
T

IO
N

No.

Exp.

CIVIL

R
E

G
I

S
T

E
R

E

D
P

ROFESSIONA
L

E
N

G
I

N
E

E
R

S

T
A
TE

OF CALIFORN
IA

REGISTERED CIVIL ENGINEER

T
I
M

E
 P

L
O

T
T

E
D

 =
>

D
A

T
E

 P
L

O
T

T
E

D
 =

>

1
:
2

5
:
0

3
 P

M

1
/
1
3
/
2
0
1
1

C
H

E
C

K
E

D
 B

Y

C
A

L
C

U
L

A
T

E
D

-

D
E

S
IG

N
E

D
 B

Y
R

E
V

IS
E

D
 B

Y

D
A

T
E

 R
E

V
IS

E
D

PLANS APPROVAL DATE

DATE

C
O

N
S

U
L

T
A

N
T

 F
U

N
C

T
IO

N
A

L
 S

U
P

E
R

V
IS

O
R

R
R

1
0

-
2

1
-
1

0

USERNAME => minyoung_kim

DGN FILE => ...\0400020580fb008.dgn

RELATIVE BORDER SCALE

IS IN INCHES

0 1 2 3
UNIT 0733 PROJECT NUMBER & PHASE 04000205801BORDER LAST REVISED 7/2/2010

R
A

M
S

E
Y

 J
. 

H
I
S

S
E

N

A
B

1
2

/
1

5
/
1

0

+
2
6
.6

AXIS OF ROTATION

10%

5%

0%

-5%

-10%

10%

5%

0%

-5%

-10%

430

420

410

400

430

420

410

400

1
0
3
+

3
4
 ¨

 E
T

W

S
T

A
N

L
E

Y

Rt ETW & ES 12%

Lt ETW & ES -12%

Rt ETW & ES 11%

Lt ETW & ES -11%

PG

OG

R=301’ Lt R=645’ Lt

CONFORM +0.30%

CONFORM -0.30%

"ST" LINE

PROFILE

3 4 95 6 7 8 9 100 1 2 3 4 105

+
2
7
.0

3
 B

C

+
4
3
.2

8
 E

C

+
3
7
.3

7
 B

C

+
5
4
.0

6
 E

C

+
6
4
.0

0

+
3
4
.8

0
+

3
4
.8

0

+
6
4
.0

0

"ST" LINE

SUPERELEVATION

+
4
3
.3

0
+

4
3
.3

0

+
2
7
.3

0
+

2
7
.3

0

 -3.50%

16,037

922

PROFILE AND

SUPERELEVATION DIAGRAM

PS-8

Horiz 1" = 50’
SCALE:       Vert 1" = 10’

9
3
+

8
8
.8

5
 E

T
W

S
R

 8
4

 0.70%

+
9
3
.9

6

 -3.57%

16,037

922

E
l
e
v

 4
0

9
.4

7

+
4
6
.0

1
 B

V
C

E
l
e
v
 4

0
8
.8

5

+
4
6
.0

1
 E

V
C

E
l
e
v

 4
0

8
.8

7

+
0
0
.0

0
 B

V
C

E
l
e
v
 4

0
9
.6

5

+
0

0
.0

0
 P

I

E
l
e
v

 4
1

1
.1

0

+
0

0
.0

0
 P

V
R

C

E
l
e
v

 4
1

3
.5

0

E
l
e
v

 4
1

5
.9

0

+
0

0
.0

0
 P

V
R

C

E
l
e
v

 4
1

7
.0

7

E
l
e
v

 4
1

8
.2

3

-1.43% 1.45%

1.28%

300’ VC 

200’ VC 

200’ VC 

200’ VC 

-2.00%

+
0
0
.0

0
 E

V
C

E
l
e
v
 4

1
9
.5

1

+
1
0
.7

5

+
3
1
.5

9

E
l
e
v

 4
0

9
.0

6

+
9
6
.0

1

E
l
e
v

 4
0

6
.7

0

+
0
0
.0

0

+
0
0
.0

0

+
3
7
.1

0

E
l
e
v
 4

1
9
.9

8



5%

0%

-5%

-10%

PS-1

PROFILE AND

SUPERELEVATION DIAGRAM

10%

5%

0%

-5%

-10%

10%

AXIS OF ROTATION

590

585

580

575

570

565

560

555

OG

C
O

N
F

O
R

M

S
T

A
 2

2
6
+

9
7
.0

3

ALL DIMENSIONS ARE IN FEET

UNLESS OTHERWISE SHOWN

SCALE: HORIZ 1"=50’

       VERT 1"=10’

200’ VC 

Rt & Lt ETW -2%

Rt & Lt ES -5% Rt ES -5%

PG

S
E

E
 S

H
E

E
T

 P
S

-
2

590

585

580

575

570

565

560

555

227 228 229 230 231 232 233 234 235 236 237 238

SUPERELEVATION DIAGRAM

"A1" LINE

PROFILE

"A1" LINE

OG

NOTES:

THE HORIZONTAL DATUM IS NAD 83 (1991.35).

THE VERTICAL DATUM IS NAVD 1988.

R = 1000’ Rt

B
C

 +
6

6
.6

0
8

 

Lt ETW & ES

Rt ETW & ES

Rt ETW

Lt ES

200’ VC 

200’ VC 

+
9
3
.5

3
1
 P

V
I

E
l
e
v

 5
8

7
.1

8
5

+
5

0
.0

0
0

 B
V

C

E
l
e
v

 5
8

1
.7

8
7

+
5
0
.0

0
0
 P

V
I

E
l
e
v

 5
7

8
.3

3
7

+
5
0
.0

0
0
 E

V
C

E
l
e
v

 5
7

6
.1

8
1

+
2

9
.7

0
3

 B
V

C

E
l
e
v
 5

7
4
.4

6
2

+
2
9
.7

0
3
 P

V
I

E
l
e
v

 5
7

2
.3

0
6

+
2
9
.7

0
3
 E

V
C

E
l
e
v
 5

6
9
.4

5
3

+
5

5
.6

3
8

 B
V

C

E
l
e
v
 5

6
8
.7

1
2

+
5
5
.6

3
8
 P

V
I

E
l
e
v

 5
6

5
.8

5
9

+
5
5
.6

3
8
 E

V
C

E
l
e
v
 5

6
4
.2

1
3

-3.45%

-2.16%

-2.85%

-1.65%

04 Ala 84 22.9/27.1

Exc

Emb

STATION

CY

TOTAL

CU EA

x

x

x

x

x

Dist COUNTY ROUTE
POST MILES

TOTAL PROJECT

SHEET

No.

TOTAL

SHEETS

L
A

S
T

 R
E

V
IS

IO
N

0
0

-
0

0
-
0

0

29760104257

S
T

A
T

E
 O

F
 C

A
L

IF
O

R
N

IA
  
- 

 D
E

P
A

R
T

M
E

N
T

 O
F

 T
R

A
N

S
P

O
R

T
A

T
IO

N

No.

Exp.

CIVIL

R
E

G
I

S
T

E
R

E

D
 
P

ROFESSIONA
L

 
E

N
G
I

N
E

E
R

S

T
A
TE OF CALIFORN

IA

REGISTERED CIVIL ENGINEER

T
I
M

E
 P

L
O

T
T

E
D

 =
>

USERNAME => madhu_thummaluru

...\to Wreco\429760fb_PS01.dgn

D
A

T
E

 P
L

O
T

T
E

D
 =

>

2
:
2
8
:
1
5
 P

M

9
/
1

6
/
2

0
1

0

DGN FILE =>

RELATIVE BORDER SCALE

IS IN INCHES

C
H

E
C

K
E

D
 B

Y

C
A

L
C

U
L

A
T

E
D

-

D
E

S
IG

N
E

D
 B

Y
R

E
V

IS
E

D
 B

Y

D
A

T
E

 R
E

V
IS

E
D

0 1 2 3

PLANS APPROVAL DATE

DATE

C
O

N
S

U
L

T
A

N
T

 F
U

N
C

T
IO

N
A

L
 S

U
P

E
R

V
IS

O
R

R

BORDER LAST REVISED 2/1/2008

URS

1333 Broadway, 

Suite 800

Oakland, CA 94612

ALAMEDA COUNTY TRANSPORTATION

IMPROVEMENT AUTHORITY (ACTIA)

1333 Broadway, Suite 300

Oakland, CA 94612

X
:
\
8
4
-
I
s
a
b
e
l
l
e
 P

S
E

\
0
0
0
-
C

A
D

 F
i
l
e
s
\
s
h
e
e
t
s
_
A

\
F

B
-
P

r
o
f
-
S

u
p
e
r
\
t
o
 W

r
e
c
o
\
4
2
9
7
6
0
f
b
_
P

S
0
1
.d

g
n

2
3

8
+

3
6

.6
0

8

2
3

2
+

2
4

.6
0

8

2
3

8
+

3
6

.6
0

8

2
3

4
+

2
8

.6
0

8

2
3

8
+

3
6

.6
0

8

2
3

0
+

7
1

.6
0

8

2
3

5
+

8
1

.6
0

8



PROFILE AND

SUPERELEVATION DIAGRAM

PS-2

AXIS OF ROTATION

S
E

E
 S

H
E

E
T

 P
S

-
3

OG

520

525

530

535

540

545

555

550

560 560

555

550

545

540

535

530

525

520

PG

ALL DIMENSIONS ARE IN FEET

UNLESS OTHERWISE SHOWN

E
C

 +
5

9
.6

2
0

 

R = 1000’ Rt

5%

0%

-5%

-10%

10%

5%

0%

-5%

-10%

10%

SCALE: HORIZ 1"=50’

       VERT 1"=10’

S
E

E
 S

H
E

E
T

 P
S

-
1

200’ VC 

Rt ETW & ES -10%

Lt ETW & ES 10%

SUPERELEVATION DIAGRAM

"A1" LINE

PROFILE

"A1" LINE

240 241 242 243 244 245 246 247 248 249239

Rt ETW & ES

Lt ETW & ES

200’ VC 

200’ VC 

+
6
5
.1

3
3
 P

V
I

E
l
e
v

 5
5

9
.1

1
9

+
0

0
.0

0
0

 B
V

C

E
l
e
v

 5
5

4
.3

6
5

+
0
0
.0

0
0
 P

V
I

E
l
e
v

 5
5

2
.3

4
1

+
0
0
.0

0
0
 E

V
C

E
l
e
v

 5
4

9
.2

9
6

+
3
9
.8

2
7
 P

V
I

E
l
e
v

 5
4

5
.0

3
8

+
9

8
.6

1
8

 B
V

C

E
l
e
v
 5

3
9
.6

3
3

+
9
8
.6

1
8
 P

V
I

E
l
e
v

 5
3

6
.2

2
9

+
9
8
.6

1
8
 E

V
C

E
l
e
v

 5
3

4
.1

5
6

+
0

0
.0

0
0

 B
V

C

E
l
e
v

 5
3

4
.1

2
8

+
0
0
.0

0
0
 P

V
I

E
l
e
v

 5
3

2
.0

5
5

-2.02%

-3.05%

-3.40%

-2.07%

04 Ala 84 22.9/27.1

Exc

Emb

STATION

CY

TOTAL

CU EA

x

x

x

x

x

Dist COUNTY ROUTE
POST MILES

TOTAL PROJECT

SHEET

No.

TOTAL

SHEETS

L
A

S
T

 R
E

V
IS

IO
N

0
0

-
0

0
-
0

0

29760104257

S
T

A
T

E
 O

F
 C

A
L

IF
O

R
N

IA
  
- 

 D
E

P
A

R
T

M
E

N
T

 O
F

 T
R

A
N

S
P

O
R

T
A

T
IO

N

No.

Exp.

CIVIL

R
E

G
I

S
T

E
R

E

D
 
P

ROFESSIONA
L

 
E

N
G
I

N
E

E
R

S

T
A
TE OF CALIFORN

IA

REGISTERED CIVIL ENGINEER

T
I
M

E
 P

L
O

T
T

E
D

 =
>

USERNAME => madhu_thummaluru

...\to Wreco\429760fb_PS02.dgn

D
A

T
E

 P
L

O
T

T
E

D
 =

>

2
:
2
6
:
4
6
 P

M

9
/
1

6
/
2

0
1

0

DGN FILE =>

RELATIVE BORDER SCALE

IS IN INCHES

C
H

E
C

K
E

D
 B

Y

C
A

L
C

U
L

A
T

E
D

-

D
E

S
IG

N
E

D
 B

Y
R

E
V

IS
E

D
 B

Y

D
A

T
E

 R
E

V
IS

E
D

0 1 2 3

PLANS APPROVAL DATE

DATE

C
O

N
S

U
L

T
A

N
T

 F
U

N
C

T
IO

N
A

L
 S

U
P

E
R

V
IS

O
R

R

BORDER LAST REVISED 2/1/2008

URS

1333 Broadway, 

Suite 800

Oakland, CA 94612

ALAMEDA COUNTY TRANSPORTATION

IMPROVEMENT AUTHORITY (ACTIA)

1333 Broadway, Suite 300

Oakland, CA 94612

X
:
\
8
4
-
I
s
a
b
e
l
l
e
 P

S
E

\
0
0
0
-
C

A
D

 F
i
l
e
s
\
s
h
e
e
t
s
_
A

\
F

B
-
P

r
o
f
-
S

u
p
e
r
\
t
o
 W

r
e
c
o
\
4
2
9
7
6
0
f
b
_
P

S
0
2
.d

g
n

2
4

4
+

4
8

.3
7

8

2
4

4
+

4
8

.3
7

8



PROFILE AND

SUPERELEVATION DIAGRAM

10%

5%

0%

-5%

-10%

10%

5%

0%

-5%

-10%

S
E

E
 S

H
E

E
T

 P
S

-
2

OG

530

525

520

515

510

530

525

520

515

510

ALL DIMENSIONS ARE IN FEET

UNLESS OTHERWISE SHOWN

P
C

C
 +

4
3

.8
7

8

R = 1002’ Lt

PS-3

SCALE: HORIZ 1"=50’

       VERT 1"=10’

200’ VC 

S
E

E
 S

H
E

E
T

 P
S

-
4

Rt ETW & ES 10%

Lt ETW & ES -10%

254 255 256 257 258 259

SUPERELEVATION DIAGRAM

"A1" LINE

PROFILE

"A1" LINE

B
C

 +
0

4
.5

8
9

 

900’ VC 

PG

251 252 253250

AXIS OF ROTATION

V
A

L
L

E
C

IT
O

S
 R

D

2
5
4
+

2
8
.3

5
2

535

540

535

540

4%

Lt ETW -4%

Lt ES -5%

200’ VC 

+
0
0
.0

0
0
 E

V
C

E
l
e
v
 5

2
9
.5

5
2

+
1

5
.5

6
2

 B
V

C

E
l
e
v
 5

2
9
.1

6
2

+
1
5
.5

6
2
 P

V
I

E
l
e
v

 5
2

6
.6

5
8

+
1
5
.5

6
2
 E

V
C

E
l
e
v
 5

2
5
.9

0
2

+
5

0
.0

0
0

 B
V

C

E
l
e
v

 5
2

4
.8

8
7

+
5
0
.0

0
0
 P

V
I

E
l
e
v

 5
2

4
.1

3
1

+
5

0
.0

0
0

E
l
e
v

 5
2

4
.9

0
8

-2.50%

-0.76%

04 Ala 84 22.9/27.1

Exc

Emb

STATION

CY

TOTAL

CU EA

x

x

x

x

x

Dist COUNTY ROUTE
POST MILES

TOTAL PROJECT

SHEET

No.

TOTAL

SHEETS

L
A

S
T

 R
E

V
IS

IO
N

0
0

-
0

0
-
0

0

29760104257

S
T

A
T

E
 O

F
 C

A
L

IF
O

R
N

IA
  
- 

 D
E

P
A

R
T

M
E

N
T

 O
F

 T
R

A
N

S
P

O
R

T
A

T
IO

N

No.

Exp.

CIVIL

R
E

G
I

S
T

E
R

E

D
 
P

ROFESSIONA
L

 
E

N
G
I

N
E

E
R

S

T
A
TE OF CALIFORN

IA

REGISTERED CIVIL ENGINEER

T
I
M

E
 P

L
O

T
T

E
D

 =
>

USERNAME => madhu_thummaluru

...\to Wreco\429760fb_PS03.dgn

D
A

T
E

 P
L

O
T

T
E

D
 =

>

2
:
3
1
:
2
4
 P

M

9
/
1

6
/
2

0
1

0

DGN FILE =>

RELATIVE BORDER SCALE

IS IN INCHES

C
H

E
C

K
E

D
 B

Y

C
A

L
C

U
L

A
T

E
D

-

D
E

S
IG

N
E

D
 B

Y
R

E
V

IS
E

D
 B

Y

D
A

T
E

 R
E

V
IS

E
D

0 1 2 3

PLANS APPROVAL DATE

DATE

C
O

N
S

U
L

T
A

N
T

 F
U

N
C

T
IO

N
A

L
 S

U
P

E
R

V
IS

O
R

R

BORDER LAST REVISED 2/1/2008

URS

1333 Broadway, 

Suite 800

Oakland, CA 94612

ALAMEDA COUNTY TRANSPORTATION

IMPROVEMENT AUTHORITY (ACTIA)

1333 Broadway, Suite 300

Oakland, CA 94612

X
:
\
8
4
-
I
s
a
b
e
l
l
e
 P

S
E

\
0
0
0
-
C

A
D

 F
i
l
e
s
\
s
h
e
e
t
s
_
A

\
F

B
-
P

r
o
f
-
S

u
p
e
r
\
t
o
 W

r
e
c
o
\
4
2
9
7
6
0
f
b
_
P

S
0
3
.d

g
n

2
5

8
+

9
3

.8
7

8

2
5

7
+

4
3

.8
7

8

2
5

8
+

9
3

.8
7

8

2
5

7
+

4
3

.8
7

8

2
5

8
+

6
8

.8
7

8

2
5

7
+

4
3

.8
7

8

2
5

7
+

4
3

.8
7

8

2
5
1
+

1
5
.8

3
1

2
5
1
+

1
5
.8

3
1



PROFILE AND

SUPERELEVATION DIAGRAM

10%

5%

0%

-5%

-10%

10%

5%

0%

-5%

-10%

S
E

E
 S

H
E

E
T

 P
S

-
3

OG

530

525

520

515

510

505

500

495

490

530

525

520

515

510

505

500

495

490

ALL DIMENSIONS ARE IN FEET

UNLESS OTHERWISE SHOWN

PS-4

SCALE: HORIZ 1"=50’

       VERT 1"=10’

S
E

E
 S

H
E

E
T

 P
S

-
5

264 265 266 267 268 269

SUPERELEVATION DIAGRAM

"A1" LINE

PROFILE

"A1" LINE

900’ VC PG

261 262 263260

AXIS OF ROTATION

Rt ETW & ES 4% 

Lt ES -5% 

Lt ETW -4% 

R = 3016’ Lt

485

480

271270

+
0
0
.0

0
0
 P

V
I

E
l
e
v

 5
2

8
.4

0
6

+
5
0
.0

0
0
 E

V
C

E
l
e
v

 5
1

0
.8

0
7

+
9
4
.7

2
5
 P

V
I

E
l
e
v

 5
0

5
.1

4
7

+
6
4
.6

5
8
 P

V
I

E
l
e
v

 4
8

6
.1

2
4

+
2

5
.0

0
0

 B
V

C

E
l
e
v

 4
8

3
.9

2
8

-3.91%

-4.05%

-3.64%

04 Ala 84 22.9/27.1

Exc

Emb

STATION

CY

TOTAL

CU EA

x

x

x

x

x

Dist COUNTY ROUTE
POST MILES

TOTAL PROJECT

SHEET

No.

TOTAL

SHEETS

L
A

S
T

 R
E

V
IS

IO
N

0
0

-
0

0
-
0

0

29760104257

S
T

A
T

E
 O

F
 C

A
L

IF
O

R
N

IA
  
- 

 D
E

P
A

R
T

M
E

N
T

 O
F

 T
R

A
N

S
P

O
R

T
A

T
IO

N

No.

Exp.

CIVIL

R
E

G
I

S
T

E
R

E

D
 
P

ROFESSIONA
L

 
E

N
G
I

N
E

E
R

S

T
A
TE OF CALIFORN

IA

REGISTERED CIVIL ENGINEER

T
I
M

E
 P

L
O

T
T

E
D

 =
>

USERNAME => madhu_thummaluru

...\to Wreco\429760fb_PS04.dgn

D
A

T
E

 P
L

O
T

T
E

D
 =

>

2
:
2
9
:
5
5
 P

M

9
/
1

6
/
2

0
1

0

DGN FILE =>

RELATIVE BORDER SCALE

IS IN INCHES

C
H

E
C

K
E

D
 B

Y

C
A

L
C

U
L

A
T

E
D

-

D
E

S
IG

N
E

D
 B

Y
R

E
V

IS
E

D
 B

Y

D
A

T
E

 R
E

V
IS

E
D

0 1 2 3

PLANS APPROVAL DATE

DATE

C
O

N
S

U
L

T
A

N
T

 F
U

N
C

T
IO

N
A

L
 S

U
P

E
R

V
IS

O
R

R

BORDER LAST REVISED 2/1/2008

URS

1333 Broadway, 

Suite 800

Oakland, CA 94612

ALAMEDA COUNTY TRANSPORTATION

IMPROVEMENT AUTHORITY (ACTIA)

1333 Broadway, Suite 300

Oakland, CA 94612

X
:
\
8
4
-
I
s
a
b
e
l
l
e
 P

S
E

\
0
0
0
-
C

A
D

 F
i
l
e
s
\
s
h
e
e
t
s
_
A

\
F

B
-
P

r
o
f
-
S

u
p
e
r
\
t
o
 W

r
e
c
o
\
4
2
9
7
6
0
f
b
_
P

S
0
4
.d

g
n



PROFILE AND

SUPERELEVATION DIAGRAM

10%

5%

0%

-5%

-10%

10%

5%

0%

-5%

-10%

S
E

E
 S

H
E

E
T

 P
S

-
4

OG

ALL DIMENSIONS ARE IN FEET

UNLESS OTHERWISE SHOWN

PS-5

SCALE: HORIZ 1"=50’

       VERT 1"=10’

S
E

E
 S

H
E

E
T

 P
S

-
6

274 275 276 277 278 279

SUPERELEVATION DIAGRAM

"A1" LINE

PROFILE

"A1" LINE

PG

272 273

AXIS OF ROTATION

Rt ETW & ES 4% 

Lt ES -5% 

Lt ETW -4% 

R = 3016’ Lt

281280

485

480

475

470

445

450

455

460

465

485

480

475

470

445

450

455

460

465

Rt ES & ETW 

Lt ES & ETW 

282 283

E
C

 +
7

6
.0

5
5

 

850’ VC

200’ VC

-1.66%

+
5
0
.0

0
0
 P

V
I

E
l
e
v
 4

6
8
.4

6
0

+
7
5
.0

0
0
 E

V
C

E
l
e
v
 4

6
1
.6

8
0

+
0

0
.0

0
2

 B
V

C

E
l
e
v

 4
5

9
.6

8
5

+
0
0
.0

0
2
 P

V
I

E
l
e
v
 4

5
8
.0

9
0

+
0
0
.0

0
2
 E

V
C

E
l
e
v

 4
5

6
.4

3
1

-1.60%

04 Ala 84 22.9/27.1

Exc

Emb

STATION

CY

TOTAL

CU EA

x

x

x

x

x

Dist COUNTY ROUTE
POST MILES

TOTAL PROJECT

SHEET

No.

TOTAL

SHEETS

L
A

S
T

 R
E

V
IS

IO
N

0
0

-
0

0
-
0

0

29760104257

S
T

A
T

E
 O

F
 C

A
L

IF
O

R
N

IA
  
- 

 D
E

P
A

R
T

M
E

N
T

 O
F

 T
R

A
N

S
P

O
R

T
A

T
IO

N

No.

Exp.

CIVIL

R
E

G
I

S
T

E
R

E

D
 
P

ROFESSIONA
L

 
E

N
G
I

N
E

E
R

S

T
A
TE OF CALIFORN

IA

REGISTERED CIVIL ENGINEER

T
I
M

E
 P

L
O

T
T

E
D

 =
>

USERNAME => madhu_thummaluru

...\to Wreco\429760fb_PS05.dgn

D
A

T
E

 P
L

O
T

T
E

D
 =

>

2
:
3
0
:
5
9
 P

M

9
/
1

6
/
2

0
1

0

DGN FILE =>

RELATIVE BORDER SCALE

IS IN INCHES

C
H

E
C

K
E

D
 B

Y

C
A

L
C

U
L

A
T

E
D

-

D
E

S
IG

N
E

D
 B

Y
R

E
V

IS
E

D
 B

Y

D
A

T
E

 R
E

V
IS

E
D

0 1 2 3

PLANS APPROVAL DATE

DATE

C
O

N
S

U
L

T
A

N
T

 F
U

N
C

T
IO

N
A

L
 S

U
P

E
R

V
IS

O
R

R

BORDER LAST REVISED 2/1/2008

URS

1333 Broadway, 

Suite 800

Oakland, CA 94612

ALAMEDA COUNTY TRANSPORTATION

IMPROVEMENT AUTHORITY (ACTIA)

1333 Broadway, Suite 300

Oakland, CA 94612

X
:
\
8
4
-
I
s
a
b
e
l
l
e
 P

S
E

\
0
0
0
-
C

A
D

 F
i
l
e
s
\
s
h
e
e
t
s
_
A

\
F

B
-
P

r
o
f
-
S

u
p
e
r
\
t
o
 W

r
e
c
o
\
4
2
9
7
6
0
f
b
_
P

S
0
5
.d

g
n

2
8
1
+

4
5
.2

5
2

2
8
1
+

4
5
.2

5
2

2
8

0
+

4
7

.1
5

0

2
8
1
+

4
5
.2

5
2



PROFILE AND

SUPERELEVATION DIAGRAM

10%

5%

0%

-5%

-10%

10%

5%

0%

-5%

-10%

S
E

E
 S

H
E

E
T

 P
S

-
5

OG

ALL DIMENSIONS ARE IN FEET

UNLESS OTHERWISE SHOWN

PS-6

SCALE: HORIZ 1"=50’

       VERT 1"=10’

S
E

E
 S

H
E

E
T

 P
S

-
7

286 287 288 289 290 291

SUPERELEVATION DIAGRAM

"A1" LINE

PROFILE

"A1" LINE

PG

284 285 293292

445

450

455

460

Rt ES & ETW 

Lt ES & ETW 

264 295

B
C

 +
3
3
.8

6
6

R = 3600’ Rt

Lt ES & ETW 3% 

AXIS OF ROTATION

Rt ETW -3% 

Rt ES -5% 

440

435

430

420

425

445

450

455

460

440

435

430

420

425

800’ VC

+
0
0
.0

0
0
 P

V
I

E
l
e
v
 4

5
1
.4

5
3

+
9

0
.0

0
0

 B
V

C

E
l
e
v
 4

4
0
.6

6
3

-1.66%

-1.56%

04 Ala 84 22.9/27.1

Exc

Emb

STATION

CY

TOTAL

CU EA

x

x

x

x

x

Dist COUNTY ROUTE
POST MILES

TOTAL PROJECT

SHEET

No.

TOTAL

SHEETS

L
A

S
T

 R
E

V
IS

IO
N

0
0

-
0

0
-
0

0

29760104257

S
T

A
T

E
 O

F
 C

A
L

IF
O

R
N

IA
  
- 

 D
E

P
A

R
T

M
E

N
T

 O
F

 T
R

A
N

S
P

O
R

T
A

T
IO

N

No.

Exp.

CIVIL

R
E

G
I

S
T

E
R

E

D
 
P

ROFESSIONA
L

 
E

N
G
I

N
E

E
R

S

T
A
TE OF CALIFORN

IA

REGISTERED CIVIL ENGINEER

T
I
M

E
 P

L
O

T
T

E
D

 =
>

USERNAME => madhu_thummaluru

...\to Wreco\429760fb_PS06.dgn

D
A

T
E

 P
L

O
T

T
E

D
 =

>

2
:
3
0
:
1
3
 P

M

9
/
1

6
/
2

0
1

0

DGN FILE =>

RELATIVE BORDER SCALE

IS IN INCHES

C
H

E
C

K
E

D
 B

Y

C
A

L
C

U
L

A
T

E
D

-

D
E

S
IG

N
E

D
 B

Y
R

E
V

IS
E

D
 B

Y

D
A

T
E

 R
E

V
IS

E
D

0 1 2 3

PLANS APPROVAL DATE

DATE

C
O

N
S

U
L

T
A

N
T

 F
U

N
C

T
IO

N
A

L
 S

U
P

E
R

V
IS

O
R

R

BORDER LAST REVISED 2/1/2008

URS

1333 Broadway, 

Suite 800

Oakland, CA 94612

ALAMEDA COUNTY TRANSPORTATION

IMPROVEMENT AUTHORITY (ACTIA)

1333 Broadway, Suite 300

Oakland, CA 94612

X
:
\
8
4
-
I
s
a
b
e
l
l
e
 P

S
E

\
0
0
0
-
C

A
D

 F
i
l
e
s
\
s
h
e
e
t
s
_
A

\
F

B
-
P

r
o
f
-
S

u
p
e
r
\
t
o
 W

r
e
c
o
\
4
2
9
7
6
0
f
b
_
P

S
0
6
.d

g
n

2
8

8
+

3
1

.9
6

8

2
8

8
+

3
1

.9
6

8

2
8

8
+

3
1

.9
6

8

2
9

0
+

2
8

.1
7

0



PROFILE AND

SUPERELEVATION DIAGRAM

10%

5%

0%

-5%

-10%

10%

5%

0%

-5%

-10%

S
E

E
 S

H
E

E
T

 P
S

-
6

OG

ALL DIMENSIONS ARE IN FEET

UNLESS OTHERWISE SHOWN

PS-7

SCALE: HORIZ 1"=50’

       VERT 1"=10’

S
E

E
 S

H
E

E
T

 P
S

-
8

298 299 301 302 303 304

SUPERELEVATION DIAGRAM

"A1" LINE

PROFILE

"A1" LINE

PG

296 297 306305

445

307300

R = 3600’ Rt

Lt ES & ETW 3% 

AXIS OF ROTATION

Rt ETW -3% 

Rt ES -5% 

440

435

430

420

425

445

440

435

430

420

425

800’ VC

+
9
0
.0

0
0
 P

V
I

E
l
e
v

 4
3

4
.4

0
8

+
9
0
.0

0
0
 E

V
C

E
l
e
v

 4
3

2
.1

5
9

-0.56%

04 Ala 84 22.9/27.1

Exc

Emb

STATION

CY

TOTAL

CU EA

x

x

x

x

x

Dist COUNTY ROUTE
POST MILES

TOTAL PROJECT

SHEET

No.

TOTAL

SHEETS

L
A

S
T

 R
E

V
IS

IO
N

0
0

-
0

0
-
0

0

29760104257

S
T

A
T

E
 O

F
 C

A
L

IF
O

R
N

IA
  
- 

 D
E

P
A

R
T

M
E

N
T

 O
F

 T
R

A
N

S
P

O
R

T
A

T
IO

N

No.

Exp.

CIVIL

R
E

G
I

S
T

E
R

E

D
 
P

ROFESSIONA
L

 
E

N
G
I

N
E

E
R

S

T
A
TE OF CALIFORN

IA

REGISTERED CIVIL ENGINEER

T
I
M

E
 P

L
O

T
T

E
D

 =
>

USERNAME => madhu_thummaluru

...\to Wreco\429760fb_PS07.dgn

D
A

T
E

 P
L

O
T

T
E

D
 =

>

2
:
3
0
:
4
1
 P

M

9
/
1

6
/
2

0
1

0

DGN FILE =>

RELATIVE BORDER SCALE

IS IN INCHES

C
H

E
C

K
E

D
 B

Y

C
A

L
C

U
L

A
T

E
D

-

D
E

S
IG

N
E

D
 B

Y
R

E
V

IS
E

D
 B

Y

D
A

T
E

 R
E

V
IS

E
D

0 1 2 3

PLANS APPROVAL DATE

DATE

C
O

N
S

U
L

T
A

N
T

 F
U

N
C

T
IO

N
A

L
 S

U
P

E
R

V
IS

O
R

R

BORDER LAST REVISED 2/1/2008

URS

1333 Broadway, 

Suite 800

Oakland, CA 94612

ALAMEDA COUNTY TRANSPORTATION

IMPROVEMENT AUTHORITY (ACTIA)

1333 Broadway, Suite 300

Oakland, CA 94612

X
:
\
8
4
-
I
s
a
b
e
l
l
e
 P

S
E

\
0
0
0
-
C

A
D

 F
i
l
e
s
\
s
h
e
e
t
s
_
A

\
F

B
-
P

r
o
f
-
S

u
p
e
r
\
t
o
 W

r
e
c
o
\
4
2
9
7
6
0
f
b
_
P

S
0
7
.d

g
n



PROFILE AND

SUPERELEVATION DIAGRAM

10%

5%

0%

-5%

-10%

10%

5%

0%

-5%

-10%

S
E

E
 S

H
E

E
T

 P
S

-
7

OG

ALL DIMENSIONS ARE IN FEET

UNLESS OTHERWISE SHOWN

PS-8

SCALE: HORIZ 1"=50’

       VERT 1"=10’

S
E

E
 S

H
E

E
T

 P
S

-
9

310 311 312 313 314 315

SUPERELEVATION DIAGRAM

"A1" LINE

PROFILE

"A1" LINE

PG

308 309 317316

445

318

R = 3600’ Rt

Lt ES & ETW 3% 

AXIS OF ROTATION

Rt ETW -3% 

Rt ES -5% 

440

435

430

420

425

445

440

435

430

420

425

Lt ES & ETW

Rt ETW

Rt ES

V
IN

E
Y

A
R

D
 A

V
E

N
U

E

Rt & Lt ETW -2%

Lt ES

Rt & Lt ES -5%

200’ VC

200’ VC

+
4
6
.1

4
4
 P

V
I

E
l
e
v

 4
2

7
.9

0
7

+
0

0
.0

0
0

 B
V

C

E
l
e
v

 4
2

4
.6

3
8

+
0
0
.0

0
0
 P

V
I

E
l
e
v

 4
2

4
.1

3
8

+
0

0
.0

0
0

E
l
e
v

 4
2

4
.4

0
5

+
0
0
.0

0
0
 P

V
I

E
l
e
v
 4

2
4
.6

7
2

-0.50%

04 Ala 84 22.9/27.1

Exc

Emb

STATION

CY

TOTAL

CU EA

x

x

x

x

x

Dist COUNTY ROUTE
POST MILES

TOTAL PROJECT

SHEET

No.

TOTAL

SHEETS

L
A

S
T

 R
E

V
IS

IO
N

0
0

-
0

0
-
0

0

29760104257

S
T

A
T

E
 O

F
 C

A
L

IF
O

R
N

IA
  
- 

 D
E

P
A

R
T

M
E

N
T

 O
F

 T
R

A
N

S
P

O
R

T
A

T
IO

N

No.

Exp.

CIVIL

R
E

G
I

S
T

E
R

E

D
 
P

ROFESSIONA
L

 
E

N
G
I

N
E

E
R

S

T
A
TE OF CALIFORN

IA

REGISTERED CIVIL ENGINEER

T
I
M

E
 P

L
O

T
T

E
D

 =
>

USERNAME => madhu_thummaluru

...\to Wreco\429760fb_PS08.dgn

D
A

T
E

 P
L

O
T

T
E

D
 =

>

2
:
3
0
:
0
4
 P

M

9
/
1

6
/
2

0
1

0

DGN FILE =>

RELATIVE BORDER SCALE

IS IN INCHES

C
H

E
C

K
E

D
 B

Y

C
A

L
C

U
L

A
T

E
D

-

D
E

S
IG

N
E

D
 B

Y
R

E
V

IS
E

D
 B

Y

D
A

T
E

 R
E

V
IS

E
D

0 1 2 3

PLANS APPROVAL DATE

DATE

C
O

N
S

U
L

T
A

N
T

 F
U

N
C

T
IO

N
A

L
 S

U
P

E
R

V
IS

O
R

R

BORDER LAST REVISED 2/1/2008

URS

1333 Broadway, 

Suite 800

Oakland, CA 94612

ALAMEDA COUNTY TRANSPORTATION

IMPROVEMENT AUTHORITY (ACTIA)

1333 Broadway, Suite 300

Oakland, CA 94612

X
:
\
8
4
-
I
s
a
b
e
l
l
e
 P

S
E

\
0
0
0
-
C

A
D

 F
i
l
e
s
\
s
h
e
e
t
s
_
A

\
F

B
-
P

r
o
f
-
S

u
p
e
r
\
t
o
 W

r
e
c
o
\
4
2
9
7
6
0
f
b
_
P

S
0
8
.d

g
n

3
1
6
+

2
8
.8

6
2

3
1
3
+

2
8
.8

6
2

3
1
3
+

8
8
.8

6
2

3
1
3
+

2
8
.8

6
2

3
1

8
+

0
8

.8
6

2



PROFILE AND

SUPERELEVATION DIAGRAM

10%

5%

0%

-5%

-10%

10%

5%

0%

-5%

-10%

S
E

E
 S

H
E

E
T

 P
S

-
8

ALL DIMENSIONS ARE IN FEET

UNLESS OTHERWISE SHOWN

PS-9

SCALE: HORIZ 1"=50’

       VERT 1"=10’

321 322 323 324 325 326

SUPERELEVATION DIAGRAM

"A1" LINE

PROFILE

"A1" LINE

319 320 328327

415

329

410

405

430

420

425

S
E

E
 S

H
E

E
T

 P
S

-
1
0

OG

PG

B
C

 +
4
8
.2

0
8

E
C

 +
6

7
.0

7
3

AXIS OF ROTATION

  Rt & Lt ETW -2% 

Rt & Lt ES -5% 

430

425

420

415

410

405

435 435

R=35000’ Rt

200’ VC 200’ VC

+
0
0
.0

0
0
 E

V
C

E
l
e
v
 4

2
4
.1

7
3

+
9

9
.8

4
8

 B
V

C

E
l
e
v

 4
2

3
.1

7
7

+
9
9
.8

4
8
 P

V
I

E
l
e
v

 4
2

2
.6

7
8

+
9
9
.8

4
8
 E

V
C

E
l
e
v

 4
2

2
.3

7
7

+
1
0
0
.0

0
0
 B

V
C

E
l
e
v

 4
2

2
.0

7
5

+
1

0
0

.0
0

0
 P

V
I

E
l
e
v
 4

2
1
.7

7
3

+
1

0
0

.0
0

0
 E

V
C

E
l
e
v
 4

2
2
.0

7
3

+
7
7
.6

3
2
 P

V
I

E
l
e
v

 4
2

2
.6

0
5

+
0

0
.0

0
0

 B
V

C

E
l
e
v
 4

2
3
.0

5
3

-0.50%
-0.30% 0.30% 0.37%

04 Ala 84 22.9/27.1

Exc

Emb

STATION

CY

TOTAL

CU EA

x

x

x

x

x

Dist COUNTY ROUTE
POST MILES

TOTAL PROJECT

SHEET

No.

TOTAL

SHEETS

L
A

S
T

 R
E

V
IS

IO
N

0
0

-
0

0
-
0

0

29760104257

S
T

A
T

E
 O

F
 C

A
L

IF
O

R
N

IA
  
- 

 D
E

P
A

R
T

M
E

N
T

 O
F

 T
R

A
N

S
P

O
R

T
A

T
IO

N

No.

Exp.

CIVIL

R
E

G
I

S
T

E
R

E

D
 
P

ROFESSIONA
L

 
E

N
G
I

N
E

E
R

S

T
A
TE OF CALIFORN

IA

REGISTERED CIVIL ENGINEER

T
I
M

E
 P

L
O

T
T

E
D

 =
>

USERNAME => madhu_thummaluru

...\to Wreco\429760fb_PS09.dgn

D
A

T
E

 P
L

O
T

T
E

D
 =

>

2
:
3
1
:
4
6
 P

M

9
/
1

6
/
2

0
1

0

DGN FILE =>

RELATIVE BORDER SCALE

IS IN INCHES

C
H

E
C

K
E

D
 B

Y

C
A

L
C

U
L

A
T

E
D

-

D
E

S
IG

N
E

D
 B

Y
R

E
V

IS
E

D
 B

Y

D
A

T
E

 R
E

V
IS

E
D

0 1 2 3

PLANS APPROVAL DATE

DATE

C
O

N
S

U
L

T
A

N
T

 F
U

N
C

T
IO

N
A

L
 S

U
P

E
R

V
IS

O
R

R

BORDER LAST REVISED 2/1/2008

URS

1333 Broadway, 

Suite 800

Oakland, CA 94612

ALAMEDA COUNTY TRANSPORTATION

IMPROVEMENT AUTHORITY (ACTIA)

1333 Broadway, Suite 300

Oakland, CA 94612

X
:
\
8
4
-
I
s
a
b
e
l
l
e
 P

S
E

\
0
0
0
-
C

A
D

 F
i
l
e
s
\
s
h
e
e
t
s
_
A

\
F

B
-
P

r
o
f
-
S

u
p
e
r
\
t
o
 W

r
e
c
o
\
4
2
9
7
6
0
f
b
_
P

S
0
9
.d

g
n



PROFILE AND

SUPERELEVATION DIAGRAM

10%

5%

0%

-5%

-10%

10%

5%

0%

-5%

-10%

S
E

E
 S

H
E

E
T

 P
S

-
9

ALL DIMENSIONS ARE IN FEET

UNLESS OTHERWISE SHOWN

SCALE: HORIZ 1"=50’

       VERT 1"=10’

333 334 335 336 337 338

SUPERELEVATION DIAGRAM

"A1" LINE

PROFILE

"A1" LINE

331 332 340339

415

341

410

405

430

420

425

S
E

E
 S

H
E

E
T

 P
S

-
1

1

OG

PG

AXIS OF ROTATION

  Rt & Lt ETW -2% 

Rt & Lt ES -5% 

430

425

420

415

410

405

435 435

PS-10

330

200’ VC

200’ VC

+
0
0
.0

0
0
 P

V
I

E
l
e
v

 4
2

3
.4

1
9

+
0
0
.0

0
0
 E

V
C

E
l
e
v

 4
2

2
.7

6
9

+
7

0
.0

0
0

 B
V

C

E
l
e
v

 4
1

6
.4

6
4

-0.65%

04 Ala 84 22.9/27.1

Exc

Emb

STATION

CY

TOTAL

CU EA

x

x

x

x

x

Dist COUNTY ROUTE
POST MILES

TOTAL PROJECT

SHEET

No.

TOTAL

SHEETS

L
A

S
T

 R
E

V
IS

IO
N

0
0

-
0

0
-
0

0

29760104257

S
T

A
T

E
 O

F
 C

A
L

IF
O

R
N

IA
  
- 

 D
E

P
A

R
T

M
E

N
T

 O
F

 T
R

A
N

S
P

O
R

T
A

T
IO

N

No.

Exp.

CIVIL

R
E

G
I

S
T

E
R

E

D
 
P

ROFESSIONA
L

 
E

N
G
I

N
E

E
R

S

T
A
TE OF CALIFORN

IA

REGISTERED CIVIL ENGINEER

T
I
M

E
 P

L
O

T
T

E
D

 =
>

USERNAME => madhu_thummaluru

...\to Wreco\429760fb_PS10.dgn

D
A

T
E

 P
L

O
T

T
E

D
 =

>

2
:
3
0
:
2
0
 P

M

9
/
1

6
/
2

0
1

0

DGN FILE =>

RELATIVE BORDER SCALE

IS IN INCHES

C
H

E
C

K
E

D
 B

Y

C
A

L
C

U
L

A
T

E
D

-

D
E

S
IG

N
E

D
 B

Y
R

E
V

IS
E

D
 B

Y

D
A

T
E

 R
E

V
IS

E
D

0 1 2 3

PLANS APPROVAL DATE

DATE

C
O

N
S

U
L

T
A

N
T

 F
U

N
C

T
IO

N
A

L
 S

U
P

E
R

V
IS

O
R

R

BORDER LAST REVISED 2/1/2008

URS

1333 Broadway, 

Suite 800

Oakland, CA 94612

ALAMEDA COUNTY TRANSPORTATION

IMPROVEMENT AUTHORITY (ACTIA)

1333 Broadway, Suite 300

Oakland, CA 94612

X
:
\
8
4
-
I
s
a
b
e
l
l
e
 P

S
E

\
0
0
0
-
C

A
D

 F
i
l
e
s
\
s
h
e
e
t
s
_
A

\
F

B
-
P

r
o
f
-
S

u
p
e
r
\
t
o
 W

r
e
c
o
\
4
2
9
7
6
0
f
b
_
P

S
1
0
.d

g
n



PROFILE AND

SUPERELEVATION DIAGRAM

10%

5%

0%

-5%

-10%

10%

5%

0%

-5%

-10%

ALL DIMENSIONS ARE IN FEET

UNLESS OTHERWISE SHOWN

SCALE: HORIZ 1"=50’

       VERT 1"=10’

345 346 347 348 349 350343 344 352351

415

353

410

405

430

420

425

S
E

E
 S

H
E

E
T

 P
S

-
1
2

OG

PG

AXIS OF ROTATION

  Rt & Lt ETW -2% 

Rt & Lt ES -5% 

430

425

420

415

410

405

PS-11

342

S
E

E
 S

H
E

E
T

 P
S

-
1
0

-0.434%

400 400

SUPERELEVATION DIAGRAM

"A1", "A2" LINE

PROFILE

"A1", "A2" LINE

E
N

D
 "

A
1

"
 L

I
N

E

B
e
g
 "

A
2
"
 L

I
N

E

300’ VC
200’ VC

200’ VC

+
7
2
.3

3
0
 P

V
I

E
l
e
v
 4

1
9
.7

7
2

+
0

0
.0

0
0

 B
V

C

E
l
e
v
 4

2
0
.0

3
2

+
5
0
.0

0
0
 P

V
I

E
l
e
v

 4
2

1
.4

4
4

+
0
0
.0

0
0
 E

V
C

E
l
e
v

 4
2

0
.7

9
4

0.941%

+
7
2
.3

3
0
 P

V
I

E
l
e
v
 4

1
9
.8

5
0

+
7
0
.0

0
0
 P

V
I

E
l
e
v

 4
1

5
.8

1
4

+
7
0
.0

0
0
 E

V
C

E
l
e
v

 4
1

7
.1

2
4

+
7

0
.2

2
0

 B
V

C

E
l
e
v

 4
1

8
.4

3
7

+
7
0
.2

2
0
 P

V
I

E
l
e
v

 4
1

9
.7

4
6

+
7
0
.2

2
0
 E

V
C

E
l
e
v
 4

2
0
.6

3
2

+
7
2
.1

6
6
 P

V
I

E
l
e
v

 4
2

0
.6

4
9

1.31%

0.89%

04 Ala 84 22.9/27.1

Exc

Emb

STATION

CY

TOTAL

CU EA

x

x

x

x

x

Dist COUNTY ROUTE
POST MILES

TOTAL PROJECT

SHEET

No.

TOTAL

SHEETS

L
A

S
T

 R
E

V
IS

IO
N

0
0

-
0

0
-
0

0

29760104257

S
T

A
T

E
 O

F
 C

A
L

IF
O

R
N

IA
  
- 

 D
E

P
A

R
T

M
E

N
T

 O
F

 T
R

A
N

S
P

O
R

T
A

T
IO

N

No.

Exp.

CIVIL

R
E

G
I

S
T

E
R

E

D
 
P

ROFESSIONA
L

 
E

N
G
I

N
E

E
R

S

T
A
TE OF CALIFORN

IA

REGISTERED CIVIL ENGINEER

T
I
M

E
 P

L
O

T
T

E
D

 =
>

USERNAME => madhu_thummaluru

...\to Wreco\429760fb_PS11.dgn

D
A

T
E

 P
L

O
T

T
E

D
 =

>

2
:
4
1
:
3
1
 P

M

9
/
1

6
/
2

0
1

0

DGN FILE =>

RELATIVE BORDER SCALE

IS IN INCHES

C
H

E
C

K
E

D
 B

Y

C
A

L
C

U
L

A
T

E
D

-

D
E

S
IG

N
E

D
 B

Y
R

E
V

IS
E

D
 B

Y

D
A

T
E

 R
E

V
IS

E
D

0 1 2 3

PLANS APPROVAL DATE

DATE

C
O

N
S

U
L

T
A

N
T

 F
U

N
C

T
IO

N
A

L
 S

U
P

E
R

V
IS

O
R

R

BORDER LAST REVISED 2/1/2008

URS

1333 Broadway, 

Suite 800

Oakland, CA 94612

ALAMEDA COUNTY TRANSPORTATION

IMPROVEMENT AUTHORITY (ACTIA)

1333 Broadway, Suite 300

Oakland, CA 94612

X
:
\
8
4
-
I
s
a
b
e
l
l
e
 P

S
E

\
0
0
0
-
C

A
D

 F
i
l
e
s
\
s
h
e
e
t
s
_
A

\
F

B
-
P

r
o
f
-
S

u
p
e
r
\
t
o
 W

r
e
c
o
\
4
2
9
7
6
0
f
b
_
P

S
1
1
.d

g
n

3
5

3
+

1
6

.1
4

9



PROFILE AND

SUPERELEVATION DIAGRAM

10%

5%

0%

-5%

-10%

10%

5%

0%

-5%

-10%

ALL DIMENSIONS ARE IN FEET

UNLESS OTHERWISE SHOWN

SCALE: HORIZ 1"=50’

       VERT 1"=10’

357 358 359 360 361 362355 356 364363

415

365

410

405

430

420

425

S
E

E
 S

H
E

E
T

 P
S

-
1

3

OG

PG

AXIS OF ROTATION

  Rt & Lt ETW -2% 

430

425

420

415

410

405

PS-12

354

S
E

E
 S

H
E

E
T

 P
S

-
1

1

400 400

-0.636%

Lt ETW & ES 2% 

  Rt ETW -2% 

Rt ES -5% 

B
C

 +
9
1
.1

4
9

E
C

 +
7

7
.9

2
8

Rt ES -5% 

Lt ES

366

SUPERELEVATION DIAGRAM

"A2" LINE

PROFILE

"A2" LINE

Rt ETW & ES

R=14280’ Rt

+
0
0
.0

0
0
 P

V
I

E
l
e
v

 4
1

3
.4

2
4

-0.434%

04 Ala 84 22.9/27.1

Exc

Emb

STATION

CY

TOTAL

CU EA

x

x

x

x

x

Dist COUNTY ROUTE
POST MILES

TOTAL PROJECT

SHEET

No.

TOTAL

SHEETS

L
A

S
T

 R
E

V
IS

IO
N

0
0

-
0

0
-
0

0

29760104257

S
T

A
T

E
 O

F
 C

A
L

IF
O

R
N

IA
  
- 

 D
E

P
A

R
T

M
E

N
T

 O
F

 T
R

A
N

S
P

O
R

T
A

T
IO

N

No.

Exp.

CIVIL

R
E

G
I

S
T

E
R

E

D
 
P

ROFESSIONA
L

 
E

N
G
I

N
E

E
R

S

T
A
TE OF CALIFORN

IA

REGISTERED CIVIL ENGINEER

T
I
M

E
 P

L
O

T
T

E
D

 =
>

USERNAME => madhu_thummaluru

...\to Wreco\429760fb_PS12.dgn

D
A

T
E

 P
L

O
T

T
E

D
 =

>

2
:
3
9
:
4
0
 P

M

9
/
1

6
/
2

0
1

0

DGN FILE =>

RELATIVE BORDER SCALE

IS IN INCHES

C
H

E
C

K
E

D
 B

Y

C
A

L
C

U
L

A
T

E
D

-

D
E

S
IG

N
E

D
 B

Y
R

E
V

IS
E

D
 B

Y

D
A

T
E

 R
E

V
IS

E
D

0 1 2 3

PLANS APPROVAL DATE

DATE

C
O

N
S

U
L

T
A

N
T

 F
U

N
C

T
IO

N
A

L
 S

U
P

E
R

V
IS

O
R

R

BORDER LAST REVISED 2/1/2008

URS

1333 Broadway, 

Suite 800

Oakland, CA 94612

ALAMEDA COUNTY TRANSPORTATION

IMPROVEMENT AUTHORITY (ACTIA)

1333 Broadway, Suite 300

Oakland, CA 94612

X
:
\
8
4
-
I
s
a
b
e
l
l
e
 P

S
E

\
0
0
0
-
C

A
D

 F
i
l
e
s
\
s
h
e
e
t
s
_
A

\
F

B
-
P

r
o
f
-
S

u
p
e
r
\
t
o
 W

r
e
c
o
\
4
2
9
7
6
0
f
b
_
P

S
1
2
.d

g
n

3
6

5
+

1
4

.2
5

0

3
5

8
+

4
1

.1
4

9

3
5

5
+

4
1

.1
4

9

3
6

5
+

1
4

.2
5

0

3
6

5
+

1
4

.2
5

0

3
5

8
+

4
1

.1
4

9

3
6

2
+

2
7

.7
0

0



10%

5%

0%

-5%

-10%

530

525

520

515

510

505

500

495

490

530

525

520

515

510

505

500

495

490

PROFILE AND

SUPERELEVATION DIAGRAM

ALL DIMENSIONS ARE IN FEET

UNLESS OTHERWISE SHOWN

SCALE: HORIZ 1"=50’

       VERT 1"=10’

PS-20

-2.9%

M
A

T
C

H
 R

T
E

 8
4

 E
T

W
 

3.1%

-12%

12%

AXIS OF ROTATION

+
9
6
.8

1
4

+
0
3
.8

3
1

+
9
6
.8

1
4

+
0
3
.8

3
1

+
9
0
.1

2
4

Rt E
TW & Shld

Rt ETW & Shld

+
3
6
.1

9
1

+
3
6
.1

9
1

101100 102 103 104 105 106 107 109108

Lt ETW & Shld

Lt ETW & Shld

S
E

E
 S

H
E

E
T

 P
S

-
2

1

540

535

540

535

B
C

 1
0
0
+

9
6
.8

1
4

E
C

 1
0
7
+

0
3
.8

3
1

PG

OG

612’ VC

R=425’ Lt

PROFILE

VALLECITOS Rd 

SUPERELEVATION DIAGRAM

VALLECITOS Rd 

+
0
0
.0

0
0
 P

V
I

E
l
e
v
 5

2
4
.5

3
0

+
3
6
.1

8
1
 P

V
I

E
l
e
v
 5

2
8
.0

2
0

+
3

6
.2

4
9

 B
V

C

E
l
e
v

 5
2

8
.0

2
4

+
4
2
.2

4
9
 P

V
I

E
l
e
v
 5

4
5
.7

5
0

+
4
8
.2

4
9
 E

V
C

E
l
e
v
 5

2
4
.6

4
3

9.6
5%
5.79%

-6.90%

04 Ala 84 22.9/27.1

Exc

Emb

STATION

CY

TOTAL

CU EA

x

x

x

x

x

Dist COUNTY ROUTE
POST MILES

TOTAL PROJECT

SHEET

No.

TOTAL

SHEETS

L
A

S
T

 R
E

V
IS

IO
N

0
0

-
0

0
-
0

0

29760104257

S
T

A
T

E
 O

F
 C

A
L

IF
O

R
N

IA
  
- 

 D
E

P
A

R
T

M
E

N
T

 O
F

 T
R

A
N

S
P

O
R

T
A

T
IO

N

No.

Exp.

CIVIL

R
E

G
I

S
T

E
R

E

D
 
P

ROFESSIONA
L

 
E

N
G
I

N
E

E
R

S

T
A
TE OF CALIFORN

IA

REGISTERED CIVIL ENGINEER

T
I
M

E
 P

L
O

T
T

E
D

 =
>

USERNAME => madhu_thummaluru

...\to Wreco\429760fb_PS20.dgn

D
A

T
E

 P
L

O
T

T
E

D
 =

>

2
:
4
2
:
5
2
 P

M

9
/
1

6
/
2

0
1

0

DGN FILE =>

RELATIVE BORDER SCALE

IS IN INCHES

C
H

E
C

K
E

D
 B

Y

C
A

L
C

U
L

A
T

E
D

-

D
E

S
IG

N
E

D
 B

Y
R

E
V

IS
E

D
 B

Y

D
A

T
E

 R
E

V
IS

E
D

0 1 2 3

PLANS APPROVAL DATE

DATE

C
O

N
S

U
L

T
A

N
T

 F
U

N
C

T
IO

N
A

L
 S

U
P

E
R

V
IS

O
R

R

BORDER LAST REVISED 2/1/2008

URS

1333 Broadway, 

Suite 800

Oakland, CA 94612

ALAMEDA COUNTY TRANSPORTATION

IMPROVEMENT AUTHORITY (ACTIA)

1333 Broadway, Suite 300

Oakland, CA 94612

X
:
\
8
4
-
I
s
a
b
e
l
l
e
 P

S
E

\
0
0
0
-
C

A
D

 F
i
l
e
s
\
s
h
e
e
t
s
_
A

\
F

B
-
P

r
o
f
-
S

u
p
e
r
\
t
o
 W

r
e
c
o
\
4
2
9
7
6
0
f
b
_
P

S
2
0
.d

g
n



OG

PG

-3.2%

AXIS OF ROTATION

11%

-11%

+
5

2
.5

5
9

+
9
9
.1

5
4

+
5

2
.5

5
9

+
9
9
.1

5
4

+
6

4
.6

1
8

+
6

4
.6

1
8

3.2%

MATCH

EXIST

MATCH

EXIST

Rt ETW & Shld

109 110 111 112 113 114 115 116

Lt ETW & Shld

Lt ETW & Shld

Rt ETW & Shld

10%

5%

0%

-5%

-10%

510

505

500

495

490

485

S
E

E
 S

H
E

E
T

 P
S

-
2
0

PROFILE

VALLECITOS Rd REALIGNMENT

SUPERELEVATION DIAGRAM

VALLECITOS Rd REALIGNMENT

510

505

500

495

490

485

ALL DIMENSIONS ARE IN FEET

UNLESS OTHERWISE SHOWN

PROFILE AND

SUPERELEVATION DIAGRAM
SCALE: HORIZ 1"=50’

       VERT 1"=10’

PS-21

10%

5%

0%

-5%

-10%

480 480

B
C

 1
1

0
+

6
2

.5
5

9

E
C

 1
1

4
+

8
9

.1
5

4

450’ VC

R=760’ Rt

+
2

1
.3

6
8

 B
V

C

E
l
e
v

 4
9

8
.9

0
5

+
4
6
.3

6
8
 P

V
I

E
l
e
v

 4
8

3
.3

8
5

+
7
1
.3

6
8
 E

V
C

E
l
e
v

 4
8

9
.1

8
8

+
6
4
.6

1
8
 P

V
I

E
l
e
v
 4

9
1
.5

9
2

2.58%

04 Ala 84 22.9/27.1

Exc

Emb

STATION

CY

TOTAL

CU EA

x

x

x

x

x

Dist COUNTY ROUTE
POST MILES

TOTAL PROJECT

SHEET

No.

TOTAL

SHEETS

L
A

S
T

 R
E

V
IS

IO
N

0
0

-
0

0
-
0

0

29760104257

S
T

A
T

E
 O

F
 C

A
L

IF
O

R
N

IA
  
- 

 D
E

P
A

R
T

M
E

N
T

 O
F

 T
R

A
N

S
P

O
R

T
A

T
IO

N

No.

Exp.

CIVIL

R
E

G
I

S
T

E
R

E

D
 
P

ROFESSIONA
L

 
E

N
G
I

N
E

E
R

S

T
A
TE OF CALIFORN

IA

REGISTERED CIVIL ENGINEER

T
I
M

E
 P

L
O

T
T

E
D

 =
>

USERNAME => madhu_thummaluru

...\to Wreco\429760fb_PS21.dgn

D
A

T
E

 P
L

O
T

T
E

D
 =

>

2
:
4
1
:
5
9
 P

M

9
/
1

6
/
2

0
1

0

DGN FILE =>

RELATIVE BORDER SCALE

IS IN INCHES

C
H

E
C

K
E

D
 B

Y

C
A

L
C

U
L

A
T

E
D

-

D
E

S
IG

N
E

D
 B

Y
R

E
V

IS
E

D
 B

Y

D
A

T
E

 R
E

V
IS

E
D

0 1 2 3

PLANS APPROVAL DATE

DATE

C
O

N
S

U
L

T
A

N
T

 F
U

N
C

T
IO

N
A

L
 S

U
P

E
R

V
IS

O
R

R

BORDER LAST REVISED 2/1/2008

URS

1333 Broadway, 

Suite 800

Oakland, CA 94612

ALAMEDA COUNTY TRANSPORTATION

IMPROVEMENT AUTHORITY (ACTIA)

1333 Broadway, Suite 300

Oakland, CA 94612

X
:
\
8
4
-
I
s
a
b
e
l
l
e
 P

S
E

\
0
0
0
-
C

A
D

 F
i
l
e
s
\
s
h
e
e
t
s
_
A

\
F

B
-
P

r
o
f
-
S

u
p
e
r
\
t
o
 W

r
e
c
o
\
4
2
9
7
6
0
f
b
_
P

S
2
1
.d

g
n



1
0
3
+

6
5
.4

8
 P

O
T

+
2
6
.6

AXIS OF ROTATION

9
3
+

1
0
.7

5
 P

O
T

93 94 95 96 97 98 99 100 101 102 103 104 105

10%

5%

0%

-5%

-10%

10%

5%

0%

-5%

-10%

430

425

420

415

410

405

400

430

425

420

415

410

405

400

SUPERELEVATION DIAGRAM

STANLEY Blvd

CONNECTOR RAMP

PROFILE

STANLEY Blvd

CONNECTOR RAMP PROFILE AND

SUPERELEVATION DIAGRAM

ALL DIMENSIONS ARE IN FEET

UNLESS OTHERWISE SHOWN

B
C

 9
4

+
2

7
.0

3

E
C

 9
7
+

4
3
.2

8

B
C

 9
8
+

3
7
.3

7
1

E
C

 1
0
1
+

5
4
.0

6

9
5
+

3
4
.8

0
9
5
+

3
4
.8

0

1
0
0
+

6
4
.0

0
1
0
0
+

6
4
.0

0

+0.30%

-0.30%

SCALE: HORIZ 1"=50’

       VERT 1"=10’

PS-22

2.15%

-2.15%

9
3
+

7
0
.5

7
 E

T
W

S
R

 8
4

1
0
3
+

3
4
 ¨

 E
T

W

S
T

A
N

L
E

Y

Rt ETW & ES 12%

Lt ETW & ES 12%

Rt ETW & ES 11%

Lt ETW & ES 11%

9+485.161 Elev 407.662

PG

OG

R=301’ Lt R=645’ Lt

300’ VC

200’ VC

200’ VC

200’ VC

C
O

N
F

O
R

M

04 Ala 84 22.9/27.1

Exc

Emb

STATION

CY

TOTAL

CU EA

x

x

x

x

x

Dist COUNTY ROUTE
POST MILES

TOTAL PROJECT

SHEET

No.

TOTAL

SHEETS

L
A

S
T

 R
E

V
IS

IO
N

0
0
-
0
0
-
0
0

29760104257

S
T

A
T

E
 O

F
 C

A
L

IF
O

R
N

IA
  

- 
 D

E
P

A
R

T
M

E
N

T
 O

F
 T

R
A

N
S

P
O

R
T

A
T

IO
N

No.

Exp.

CIVIL

R
E

G
I

S
T

E
R

E

D
 
P

ROFESSIONA
L

 
E

N
G
I

N
E

E
R

S

T
A
TE OF CALIFORN

IA

REGISTERED CIVIL ENGINEER

T
I
M

E
 P

L
O

T
T

E
D

 =
>

USERNAME => madhu_thummaluru

...\to Wreco\429760fb_PS22.dgn

D
A

T
E

 P
L

O
T

T
E

D
 =

>

2
:
4

2
:
3

1
 P

M

9
/
1
6
/
2
0
1
0

DGN FILE =>

RELATIVE BORDER SCALE

IS IN INCHES

C
H

E
C

K
E

D
 B

Y

C
A

L
C

U
L

A
T

E
D

-

D
E

S
IG

N
E

D
 B

Y
R

E
V

IS
E

D
 B

Y

D
A

T
E

 R
E

V
IS

E
D

0 1 2 3

PLANS APPROVAL DATE

DATE

C
O

N
S

U
L

T
A

N
T

 F
U

N
C

T
IO

N
A

L
 S

U
P

E
R

V
IS

O
R

R

BORDER LAST REVISED 2/1/2008

URS

1333 Broadway, 

Suite 800

Oakland, CA 94612

ALAMEDA COUNTY TRANSPORTATION

IMPROVEMENT AUTHORITY (ACTIA)

1333 Broadway, Suite 300

Oakland, CA 94612

X
:
\
8
4
-
I
s
a
b
e
l
l
e
 P

S
E

\
0
0
0
-
C

A
D

 F
i
l
e
s
\
s
h
e
e
t
s
_
A

\
F

B
-
P

r
o
f
-
S

u
p
e
r
\
t
o
 W

r
e
c
o
\
4
2
9
7
6
0
f
b
_
P

S
2
2
.d

g
n

+
1

0
.7

5
2

 P
V

I

E
l
e
v
 4

0
9
.3

1
1

+
3

5
.0

0
0

 P
V

I

E
l
e
v
 4

0
8
.8

2
6

+
4
0
.0

0
0
 B

V
C

E
l
e
v
 4

0
8
.7

5
1

+
9

0
.0

0
0

 P
V

I

E
l
e
v
 4

0
6
.5

0
1

+
4

0
.0

0
0

 E
V

C

E
l
e
v
 4

0
8
.7

2
7

+
0
0
.0

0
0
 B

V
C

E
l
e
v
 4

0
9
.6

1
7

+
0

0
.0

0
0

 P
V

I

E
l
e
v
 4

1
1
.1

0
1

+
0
0
.0

0
0

E
l
e
v
 4

1
3
.5

7
4

+
0

0
.0

0
0

 P
V

I

E
l
e
v
 4

1
6
.0

4
8

+
0
0
.0

0
0

E
l
e
v
 4

1
7
.0

6
5

+
0

0
.0

0
0

 P
V

I

E
l
e
v

 4
1

8
.0

8
3

+
0

0
.0

0
0

 E
V

C

E
l
e
v
 4

1
9
.6

8
5

+
2

5
.0

0
0

 P
V

I

E
l
e
v
 4

2
0
.0

8
6

+
6

5
.4

8
1

 P
V

I

E
l
e
v

 4
2

0
.9

3
3

-2.00%
-1.50%

1.48%

1.60%

2.09%



565

560

555

550

545

540

535

530

525

520

515

505

510

-15%

-5%

10%

15%

5%

0%

-10%

15%

10%

5%

0%

-5%

-10%

-15%

505

510

515

520

525

530

535

540

545

550

555

560

565

48+00 49+00 50+00 51+00 52+00 53+00 54+00 55+00 56+00 57+00 58+00

PROFILE AND

SUPERELEVATION DIAGRAM

ALL DIMENSIONS ARE IN FEET

UNLESS OTHERWISE SHOWN

SCALE: HORIZ 1"=50’

       VERT 1"=10’

PS-23

0.5%

-5%

-0.5%

2%

-2%

-5%

-12%

12%

SUPERELEVATION DIAGRAM

VALLECITOS CONNECTOR

PROFILE

VALLECITOS CONNECTOR

350’ VC

350’ VC

PG

OG

04 Ala 84 22.9/27.1

Exc

Emb

STATION

CY

TOTAL

CU EA

x

x

x

x

x

Dist COUNTY ROUTE
POST MILES

TOTAL PROJECT

SHEET

No.

TOTAL

SHEETS

L
A

S
T

 R
E

V
IS

IO
N

0
0

-
0

0
-
0

0

29760104257

S
T

A
T

E
 O

F
 C

A
L

IF
O

R
N

IA
  
- 

 D
E

P
A

R
T

M
E

N
T

 O
F

 T
R

A
N

S
P

O
R

T
A

T
IO

N

No.

Exp.

CIVIL

R
E

G
I

S
T

E
R

E

D
 
P

ROFESSIONA
L

 
E

N
G
I

N
E

E
R

S

T
A
TE OF CALIFORN

IA

REGISTERED CIVIL ENGINEER

T
I
M

E
 P

L
O

T
T

E
D

 =
>

USERNAME => madhu_thummaluru

...\to Wreco\429760fb_PS23.dgn

D
A

T
E

 P
L

O
T

T
E

D
 =

>

2
:
3
9
:
2
1
 P

M

9
/
1

6
/
2

0
1

0

DGN FILE =>

RELATIVE BORDER SCALE

IS IN INCHES

C
H

E
C

K
E

D
 B

Y

C
A

L
C

U
L

A
T

E
D

-

D
E

S
IG

N
E

D
 B

Y
R

E
V

IS
E

D
 B

Y

D
A

T
E

 R
E

V
IS

E
D

0 1 2 3

PLANS APPROVAL DATE

DATE

C
O

N
S

U
L

T
A

N
T

 F
U

N
C

T
IO

N
A

L
 S

U
P

E
R

V
IS

O
R

R

BORDER LAST REVISED 2/1/2008

URS

1333 Broadway, 

Suite 800

Oakland, CA 94612

ALAMEDA COUNTY TRANSPORTATION

IMPROVEMENT AUTHORITY (ACTIA)

1333 Broadway, Suite 300

Oakland, CA 94612

X
:
\
8
4
-
I
s
a
b
e
l
l
e
 P

S
E

\
0
0
0
-
C

A
D

 F
i
l
e
s
\
s
h
e
e
t
s
_
A

\
F

B
-
P

r
o
f
-
S

u
p
e
r
\
t
o
 W

r
e
c
o
\
4
2
9
7
6
0
f
b
_
P

S
2
3
.d

g
n +

0
0
.0

0
0
 P

V
I

E
l
e
v

 5
3

4
.3

1
5

+
8

9
.0

0
1

 B
V

C

E
l
e
v

 5
3

2
.8

6
4

+
6
4
.0

0
1
 P

V
I

E
l
e
v
 5

3
0
.0

1
0

+
3
9
.0

0
1
 E

V
C

E
l
e
v
 5

3
7
.3

6
3

+
3

9
.0

4
5

 B
V

C

E
l
e
v

 5
3

7
.3

6
5

+
1
4
.0

4
5
 P

V
I

E
l
e
v

 5
4

4
.7

1
9

+
8
9
.0

4
5
 E

V
C

E
l
e
v

 5
3

9
.5

5
1

+
2
6
.2

1
9
 P

V
I

E
l
e
v
 5

3
8
.4

5
3

+
5
8
.0

8
0
 P

V
I

E
l
e
v

 5
3

5
.0

0
4

-1.63%

4.20%

-2.95%
-2.62%

S
t
a
 4

+
8

0
0

.0
0

0

S
t
a
 5

+
1
2
8
.3

0
5

S
t
a
 5

+
2

9
0

.8
2

1

S
t
a
 5

+
2

1
5

.8
2

1

0%

5%

10%

-5%

-10%

-15%

15%

0%

5%

10%

-5%

-10%

-15%

15%

LT ETW Lt ES

Rt ETW

Rt ES

Rt ES ETW

Rt ETW Rt ES

Lt ETW Lt ES

Lt ETW 

Lt ES



P-1

400

395

415

M
A

T
C

H
 S

H
E

E
T

 P
-
2

4

ALL DIMENSIONS ARE IN FEET

UNLESS OTHERWISE SHOWN

410

405

430

425

420

390

PROFILE 

400

395

415

410

405

430

425

420

390

WEST ACCESS RD NO. 1

"AC1" LINE

WEST ACCESS RD NO. 1

"AC1" LINE

120+00 121+00 122+00 123+00 124+00 125+00 126+00 127+00 128+00 129+00 130+00 131+00 132+00 133+00

SCALE: HORIZ 1"=50’

       VERT 1"=10’

400

395

415

410

405

430

425

420

390

400

395

415

410

405

430

425

420

390

133 134 135 136 137 138 139 140 141 142 143 144 145 146

M
A

T
C

H
 L

IN
E

 B
E

L
O

W

M
A

T
C

H
 L

IN
E

 A
B

O
V

E

+
6

1
.0

8
9

 B
V

C

E
l
e
v

 4
0

6
.9

4
1

+
6
1
.0

8
9
 P

V
I

E
l
e
v
 4

0
8
.4

9
3

+
6
1
.0

8
9
 E

V
C

E
l
e
v

 4
1

3
.6

0
4

+
6

9
.7

7
6

 B
V

C

E
l
e
v

 4
1

4
.0

4
8

+
1
9
.7

7
6
 P

V
I

E
l
e
v

 4
2

1
.7

1
4

+
6
9
.7

7
6
 E

V
C

E
l
e
v
 4

2
2
.1

8
2

+
1

0
.1

8
8

 B
V

C

E
l
e
v
 4

2
2
.9

3
2

E
l
e
v

 4
2

3
.4

0
1

+
1
0
.1

8
8
 E

V
C

E
l
e
v

 4
1

8
.0

9
4

1.552%

5.110%

0.312%

-3.538%
 300’ VC

+
1

2
.8

5
7

 B
V

C

E
l
e
v
 4

1
4
.4

6
2

+
1
2
.8

5
7
 P

V
I

E
l
e
v

 4
1

0
.9

2
4

+
1
2
.8

5
7
 E

V
C

E
l
e
v

 4
1

0
.3

7
8

+
8

1
.5

5
1

 B
V

C

E
l
e
v

 4
0

8
.9

1
1

13+904.794 Elev 408.575

+
8
1
.5

5
1
 P

V
I

E
l
e
v
 4

0
7
.8

2
0

+
8
1
.5

5
1
 E

V
C

E
l
e
v

 4
1

0
.2

7
1

-0.546%

1.226% 200’ VC

 400’ VC

+
6
0
.1

8
8
 P

V
I

PG

OG

PG

OG

C
O

N
F

O
R

M

S
T

A
 1

2
0
+

1
8
.8

0
3

E
l
e
v
 4

0
4
.7

3
3

300’ VC

200’ VC

04 Ala 84

Exc

Emb

STATION

CY

TOTAL

Emb

Exc

STATION

CY

TOTAL

ALAMEDA COUNTY TRANSPORTATION

IMPROVEMENT AUTHORITY (ACTIA)

1333 Broadway, Suite 300

Oakland, CA 94612

URS

1333 Broadway, 

Suite 800

Oakland, CA 94612

CU EA

x

x

x

x

x

Dist COUNTY ROUTE
POST MILES

TOTAL PROJECT

SHEET

No.

TOTAL

SHEETS

L
A

S
T

 R
E

V
IS

IO
N

0
0

-
0

0
-
0

0

29760104257

S
T

A
T

E
 O

F
 C

A
L

IF
O

R
N

IA
  
- 

 D
E

P
A

R
T

M
E

N
T

 O
F

 T
R

A
N

S
P

O
R

T
A

T
IO

N

No.

Exp.

CIVIL

R
E

G
I

S
T

E
R

E

D
 
P

ROFESSIONA
L

 
E

N
G
I

N
E

E
R

S

T
A
TE OF CALIFORN

IA

REGISTERED CIVIL ENGINEER

T
I
M

E
 P

L
O

T
T

E
D

 =
>

USERNAME => madhu_thummaluru

...\to Wreco\429760fb_P1.dgn

D
A

T
E

 P
L

O
T

T
E

D
 =

>

2
:
4
6
:
2
9
 P

M

9
/
1

6
/
2

0
1

0

DGN FILE =>

RELATIVE BORDER SCALE

IS IN INCHES

C
H

E
C

K
E

D
 B

Y

C
A

L
C

U
L

A
T

E
D

-

D
E

S
IG

N
E

D
 B

Y
R

E
V

IS
E

D
 B

Y

D
A

T
E

 R
E

V
IS

E
D

0 1 2 3

PLANS APPROVAL DATE

DATE

C
O

N
S

U
L

T
A

N
T

 F
U

N
C

T
IO

N
A

L
 S

U
P

E
R

V
IS

O
R

R

BORDER LAST REVISED 2/1/2008

X
:
\
8
4
-
I
s
a
b
e
l
l
e
 P

S
E

\
0
0
0
-
C

A
D

 F
i
l
e
s
\
s
h
e
e
t
s
_
A

\
F

B
-
P

r
o
f
-
S

u
p
e
r
\
t
o
 W

r
e
c
o
\
4
2
9
7
6
0
f
b
_
P

1
.d

g
n

22.9/27.1



P-2

400

395

415

M
A

T
C

H
 S

H
E

E
T

 P
-
2

5

ALL DIMENSIONS ARE IN FEET

UNLESS OTHERWISE SHOWN

410

405

430

425

420

390

PROFILE 

400

395

415

410

405

430

425

420

390

M
A

T
C

H
 S

H
E

E
T

 P
-
2

3

SCALE: HORIZ 1"=50’

       VERT 1"=10’

WEST ACCESS RD No. 1

"AC1" LINE

WEST ACCESS RD No. 1

"AC1" LINE

430

400

395

415

410

405

425

420

390

400

395

415

410

405

430

425

420

390

159 160 161 162 163 164 165 166 167 168 169 170 171 172

146 147 148 149 150 151 152 153 154 155 156 157 158 159

M
A

T
C

H
 L

IN
E

 B
E

L
O

W

M
A

T
C

H
 L

IN
E

 A
B

O
V

E

+
3

7
.7

5
7

 B
V

C

E
l
e
v

 4
1

7
.0

8
9

+
3
7
.7

5
7
 P

V
I

E
l
e
v
 4

1
9
.5

4
0

+
3
7
.7

5
7
 E

V
C

E
l
e
v
 4

2
0
.3

9
0

+
6

6
.6

8
2

 B
V

C

E
l
e
v

 4
2

2
.6

3
6

+
6
6
.6

8
2
 P

V
I

E
l
e
v

 4
2

3
.4

8
6

0.425%

 400’ VC

 400’ VC

+
6
6
.6

8
2
 E

V
C

E
l
e
v

 4
1

9
.1

2
6

+
0

2
.7

2
0

 B
V

C

E
l
e
v
 4

1
3
.9

8
0

16+397.346 Elev 412.948

+
0
2
.7

2
0
 P

V
I

E
l
e
v
 4

1
1
.8

0
0

+
0
2
.7

2
0
 E

V
C

E
l
e
v

 4
1

4
.2

2
7

+
3

6
.1

7
0

 B
V

C

E
l
e
v

 4
1

7
.4

6
7

+
3
6
.1

7
0
 P

V
I

E
l
e
v

 4
1

9
.8

9
5

E
l
e
v
 4

1
9
.5

9
0

-2.180%
2.428%

-0.305%

 200’ VC  200’ VC

+
3
6
.1

7
0
 E

V
C

PG

OG

PG

OG

 400’ VC

04 Ala 84

Exc

Emb

STATION

CY

TOTAL

Emb

Exc

STATION

CY

TOTAL

ALAMEDA COUNTY TRANSPORTATION

IMPROVEMENT AUTHORITY (ACTIA)

1333 Broadway, Suite 300

Oakland, CA 94612

URS

1333 Broadway, 

Suite 800

Oakland, CA 94612

CU EA

x

x

x

x

x

Dist COUNTY ROUTE
POST MILES

TOTAL PROJECT

SHEET

No.

TOTAL

SHEETS

L
A

S
T

 R
E

V
IS

IO
N

0
0

-
0

0
-
0

0

29760104257

S
T

A
T

E
 O

F
 C

A
L

IF
O

R
N

IA
  
- 

 D
E

P
A

R
T

M
E

N
T

 O
F

 T
R

A
N

S
P

O
R

T
A

T
IO

N

No.

Exp.

CIVIL

R
E

G
I

S
T

E
R

E

D
 
P

ROFESSIONA
L

 
E

N
G
I

N
E

E
R

S

T
A
TE OF CALIFORN

IA

REGISTERED CIVIL ENGINEER

T
I
M

E
 P

L
O

T
T

E
D

 =
>

USERNAME => madhu_thummaluru

...\to Wreco\429760fb_P2.dgn

D
A

T
E

 P
L

O
T

T
E

D
 =

>

2
:
4
5
:
3
9
 P

M

9
/
1

6
/
2

0
1

0

DGN FILE =>

RELATIVE BORDER SCALE

IS IN INCHES

C
H

E
C

K
E

D
 B

Y

C
A

L
C

U
L

A
T

E
D

-

D
E

S
IG

N
E

D
 B

Y
R

E
V

IS
E

D
 B

Y

D
A

T
E

 R
E

V
IS

E
D

0 1 2 3

PLANS APPROVAL DATE

DATE

C
O

N
S

U
L

T
A

N
T

 F
U

N
C

T
IO

N
A

L
 S

U
P

E
R

V
IS

O
R

R

BORDER LAST REVISED 2/1/2008

X
:
\
8
4
-
I
s
a
b
e
l
l
e
 P

S
E

\
0
0
0
-
C

A
D

 F
i
l
e
s
\
s
h
e
e
t
s
_
A

\
F

B
-
P

r
o
f
-
S

u
p
e
r
\
t
o
 W

r
e
c
o
\
4
2
9
7
6
0
f
b
_
P

2
.d

g
n

22.9/27.1



P-3

400

415

M
A

T
C

H
 S

H
E

E
T

 P
-
2

4

ALL DIMENSIONS ARE IN FEET

UNLESS OTHERWISE SHOWN

410

405

430

425

420

PROFILE 

400

415

410

405

430

425

420

SCALE: HORIZ 1"=50’

       VERT 1"=10’

WEST ACCESS RD No. 1

"AC1" LINE

WEST ACCESS RD No. 1

"AC1" LINE

M
A

T
C

H
 L

IN
E

 B
E

L
O

W

M
A

T
C

H
 L

IN
E

 A
B

O
V

E

400

415

410

405

430

425

420

400

415

410

405

430

425

420

172 173 174 175 176 177 178 179 180 181 182 183 184 185 186

186 187 188 189 190 191 192 193 194 195 196 197 198 199 200

+
2

2
.1

9
3

 B
V

C

E
l
e
v

 4
1

8
.1

0
9

17+349.730 Elev 418.067

+
2

2
.1

9
3

E
l
e
v

 4
1

7
.8

0
4

+
2
2
.1

9
3
 E

V
C

E
l
e
v
 4

1
9
.7

1
3

+
8

2
.1

0
6

 B
V

C

E
l
e
v

 4
2

2
.7

6
4

+
8
2
.1

0
6

E
l
e
v
 4

2
4
.6

7
2

+
8
2
.1

0
6
 E

V
C

E
l
e
v

 4
2

3
.9

7
6

+
8

5
.5

5
6

 B
V

C

E
l
e
v

 4
2

3
.2

5
6

18+075.912 Elev 422.941

+
8
5
.5

5
6

E
l
e
v

 4
2

2
.5

5
9

+
8
5
.5

5
6
 E

V
C

E
l
e
v

 4
2

3
.4

0
4

+
6

6
.8

8
4

 B
V

C

+
6
6
.8

8
4

E
l
e
v

 4
2

4
.9

3
7

E
l
e
v

 4
2

4
.4

0
1

+
8

6
.2

3
3

 B
V

C

E
l
e
v
 4

2
3
.7

6
2

1.908%

-0.696% 0.845% -0.535%

 200’ VC

 200’ VC

 200’ VC

 200’ VC

E
l
e
v
 4

2
4
.0

9
2

+
6
6
.8

8
4
 E

V
C

+
8

6
.2

3
3

E
l
e
v

 4
2

2
.6

9
1

18+849.164 Elev 423.058

+
8
6
.2

3
3
 E

V
C

E
l
e
v
 4

2
3
.2

5
0

+
7

4
.5

5
9

 B
V

C

E
l
e
v
 4

2
5
.4

5
0

+
7

4
.5

5
9

E
l
e
v

 4
2

5
.7

2
9

+
7
4
.5

5
9
 E

V
C

E
l
e
v

 4
2

1
.1

4
8

0.279%
-4.581%

 400’ VC

 200’ VC
PG

OG

PG

OG

S
t
a
 1

9
9
+

7
9
.0

6
6

E
l
e
v

 4
2

0
.9

4
1

C
O

N
F

O
R

M

04 Ala 84

Exc

Emb

STATION

CY

TOTAL

Emb

Exc

STATION

CY

TOTAL

ALAMEDA COUNTY TRANSPORTATION

IMPROVEMENT AUTHORITY (ACTIA)

1333 Broadway, Suite 300

Oakland, CA 94612

URS

1333 Broadway, 

Suite 800

Oakland, CA 94612

CU EA

x

x

x

x

x

Dist COUNTY ROUTE
POST MILES

TOTAL PROJECT

SHEET

No.

TOTAL

SHEETS

L
A

S
T

 R
E

V
IS

IO
N

0
0

-
0

0
-
0

0

29760104257

S
T

A
T

E
 O

F
 C

A
L

IF
O

R
N

IA
  
- 

 D
E

P
A

R
T

M
E

N
T

 O
F

 T
R

A
N

S
P

O
R

T
A

T
IO

N

No.

Exp.

CIVIL

R
E

G
I

S
T

E
R

E

D
 
P

ROFESSIONA
L

 
E

N
G
I

N
E

E
R

S

T
A
TE OF CALIFORN

IA

REGISTERED CIVIL ENGINEER

T
I
M

E
 P

L
O

T
T

E
D

 =
>

USERNAME => madhu_thummaluru

...\to Wreco\429760fb_P3.dgn

D
A

T
E

 P
L

O
T

T
E

D
 =

>

2
:
4
6
:
0
8
 P

M

9
/
1

6
/
2

0
1

0

DGN FILE =>

RELATIVE BORDER SCALE

IS IN INCHES

C
H

E
C

K
E

D
 B

Y

C
A

L
C

U
L

A
T

E
D

-

D
E

S
IG

N
E

D
 B

Y
R

E
V

IS
E

D
 B

Y

D
A

T
E

 R
E

V
IS

E
D

0 1 2 3

PLANS APPROVAL DATE

DATE

C
O

N
S

U
L

T
A

N
T

 F
U

N
C

T
IO

N
A

L
 S

U
P

E
R

V
IS

O
R

R

BORDER LAST REVISED 2/1/2008

X
:
\
8
4
-
I
s
a
b
e
l
l
e
 P

S
E

\
0
0
0
-
C

A
D

 F
i
l
e
s
\
s
h
e
e
t
s
_
A

\
F

B
-
P

r
o
f
-
S

u
p
e
r
\
t
o
 W

r
e
c
o
\
4
2
9
7
6
0
f
b
_
P

3
.d

g
n

22.9/27.1



P-4

400

395

415

ALL DIMENSIONS ARE IN FEET

UNLESS OTHERWISE SHOWN

410

405

430

425

420

390

PROFILE 

400

395

415

410

405

430

425

420

390

 EAST  MULTI USE TRAIL 

"TR1" LINE

SCALE: HORIZ 1"=50’

       VERT 1"=10’

430

400

395

415

410

405

425

420

390

400

395

415

410

405

430

425

420

390

M
A

T
C

H
 L

IN
E

 B
E

L
O

W

M
A

T
C

H
 L

IN
E

 A
B

O
V

E

510 511 512 513 514 515 516 517 518 519

519 520 521 522 523 524 525 526 527 528

 EAST MULTI USE TRAIL

"TR1" LINE

+
6

7
.3

3
1

 B
V

C

E
l
e
v

 4
2

6
.8

3
7

+
6
7
.3

3
1
 P

V
I

E
l
e
v

 4
2

6
.5

3
4

+
6
7
.3

3
1
 E

V
C

E
l
e
v

 4
2

3
.8

8
4

+
7

4
.2

1
0

 B
V

C

E
l
e
v
 4

2
1
.0

5
3

51+673.740 Elev 419.734

+
7
4
.2

1
0
 P

V
I

E
l
e
v

 4
1

8
.4

0
4

+
7
4
.2

1
0
 E

V
C

E
l
e
v

 4
2

1
.0

7
8

+
5

7
.4

3
2

 B
V

C

E
l
e
v

 4
2

3
.3

0
4

-0.303%

-2.649% 2.674%

+
5
7
.4

3
2
 P

V
I

E
l
e
v

 4
2

5
.9

7
8

+
5
7
.4

3
2
 E

V
C

E
l
e
v

 4
2

3
.8

9
9

+
8

1
.7

7
5

 B
V

C

E
l
e
v
 4

2
1
.3

1
3

+
8
1
.7

7
5
 P

V
I

E
l
e
v

 4
1

9
.2

3
4

52+305.397 Elev 420.028

+
8
1
.7

7
5
 E

V
C

E
l
e
v

 4
2

0
.5

1
9

+
8

9
.8

1
2

 B
V

C

E
l
e
v

 4
2

1
.9

0
7

E
l
e
v

 4
2

3
.1

9
1

E
l
e
v

 4
2

2
.7

9
6

-2.079%
1.285%

-0.395%

E
l
e
v

 4
2

4
.3

4
5

E
l
e
v

 4
2

4
.2

6
6

+
8
9
.8

1
2
 P

V
I

+
8
9
.8

1
2
 E

V
C

PG

OG

PG

OG

+
0
7
.5

0
5
 B

e
g
 B

R
I
D

G
E

+
3
7
.5

0
5
 E

N
D

 B
R

I
D

G
E

S
t
a
 5

2
7
+

4
9
.4

9
1

E
l
e
v
 4

2
2
.5

6
0

C
O

N
F

O
R

M

S
t
a
 5

0
9

+
9

8
.6

5
8

E
l
e
v
 4

2
7
.6

5
2

C
O

N
F

O
R

M

200’ VC

200’ VC

200’ VC

200’ VC

200’ VC

04 Ala 84

Exc

Emb

STATION

CY

TOTAL

Emb

Exc

STATION

CY

TOTAL

ALAMEDA COUNTY TRANSPORTATION

IMPROVEMENT AUTHORITY (ACTIA)

1333 Broadway, Suite 300

Oakland, CA 94612

URS

1333 Broadway, 

Suite 800

Oakland, CA 94612

CU EA

x

x

x

x

x

Dist COUNTY ROUTE
POST MILES

TOTAL PROJECT

SHEET

No.

TOTAL

SHEETS

L
A

S
T

 R
E

V
IS

IO
N

0
0

-
0

0
-
0

0

29760104257

S
T

A
T

E
 O

F
 C

A
L

IF
O

R
N

IA
  
- 

 D
E

P
A

R
T

M
E

N
T

 O
F

 T
R

A
N

S
P

O
R

T
A

T
IO

N

No.

Exp.

CIVIL

R
E

G
I

S
T

E
R

E

D
 
P

ROFESSIONA
L

 
E

N
G
I

N
E

E
R

S

T
A
TE OF CALIFORN

IA

REGISTERED CIVIL ENGINEER

T
I
M

E
 P

L
O

T
T

E
D

 =
>

USERNAME => madhu_thummaluru

...\to Wreco\429760fb_P4.dgn

D
A

T
E

 P
L

O
T

T
E

D
 =

>

2
:
4
5
:
0
1
 P

M

9
/
1

6
/
2

0
1

0

DGN FILE =>

RELATIVE BORDER SCALE

IS IN INCHES

C
H

E
C

K
E

D
 B

Y

C
A

L
C

U
L

A
T

E
D

-

D
E

S
IG

N
E

D
 B

Y
R

E
V

IS
E

D
 B

Y

D
A

T
E

 R
E

V
IS

E
D

0 1 2 3

PLANS APPROVAL DATE

DATE

C
O

N
S

U
L

T
A

N
T

 F
U

N
C

T
IO

N
A

L
 S

U
P

E
R

V
IS

O
R

R

BORDER LAST REVISED 2/1/2008

X
:
\
8
4
-
I
s
a
b
e
l
l
e
 P

S
E

\
0
0
0
-
C

A
D

 F
i
l
e
s
\
s
h
e
e
t
s
_
A

\
F

B
-
P

r
o
f
-
S

u
p
e
r
\
t
o
 W

r
e
c
o
\
4
2
9
7
6
0
f
b
_
P

4
.d

g
n

22.9/27.1



APPENDIXJ DRAINAGE PLAN DRAWINGS 

                                                                                                                    J-1X:\Route 84 - Isabel Avenue\geotech\Reports\Materials Report\Appendices_r1.doc 

 September 2010 South Segment Plans and Profile Sheets 

 North Segment Plans and Profile Sheets 

 



...\cl\cut sheets\429760xx001.dgn  4/18/2008 1:39:37 PM



...\cl\cut sheets\429760xx002.dgn  4/18/2008 1:41:26 PM



...\cl\cut sheets\429760xx003.dgn  4/18/2008 1:42:07 PM



...\cl\cut sheets\429760xx004.dgn  4/18/2008 1:42:48 PM



...\cl\cut sheets\429760xx005.dgn  4/18/2008 1:43:26 PM



...\cl\cut sheets\429760xx006.dgn  4/18/2008 1:46:05 PM



...\cl\cut sheets\429760xx007.dgn  4/18/2008 1:49:13 PM



...\cl\cut sheets\429760xx008.dgn  4/18/2008 1:48:28 PM



...\cl\cut sheets\429760xx009.dgn  4/18/2008 1:49:51 PM



...\cl\cut sheets\429760xx010.dgn  4/18/2008 1:50:34 PM



...\cl\cut sheets\429760xx011.dgn  4/18/2008 1:51:19 PM



...\cl\cut sheets\429760xx012.dgn  4/18/2008 1:52:00 PM



...\cl\cut sheets\429760xx013.dgn  4/18/2008 1:52:41 PM



...\cl\cut sheets\429760xx014.dgn  4/18/2008 1:53:59 PM



























































































APPENDIXK UTILITY PLAN DRAWINGS 

                                                                                                       K-1 X:\Route 84 - Isabel Avenue\geotech\Reports\Materials Report\Appendices_r1.doc 

 

 North Segment Utility Plans, U-1 to U-9 

 September 2010 South Segment Utility Plans, U-1 to U-13, U-21 to U-23 

 

 

 



04 Ala 84 25.5/27.1

URS CORPORATION

1333 Broadway 

Suite 800

Oakland, CA 94612

ALAMEDA COUNTY TRANSPORTATION

IMPROVEMENT AUTHORITY (ACTIA)

1333 Broadway, Suite 300

Oakland, CA 94612

10/21/10

S
A

N
G

 K
IM

R
A

M
S

E
Y

 J
. 
H

I
S

S
E

N
E

L
I
E

 A
B

I
-
J
A

O
U

D
E

x

x

x

x

x

Dist COUNTY ROUTE
POST MILES

TOTAL PROJECT

SHEET

No.

TOTAL

SHEETS

L
A

S
T

 R
E

V
IS

IO
N

S
T

A
T

E
 O

F
 C

A
L

IF
O

R
N

IA
  
- 

 D
E

P
A

R
T

M
E

N
T

 O
F

 T
R

A
N

S
P

O
R

T
A

T
IO

N

No.

Exp.

CIVIL

R
E

G
I

S
T

E
R

E

D
P

ROFESSIONA
L

E
N

G
I

N
E

E
R

S

T
A
TE

OF CALIFORN
IA

REGISTERED CIVIL ENGINEER

T
I
M

E
 P

L
O

T
T

E
D

 =
>

D
A

T
E

 P
L

O
T

T
E

D
 =

>

1
:
2
5
:
5
6
 P

M

1
/
1

3
/
2

0
1

1

C
H

E
C

K
E

D
 B

Y

C
A

L
C

U
L

A
T

E
D

-

D
E

S
IG

N
E

D
 B

Y
R

E
V

IS
E

D
 B

Y

D
A

T
E

 R
E

V
IS

E
D

PLANS APPROVAL DATE

DATE

C
O

N
S

U
L

T
A

N
T

 F
U

N
C

T
IO

N
A

L
 S

U
P

E
R

V
IS

O
R

R
R

1
0
-
2
1
-
1
0

USERNAME => minyoung_kim

DGN FILE => ...\0400020580ka001.dgn

RELATIVE BORDER SCALE

IS IN INCHES

0 1 2 3
UNIT 0733 PROJECT NUMBER & PHASE 04000205801BORDER LAST REVISED 7/2/2010

S
K

1
0
/
2
0
/
1
0

Sang Kim

66289

06-30-12

ASPH

ASPH

ASPH

ALA - 84

ISABEL AVE

P

P

6
7

8
9

370
1

2
3 4 375 6 7

4
365

t

ROUTE 84

S
E

E
 S

H
E

E
T

 U
-
2

R/W

R/W

R/W

21 KV

66
144

145
146

PH-66

PH-144

PH-145

PH-146

2067887.867

2068129.428

2068436.503

2068826.303

6183771.007

6183774.412

6183779.028

6183783.777

4.08

5.42

5.75

4.58

409.69

408.07

407.22

409.65

2D

10A

F
R

O
M

T
O

24" GAS - PG&E

24" GAS - PG&E

24" GAS - PG&E

24" GAS - PG&E

POTHOLE LOCATION TABLE

N-COORDINATEUTILITYNo. E-COORDINATE
DEPTH

(Ft)

TOP OF PIPE

Elev (Ft)

R/W

SCALE: 1" = 50’

UTILITY PLAN

U-1THIS PLAN ACCURATE FOR UTILITY WORK ONLY

PG&E 3-21 KV OH

ELECTRIC (TO REMAIN)

"A2" LINE

FOR ACCURATE RIGHT OF WAY DATA, CONTACT

RIGHT OF WAY ENGINEERING AT THE DISTRICT OFFICE.

Exist ELECTRICAL OVERHEAD LINE

PROPOSED ELECTRICAL OVERHEAD LINE

Exist TELEVISION LINE

Exist WATER LINE

Exist GAS LINE

tt

ELECTROLYSIS TEST STATION

LEGEND:

ETS

POTHOLE LOCATION

POTHOLE NUMBER

Exist RECLAIMED WATERrcw rcw

PROPOSED TELEPHONE LINE

UTILITY NUMBER

No.

No.

Exist SANITARY SEWER

NOTES: ABBREVIATIONS:

Exist TELECOMMUNICATION

Exist ELECTRICAL LINE

1. LOCATIONS OF UTILITY FACILITIES SHOWN

   ON THESE PLANS ARE APPROXIMATE AND

   SHALL BE VERIFIED BY THE CONTRACTOR

   PRIOR TO CONSTRUCTION.

2. UTILITY OWNERSHIP ON THIS PROJECT:

   GAS - PACIFIC GAS & ELECTRIC

   WATER - CITY OF LIVERMORE

   ELECTRIC - PACIFIC GAS & ELECTRIC

   FIBER OPTICS - MCI

   SEWER - CITY OF LIVERMORE

   CABLE TELEVISION - COMCAST

   TELEPHONE - AT&T

3. ALL ELEVATIONS SHOWN REFER TO THE

   TOP OF PIPE ELEVATION UNLESS OTHERWISE

   INDICATED.

4. THE EXISTING SANITARY SEWER FACALITIES SHOWN

   ON THESE PLANS ARE FOR INFORMATION ONLY,

   SEE SANITARY SEWER PLANS FOR MODIFICATIONS

   AND/OR NEW SEWER FACILITIES.

Exist Tel LINE

AT&T AERIAL

Tel CABLE

AT&T AERIAL Tel TO BE

RELOCATED PRIOR TO

CONSTRUCTION (BY OTHERS)

11
PG&E 24" HPG GAS

MAIN (TO REMAIN)

CALWATER

F/O

GST

HPG

JTR

JTP

KV

LIV

LP

MCI

PG&E

TV

UG

UNK

UPRR

ZONE 7

CALIFORNIA WATER SERVICE COMPANY

FIBER OPTIC CABLE

GST TELECOMMUNICATIONS

HIGH PRESSURE GAS/HIGH RISK

JOINT TRENCH

JOINT TRANSMISSION POLE

KILOVOLTS

CITY OF LIVERMORE

LOW PRESSURE GAS/LOW RISK

MCI TELECOMMUNICATIONS

PACIFIC GAS & ELECTRIC

CABLE TELEVISION

UNDERGROUND

UNKNOWN

UNION PACIFIC RAILROAD

ZONE 7 WATER AGENCY

RCW RCW PROPOSED RECLAIMED WATER



04 Ala 84 25.5/27.1

URS CORPORATION

1333 Broadway 

Suite 800

Oakland, CA 94612

ALAMEDA COUNTY TRANSPORTATION

IMPROVEMENT AUTHORITY (ACTIA)

1333 Broadway, Suite 300

Oakland, CA 94612

10/21/10

S
A

N
G

 K
IM

R
A

M
S

E
Y

 J
. 
H

I
S

S
E

N
E

L
I
E

 A
B

I
-
J
A

O
U

D
E

x

x

x

x

x

Dist COUNTY ROUTE
POST MILES

TOTAL PROJECT

SHEET

No.

TOTAL

SHEETS

L
A

S
T

 R
E

V
IS

IO
N

S
T

A
T

E
 O

F
 C

A
L

IF
O

R
N

IA
  
- 

 D
E

P
A

R
T

M
E

N
T

 O
F

 T
R

A
N

S
P

O
R

T
A

T
IO

N

No.

Exp.

CIVIL

R
E

G
I

S
T

E
R

E

D
P

ROFESSIONA
L

E
N

G
I

N
E

E
R

S

T
A
TE

OF CALIFORN
IA

REGISTERED CIVIL ENGINEER

T
I
M

E
 P

L
O

T
T

E
D

 =
>

D
A

T
E

 P
L

O
T

T
E

D
 =

>

1
:
2
6
:
0
1
 P

M

1
/
1

3
/
2

0
1

1

C
H

E
C

K
E

D
 B

Y

C
A

L
C

U
L

A
T

E
D

-

D
E

S
IG

N
E

D
 B

Y
R

E
V

IS
E

D
 B

Y

D
A

T
E

 R
E

V
IS

E
D

PLANS APPROVAL DATE

DATE

C
O

N
S

U
L

T
A

N
T

 F
U

N
C

T
IO

N
A

L
 S

U
P

E
R

V
IS

O
R

R
R

1
0
-
2
1
-
1
0

USERNAME => minyoung_kim

DGN FILE => ...\0400020580ka002.dgn

RELATIVE BORDER SCALE

IS IN INCHES

0 1 2 3
UNIT 0733 PROJECT NUMBER & PHASE 04000205801BORDER LAST REVISED 7/2/2010

S
K

1
0
/
2
0
/
1
0

Sang Kim

66289

06-30-12

ASPH

ASPH

ASPH

ALA - 84

ALA - 84

ALA - 84

ISABEL AVE

ISABEL AVE

P

8 9 380 1 2 3 4 385 6 7 8 9 390 1ROUTE 84

S
E

E
 S

H
E

E
T

 U
-
3

S
E

E
 S

H
E

E
T

 U
-
1

R/W

R/W

R/W

21 KV

R/W

2069159.647

2069564.775

2070042.408

6183788.209

6183793.886

6183800.681

4.83

4.75

6.58

411.77

412.10

411.39

147
148

149

PH-147

PH-148

PH-149

F
R

O
M

T
O

2D

10A

POTHOLING INFORMATION

N-COORDINATEUTILITY
No.

E-COORDINATE
DEPTH

(Ft)

TOP OF PIPE

Elev (Ft)

24" GAS - PG&E

24" GAS - PG&E

24" GAS - PG&E

PG&E 3-21 KV OH

ELECTRIC (TO REMAIN)

FOR NOTES, ABBREVIATIONS

AND LEGEND, SEE SHEET U-1

THIS PLAN ACCURATE FOR UTILITY WORK ONLY

SCALE: 1" = 50’

UTILITY PLAN

U-2

"A2" LINE

FOR ACCURATE RIGHT OF WAY DATA, CONTACT

RIGHT OF WAY ENGINEERING AT THE DISTRICT OFFICE.

AT&T AERIAL

Tel CABLE

AT&T AERIAL Tel TO BE

RELOCATED PRIOR TO

CONSTRUCTION (BY OTHERS)

11

PG&E 24" HPG GAS 

MAIN (TO REMAIN)



04 Ala 84 25.5/27.1

URS CORPORATION

1333 Broadway 

Suite 800

Oakland, CA 94612

ALAMEDA COUNTY TRANSPORTATION

IMPROVEMENT AUTHORITY (ACTIA)

1333 Broadway, Suite 300

Oakland, CA 94612

10/21/10

S
A

N
G

 K
IM

R
A

M
S

E
Y

 J
. 
H

I
S

S
E

N
E

L
I
E

 A
B

I
-
J
A

O
U

D
E

x

x

x

x

x

Dist COUNTY ROUTE
POST MILES

TOTAL PROJECT

SHEET

No.

TOTAL

SHEETS

L
A

S
T

 R
E

V
IS

IO
N

S
T

A
T

E
 O

F
 C

A
L

IF
O

R
N

IA
  
- 

 D
E

P
A

R
T

M
E

N
T

 O
F

 T
R

A
N

S
P

O
R

T
A

T
IO

N

No.

Exp.

CIVIL

R
E

G
I

S
T

E
R

E

D
P

ROFESSIONA
L

E
N

G
I

N
E

E
R

S

T
A
TE

OF CALIFORN
IA

REGISTERED CIVIL ENGINEER

T
I
M

E
 P

L
O

T
T

E
D

 =
>

D
A

T
E

 P
L

O
T

T
E

D
 =

>

1
:
2
6
:
0
4
 P

M

1
/
1

3
/
2

0
1

1

C
H

E
C

K
E

D
 B

Y

C
A

L
C

U
L

A
T

E
D

-

D
E

S
IG

N
E

D
 B

Y
R

E
V

IS
E

D
 B

Y

D
A

T
E

 R
E

V
IS

E
D

PLANS APPROVAL DATE

DATE

C
O

N
S

U
L

T
A

N
T

 F
U

N
C

T
IO

N
A

L
 S

U
P

E
R

V
IS

O
R

R
R

1
0
-
2
1
-
1
0

USERNAME => minyoung_kim

DGN FILE => ...\0400020580ka003.dgn

RELATIVE BORDER SCALE

IS IN INCHES

0 1 2 3
UNIT 0733 PROJECT NUMBER & PHASE 04000205801BORDER LAST REVISED 7/2/2010

S
K

1
0
/
2
0
/
1
0

Sang Kim

66289

06-30-12

POLE

POLE

TS

TS

TS

TS

TS

ASPH

CONC

ASPH

ASPH

ASPH

ASPH

B
IK

E
 L

A
N

E

PIPE

PIPE

TS

DIKE

DIKE

ALA - 84

ALA - 84

ISABEL AVE

E
 S

T
A

N
L

E
Y

 B
L

V
D

4
1
0

BIKE

LANE

CC

CC

ASPH

CONC

2 3

4 395 6 7 8 9 400 1 2

600
1 24

9
5

6

7

8

9

100 1

2

3

2

3

4

1
5

6

7

8

9

2
0

rcw rcw

ttttttttttttttttt

ETS

ETS

ROUTE 84

S
E

E
 S

H
E

E
T

 U
-
2

393392

S
E

E
 S

H
E

E
T

 U
-
4

C
O

N
N

E
C

T
O

R

S
T

A
N

L
E

Y

R/W

R/W
R/W

R
/W

JTP

JTP

JTP

150 151

152

153

154

179

PH-150

PH-151

PH-152

PH-153

PH-154

PH-179

24" GAS - PG&E

24" GAS - PG&E

24" GAS - PG&E

24" GAS - PG&E

24" GAS - PG&E

18" RECLAIMED WATER - LIV

2070502.906

2070955.647

2071193.940

2071332.318

2071398.724

2071234.749

6183806.377

6183814.205

6183798.056

6183775.096

6183776.259

6183977.091

3.58

6.75

6.33

6.67

10.00

4.92

415.15

411.82

410.72

411.64

408.56

398.93

12

REPLACE 18" RECLAIMED WATER

DURING L SHAPE RETAINING

WALL CONSTRUCTION

(SEE SHEET U-8 FOR DETAILS)

15 LIV 18" RECLAIMED

WATER

16

13

14

T
O

F
R

O
M

TO

JTP WITH

ANCHOR

TCE

TCE

T
C

E

POTHOLING INFORMATION

N-COORDINATEUTILITY E-COORDINATE
DEPTH

(Ft)

TOP OF PIPE

Elev (Ft)

2D

10A

S
T

A
N

L
E

Y
 B

lv
d

FOR NOTES, ABBREVIATIONS

AND LEGEND, SEE SHEET U-1

THIS PLAN ACCURATE FOR UTILITY WORK ONLY

SCALE: 1" = 50’

UTILITY PLAN

U-3

"A2" LINE
"A3" LINE

"ST" LINE

"
S

B
"
 L

I
N

E

PG&E 3-21 KV OH

ELECTRIC (TO REMAIN)

R
/W

FOR ACCURATE RIGHT OF WAY DATA, CONTACT

RIGHT OF WAY ENGINEERING AT THE DISTRICT OFFICE.

UNKNOWN Abn 1" WATER

(ON E STANLEY OC)

GST TELECOM FIBER

OPTIC CABLES (4-4")

(ON E STANLEY OC)

AT&T AERIAL Tel TO BE

RELOCATED PRIOR TO

CONSTRUCTION (BY OTHERS)

AT&T AERIAL

Tel CABLE

AT&T AERIAL TELEPHONE CABLE

(ON E STANLEY OC) 

PG&E 21 KV OH ELECTRIC LINE

11

11A

11B

PG&E 8" HPG GAS LINE 

(ON E STANLEY OVERCROSSING)

UPRR AERIAL COMMUNICATION CABLE

(ON E STANLEY OC)

8" HPG GAS LINE

PG&E 24" HPG 

GAS MAIN

(TO REMAIN)

8" HPG

GAS

No.

"TR4" LINE



04 Ala 84 25.5/27.1

URS CORPORATION

1333 Broadway 

Suite 800

Oakland, CA 94612

ALAMEDA COUNTY TRANSPORTATION

IMPROVEMENT AUTHORITY (ACTIA)

1333 Broadway, Suite 300

Oakland, CA 94612

10/21/10

S
A

N
G

 K
IM

R
A

M
S

E
Y

 J
. 

H
I
S

S
E

N
E

L
I
E

 A
B

I
-
J
A

O
U

D
E

x

x

x

x

x

Dist COUNTY ROUTE
POST MILES

TOTAL PROJECT

SHEET

No.

TOTAL

SHEETS

L
A

S
T

 R
E

V
IS

IO
N

S
T

A
T

E
 O

F
 C

A
L

IF
O

R
N

IA
  

- 
 D

E
P

A
R

T
M

E
N

T
 O

F
 T

R
A

N
S

P
O

R
T

A
T

IO
N

No.

Exp.

CIVIL

R
E

G
I

S
T

E
R

E

D
P

ROFESSIONA
L

E
N

G
I

N
E

E
R

S

T
A
TE

OF CALIFORN
IA

REGISTERED CIVIL ENGINEER

T
I
M

E
 P

L
O

T
T

E
D

 =
>

D
A

T
E

 P
L

O
T

T
E

D
 =

>

1
:
2

6
:
1

0
 P

M

1
/
1
3
/
2
0
1
1

C
H

E
C

K
E

D
 B

Y

C
A

L
C

U
L

A
T

E
D

-

D
E

S
IG

N
E

D
 B

Y
R

E
V

IS
E

D
 B

Y

D
A

T
E

 R
E

V
IS

E
D

PLANS APPROVAL DATE

DATE

C
O

N
S

U
L

T
A

N
T

 F
U

N
C

T
IO

N
A

L
 S

U
P

E
R

V
IS

O
R

R
R

1
0

-
2

1
-
1

0

USERNAME => minyoung_kim

DGN FILE => ...\0400020580ka004.dgn

RELATIVE BORDER SCALE

IS IN INCHES

0 1 2 3
UNIT 0733 PROJECT NUMBER & PHASE 04000205801BORDER LAST REVISED 7/2/2010

S
K

1
0

/
2

0
/
1

0

Sang Kim

66289

06-30-12

PIPE

PIPE

PIPE
PIPE

ASPH
DIKE

PIPE

ASPH

ALA - 84

ISABEL AVE

ARROYO MOCHO

CC

FP

CONC

3 4 405 6 7 8 9 410 1 2

3 4

605

rcw
rcw

rcw rcw rcw rcw rcw rcw rcw rcw

r
c
w

r
c
w

ROUTE 84

S
E

E
 S

H
E

E
T

 U
-
3

R/W

R/W

S
E

E
 S

H
E

E
T

 U
-
5

R/W

TP

U
P

R
R

R/W

156
155B

155A
156B

156A

100 101 102

104103

98

157

158

155

PH-97

PH-98

PH-99

PH-100

PH-101

PH-102

PH-103

PH-104

PH-104A

PH-155

PH-155A

PH-155B

PH-156

PH-156A

PH-156B

PH-157

PH-158

99

97

104A

MCI UG F/O

CABLE

15 LIV 18" RECLAIMED WATER

TCE

T
C

E

TCE

POTHOLING INFORMATION

N-COORDINATEUTILITY E-COORDINATE
DEPTH

(Ft)

TOP OF PIPE

Elev (Ft)

2D

17

18

16

NOT FOUND 

2071536.203

2071526.836

2071517.764

2071600.514

2071716.594

2071829.220

2072090.901

2072194.618

2072194.725

 

2071573.832

2071571.820

2071624.407

2071619.152

2071622.778

2072130.238

2072439.783

3.42

33.00

30.00

4.75

3.75

4.00

6.83

6.42

4.92

6.92

6.83

13.42

7.17

7.08

7.00

9.83

402.49

364.13

367.08

403.71

409.24

413.73

416.23

416.37

417.94

415.39

415.33

408.41

414.53

414.70

413.44

410.11

6183981.170

6183939.476

6183882.851

6183984.500

6183989.528

6183993.271

6183999.047

6183999.597

6183999.635

 

6183745.174

6183761.371

6183777.031

6183742.791

6183760.413

6183802.645

6183817.989

PG&E POLE TO BE RELOCATED

OUTSIDE OF STATE R/W (BY OTHERS)

FROM

TO

FOR NOTES, ABBREVIATIONS

AND LEGEND, SEE SHEET U-1

THIS PLAN ACCURATE FOR UTILITY WORK ONLY

SCALE: 1" = 50’

UTILITY PLAN

U-4

"TR4" LINE

"A3" LINE

FOR ACCURATE RIGHT OF WAY DATA, CONTACT

RIGHT OF WAY ENGINEERING AT THE DISTRICT OFFICE.

18" RECLAIMED WATER - LIV

F/O TELECOM CABLE - MCI

F/O TELECOM CABLE - MCI

18" RECLAIMED WATER - LIV

18" RECLAIMED WATER - LIV

18" RECLAIMED WATER - LIV

18" RECLAIMED WATER - LIV

18" RECLAIMED WATER - LIV

18" RECLAIMED WATER - LIV

24" GAS - PG&E

8" GAS

8" GAS

24" GAS - PG&E

8" GAS

8" GAS

24" GAS - PG&E

24" GAS - PG&E

PG&E 21 KV OH ELECTRIC

LINE (TO REMAIN)
PG&E OH ELECTRIC LINE

PG&E GAS

REG. STATION

8" HPG GAS

LINE

PG&E 24" HPG GAS 

MAIN (TO REMAIN)

No.



04 Ala 84 25.5/27.1

URS CORPORATION

1333 Broadway 

Suite 800

Oakland, CA 94612

ALAMEDA COUNTY TRANSPORTATION

IMPROVEMENT AUTHORITY (ACTIA)

1333 Broadway, Suite 300

Oakland, CA 94612

10/21/10

S
A

N
G

 K
IM

R
A

M
S

E
Y

 J
. 

H
I
S

S
E

N
E

L
I
E

 A
B

I
-
J
A

O
U

D
E

x

x

x

x

x

Dist COUNTY ROUTE
POST MILES

TOTAL PROJECT

SHEET

No.

TOTAL

SHEETS

L
A

S
T

 R
E

V
IS

IO
N

S
T

A
T

E
 O

F
 C

A
L

IF
O

R
N

IA
  

- 
 D

E
P

A
R

T
M

E
N

T
 O

F
 T

R
A

N
S

P
O

R
T

A
T

IO
N

No.

Exp.

CIVIL

R
E

G
I

S
T

E
R

E

D
P

ROFESSIONA
L

E
N

G
I

N
E

E
R

S

T
A
TE

OF CALIFORN
IA

REGISTERED CIVIL ENGINEER

T
I
M

E
 P

L
O

T
T

E
D

 =
>

D
A

T
E

 P
L

O
T

T
E

D
 =

>

1
:
2

6
:
1

5
 P

M

1
/
1
3
/
2
0
1
1

C
H

E
C

K
E

D
 B

Y

C
A

L
C

U
L

A
T

E
D

-

D
E

S
IG

N
E

D
 B

Y
R

E
V

IS
E

D
 B

Y

D
A

T
E

 R
E

V
IS

E
D

PLANS APPROVAL DATE

DATE

C
O

N
S

U
L

T
A

N
T

 F
U

N
C

T
IO

N
A

L
 S

U
P

E
R

V
IS

O
R

R
R

1
0

-
2

1
-
1

0

USERNAME => minyoung_kim

DGN FILE => ...\0400020580ka005.dgn

RELATIVE BORDER SCALE

IS IN INCHES

0 1 2 3
UNIT 0733 PROJECT NUMBER & PHASE 04000205801BORDER LAST REVISED 7/2/2010

S
K

1
0

/
2

0
/
1

0

Sang Kim

66289

06-30-12

PIPE

ASPH

ALA - 84

ISABEL AVE

S II

G
R

A
V

E
L

R
O

A
D

A
C

 PA
V

IN
G ROUTE  84

AC PATH
ASPH

CONC

CONC

CONC
CONC

DIRT PILES

CC

DIRT PILES

CONC

422.7  

U

SP

ALA - 84

ISABEL AVE

TDSTDARVWVWVWVWVWVWVWVWVWVWVWVWVWVWVWVWVWVWVWVWVWVWVWVWVWVWVWVWVSSS WVWVWVWVWVWVWVWVS WVWVWVWVWVWVWVWVWVWVWVWVWVWVWVWVWVWVWVWVWVWVWVWVWVWVWVWVWVWVWVWVSSS WVWVWVWVS WVWVWVWVWVWVWVWVWVWVWVWVWVWVWVWVWVWVWVWVWVWVWVWVWVWVWVWVWVWVWVWVWVWVWVWVWVWVWVWVWVWVWVWVWVWVWVWVWVWVWVWVWV

AC CURB
CC&G

AC CURB

AC PATH

AC PAVING

CONCRETE WALK

3 4 415 6 7 8 9 420 1 2 3

3

4

215
6

7
8

9

2
2
0

1
2 3 4

6 7 8 9 120 1 2 3

20 1

rc
w

rc
w

rcw rcw rcw rcw rcw rcw rcw rcw rcw

ROUTE 84

R/W

R/W

S
E

E
 S

H
E

E
T

 U
-
6

R/W

R/W

S
E

E
 S

H
E

E
T

 U
-
4

RECLAIMED

WATER 186185

183A

161

160

183B

183C

159

235

PH-159

PH-160

PH-161

PH-183A

PH-183B

PH-183C

PH-185

PH-186

PH-235

24" GAS - PG&E

24" GAS - PG&E

24" GAS - PG&E

18" RECLAIMED WATER - LIV

18" RECLAIMED WATER - LIV

18" RECLAIMED WATER - LIV

18" RECLAIMED WATER - LIV

18" RECLAIMED WATER - LIV

24" GAS - PG&E

20.00

11.00

11.42

5.25

7.92

8.67

2.92

3.75

8.00

398.32

410.54

409.09

416.64

412.30

412.40

424.38

426.84

408.67

N-COORDINATEUTILITY E-COORDINATE
DEPTH

(Ft)

TOP OF PIPE

Elev (Ft)

2072744.080

2072748.080

2072749.454

2072788.122

2072764.365

2072776.998

2073011.465

2073261.903

2072554.216

6183833.463

6183937.143

6183981.711

6184032.536

6184075.613

6184059.720

6184010.667

6184014.415

6183823.100

16

2D

2E

15
LIV 18"

RECLAIMED WATER

VOYAGER ST

FOR NOTES, ABBREVIATIONS

AND LEGEND, SEE SHEET U-1

THIS PLAN ACCURATE FOR UTILITY WORK ONLY

SCALE: 1" = 50’

UTILITY PLAN

U-5

"A3" LINE

"
A

C
2
"
 L

IN
E

FOR ACCURATE RIGHT OF WAY DATA, CONTACT

RIGHT OF WAY ENGINEERING AT THE DISTRICT OFFICE.

PG&E 21 KV OH

ELECTRIC LINE

(TO REMAIN)

PG&E 24" HPG GAS MAIN

(TO REMAIN)

PG&E 24"

HPG GAS

24" HPG

GAS MAIN

No.

POTHOLING INFORMATION

ABANDON LIV SANITARY SEWER

(SEE SANITARY SEWER PLANS)



04 Ala 84 25.5/27.1

URS CORPORATION

1333 Broadway 

Suite 800

Oakland, CA 94612

ALAMEDA COUNTY TRANSPORTATION

IMPROVEMENT AUTHORITY (ACTIA)

1333 Broadway, Suite 300

Oakland, CA 94612

10/21/10

S
A

N
G

 K
IM

R
A

M
S

E
Y

 J
. 

H
I
S

S
E

N
E

L
I
E

 A
B

I
-
J
A

O
U

D
E

x

x

x

x

x

Dist COUNTY ROUTE
POST MILES

TOTAL PROJECT

SHEET

No.

TOTAL

SHEETS

L
A

S
T

 R
E

V
IS

IO
N

S
T

A
T

E
 O

F
 C

A
L

IF
O

R
N

IA
  

- 
 D

E
P

A
R

T
M

E
N

T
 O

F
 T

R
A

N
S

P
O

R
T

A
T

IO
N

No.

Exp.

CIVIL

R
E

G
I

S
T

E
R

E

D
P

ROFESSIONA
L

E
N

G
I

N
E

E
R

S

T
A
TE

OF CALIFORN
IA

REGISTERED CIVIL ENGINEER

T
I
M

E
 P

L
O

T
T

E
D

 =
>

D
A

T
E

 P
L

O
T

T
E

D
 =

>

1
:
2

6
:
2

0
 P

M

1
/
1
3
/
2
0
1
1

C
H

E
C

K
E

D
 B

Y

C
A

L
C

U
L

A
T

E
D

-

D
E

S
IG

N
E

D
 B

Y
R

E
V

IS
E

D
 B

Y

D
A

T
E

 R
E

V
IS

E
D

PLANS APPROVAL DATE

DATE

C
O

N
S

U
L

T
A

N
T

 F
U

N
C

T
IO

N
A

L
 S

U
P

E
R

V
IS

O
R

R
R

1
0

-
2

1
-
1

0

USERNAME => minyoung_kim

DGN FILE => ...\0400020580ka006.dgn

RELATIVE BORDER SCALE

IS IN INCHES

0 1 2 3
UNIT 0733 PROJECT NUMBER & PHASE 04000205801BORDER LAST REVISED 7/2/2010

S
K

1
0

/
2

0
/
1

0

Sang Kim

66289

06-30-12

POLE

ASPH

ASPH

ALA - 84

ALA - 84

ISABEL AVE

ISABEL AVE

TDTDTDTDBFPBFP WVWVWVSTDTDSPSXS WVWVD

AC PAVING

D
IS

C
O

V
E

R
Y

  
  
 D

R
IV

E

CC&G

AC CURB

AC CURB

C
C

&
G

C
C

&
G

AC CURB

AC CURB

AC PATH

AC PATH

A
C

 P
A

V
IN

G
C

C

C
C

C
O

N
C

 W
A

L
K

C
O

N
C

 W
A

L
K

TANK

TRAIL

4 425 6 7
8

9
430

1
2

3
4

435
6

8
9

4
0

4

rcw rcw rcw rcw
rcw

rcw
rcw

rcw
rcw

rcw
rcw

rcw
rcw

rcw
rcw

r
c
w

r
c
w

r
c
w

r
c
w

r
c
w

r
c
w

RCW

RCW

ROUTE 84

S
E

E
 S

H
E

E
T

 U
-
5

R/W

S
E

E
 S

H
E

E
T

 U
-
7

R/W

R/W

D
IS

C
O

V
E

R
Y

 D
R

R/W

R/W

187

188

189

PH-187

PH-188

PH-189

422.92

420.98

420.51

4.25

4.25

4.17

18" RECLAIMED WATER - LIV

18" RECLAIMED WATER - LIV

18" RECLAIMED WATER - LIV

2073791.905

2074243.23

2074592.311

15 LIV 18" RECLAIMED

WATER

N-COORDINATEUTILITY E-COORDINATE
DEPTH

(Ft)

TOP OF PIPE

Elev (Ft)

2073791.905

2074243.230

2074592.311

FOR NOTES, ABBREVIATIONS

AND LEGEND, SEE SHEET U-1

THIS PLAN ACCURATE FOR UTILITY WORK ONLY

SCALE: 1" = 50’

UTILITY PLAN

U-6

"
D

"
 L

IN
E

"A3" LINE

FOR ACCURATE RIGHT OF WAY DATA, CONTACT

RIGHT OF WAY ENGINEERING AT THE DISTRICT OFFICE.

No.

POTHOLING INFORMATION

ABANDON LIV SANITARY SEWER

(SEE SANITARY SEWER PLANS)

RELOCATE 

Exist WATER

METER

RELOCATE 

Exist WATER

METER TO

FR
O

M

TO

F
R

O
M

LIV 8" RECLAIMED

WATER 



04 Ala 84 25.5/27.1

URS CORPORATION

1333 Broadway 

Suite 800

Oakland, CA 94612

ALAMEDA COUNTY TRANSPORTATION

IMPROVEMENT AUTHORITY (ACTIA)

1333 Broadway, Suite 300

Oakland, CA 94612

10/21/10

S
A

N
G

 K
IM

R
A

M
S

E
Y

 J
. 
H

I
S

S
E

N
E

L
I
E

 A
B

I
-
J
A

O
U

D
E

x

x

x

x

x

Dist COUNTY ROUTE
POST MILES

TOTAL PROJECT

SHEET

No.

TOTAL

SHEETS

L
A

S
T

 R
E

V
IS

IO
N

S
T

A
T

E
 O

F
 C

A
L

IF
O

R
N

IA
  
- 

 D
E

P
A

R
T

M
E

N
T

 O
F

 T
R

A
N

S
P

O
R

T
A

T
IO

N

No.

Exp.

CIVIL

R
E

G
I

S
T

E
R

E

D
P

ROFESSIONA
L

E
N

G
I

N
E

E
R

S

T
A
TE

OF CALIFORN
IA

REGISTERED CIVIL ENGINEER

T
I
M

E
 P

L
O

T
T

E
D

 =
>

D
A

T
E

 P
L

O
T

T
E

D
 =

>

1
:
2
6
:
2
4
 P

M

1
/
1

3
/
2

0
1

1

C
H

E
C

K
E

D
 B

Y

C
A

L
C

U
L

A
T

E
D

-

D
E

S
IG

N
E

D
 B

Y
R

E
V

IS
E

D
 B

Y

D
A

T
E

 R
E

V
IS

E
D

PLANS APPROVAL DATE

DATE

C
O

N
S

U
L

T
A

N
T

 F
U

N
C

T
IO

N
A

L
 S

U
P

E
R

V
IS

O
R

R
R

1
0
-
2
1
-
1
0

USERNAME => minyoung_kim

DGN FILE => ...\0400020580ka007.dgn

RELATIVE BORDER SCALE

IS IN INCHES

0 1 2 3
UNIT 0733 PROJECT NUMBER & PHASE 04000205801BORDER LAST REVISED 7/2/2010

S
K

1
0
/
2
0
/
1
0

Sang Kim

66289

06-30-12

AC PATH

ASPH

ASPH

TS

TS

TS PIPE

PIPE

B
IK

E
 L

A
N

E

ALA - 84

ALA - 84

ISABEL AVE

LOGAN ST

E
 J

A
C

K
 L

O
N

D
O

N
 B

L
V

D

BIKE

LANE

SDL

BIKE

LANE

LANE

PP

DECK

TRAIL

TRAIL

CONC CONC

7
8 9 440 1 2 3 4 445 6 7 8 9

450

tttttttttt

r
c
w

r
c
w

r
c
w

r
c
w

rcw rcw rcw rcw
rcw

rcw
rcw

rcw rcw rcw rcw rcw rcw rcw rc
w

rcw

ttttttttttttt

rcw rcw rcw

r
c
w

r
c
w

t

ROUTE 84

S
E

E
 S

H
E

E
T

 U
-
6

R/W

CALWATER 12"

18" RECLAIMED

WATER (LIV)

R/W

R/WJ
A

C
K

 L
O

N
D

O
N

B
lv

d
 

R/W

194C
195A

195C

194A

191

190

192

199A

199C

194B

199B

195B

PH-190

PH-191

PH-192

PH-193

PH-194A

PH-194B

PH-194C

PH-195A

PH-195B

PH-195C

PH-196

PH-198

PH-199A

PH-199B

PH-199C

NOT FOUND 

198

196

193

LIV 18" RECLAIMED WATER15

PG&E UG 6"

N-COORDINATEUTILITY E-COORDINATE
DEPTH

(Ft)

TOP OF PIPE

Elev (Ft)

2075095.549

2075495.179

2075964.645

2076048.811

2075948.940

2075948.940

2075948.940

2076056.408

2076060.338

2076056.408

2076051.686

2075945.120

2075942.765

2075945.120

6183944.367

6183961.857

6183935.656

6183967.935

6183806.752

6183806.752

6183806.752

6183789.852

6183791.284

6183789.852

6183786.542

6183914.971

6183907.467

6183914.971

2.92

3.50

1.67

7.75

4.08

4.33

5.33

3.08

2.92

4.33

5.50

3.25

4.75

3.58

414.42

413.52

409.68

403.53

407.40

407.15

406.15

407.34

407.50

406.09

405.12

408.50

407.00

408.17

R/W

LIV 12" WATER

19

21

22

20LIV 12"

WATER

FOR NOTES, ABBREVIATIONS

AND LEGEND, SEE SHEET U-1

THIS PLAN ACCURATE FOR UTILITY WORK ONLY

SCALE: 1" = 50’

UTILITY PLAN

U-7

"A3" LINE

FOR ACCURATE RIGHT OF WAY DATA, CONTACT

RIGHT OF WAY ENGINEERING AT THE DISTRICT OFFICE.

ZONE 7 36" WATER

ZONE 7 

36" WATER

18" RECLAIMED WATER - LIV

18" RECLAIMED WATER - LIV

18" RECLAIMED WATER - LIV

18" RECLAIMED WATER - LIV

4" GAS - PG&E

CABLE TV - COMCAST

21 KV Elect (1-6" & 1-4")

4" GAS - PG&E

CABLE TV - COMCAST

21 KV Elect (1-6" & 1-4")

12" WATER - LiV

12" WATER - CALWATER

4" GAS - PG&E

CABLE TV - COMCAST

21 KV Elec (1-6" & 1-4") - PG&E

CALWATER

12" WATER

JTR AT&T UG Tel

PG&E  Elec

(21 KV, 6" & 4") 

COMCAST TV 

PG&E GAS - 4"

4PL-1 (JTR)

JTR AT&T UG Tel

PG&E  Elec

(21  KV, 6" & 4") 

COMCAST TV 

PG&E GAS - 4"

JTR AT&T UG Tel

PG&E  Elec

(21 KV, 6" & 4") 

COMCAST TV 

PG&E GAS - 4"

No.

POTHOLING INFORMATION

ABANDON LIV SANITARY SEWER

(SEE SANITARY SEWER PLANS)

INSTALL NEW WATER METER FOR 

FUTURE STATE IRRIGATION

(SEE U-9 FOR DETAIL)



POLE

CONC

ASPH

B
IK

E
 L

A
N

E

PIPE

PIPE

PIPE

ASPH

DIKE

ALA - 84

ISABEL AVE

CC

CC

CC

FP

ASPH

CONC

04 Ala 84 25.5/27.1

URS CORPORATION

1333 Broadway 

Suite 800

Oakland, CA 94612

ALAMEDA COUNTY TRANSPORTATION

IMPROVEMENT AUTHORITY (ACTIA)

1333 Broadway, Suite 300

Oakland, CA 94612

10/21/10

S
A

N
G

 K
IM

R
A

M
S

E
Y

 J
. 

H
I
S

S
E

N
E

L
I
E

 A
B

I
-
J
A

O
U

D
E

x

x

x

x

x

Dist COUNTY ROUTE
POST MILES

TOTAL PROJECT

SHEET

No.

TOTAL

SHEETS

L
A

S
T

 R
E

V
IS

IO
N

S
T

A
T

E
 O

F
 C

A
L

IF
O

R
N

IA
  

- 
 D

E
P

A
R

T
M

E
N

T
 O

F
 T

R
A

N
S

P
O

R
T

A
T

IO
N

No.

Exp.

CIVIL

R
E

G
I

S
T

E
R

E

D
P

ROFESSIONA
L

E
N

G
I

N
E

E
R

S

T
A
TE

OF CALIFORN
IA

REGISTERED CIVIL ENGINEER

T
I
M

E
 P

L
O

T
T

E
D

 =
>

D
A

T
E

 P
L

O
T

T
E

D
 =

>

1
:
2

6
:
3

0
 P

M

1
/
1
3
/
2
0
1
1

C
H

E
C

K
E

D
 B

Y

C
A

L
C

U
L

A
T

E
D

-

D
E

S
IG

N
E

D
 B

Y
R

E
V

IS
E

D
 B

Y

D
A

T
E

 R
E

V
IS

E
D

PLANS APPROVAL DATE

DATE

C
O

N
S

U
L

T
A

N
T

 F
U

N
C

T
IO

N
A

L
 S

U
P

E
R

V
IS

O
R

R
R

1
0

-
2

1
-
1

0

USERNAME => minyoung_kim

DGN FILE => ...\0400020580ka008.dgn

RELATIVE BORDER SCALE

IS IN INCHES

0 1 2 3
UNIT 0733 PROJECT NUMBER & PHASE 04000205801BORDER LAST REVISED 7/2/2010

S
K

1
0

/
2

0
/
1

0

Sang Kim

66289

06-30-12

rcw rcw rcw
rcw

rcw rcw rcw

tttttttttttt

ETS

380

390

400

410

420

430

380

390

400

410

420

430

+

-

9 400 1 2 3 4 405 6

600
1 2 3 4

605

3

4

1
5

ROUTE 84

R/W

R/W

TP

S
T

A
N

L
E

Y
 B

L
V

D

5.5’

FG

OG

SECTION A-A

3’ Min

FG

PROFILE

P
I
P

E
 Z

O
N

E

S
A

N
D

 B
A

C
K

F
IL

L

3
’
 M

in

TRENCH DETAIL

Exist 18" RECLAIMED

WATER (LIV)

V
a
r

� 18" WATERLINE

T
C

E

TCE

T
C

E

6" Min SAND BEDDING

FG

Exist 18" RECLAIMED

WATER (LIV)

PLAN

NO SCALE NO SCALE

70.99’ Rt "A3"401+65.98

BEGIN RECLAIMED WATER LINE

REMOVAL AND REPLACEMENT

68.88’ Rt "A3"402+73.31

END RECLAIMED WATER LINE

REMOVAL AND REPLACEMENT

A

-

B

-

70.99’ Rt "A3"401+65.98

BEGIN RECLAIMED WATER LINE

REMOVAL AND REPLACEMENT

68.88’ Rt "A3"402+73.31

END RECLAIMED WATER LINE

REMOVAL AND REPLACEMENT

A

A

CONTRACTOR TO REMOVE

107 LF OF Exist 18"

RECLAIMED WATER PRIOR 

TO CONSTRUCTION OF

RETAINING WALL. PLUG

BOTH ENDS. REPLACE 18"

RECLAIMED WATER AFTER

THE RETAINING WALL

IS CONSTRUCTED.

1
’

M
in

6" WIDE DETECTABLE

WARNING TAPE MARKED

"CAUTION RECLAIMED

BURIED WATER LINE

BELOW"

BELL AND SPIGOT JOINTEXISTING 18" PVC PIPE. END

TO BE CUT PERPENDICULAR TO

AXIS OF PIPE AND BEVELED

A

-

B

-

A

-

B

-

EXISTING 18" PVC PIPE. END TO BE CUT

PERPENDICULAR TO AXIS OF PIPE AND BEVELED

CONNECTION AT END OF NEW PIPE

CONNECTION AT BEGINNING OF NEW PIPE

NEW 18" AWWA C905 DR 18 PVC

PIPE, PURPLE WITH MARKINGS

FOR RECLAIMED WATER

NEW 18", LONG BODY MECHANICAL JOINT SOLID SLEEVE

NEW 18" AWWA C905 DR 18 PVC PIPE, PURPLE

WITH MARKINGS FOR RECLAIMED WATER

AWWA C905 DR 18 PVC PIPE,

PURPLE WITH MARKINGS

FOR RECLAIMED WATER

AWWA C905 DR 18 PVC PIPE,

PURPLE WITH MARKINGS

FOR RECLAIMED WATER

FOR NOTES, ABBREVIATIONS

AND LEGEND, SEE SHEET U-1

THIS PLAN ACCURATE FOR UTILITY WORK ONLY

FOR ACCURATE RIGHT OF WAY DATA, CONTACT

RIGHT OF WAY ENGINEERING AT THE DISTRICT OFFICE.

U-8

Horiz 1" = 50’

Vert  1" = 10’
SCALE:

SCALE: 1" = 50’

"A3" LINE

U
n
i
o
n
 P

a
c
i
f
i
c
 R

a
i
l
r
o
a
d

"
S

B
"
 L

I
N

E

TRENCH WIDTH

Min-PIPE OD + 12"

Max-PIPE OD + 24"

COMPACTED

BACKFILL

R/W

R/W

RETAINING WALL (SEE

STRUCTURE PLANS)

SCALE: AS SHOWN

CITY OF LIVERMORE
18" RECLAIMED WATER REPLACEMENT

UTILITY PLAN AND PROFILE



OWNER
SHEET

No.
DESCRIPTION LOCATION

UTILITY

No.

UTILITY PLAN  

U-9

UTILITY INFORMATION

U-1 TO U-5

U-5

U-1 TO U-3

U-1 TO U-3

U-3

U-3

U-3

U-3

U-3

U-3 TO U-7

U-3 TO U-5

U-4

U-4

U-7

U-7

U-7

U-7

"A2" 364+00 TO "A3" 415+60

"A3" 415+60

"A2" 364+00 TO "A3" 400+80

"A2" 364+70 TO "A3" 400+00

"A3" 400+20

"A3" 400+40

"A3" 401+20

"A3" 401+40

"A3" 401+50

"A3" 400+30 TO 450+00

"A3" 400+20 TO 415+80

"A3" 403+30

"A3" 403+50

"A3" 447+60 TO "A3" 450+00

"A3" 448+60 TO "A3" 450+00

"A3" 448+50 TO "A3" 450+00

"A3" 448+40 TO "A3" 450+00

2D

2E

10A

11

11A

11B

12

13

14

15

16

17

18

19

20

21

22

 24" HPG GAS 

24" HPG GAS

3-21 KV OH ELECTRIC LINE

AERIAL Tel CABLE

AERIAL Tel CABLE (ON EAST STANLEY Blvd OC)

UG TELECOM FIBER OPTIC CABLES (ON EAST STANLEY Blvd OC)

8" HPG GAS (ON EAST STANLEY Blvd OC)

Abn 1" WATER (ON EAST STANLEY Blvd OC)

AERIAL COMMUNICATION CABLE (ON EAST STANLEY Blvd OC)

18" RECLAIMED WATER

21 KV OVERHEAD ELECTRIC LINE

UG F/O CABLE

OH ELECTRIC LINE

JTR 1-6" & 1-4" 21 KV ELECTRIC, 4" GAS, 6-4" TELEPHONE, 1-4" & 1-6" CABLE TELEVESION

12" WATER

12" WATER

36" WATER

PG&E

PG&E

PG&E

AT&T

AT&T

GST

PG&E

UNKNOWN

UPRR

LIV

PG&E

MCI

PG&E

PG&E, AT&T, COMCAST

LIV

CALWATER

ZONE 7

04 Ala 84 25.5/27.1

URS CORPORATION

1333 Broadway 

Suite 800

Oakland, CA 94612

ALAMEDA COUNTY TRANSPORTATION

IMPROVEMENT AUTHORITY (ACTIA)

1333 Broadway, Suite 300

Oakland, CA 94612

10/21/10

S
A

N
G

 K
IM

R
A

M
S

E
Y

 J
. 
H

I
S

S
E

N
E

L
I
E

 A
B

I
-
J
A

O
U

D
E

x

x

x

x

x

Dist COUNTY ROUTE
POST MILES

TOTAL PROJECT

SHEET

No.

TOTAL

SHEETS

L
A

S
T

 R
E

V
IS

IO
N

S
T

A
T

E
 O

F
 C

A
L

IF
O

R
N

IA
  
- 

 D
E

P
A

R
T

M
E

N
T

 O
F

 T
R

A
N

S
P

O
R

T
A

T
IO

N

No.

Exp.

CIVIL

R
E

G
I

S
T

E
R

E

D
P

ROFESSIONA
L

E
N

G
I

N
E

E
R

S

T
A
TE

OF CALIFORN
IA

REGISTERED CIVIL ENGINEER

T
I
M

E
 P

L
O

T
T

E
D

 =
>

D
A

T
E

 P
L

O
T

T
E

D
 =

>

1
:
2
6
:
3
6
 P

M

1
/
1

3
/
2

0
1

1

C
H

E
C

K
E

D
 B

Y

C
A

L
C

U
L

A
T

E
D

-

D
E

S
IG

N
E

D
 B

Y
R

E
V

IS
E

D
 B

Y

D
A

T
E

 R
E

V
IS

E
D

PLANS APPROVAL DATE

DATE

C
O

N
S

U
L

T
A

N
T

 F
U

N
C

T
IO

N
A

L
 S

U
P

E
R

V
IS

O
R

R
R

1
0
-
2
1
-
1
0

USERNAME => minyoung_kim

DGN FILE => ...\0400020580kc001.dgn

RELATIVE BORDER SCALE

IS IN INCHES

0 1 2 3
UNIT 0733 PROJECT NUMBER & PHASE 04000205801BORDER LAST REVISED 7/2/2010

S
K

1
0
/
2
0
/
1
0

Sang Kim

66289

06-30-12



PIPE

ASPH

ASPH

ASPH

TS

TS

TS

TS

PIPE

PIPE

W.L.

563.2

ALA - 84

ALA - 84K
A

L
T

H
O

F
F

 C
O

M

VALLECITOS RD

VALLECITOS RD

CONC

CONC

ROCK RIP-RAP
ROCK

RIP-RAP

04 Ala 84 22.9/27.1

URS CORPORATION

1333 Broadway 

Suite 800

Oakland, CA 94612

ALAMEDA COUNTY TRANSPORTATION

IMPROVEMENT AUTHORITY (ACTIA)

1333 Broadway, Suite 300

Oakland, CA 94612

B
E

N
 R

A
Z

E
G

H
I

66289

06-30-10

3/12/10

S
A

N
G

 K
IM

B
E

N
 R

A
Z

E
G

H
I

Sang Kim

x

x

x

x

x

Dist COUNTY ROUTE
POST MILES

TOTAL PROJECT

SHEET

No.

TOTAL

SHEETS

L
A

S
T

 R
E

V
IS

IO
N

S
T

A
T

E
 O

F
 C

A
L

IF
O

R
N

IA
  
- 

 D
E

P
A

R
T

M
E

N
T

 O
F

 T
R

A
N

S
P

O
R

T
A

T
IO

N

No.

Exp.

CIVIL

R
E

G
I

S
T

E
R

E

D
P

ROFESSIONA
L

E
N

G
I

N
E

E
R

S

T
A
TE

OF CALIFORN
IA

REGISTERED CIVIL ENGINEER

T
I
M

E
 P

L
O

T
T

E
D

 =
>

D
A

T
E

 P
L

O
T

T
E

D
 =

>

1
1
:4

5
:1

7
 A

M

9
/
1
6
/
2
0
1
0

C
H

E
C

K
E

D
 B

Y

C
A

L
C

U
L

A
T

E
D

-

D
E

S
IG

N
E

D
 B

Y
R

E
V

IS
E

D
 B

Y

D
A

T
E

 R
E

V
IS

E
D

PLANS APPROVAL DATE

DATE

C
O

N
S

U
L

T
A

N
T

 F
U

N
C

T
IO

N
A

L
 S

U
P

E
R

V
IS

O
R

R
R

0
8
-
3
1
-
1
0

USERNAME => madhu_thummaluru

DGN FILE => ...\KA-Utilities\429760ka001.dgn

RELATIVE BORDER SCALE

IS IN INCHES

0 1 2 3
UNIT 04256 PROJECT NUMBER & PHASE 297601BORDER LAST REVISED 7/2/2010

8
9 230

1
2

3
4 235

6 7 8
8

9
1
0

1
0

1

2

R/W

R/W

R
U

B
Y

 H
I
L

L
 D

r

S
E

E
 S

H
E

E
T

 U
-
2

R/W

ROUTE 84

T
OF
R

O
MJTP WITH UG RISER

TP

3w 12KV

ABBREVIATIONS:

K
A

L
T

H
O
F
F

C
O

M
M

O
N

Exist ELECTRICAL OVERHEAD LINE

PROPOSED ELECTRICAL OVERHEAD LINE

Exist ELECTRIC

Exist FIBER OPTIC OVERHEAD LINE

Exist TELEVISION LINE

Exist WATER LINE

Exist GAS LINE

PROPOSED GAS LINE

tt

Exist TELEPHONE LINE

ELECTROLYSIS TEST STATION

LEGEND:

ETS

POTHOLE LOCATION

POTHOLE NUMBER

ABANDONED UTILITY LINE

Exist TELECOMMUNICATION OVERHEAD LINE

NOTES:

Exist RECLAIMED WATERrcw rcw

PH-1

PH-2

PH-3

PH-4

PH-5

PH-6

PH-7

PH-8

PH-9

PH-10

PH-11

PH-12

24" GAS - PG&E

24" GAS - PG&E

24" GAS - PG&E

24" GAS - PG&E

24" GAS - PG&E

24" GAS - PG&E

24" GAS - PG&E

24" GAS - PG&E

24" GAS - PG&E

24" GAS - PG&E

24" GAS - PG&E

24" GAS - PG&E

2055055.677

2055107.172

2055156.079

2055204.000

2055254.270

2055304.033

2055400.975

2055513.151

2055570.536

2055666.816

2055786.178

2055868.959

6184626.760

6184624.537

6184623.239

6184622.000

6184620.424

6184616.951

6184614.811

6184611.524

6184604.491

6184591.907

6184592.084

6184596.870

8.17

8.42

8.25

8.33

10.25

11.42

13.00

6.46

5.00

8.58

6.92

6.42

1
2

3 5 6
7

8

9

10

11

12

PROPOSED TELEPHONE LINE

4

R/W

24 HP GAS RELOCATION

BEGINNING "A1" 226+00

572.86

572.05

571.14

570.57

568.82

567.65

564.01

559.90

561.07

566.90

568.56

569.69

60KV

F
R

O
M

T
O

60KV

2
PG&E 24" HP

GAS MAIN

UTILITY NUMBER

24" HP GAS MAIN TO BE 

RELOCATED (BY OTHERS) 

R/W

1

K
 L

I
N

E
A1 LINE

No.

No.

TO

F
R

O
M

UTILITY PLAN
SCALE: 1"=50’

U-1

POTHOLE LOCATION TABLE

N-COORDINATEUTILITYNo. E-COORDINATE
DEPTH

(Ft)

TOP OF PIPE

Elev (Ft)

TCE

1B
AT&T AERIAL 

TELEPHONE

FOR ACCURATE RIGHT OF WAY AND ACCESS DATA, CONTACT

RIGHT OF WAY ENGINEERING AT THE DISTRICT OFFICE.

JTP WITH

St LIGHT

Exist SANITARY SEWER

THIS PLAN ACCURATE FOR UTILITY WORK ONLY.

ABANDON UTILITY LINE

1. LOCATIONS OF UTILITY FACILITIES SHOWN

   ON THESE PLANS ARE APPROXIMATE AND

   SHALL BE VERIFIED BY THE CONTRACTOR

   PRIOR TO CONSTRUCTION.

2. UTILITY OWNERSHIP ON THIS PROJECT:

   GAS - PACIFIC GAS & ELECTRIC

   WATER - CITY OF LIVERMORE, CALWATER,

   ZONE 7, CITY OF PLEASANTON.

   ELECTRIC - PACIFIC GAS & ELECTRIC

   TELEPHONE - AT&T

   FIBER OPTICS - COMCAST, MCI

   SEWER - CITY OF LIVERMORE

   CABLE - COMCAST

3. ALL ELEVATIONS SHOWN REFER TO THE

   TOP OF PIPE ELEVATION UNLESS OTHERWISE

   INDICATED.

4. THE EXISTING SANITARY SEWER FACALITIES SHOWN

   ON THESE PLANS ARE FOR INFORMATION ONLY,

   SEE SANITARY SEWER PLANS FOR MODIFICATIONS

   AND/OR NEW SEWER FACILITIES.

ZONE 7

TV

UP

HP

LP

TP

JT

JTP

SOPP

UG

PG&E

LIV

UNK

CALWATER

F/O

PL

COP

DIP

ZONE 7 WATER

CABLE TELEVISION

UNION GAS PACIFIC

HIGH PRESSURE GAS/HIGH RISK

LOW PRESSURE GAS/LOW RISK

TRANSMISSION POLE

JOINT TRENCH

JOINT TRANSMISSION POLE

SOLELY OWN POWER POLE

UNDERGROUND

PACIFIC GAS & ELECTRIC

CITY OF LIVERMORE

UNKNOWN

CALIFORNIA WATER SERVICE Co.

FIBER OPTIC CABLE

PLASTIC

CITY OF PLEASANTON

DUCTILE IRON PIPE

PG&E 3-60KV &

3-12KV OH

ELECTRIC

60KV & 12KV ELECTRIC OH & 

AERIAL TELEPHONE TO BE 

RELOCATED (BY OTHERS) 

60KV & 12KV ELECTRIC OH 

& AERIAL TELEPHONE TO BE 

RELOCATED (BY OTHERS) 



SP

PIP
E

ASPH

PIP
E

W
.L

.

563.2

PIPE

ASPH

ASPH

ALA - 
84

ALA - 8
4

ALA - 84

E RUBY HILL DR

G
E

R
M

A
N

O
 W

Y

B
R

IC
C

O
 C

T

VALLECITOS RD

VALLECITOS RD

VALLECITOS RD

CONC

S

P

CONC

CONC
CONC

CONC

CONC

x

x

x
xx

x
x

x

x

x

x

x

x

x
xx

x
x

x

x

x

x

ASPH

E RUBY HILL DR

D
O

N
A

T
A

 C
T

TDDTD

CONC

CONC

04 Ala 84 22.9/27.1

URS CORPORATION

1333 Broadway 

Suite 800

Oakland, CA 94612

ALAMEDA COUNTY TRANSPORTATION

IMPROVEMENT AUTHORITY (ACTIA)

1333 Broadway, Suite 300

Oakland, CA 94612

B
E

N
 R

A
Z

E
G

H
I

66289

06-30-10

3/12/10

S
A

N
G

 K
IM

B
E

N
 R

A
Z

E
G

H
I

Sang Kim

x

x

x

x

x

Dist COUNTY ROUTE
POST MILES

TOTAL PROJECT

SHEET

No.

TOTAL

SHEETS

L
A

S
T

 R
E

V
IS

IO
N

S
T

A
T

E
 O

F
 C

A
L

IF
O

R
N

IA
  
- 

 D
E

P
A

R
T

M
E

N
T

 O
F

 T
R

A
N

S
P

O
R

T
A

T
IO

N

No.

Exp.

CIVIL

R
E

G
I

S
T

E
R

E

D
P

ROFESSIONA
L

E
N

G
I

N
E

E
R

S

T
A
TE

OF CALIFORN
IA

REGISTERED CIVIL ENGINEER

T
I
M

E
 P

L
O

T
T

E
D

 =
>

D
A

T
E

 P
L

O
T

T
E

D
 =

>

1
1
:4

5
:2

5
 A

M

9
/
1
6
/
2
0
1
0

C
H

E
C

K
E

D
 B

Y

C
A

L
C

U
L

A
T

E
D

-

D
E

S
IG

N
E

D
 B

Y
R

E
V

IS
E

D
 B

Y

D
A

T
E

 R
E

V
IS

E
D

PLANS APPROVAL DATE

DATE

C
O

N
S

U
L

T
A

N
T

 F
U

N
C

T
IO

N
A

L
 S

U
P

E
R

V
IS

O
R

R
R

0
8
-
3
1
-
1
0

USERNAME => madhu_thummaluru

DGN FILE => ...\ka-utilities\429760ka002.dgn

RELATIVE BORDER SCALE

IS IN INCHES

0 1 2 3
UNIT 04256 PROJECT NUMBER & PHASE 297601BORDER LAST REVISED 7/2/2010

8

9

240

1

2

3 4
245

6

7

8

9

250

6

7

8

9

250

6

7

8

9

250
48

9

50

S
E

E
 S

H
E

E
T

 U
-1

S
E

E
 S

H
E

E
T

 U
-3

R/W

R/W

ROUTE 84

R/W

13

14 16

17B

60KV

60KV

60KV

FR
O

M

T
O

PG&E 24" HP GAS MAIN 

(TO REMAIN)
2

A1 LINE

R/W

TCE

POTHOLE LOCATION TABLE

N-COORDINATEUTILITYNo. E-COORDINATE
DEPTH

(Ft)

TOP OF PIPE

Elev (Ft)

UTILITY PLAN
SCALE: 1"=50’

U-2

24" GAS MAIN

TO BE RELOCATED 

(BY OTHERS)

RUBY HILL Dr

60KV

1B

FR
O

M

T
O

17 17A

PH-13

PH-14

PH-16

PH-17B

PH-17

PH-17A

24" GAS - PG&E

24" GAS - PG&E

24" GAS - PG&E

24" GAS - PG&E

24" GAS - PG&E

24" GAS - PG&E

2055993.281

2056120.360

2056769.979

2056739.078

2056838.558

2056894.520

6184611.262

6184625.186

6185178.723

6185141.932

6185260.698

6185309.109

6.58

5.75

4.67

5.08

5.42

4.08

568.42

567.48

552.61

552.93

549.67

549.01

1

AT&T AERIAL 

TELEPHONE

FOR NOTES, ABBREVIATIONS

AND LEGEND SEE SHEET U-1

FOR ACCURATE RIGHT OF WAY AND ACCESS DATA, CONTACT

RIGHT OF WAY ENGINEERING AT THE DISTRICT OFFICE.

THIS PLAN ACCURATE FOR UTILITY WORK ONLY.

PH-120

PH-41

JTP

T
O

F
R

O
M

F
R

O
M

PG&E 3-60KV 

& 3-12KV 

OH ELECTRIC

60KV & 12KV ELECTRIC OH & 

AT&T AERIAL TELEPHONE 

TO BE RELOCATED (BY OTHERS) 



PIPE

ASPH

ASPH

E RUBY HILL DR

D
O

N
A

T
A

 C
T

N
O

R
A

N
T

E
 C

T

V
A
L
L
E
C
I

T
O
S
 
R
D

TDTDDTDTDTDTDTDTDTDDTD

CONC

CONC

CONC
DECK

CONC

P
CONC

CONC

CONC

CONC

04 Ala 84 22.9/27.1

URS CORPORATION

1333 Broadway 

Suite 800

Oakland, CA 94612

ALAMEDA COUNTY TRANSPORTATION

IMPROVEMENT AUTHORITY (ACTIA)

1333 Broadway, Suite 300

Oakland, CA 94612

B
E

N
 R

A
Z

E
G

H
I

66289

06-30-10

3/12/10

S
A

N
G

 K
IM

B
E

N
 R

A
Z

E
G

H
I

Sang Kim

x

x

x

x

x

Dist COUNTY ROUTE
POST MILES

TOTAL PROJECT

SHEET

No.

TOTAL

SHEETS

L
A

S
T

 R
E

V
IS

IO
N

S
T

A
T

E
 O

F
 C

A
L

IF
O

R
N

IA
  

- 
 D

E
P

A
R

T
M

E
N

T
 O

F
 T

R
A

N
S

P
O

R
T

A
T

IO
N

No.

Exp.

CIVIL

R
E

G
I

S
T

E
R

E

D
P

ROFESSIONA
L

E
N

G
I

N
E

E
R

S

T
A
TE

OF CALIFORN
IA

REGISTERED CIVIL ENGINEER

T
I
M

E
 P

L
O

T
T

E
D

 =
>

D
A

T
E

 P
L

O
T

T
E

D
 =

>

1
1
:4

5
:3

0
 A

M

9
/
1

6
/
2

0
1

0

C
H

E
C

K
E

D
 B

Y

C
A

L
C

U
L

A
T

E
D

-

D
E

S
IG

N
E

D
 B

Y
R

E
V

IS
E

D
 B

Y

D
A

T
E

 R
E

V
IS

E
D

PLANS APPROVAL DATE

DATE

C
O

N
S

U
L

T
A

N
T

 F
U

N
C

T
IO

N
A

L
 S

U
P

E
R

V
IS

O
R

R
R

0
8

-
3

1
-
1

0

USERNAME => madhu_thummaluru

DGN FILE => ...\ka-utilities\429760ka003.dgn

RELATIVE BORDER SCALE

IS IN INCHES

0 1 2 3
UNIT 04256 PROJECT NUMBER & PHASE 297601BORDER LAST REVISED 7/2/2010

ETS

9

250

1

2

3

4
255

6

7

8

9

260

1
0
0

1

2

3

4

105

6
7

8

9

250

1

2

3

4
255

6

7

8

9

260

1
0
0

1

2

3

4

105

6
7

8

9

250

1

2

3

4
255

6

7

8

9

260

48

9

50

1

2

3

4

55

6

7

PIPE

W
.L.155.48

TS

S
E

E
 S

H
E

E
T

 U
-4

S
E

E
 S

H
E

E
T

 U
-5

S
E

E
 S

H
E

E
T

 U
-2

ROUTE 84

R/W

R/W

T
O

FR
O

M

RUBY HILL Dr

V
A

L
L

E
C

IT
O

S
 R

d

1918

20

PG&E 24" HP GAS 

MAIN (TO REMAIN)

60K
V

R/W

P/L

P/L

R/W

PH-18

PH-19

PH-20

24" GAS - PG&E

24" GAS - PG&E

24" GAS - PG&E

2056926.568

2057020.174

2057160.648

6185334.991

6185398.537

6185462.252

4.42

5.67

4.83

547.78

542.98

539.09

2

Exist 15’ GAS

LINE EASEMENT

UTILITY PLAN
SCALE: 1"=50’

U-3

1A
POTHOLE LOCATION TABLE

N-COORDINATEUTILITYNo. E-COORDINATE
DEPTH

(Ft)

TOP OF PIPE

Elev (Ft)

1C

T
O

A1 LINE

FOR NOTES, ABBREVIATIONS

AND LEGEND SEE SHEET U-1

FOR ACCURATE RIGHT OF WAY AND ACCESS DATA, CONTACT

RIGHT OF WAY ENGINEERING AT THE DISTRICT OFFICE.

V
 L

IN
E

THIS PLAN ACCURATE FOR UTILITY WORK ONLY.

PH-120

PH-41

AT&T AERIAL

TELEPHONE CABLE

PG&E 3-60KV 

& 3-12 KV OH 

ELECTRIC

60KV & 12KV ELECTRIC OH & 

AT&T AERIAL TELEPHONE TO 

BE RELOCATED (BY OTHERS)

60KV & 12KV ELECTRIC

OVERHEAD LINES

(TO REMAIN)



TD

PIPE

TS

04 Ala 84 22.9/27.1

URS CORPORATION

1333 Broadway 

Suite 800

Oakland, CA 94612

ALAMEDA COUNTY TRANSPORTATION

IMPROVEMENT AUTHORITY (ACTIA)

1333 Broadway, Suite 300

Oakland, CA 94612

B
E

N
 R

A
Z

E
G

H
I

66289

06-30-10

3/12/10

S
A

N
G

 K
IM

B
E

N
 R

A
Z

E
G

H
I

Sang Kim

x

x

x

x

x

Dist COUNTY ROUTE
POST MILES

TOTAL PROJECT

SHEET

No.

TOTAL

SHEETS

L
A

S
T

 R
E

V
IS

IO
N

S
T

A
T

E
 O

F
 C

A
L

IF
O

R
N

IA
  
- 

 D
E

P
A

R
T

M
E

N
T

 O
F

 T
R

A
N

S
P

O
R

T
A

T
IO

N

No.

Exp.

CIVIL

R
E

G
I

S
T

E
R

E

D
P

ROFESSIONA
L

E
N

G
I

N
E

E
R

S

T
A
TE

OF CALIFORN
IA

REGISTERED CIVIL ENGINEER

T
I
M

E
 P

L
O

T
T

E
D

 =
>

D
A

T
E

 P
L

O
T

T
E

D
 =

>

1
1
:4

5
:3

4
 A

M

9
/
1
6
/
2
0
1
0

C
H

E
C

K
E

D
 B

Y

C
A

L
C

U
L

A
T

E
D

-

D
E

S
IG

N
E

D
 B

Y
R

E
V

IS
E

D
 B

Y

D
A

T
E

 R
E

V
IS

E
D

PLANS APPROVAL DATE

DATE

C
O

N
S

U
L

T
A

N
T

 F
U

N
C

T
IO

N
A

L
 S

U
P

E
R

V
IS

O
R

R
R

0
8
-
3
1
-
1
0

USERNAME => madhu_thummaluru

DGN FILE => ...\ka-utilities\429760ka004.dgn

RELATIVE BORDER SCALE

IS IN INCHES

0 1 2 3
UNIT 04256 PROJECT NUMBER & PHASE 297601BORDER LAST REVISED 7/2/2010

7

8

9

110

1

2 3

4

115

6

7

8

9

110

1

2 3

4

115

6
VALLECITOS  Rd

PG&E 60KV OH ELECTRIC 

(TO REMAIN)

S
E

E
 S

H
E

E
T

 U
-3

1A

JTP

UTILITY PLAN
SCALE: 1"=50’

U-4

FOR NOTES, ABBREVIATIONS

AND LEGEND SEE SHEET U-1

FOR ACCURATE RIGHT OF WAY AND ACCESS DATA, CONTACT

RIGHT OF WAY ENGINEERING AT THE DISTRICT OFFICE.

V LINE

THIS PLAN ACCURATE FOR UTILITY WORK ONLY.

PH-120

PH-41

JTP

1C
AT&T AERIAL

TELEPHONE CABLE



ASPH

ASPH

ASPH

E RUBY HILL DR

S
A

N
G

R
O

 C
T

C
A

B
O

N
IA

 C
T

ALA - 84

ISABEL AVE

TDGG

P

CONC

CONC

CONC

CONC

CONC
CONC

CONC

CONC

CONC

CONC

CONC

CONC

04 Ala 84 22.9/27.1

URS CORPORATION

1333 Broadway 

Suite 800

Oakland, CA 94612

ALAMEDA COUNTY TRANSPORTATION

IMPROVEMENT AUTHORITY (ACTIA)

1333 Broadway, Suite 300

Oakland, CA 94612

B
E

N
 R

A
Z

E
G

H
I

66289

06-30-10

3/12/10

S
A

N
G

 K
IM

B
E

N
 R

A
Z

E
G

H
I

Sang Kim

x

x

x

x

x

Dist COUNTY ROUTE
POST MILES

TOTAL PROJECT

SHEET

No.

TOTAL

SHEETS

L
A

S
T

 R
E

V
IS

IO
N

S
T

A
T

E
 O

F
 C

A
L

IF
O

R
N

IA
  

- 
 D

E
P

A
R

T
M

E
N

T
 O

F
 T

R
A

N
S

P
O

R
T

A
T

IO
N

No.

Exp.

CIVIL

R
E

G
I

S
T

E
R

E

D
P

ROFESSIONA
L

E
N

G
I

N
E

E
R

S

T
A
TE

OF CALIFORN
IA

REGISTERED CIVIL ENGINEER

T
I
M

E
 P

L
O

T
T

E
D

 =
>

D
A

T
E

 P
L

O
T

T
E

D
 =

>

1
1
:4

5
:3

8
 A

M

9
/
1

6
/
2

0
1

0

C
H

E
C

K
E

D
 B

Y

C
A

L
C

U
L

A
T

E
D

-

D
E

S
IG

N
E

D
 B

Y
R

E
V

IS
E

D
 B

Y

D
A

T
E

 R
E

V
IS

E
D

PLANS APPROVAL DATE

DATE

C
O

N
S

U
L

T
A

N
T

 F
U

N
C

T
IO

N
A

L
 S

U
P

E
R

V
IS

O
R

R
R

0
8

-
3

1
-
1

0

USERNAME => madhu_thummaluru

DGN FILE => ...\ka-utilities\429760ka005.dgn

RELATIVE BORDER SCALE

IS IN INCHES

0 1 2 3
UNIT 04256 PROJECT NUMBER & PHASE 297601BORDER LAST REVISED 7/2/2010

9

260

1

2

3

4
265

6 7 8
9

270

1

9

260

1

2

3

9

260

1

2

3

S
E

E
 S

H
E

E
T

 U
-
3

ROUTE 84

R/W

R/W

R/W

R/W

S
E

E
 S

H
E

E
T

 U
-
6

S
A

N
G

R
O

 C
O

U
R

T

RUBY HILL Dr

162

163

164

21

22

PH-21

PH-22

PH-162

PH-163

PH-164

24" GAS - PG&E

24" GAS - PG&E

24" GAS - PG&E

24" GAS - PG&E

24" GAS - PG&E

2058008.267

2058019.488

2058216.265

2058548.635

2058827.174

6185537.753

6185693.188

6185758.402

6185694.971

6185612.19

6.42

9.00

7.75

8.33

6.25

512.28

506.88

499.21

421.31

473.23

2B
PG&E 24" HP GAS
MAIN (TO REMAIN)

POTHOLE LOCATION TABLE

N-COORDINATEUTILITYNo. E-COORDINATE
DEPTH

(Ft)

TOP OF PIPE

Elev (Ft)

UTILITY PLAN
SCALE: 1"=50’

U-5

2A

A1 LINE

FOR NOTES, ABBREVIATIONS

AND LEGEND SEE SHEET U-1

FOR ACCURATE RIGHT OF WAY AND ACCESS DATA, CONTACT

RIGHT OF WAY ENGINEERING AT THE DISTRICT OFFICE.

THIS PLAN ACCURATE FOR UTILITY WORK ONLY.

PG&E 24" HP GAS
MAIN (TO REMAIN)

PH-41

PG&E 12" GAS



POLE

M
O

N
T

O
R

I C
T

ALA - 84

ISABEL AVE

CONC

CONC
CONC

CONC

CONC

CONC
ASPH

ASPH

ASPH

ALA - 84 ISABEL AVE

M
O

N
T

O
R

I 
C

T

T
R

E
B

B
IA

N
O

 P
L

TANK

CONC

DECK

CONC

CONC

CONC

CONC

CONC

CONC

P

CONC

04 Ala 84 22.9/27.1

URS CORPORATION

1333 Broadway 

Suite 800

Oakland, CA 94612

ALAMEDA COUNTY TRANSPORTATION

IMPROVEMENT AUTHORITY (ACTIA)

1333 Broadway, Suite 300

Oakland, CA 94612

B
E

N
 R

A
Z

E
G

H
I

66289

06-30-10

3/12/10

S
A

N
G

 K
IM

B
E

N
 R

A
Z

E
G

H
I

Sang Kim

x

x

x

x

x

Dist COUNTY ROUTE
POST MILES

TOTAL PROJECT

SHEET

No.

TOTAL

SHEETS

L
A

S
T

 R
E

V
IS

IO
N

S
T

A
T

E
 O

F
 C

A
L

IF
O

R
N

IA
  

- 
 D

E
P

A
R

T
M

E
N

T
 O

F
 T

R
A

N
S

P
O

R
T

A
T

IO
N

No.

Exp.

CIVIL

R
E

G
I

S
T

E
R

E

D
P

ROFESSIONA
L

E
N

G
I

N
E

E
R

S

T
A
TE

OF CALIFORN
IA

REGISTERED CIVIL ENGINEER

T
I
M

E
 P

L
O

T
T

E
D

 =
>

D
A

T
E

 P
L

O
T

T
E

D
 =

>

1
1
:4

5
:4

2
 A

M

9
/
1

6
/
2

0
1

0

C
H

E
C

K
E

D
 B

Y

C
A

L
C

U
L

A
T

E
D

-

D
E

S
IG

N
E

D
 B

Y
R

E
V

IS
E

D
 B

Y

D
A

T
E

 R
E

V
IS

E
D

PLANS APPROVAL DATE

DATE

C
O

N
S

U
L

T
A

N
T

 F
U

N
C

T
IO

N
A

L
 S

U
P

E
R

V
IS

O
R

R
R

0
8

-
3

1
-
1

0

USERNAME => madhu_thummaluru

DGN FILE => ...\ka-utilities\429760ka006.dgn

RELATIVE BORDER SCALE

IS IN INCHES

0 1 2 3
UNIT 04256 PROJECT NUMBER & PHASE 297601BORDER LAST REVISED 7/2/2010

ETS

1

2

3

4

275

6

7

8

9
280

1 2 3

ROUTE 84

R/W

S
E

E
 S

H
E

E
T

 U
-5

S
E

E
 S

H
E

E
T

 U
-7

R/W

R/W

R/W

PH-165

PH-166

24" GAS - PG&E

24" GAS - PG&E

2059200.325

2059427.086

5.58

7.75

465.33

458.27

165

166

6185459.844

6185333.021

UTILITY PLAN
SCALE: 1"=50’

U-6

POTHOLE LOCATION TABLE

N-COORDINATEUTILITYNo. E-COORDINATE
DEPTH

(Ft)

TOP OF PIPE

Elev (Ft)

2B
PG&E 24" HP GAS

MAIN (TO REMAIN)

PRIVATE 12"

IRRIGATION WATER

FOR NOTES, ABBREVIATIONS

AND LEGEND SEE SHEET U-1

FOR ACCURATE RIGHT OF WAY AND ACCESS DATA, CONTACT

RIGHT OF WAY ENGINEERING AT THE DISTRICT OFFICE.

A1 LINE

THIS PLAN ACCURATE FOR UTILITY WORK ONLY.

PH-120

PH-41

JTP

(TO BE RELOCATED BY OTHERS)

T
O

F
R

O
M

T
O

F
R

O
M



ASPH

ASPH

POLE ASPH

ASPH

ALA - 84 ISABEL AVE

ISABEL AVE

T
R

E
B

B
IA

N
O

 P
L

R
O

S
S

O
 C

T

C
E

N
T

O
 C

T

CONC

CONC

CONC

CONC

CONC

CONC

CONC

P

CONC

CONC

04 Ala 84 22.9/27.1

URS CORPORATION

1333 Broadway 

Suite 800

Oakland, CA 94612

ALAMEDA COUNTY TRANSPORTATION

IMPROVEMENT AUTHORITY (ACTIA)

1333 Broadway, Suite 300

Oakland, CA 94612

B
E

N
 R

A
Z

E
G

H
I

66289

06-30-10

3/12/10

S
A

N
G

 K
IM

B
E

N
 R

A
Z

E
G

H
I

Sang Kim

x

x

x

x

x

Dist COUNTY ROUTE
POST MILES

TOTAL PROJECT

SHEET

No.

TOTAL

SHEETS

L
A

S
T

 R
E

V
IS

IO
N

S
T

A
T

E
 O

F
 C

A
L

IF
O

R
N

IA
  

- 
 D

E
P

A
R

T
M

E
N

T
 O

F
 T

R
A

N
S

P
O

R
T

A
T

IO
N

No.

Exp.

CIVIL

R
E

G
I

S
T

E
R

E

D
P

ROFESSIONA
L

E
N

G
I

N
E

E
R

S

T
A
TE

OF CALIFORN
IA

REGISTERED CIVIL ENGINEER

T
I
M

E
 P

L
O

T
T

E
D

 =
>

D
A

T
E

 P
L

O
T

T
E

D
 =

>

1
1
:4

5
:4

5
 A

M

9
/
1

6
/
2

0
1

0

C
H

E
C

K
E

D
 B

Y

C
A

L
C

U
L

A
T

E
D

-

D
E

S
IG

N
E

D
 B

Y
R

E
V

IS
E

D
 B

Y

D
A

T
E

 R
E

V
IS

E
D

PLANS APPROVAL DATE

DATE

C
O

N
S

U
L

T
A

N
T

 F
U

N
C

T
IO

N
A

L
 S

U
P

E
R

V
IS

O
R

R
R

0
8

-
3

1
-
1

0

USERNAME => madhu_thummaluru

DGN FILE => ...\ka-utilities\429760ka007.dgn

RELATIVE BORDER SCALE

IS IN INCHES

0 1 2 3
UNIT 04256 PROJECT NUMBER & PHASE 297601BORDER LAST REVISED 7/2/2010

ETS

4 285 6 7 8 9 290
1

2

3

4

295

6

S
E

E
 S

H
E

E
T

 U
-8

S
E

E
 S

H
E

E
T

 U
-6

R/W

R/W

R/W

R/W

ROUTE 84

166A

166B

24" GAS - PG&E

24" GAS - PG&E

PH-166A

PH-166B

6.42

6.33

438.65

432.68

2B
PG&E 24" HP GAS

MAIN (TO REMAIN)

UTILITY PLAN
SCALE: 1"=50’

U-7

POTHOLE LOCATION TABLE

N-COORDINATEUTILITYNo. E-COORDINATE
DEPTH

(Ft)

TOP OF PIPE

Elev (Ft)

PRIVATE 12"

IRRIGATION WATER

2060288.412

2060631.869

6184626.857

6184369.807

A1 LINE

FOR NOTES, ABBREVIATIONS

AND LEGEND SEE SHEET U-1

FOR ACCURATE RIGHT OF WAY AND ACCESS DATA, CONTACT

RIGHT OF WAY ENGINEERING AT THE DISTRICT OFFICE.

THIS PLAN ACCURATE FOR UTILITY WORK ONLY.

PH-120

PH-41

JTP

T
O

F
R

O
M

T
O

F
R

O
M



W.L.
415.1

ASPH

ASPH

PIPE

ALA - 84 ISABEL AVE

PIEMONTE DR

ASPH

ASPH

PIEMONTE DR

DIRT PILES

U/C

X

X

X

04 Ala 84 22.9/27.1

URS CORPORATION

1333 Broadway 

Suite 800

Oakland, CA 94612

ALAMEDA COUNTY TRANSPORTATION

IMPROVEMENT AUTHORITY (ACTIA)

1333 Broadway, Suite 300

Oakland, CA 94612

B
E

N
 R

A
Z

E
G

H
I

66289

06-30-10

3/12/10

S
A

N
G

 K
IM

B
E

N
 R

A
Z

E
G

H
I

Sang Kim

x

x

x

x

x

Dist COUNTY ROUTE
POST MILES

TOTAL PROJECT

SHEET

No.

TOTAL

SHEETS

L
A

S
T

 R
E

V
IS

IO
N

S
T

A
T

E
 O

F
 C

A
L

IF
O

R
N

IA
  
- 

 D
E

P
A

R
T

M
E

N
T

 O
F

 T
R

A
N

S
P

O
R

T
A

T
IO

N

No.

Exp.

CIVIL

R
E

G
I

S
T

E
R

E

D
P

ROFESSIONA
L

E
N

G
I

N
E

E
R

S

T
A
TE

OF CALIFORN
IA

REGISTERED CIVIL ENGINEER

T
I
M

E
 P

L
O

T
T

E
D

 =
>

D
A

T
E

 P
L

O
T

T
E

D
 =

>

1
1
:4

5
:4

9
 A

M

9
/
1
6
/
2
0
1
0

C
H

E
C

K
E

D
 B

Y

C
A

L
C

U
L

A
T

E
D

-

D
E

S
IG

N
E

D
 B

Y
R

E
V

IS
E

D
 B

Y

D
A

T
E

 R
E

V
IS

E
D

PLANS APPROVAL DATE

DATE

C
O

N
S

U
L

T
A

N
T

 F
U

N
C

T
IO

N
A

L
 S

U
P

E
R

V
IS

O
R

R
R

0
8
-
3
1
-
1
0

USERNAME => madhu_thummaluru

DGN FILE => ...\ka-utilities\429760ka008.dgn

RELATIVE BORDER SCALE

IS IN INCHES

0 1 2 3
UNIT 04256 PROJECT NUMBER & PHASE 297601BORDER LAST REVISED 7/2/2010

6
7

8 9 300 1
2

3

4

305

6

7

S
E

E
 S

H
E

E
T

 U
-
9

R/W

R/W

R/W

ROUTE 84

PH-24

PH-25

PH-26

PH-29

PH-31

PH-32

PH-33

26

29

24
25

32

33

31

S
E

E
 S

H
E

E
T

 U
-
7

UTILITY PLAN
SCALE: 1"=50’

U-8

POTHOLE LOCATION TABLE

N-COORDINATEUTILITYNo. E-COORDINATE
DEPTH

(Ft)

TOP OF PIPE

Elev (Ft)

PG&E 24" HP GAS

MAIN (TO REMAIN)

PRIVATE 12"

IRRIGATION WATER

PRIVATE 12"

IRRIGATION WATER

COP 16" WATER

PRIVATE 10"

FIRE WATER

PRIVATE 3"

DOMESTIC WATER

A1 LINE

FOR NOTES, ABBREVIATIONS

AND LEGEND SEE SHEET U-1

FOR ACCURATE RIGHT OF WAY AND ACCESS DATA, CONTACT

RIGHT OF WAY ENGINEERING AT THE DISTRICT OFFICE.

R/W

THIS PLAN ACCURATE FOR UTILITY WORK ONLY.
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SCALE: 1"=50’
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MATERIALS – Materials Report 
CT Cesar 

San 

Buenave

ntura 

374  Section 5.1 Structural Section Design Parameters 

The total overlay thickness of 0.15’ used in designing 

structural sections is inconsistent with the information 

presented in Section 5.5 of the Materials Report. Table 5-5 

recommends 0.15’RHMA from Jack London Boulevard to 

Concannon Boulevard, 0.10’HMA under 0.15’RHMA from 

Concannon Road to south of Vallecitos road, and 0.15’HMA 

under 0.15’RHMA from south of Vallecitos road to Ruby Hill 

Road.  Widening structural sections should be designed (to 

match the drainage layers) after taking into account the 

proposed overlays. 

Based on further review of deflection study 

results, we have modified the 

recommendations for overlay.  The 

thicknesses of asphalt concrete presented in 

CHEC’s report were based on an early 

version of the as-built data (2007).  

However, the 2007 data had unverified 

information and conflicts with as-built plans 

that became available in 2008.  With 

verified as-built data presented in Section 2, 

we have re-evaluated the overlay design 

recommendations for the reflective cracking 

criterion.  Therefore, Table 5-5 will be 

modified.  The revised recommendations 

can be summarized as a 0.15 foot RHMA in 

general. 

A 

 

  

CT CSB 375  Section 5.4 New Pavement Structural sections 

Is there a drainage ditch between sta. A1 240 and 246?  If so, 

is there a need for overexcavation and recompaction in the 

ditch area? 

Will comply.  There is an existing drainage 

ditch on the west side of Route 84 

beginning at A1 Station 230+00 and 

terminating at A1 Station 242+40.  This 

drainage ditch is also shown on plan sheet 

X-3 cross section “A1” 240+00.07 to “A1” 

246+00.00.  Beginning at this latter 

location, a new culvert will be constructed 

under the highway terminating on the east 

side of Route 84.  From the east side of 

Route 84, another drainage ditch continues 

northward.  As shown on Sheet X-3, a new 

A   
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embankment is also planned on the west 

side of Route 84; the fill will be placed on 

the existing drainage ditch.  We anticipate 

some overexcavation of unsuitable material 

(see Standard Specifications Section 19-2, 

Roadway Excavation) below the ditch 

bottom.  A bid item should be included for 

unsuitable material. 

CT CSB 376  What is the reason for proposing different HMA thicknesses in 

Section 5.4.4 and 5.5.5?  Based on the information presented 

in Table 2-1, the existing ATPB layer within the limits, 

covered by both 5.4.4 and 5.5.5 Sections, is 0.55’ below 

existing surface.  Since the only variable design parameter is 

R-value of subgrade soils, we recommend that all layers be 

kept consistent except for ‘AS’. 

There is no Section 5.5.5 in the Materials 

Report; we presume you mean 5.4.5.  Is our 

assumption correct? 

We will make thicknesses of RHMA, 

HMA, ATPB and Class 3 AB the same for 

SPCS 2 and SPCS 3.  For SPCS 3, the 

thickness of Class 4 AS only will be 

reduced for a subgrade R-value of 25. 

   

CT CSB 377 

 

 Also, for new widened sections, located up-gradient of existing 

structural sections with ATPB layer, provide an option of 

substituting ATPB layer with HMA for all scenarios, in 

addition to SPCS1.  Use of structural SPCS1 as recommended 

here for all up-gradient scenarios (that is use of SPCS1 in 

conjunction with SPCS2, SPCS3, or SPCS4) constitutes 

unnecessary variability in grading plane. Every effort should 

be made to simplify from construction point of view as there 

are too many other variables (depth of existing drainage layers, 

R-values, proposed overlay thicknesses, proposed cross-slope 

corrections) to account for;  minimize change of structural 

sections. 

As presented in Table 5-4, there are twelve 

(12) locations where ATPB exists.  If 

locations upgradient of existing ATPB are 

provided with an alternate pavement section 

to accommodate additional thickness of 

HMA in lieu of an ATPB layer, three (3) 

more pavement sections will be needed, for 

a total of fifteen (15) locations (equivalent 

SPCS 1 for SPCS 2, SPCS 3 and SPCS 4).  

This is in contrast to Caltrans review 

comment item no. 21, dated October 23, 

2009, stating “There are too many structural 

sections proposed for the project.  These 
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are cumbersome from both design and 

construction aspects.  Simplify and 

minimize as much as possible.”  

Furthermore, to keep construction costs 

down, we also minimized thickness of 

HMA layers. 

 

CT CSB 378  5.4.8 Summary of Recommended mainline Pavement 

Sections 

Table 5-4 has been referenced but there is no Table 5-4 

included in the Materials Report. 

Table 5-4 was included in the Materials 

Report under the section for tables. 

 

   

CT CSB 379  6.3 Storm Drainage System 

Do not include underdrain recommendations under the heading 

Storm Drainage System as they are designed to handle 

groundwater and not storm water. Include a separate heading. 

Will revise and add new section entitled 

“6.4 Underdrain System” 

A   

CT CSB 380  6.5.1 Along Mainline 

1st paragraph, last sentence is inconsistent with the 

recommendation made under Section 5.2, and referenced here. 

Will delete this sentence. A   

CT CSB 381  Section 9.2.5 Stabilization Fabric 

Its use is no longer recommended; therefore remove it. 

Will comply. A   

MATERIALS – Project Plans 
CT CSB 382 X-1 Sheet X-1 

Revise Note 4 to be consistent with the surface course of 

RHMA. 

Will Comply. Is it feasible to have RHMA 

layer under dikes?. Please advise. 

A   

CT CSB 383 X-1 Will there be a conflict with the underdrain systems and storm 

drain systems? If necessary, construct underdrain trench at a 

sufficient offset to avoid conflict with the storm drain systems. 

Will evaluate conflicts for next submittal.  A   

CT CSB 384 X-1 For ease of construction, we recommend achieving surface  B   
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cross slope of 5% on the shoulders by placing variable HMA 

on the shoulders. Other structural section elements below 

HMA including grading plane should be constructed without 

any break in cross slope between traveled way and shoulder. 

Revise the typical ‘Underdrain and Edgedrain Detail’, and all 

other typical cross-sections to reflect ATPB and structural 

section layers below ATPB having same cross slope for entire 

width (shoulders and traveled way). 

Agree, the construction will be easier, but 

the shoulder section now will be lesser 

structural section and not same as the lane 

due to thinner HMA. We believe Caltrans 

now prefers to have lane and shoulders of 

same structural section. 

CT CSB 385 X-1 Two overlay structural sections (structural section No.1 and 

No. 2) have been proposed but the Materials Report 

recommends three, and as commented on the Materials Report, 

the proposed new widening structural sections would need to 

be adjusted for the proposed overlay thicknesses in areas with 

drainage layers. 

Materials report recommendations are 

being updated. The cross sections will be 

revised to match material report 

recommendations. 

A   

CT CSB 386 X-1 In areas where cross slope correction is proposed, include a 

detail to show placement of a min. 0.10’ HMA by cold 

planning at conforms. 

Already addressed in Construction detail C-

23. Please provide comments on C-23. 

C   

CT CSB 387 X-1 Why is structural section no. 3 (new) drawn to show 5 

elements? Remove one line (fourth from top) that will remove 

the visual appearance of the ATPB layer.   Same applies to 

existing structural sections 1, 2, and 3 shown on Sheets X-2, 

and X-3. 

Agree will remove additional line at all 

occurrences of structural section no. 3. 

A   

CT CSB 388 X-1 What is the deciding criterion in defining sawcut line?  Sawcut 

is shown as variable from 0-9.5’ from existing ET/W on Sheet 

X-2, 4 to 7’ from ET/W on Sheet X-5.  Other X-sheets show it 

at one foot inside the existing ET/W. Some other sheets show 

it at other distances from the ET/W.  Some typical cross 

sections include a reference from ES. 

The saw cut line is defined by a number of 

factors such as on location of underlying 

edge drains and underdrains, shifting of 

widening from one side of existing roadway 

to other side, and has been shown using a 

reference from where it will be easier to 

construct.  

C   
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CT CSB 389 X-2 Sheet X-2 

No.2 overlay of 0.15’ RHMA-G over 0.10’HMA(A) is shown 

but Materials Report recommends 0.15’ RHMA-G over 

0.15’HMA(A). 

Materials report recommendations are 

being updated. The cross sections will be 

revised to match material report 

recommendations. 

A   

CT CSB 390 X-3 Sheet X-3 

Is there a drainage ditch between sta. A1 240 and 246?  If so, 

is there a need for overexcavtion and recompaction in the ditch 

area? 

Same comment as comment no. 375. See 

response to comment no. 375.  

A   

CT CSB 391 X-3 No.2 overlay of 0.15’ RHMA-G over 0.10’HMA(A) is shown 

but Materials Report recommends 0.15’ RHMA-G over 

0.15’HMA(A). 

Materials report recommendations are 

being updated. The cross sections will be 

revised to match material report 

recommendations. 

A   

CT CSB 392 X-4 Sheet X-4 

Bottom typical (Sta. A1 251 to 256±) - - - Existing structural 

section No. 4 has ATPB layer but the proposed structural 

section No. 3 does not. We suggest reconstructing between 

Sta. 254+28 and 256 to a depth of 0.85’ to remove ATPB 

layer.  Otherwise, since widening is on the low side, the new 

structural section has to include ATPB layer. 

The Typical section will be updated to 

remove section no 4 from the note. Section 

4 actually starts at Sta 258+00 and would 

not be applicable to this typical section. 

Please see structural section limit notes at 

right of the section. 

A   

CT CSB 393 X-4 Top typical (Sta. A1 265+50 to 295±) - - - No.1 overlay of 

0.15’ RHMA-G has been shown but based on the Materials 

Report it should be No.2. Widening sections should be 

designed to account for 0.10’ RHMA over 0.10’ HMA(A). 

Also, re-evaluate whether non- ATPB section can be continued 

to sta. 290+00 as the widening on the southbound side is 

shown to be on the high side of super and on the northbound 

side it is all new pavement. 

Materials report overlay recommendation is 

being updated and the typicals will match 

the recommendations for overlay and 

widening sections. 

Non ATPB section (Structural section 3) is 

continued till Sta 282+75. Please see note 

to the right of the section. At sta 282+75 the 

super elevation starts to drain the sub layer 

in widening direction and hence structural 

section 5 with ATPB starts at Sta 282+75. 

A 

 

 

 

C 
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Layout and super diagram combined with 

the typical will give a complete picture. 

CT CSB 394 X-5 Sheet X-5 

Bottom Typical (Sta. A1 295 to 314±) - - - No.1 and No.2 

overlay has been shown but based on the Materials Report it 

should be all No.2. Widening sections should be designed to 

account for 0.10’ RHMA over 0.10 HMA(A). Sawcut is shown 

at 4 to 7 feet from the ETW on southbound side but one foot 

from the ETW on the northbound side. 

Materials report overlay recommendation is 

being updated and the typicals will match 

the recommendations for overlay and 

widening sections. 

Sawcut line on NB is based on location of 

ED to be removed.  SB has no ED and 

therefore more of existing shoulder can be 

utilized reducing cost of constructing new 

pavement.  

A 

 

 

 

 

C 

  

CT CSB 395 X-5 Top Typical (Sta. A1 314± to 319±) - - - If existing No.8 has 

ATPB layer as shown; then, why widen on the low side with 

non-ATPB (No.3)? Sawcut is shown one foot from the ETW 

on southbound side but 4 to 9’ from ES on northbound side. 

Please refer to L-9 and you will see the 

right saw cut shifting from NB to SB at Sta 

317+61. at this point the existing NB 

pavement is overlaid as new SB, resulting 

in a crown reversal. So the edge drain 

removal stops at Sta 317+00 and edge 

drains are left in place from 317+00, and 

clean out vents are extended till proposed 

NB ES as they cannot be located in the 

median due to presence of a left turn 

pocket.  When the edge drain is left in place 

the new widening happens with structural 

section 3. 

On NB 84, Sawcut line crosses existing 

ETW and would be difficult to reference 

from ETW. 

C   

CT CSB 396 X-6, X-7 Sheet X-6, X-7 

Typical (Sta. A1 320± to 322±), and Typical (Sta. A1 322± to 

The existing edge drain is removed due to 

widening. The proposed SB median drains 

E   
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339±) - - - Confirm the location of edge drain and the 

corresponding sawcut line on these and other typicals. Why 

remove the existing edge drains and move them in, if they exist 

further out?  Please note that other typicals on Sheet X-6 and 

X-7 show edge drain just outside the ET/W and not at ES as 

shown here. 

in opposite direction compared to the 

existing NB. This creates a low point in 

ATPB layer at the sawcut line. Therefore 

the new Edge drain has to be moved to the 

saw cut location to collect the water. The 

edge drains will connect to inlets and cross 

culverts to drain the water from the median. 

As per the as builts, around Sta 333+25 the 

existing edge drains shift from ES to ETW. 

The typical sections reflect that change. 

CT CSB 397 X-6, X-7 Typical (Sta. A1 322± to 339±) - - - If edge drains are to be 

removed, why do the removal of existing edge drain ends at 

333+25?  No.6 structural section is not to begin until sta. 

337+51.  Why do NB shoulder details for typical A1 327+47 

to 332+50 show ATPB layer and new edge drain with 

structural section No. 3? 

At Sta 333+25 the edge drains shift from 

ES to ETW and are not affected by sawcut 

line. So for cost efficiency, can be left in 

the median for drainage till Sta 339+00.  

 

Agree, NB shoulder details will be 

corrected not to show the proposed ED as 

the proposed NB ED will start at Sta 

337+51. 

 

E 

 

 

 

 

A 

  

CT CSB 398 X-9 Sheet X-9 

Bottom Typical (Sta. A1 359+57 to 386+11) - - - Is it 

necessary to use an ATPB section (structural section no. 6) for 

SB widening?  What is the minimum width for NB shoulder 

when widening with No.6, a multilayered section? Based on 

the Layout plans, it is unclear, what was the deciding criterion 

to propose No. 6 for some limits and No.11 for others? 

It is necessary to match existing ATPB 

layer for SB widening as the superelevation 

on the curve drains the water towards 

southbound.  The typical section needs to 

be observed with layout and super elevation 

sheet. The section is  typical and does not 

show all the subgrade slope variations. 

For constructability purposes a minimum 

width 4’ has been provided for structural 

C   
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section no. 6. Structural section 11 is for 

sliver widening areas of less than 4’ width. 

The areas for structural section no. 11 can 

be seen on sheet L-14. Structural section 

No 11 also has been used on high side areas 

of super elevation. 

CT CSB 399 X-9 Top Typical (Sta. A1 386+11 to 391+16) - - - Saw cut lines, 

again, are inconsistent between NB and SB on this and the 

following Sheets. For SB widening, shouldn’t ATPB section 

start at 385± instead of 387+50. For NB widening, structural 

section No. 5 has been proposed for only 60 feet length. It is 

impractical during construction to keep changing the grading 

planes for short lengths. Propose a new structural section that 

has same grading plane as no. 3 or 7. 

The width of proposed EP from existing EP 

does not allow saw cut to be placed at same 

offset for the NB as the SB. The presence 

of underground pump station structure also 

makes it advisable to saw cut 1’ from etw 

for the NB. 

As builts show the edge drains to start from 

Sta 387+50, so the ATPB section was used 

from Sta 387+50. Will revise ATPB and 

new ED to start from 385+00 as it will be 

more conservative.    

 

As builts show different structural section 

used for a small stretch and the proposed 

sections match as builts for drainage layer. 

Will evaluate  

C 

 

 

 

 

 

A 

 

 

 

 

 

 

B 

  

CT CSB 400 X-11 Sheet X-11 

Is there a reason to choose use of structural section no. 8 

below concrete barrier within these limits as the other typicals 

show only extension of top lift of HMA? 

The idea is to build ED and UD systems 

flush with the retaining walls in this area. 

That implies full structural section till face 

of the wall and under the barrier.  

C   

CT CSB 401 X-11 Northbound Shoulder Details A3 399+55 to 403+37 - - - What 

is the clearance between the bottom of existing underdrain 

pipe to be removed and existing 96” pipe to remain? If 

The existing edge drain does not conflict 

horizontally with the 96” pipe, and is at a 

minimum distance of 18ft. Will update the 

C   



 Page: 9 / 10 

 

 X:\84-Isabelle PSE\340_State Agency Correspondence\Caltrans review comments\Review Comments 95%\95% Materials Comments & Responses.doc                                                  

9 of 10 

Review Discipline: 95% Caltrans Review Comments on Materials 

Route 84 

By: Caltrans  

Comments Due By:  Date: April 21, 2010 

Date Reviewed By:  Next JRT Meeting Date: TBD 

    

TECHNICAL COMMENT REVIEW AND RESPONSE 
EA# 297601  

 

Comments from Caltrans Water Quality and Water Pollution Control  

CODE:   A - Will Comply;   B - URS to Evaluate;   C - Will Not Incorporate;   D – Agency (ACTIA) to Evaluate;  E - No Action Required 

AGC

Y 

INIT Item 

No. 

Drawing or 

Page No. 

Review Comments Designer Responses Initial 

Disp. 

JRT 

Disp. 

Final 

Disp. 

removal of underdrain poses any risk to existing 96” pipe,  

existing underdrain between A3 399+55 to 403+37 may be 

allowed to remain. Note that on plans, the underdrain pipe 

between A3 403+37 and 408+75 has been shown to remain.  A 

new underdrain should still be constructed regardless. 

typical section to better represent this 

horizontal separation. The edge drain is to 

be removed and has been called out on 

Sheets Subsurface Drains Edge Drain, SB-

10 and SB-11.  A new edge drain and under 

drain system will be constructed at 

proposed NB ES. 

CT CSB 402 X-13 Sheet X-13 

What is the criterion for switching from overlay 2 to 1 and 

then back to 1. 

The intent is to show differential overlay 

using structural section no. 2.  No 1 is 

intended to be used where existing and 

proposed cross slopes and super elevation 

match and a uniform overlay can be 

achieved. 

E   

CT CSB 403 C-22 Sheet C-22 

Use 0.50’ AB below HMA for maintenance vehicle pullouts. 
Will Comply A   

CT CSB 404  Drainage Plans 

As commented before, there are numerous drainage pipes that 

are to be placed by   trenching across the existing pavement. 

Propose details showing reconstruction of pavement. 

Will provide trench paving detail showing 

reconstruction of pavement. 

A   

CT CSB 405  Selection of pipe materials in the APC table meeting 50-year 

design life based on the corrosion data and Altpipe output 

(computer program) provided in the Materials Report are to be 

reviewed by the Hydraulics Office. 

Will coordinate with Caltrans Hydraulics 

Office. 

A   

CT CSB 406  Special Provisions 

Earthwork - - - Specifications regarding placement of selected 

material as recommended in Section 9.2.5 of the Materials 

Report needs to be incorporated in the Earthwork special 

provisions.  Also incorporate the recommendations made in 

Section 6.1.2, Subgrade Preparation, regarding use of slurry 

Will comply,  the appropriate  

recommendations of  the Materials Report 

will be incorporated into SSPs 

A   
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cement backfill for filling voids resulting from removal of 

existing guardrail posts.  Materials Report recommends 

backfilling these voids to present ground surface but 

backfilling to the grading plane instead of existing ground 

surface in cut areas would be sufficient.  This item also needs 

to be included in the BEES. 

CT CSB 407 SSP  

29-010 

Keep para 1 and 3, and delete para 2. 

 

Will do A   

CT CSB 408 SSP 

 39-050 

 

Para 16 - The aggregate for HMA Type A must comply 

with ¾- inch gradation when  lift thickness is greater than 

0.20’, and ½- inch gradation when lift thickness is less than 

0.20’. 

Will do A   
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Office of Truck Services 

1 
Section 2.2 

Route 84 

No information has been presented for sta. limits 236+32 

and 246+ 81. If no record could be found then state so, but 

still include all station limits in the Table. 

Table will be revised.  Station of the 

northern limit of the first row of Table 

2-1 was incorrectly converted from 

metric to English.  The limits of the 

first row should have been from 

227+00 to 246+81. 

A   

2 
Section 2.2 

Route 84 

Is there a PM layer between sta. 411 +85 and 419+ 72? 

Information shown here is inconsistent with the 

information shown in Section 5.4.1. 

PM layer does not exist between Sta. 

411+85 and 419+72; Section 5.4.1 

will be revised. 

A   

3 
Section 2.2 

Route 84 

Delete last sentence. Refer to our comment under Section 

5.4. 

Will comply. A   



Route 84 Expressway Widening Project ( EA 04-297601) Page: 2  

 

X:\Route 84 - Isabel Avenue\geotech\Reports\review_comments\MaterialsReport\CT_Materials_20091023.doc 

Agency: Caltrans Responded By: URS 

Review Unit: Materials Report Date Responded:  

Comments By: Maninder Kaur / Tinu Mishra JRT Meeting Date:  

Date Reviewed: 10-23-09   

    

 

TECHNICAL COMMENT REVIEW AND RESPONSE 

 

Title:  

 

Materials Branch  

Revision Action Code:   A-Will Comply;   B-Consultant to Evaluate;   C-Will Not Incorporate;   D-CCTA to Evaluate 

Item 

No. 

Drawing or Page 

No. 

Review Comments Design Responses Revision

Action 

JRT 

Disp. 

Final 

Disp. 

4 

Section 2.4 

Structural 

Pavement 

Section 

How come none of the cores show ATPB layer? This 

layer is shown on submitted AsBuilts which represent 

relatively recent construction. 

Table 2-2 presents thickness 

measurements of pavement 

components when boreholes were 

drilled.  Nine pavement cores 

retrieved by subconsultant, CHEC, do 

not reveal ATPB layer.  Other boring 

locations may consist of ATPB layer; 

however, they were not apparent from 

the drilled holes.  ATPB also was not 

readily distinguishable from the 

drilled cuttings. 

A   

5 

Section 5.1 

Structural 

Section 

Design 

Parameters 

The total overlay thickness of 0.15' used in designing 

structural sections is inconsistent with the information 

presented in Section 5.5 of the Materials Report. Section 

5.5 recommends 0.15'HMA from Jack London Boulevard 

to Concannon Boulevard but 0.15'RHMA over 0.13' HMA 

is recommended for the remainder of the project. Please 

note that Caltrans does not use lift thickness of 0.13'. It 
has to be in increments of 0.05, so it may be changed to 

either 0.10' or 0.15' 

Will revise from recommended 0.13’ 

HMA to 0.1’ HMA from Concannon 

Blvd to pavement change south of 

Vallecitos Road. 

A   
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6 

Section 5.1 

Structural 

Section 

Design 

Parameters 

Discuss and specify sawcut line for widenings whether it 

is to be at edge of T/W or at a different location. Keep 

locations of edge drains and underdrains in consideration 

when determining saw cut lines. 

Will include general requirement of 

saw cut line to be at least 1 foot from 

existing edge of travel way and be on 

the upslope side of existing edge 

drains. 

A   

7 
Section 5.2 

and 5.4 

Discuss here proposal of subgrade enhancement fabric and 

overexcavation to a depth of 4' as recommended in 

Section 6.1.2 and 9.21 of the Materials Report for sta. 

limits 227+00 to 234+00. We have concerns that the 

above recommendations may be difficult to construct 

unless a portion of shoulder pavement is removed to allow 

compaction with a standard roller. 

Will comply. A   
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8 
Section 5.2 

and 5.4 

All borrow material generated from the project site 

regardless of the location within the project is considered 

'local borrow' per Caltrans Standard Specifications and 

Special Provisions. Therefore, two statements included in 

the last paragraph regarding locally generated fill, one 

stating that the local material is not usable and the other 

stating that it is usable are contradictory unless more 

specific information is included. Also the statement, "In 

general, an R-value of 15 is required for imported fill 

material" is of no significance because the Project Plans 

do not show any imported borrow. To avoid paying for 

import material on an excess job as this one, where there 

is both good and poor quality material present, it is our 

recommendation that the special provision should be 

written such that it mandates higher R-value material 

generated from the project sta. limits 290 to 415 gets 

placed within 4 feet of the grading plane (instead of low 

R-value material generated from the remainder of the 

project). However, the Designer needs to verify whether 

the quantities generated from these cuts would be 

adequate for the purpose intended before implementing 

these recommendations.  

Will coordinate with designer and 

include language in special provisions 

to limit imported borrow from 

Stations 290+00 to 415+00. 

A   
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9 
Section 5.2 

and 5.4 

Add a recommendation to include a note in the Project 

Plans that the elevation of ATPB layer may be adjusted, as 

to match the elevation of the existing ATPB layer. Some 

funds should be included in the PS&E to allow the 

Resident Engineer to make this adjustment. 

Will comply. A   

10 
Section 5.2 

and 5.4 

Include recommendations for edge drain systems in 

conjunction with the use of ATPB layer. 

Will comply. A   

11 
Section 5.2 

and 5.4 

Address the issue of existing shoulders. Propose where the 

sawcut line is to be, consider the location of edge drains 

and underdrains when determining the saw-cut line. Since 

it is recommended to remove the existing undedrains, saw 

cut line should be determined accordingly. 

Will comply. A   

12 
Section 5.2 

and 5.4 

Include recommendations for ramps, city streets, access 

roads, maintenance roads, supergutter paving, trail/bike 

roads, etc. 

Will comply. A   

13 
Section 5.2, 

5.4 and 5.4.1 

Verify the presence of permeable blanket and/or 

underdrain within sta. limits 411 +85 and 419+72 and 

design widenings accordingly. 

Will comply. A   

14 
Section 5.2, 

5.4 and 5.4.3 

The submitted x-sections show cut from sta. 247 to 262. Is 

there a need for permeable material and/or toe drain? 

There should be a toe drain included.  

Will include in discussion. 

A   
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Revision Action Code:   A-Will Comply;   B-Consultant to Evaluate;   C-Will Not Incorporate;   D-CCTA to Evaluate 

Item 

No. 

Drawing or Page 

No. 

Review Comments Design Responses Revision

Action 

JRT 

Disp. 

Final 

Disp. 

15 
Section 5.2, 

5.4 and 5.4.4 

Verify and revise as necessary. A non-ATPB section has 

been recommended but AsBuilts information shown on 

Page 2-2 indicates ATPB for some of these limits. 

Will comply. A   

16 5.4.6 and 5.4.7 

Groundwater is at 3' to 3.5' depth based on borings NB 37 

and NB 38 (sta. 320±). Propose permeable blanket and 

underdrains in the vicinity to draw down the water and 

keep structural section dry. 

NB37 and NB38 were drilled in the 

creek overflow channel of Arroyo Del 

Valle.  At Sta. 320, the roadway will 

be supported on the Arroyo Del Valle 

bridge; therefore, no permeable 

blanket is considered necessary. 

C   

17 5.4.8 

The structural section is overdesigned, AB thickness may 

be reduced. 

Concur that AB thickness could be 

reduced on the basis of structural 

pavement analysis; however, drainage 

requirements dictate both underdrain 

and pavement drainage layers be 

maintained at certain levels to make 

drainage layers continuous.  It is our 

opinion that adding the AB thickness 

to maintain drainage flow in the 

ATPB and the permeable blanket 

would be a cost-effective way. 

C   



Route 84 Expressway Widening Project ( EA 04-297601) Page: 7  

 

X:\Route 84 - Isabel Avenue\geotech\Reports\review_comments\MaterialsReport\CT_Materials_20091023.doc 

Agency: Caltrans Responded By: URS 

Review Unit: Materials Report Date Responded:  

Comments By: Maninder Kaur / Tinu Mishra JRT Meeting Date:  

Date Reviewed: 10-23-09   

    

 

TECHNICAL COMMENT REVIEW AND RESPONSE 

 

Title:  

 

Materials Branch  

Revision Action Code:   A-Will Comply;   B-Consultant to Evaluate;   C-Will Not Incorporate;   D-CCTA to Evaluate 

Item 

No. 

Drawing or Page 

No. 

Review Comments Design Responses Revision

Action 

JRT 

Disp. 

Final 

Disp. 

18 5.4.9 

The submitted x-sections show cut from sta. 355 to 361. Is 

there a need for permeable material and/or toe drain? 

Groundwater was not encountered to 

depth as much as 40 feet between 

Stations 337+00 and 363+00.  

Existing pavement section does not 

include any permeable blanket or toe 

drain.  Therefore, it is our opinion that 

permeable material or toe drains are 

not required. 

C   

19 5.4.10 

Table 2-1 shows 0.75' existing AC above ATPB layer. Will revise station limits for 5.4.10 

and 5.4.11 to the following: 

5.4.10 from 415+00 to 419+20 

5.4.11 from 419+20 to 439+50 

A   

20 5.4.13 

Verify, if the project is going to require imported borrow. 

The Project Plans show excess material, and we don't see 

a need to import borrow. 

Will confirm. A   
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21 
Section 5.2 

and 5.4 

There are too many structural sections proposed for the 

project. These are cumbersome from both design and 

construction aspects. Simplify and minimize as much as 

possible. There are also quite a few outstanding comments 

on the structural section design, as noted above. In our 

opinion, it may be more appropriate to have a meeting in 

evaluating how to minimize the number of proposed 

structural sections and agreeing on the final pavement 

design. 

Recommended structural sections 

were based on three subgrade R-

values in an attempt to minimize cost 

(see Table 5-2).  The various 

generations of existing pavement 

section components, ATPB in 

particular, necessitate additional 

sections in order to maintain 

pavement drainage.  We have further 

optimized the number of required 

sections. 

A   

22 

Section 5.5 

Pavement 

Overlay / 

Rehabilitation 

Refer to our comments on Section 5.1. Will comply. A   

23 

6.1.3 

Subgrade 

Preparation 

Refer to our comments on Section 5.2 and 5.4. Will comply (presumably comment 

refers to Section 6.1.2). 

A   
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24 

6.3 Storm 

Drainage 

System 

It is recommended that all cuts for new pavement should 

include an underdrain system consisting of a layer of 

permeable material with toe drains but this has not been 

reflected in recommended pavement structural sections in 

Section 5.4. 

Concur with this general approach for 

hill side excavation and low lying 

area.  However, between Station 

252+00 and 448+00, groundwater 

was not encountered as much as 40 

feet in depth.  Therefore, it should be 

reviewed on a segment by segment 

case whether permeable material or 

toe drains are warranted.  These 

evaluations have been incorporated 

into the recommended sections 

presented in Section 5. 

C   

25 

6.3 Storm 

Drainage 

System 

Recommend the depth of underdrain trench. Is the trench 

proposed to be outside the shoulder? It has been shown 

extending to the profile grade. Recommend size and type 

of underdrain pipe. 

Will clarify discussion. A   

26 

6.3 Storm 

Drainage 

System 

Are there any drainage systems that are to be placed by 

trenching through the existing pavement? If so, provide 

trench paving details. 

Will comply. A   

27 
7 Corrosion 

Investigation 

Title is missing. Will modify. A   
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28 
7 Corrosion 

Investigation 

Include a Table showing the line, stationing, offset, depth, 

and test data. 

Will comply. A   

29 
7 Corrosion 

Investigation 

Corrosion analysis should be performed on individual test 

data and recommendations should be summarized for the 

project. Also note that Culvert 4 has been superseded by 

AltPipe. It may be accessed from the following address: 

http://www.dot.ca.gov/hq/oppd/altpipe.htm 

Will update. A   

30 

9.2.2 

Specifications/ 

Structural 

Pavement 

Sections 

Change asphalt concrete to Hot Mix Asphalt. Will comply. A   

31 
9.2.5 Special 

Provisions 

It is stated that the upper 4 feet of embankment fill below 

grading plane shall have a minimum R-value of 25. Does 

this apply to the entire project? If so, it is in contradiction 

with recommendations made under Section 9.2.1 where in 

R-value 15 material is recommended. 

Will update Section 9.2.1 so that it is 

consistent with Section 9.2.5. 

A   

32       
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   By: URS 

Review of Draft Geotechnical Design Report (GDR) and Materials Report 35% PLANS REVIEW COMMENTS 
    

TECHNICAL REVIEW COMMENTS AND RESPONSES 

Independent Technical Review Comments,  
Title: Route 84 Expressway Widening, Alameda County, CA Submittal:  35% PS&E  

CODE:   A-Will Comply;   B-Consultant to Evaluate;   C-Will Not Incorporate;   D-Agency to Evaluate;  E-No Action Required 

 ROAD PLANS COMMENTS    

No. Section/Sheet 

No. 

Review Comments Design Responses Proposed 

Action: 

Final 

Action: 

CT – District Materials Engineer, Engineering Services I – Materials A; dated June 23, 2008 

1 GENERAL Keep terminology and unit usage consistent throughout the Report e.g., 

feet instead of meters, HMA instead of asphalt concrete.  AC or RAC-G 

may be used to discuss existing pavement structural sections, but for 

proposed asphalt products, use HMA 

Will comply. A  

2 Section 2.2 

Route 84 

1) State the As-Built Contract Numbers from where the information for 

existing structural Sections, shown in the table here, has been deciphered.  

Appendix should include copies of As-Built Plan Sheets (existing 

structural section information) relevant to all the information shown in the 

Table.  There are no As-Builts provided in the Appendix for Route 84 

between Concannon Boulevard and Ruby Hill Drive other than for the 

Vallecitos Road intersection realignment.  Is this realignment project built 

already as the Title Sheet indicates the plans to be 95% and are stamped 

‘NOT FOR CONSTRUCTION’?  Summarized structural section 

information from Vallecitos Road intersection realignment project in the 

text and table presented in the Report.  This project does not show use of 

ATPB layer, and the existing structural section information currently 

presented in the table shows ATPB layer for the entire project limits.  

Since the corridor includes ATPB, PM, edge drains and underdrains, it is 

crucial to summarize existing structural section information very 

accurately. Discuss the location existing edge drains and underdrains 

(including their depth) from the edge of shoulder.  This information is to 

be based on the As-Builts, and to facilitate our review, please either 

include the relevant sheets in the appendix or submit them separately. 

Will verify information presented in this 

table and update/revise as necessary 

based on all available as-built 

information.  Will include copies of all 

pertinent as-built plans in the 65% report 

submittal.  Will verify completion status 

of Vallecitos Road intersection project 

and include as-built information for this 

section of the alignment, as available. 

A  

3 Section 2.3 

Isabel Avenue 

Connector 

1) Is this information for the Isabel-Stanley connector ramp, if so, be more 

specific in ramp designation.  Again, state the Contract No. from where 

this information is deciphered. 

Will comply. A  
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4 Section 4.5 

Corrosion 

1) We are unable to review as this information is missing. It is stated that 

the engineering study is underway. 

Corrosion study has been completed.  

Will include corrosion report in the 65% 

submittal. 

A  

5 Section 5.1 

Structural 

Section Design 

Parameters 

1) It is stated that ATPB layer is proposed where new pavement section is 

located on the down gradient side of the existing pavement; however, all 

recommended structural section under Section 5.4 include ATPB layer. 

 

1)The structural section design tables 

include 0.25 feet of ATPB to match 

existing pavement drainage presented on 

the as-built plans.  The ATPB can be 

eliminated for the portions of new 

pavements where superelevation results 

in an upslope gradient. 

A  

  2) Refer to our comments on Section 5.5 for proposed overlay thickness. 2) Will modify the table presented on 

page 5-8, “Summary of AC Overlay 

Recommendations”, to include 0.15 foot 

thick RAC-G overlay only; the 

recommended section of DGAC will be 

omitted as requested. 

A  

6 Section 5.2 

Subgrade 

Conditions 

1) In the Table, also show line designation, stationing, offset for all 

borings. 

 

1) Will comply. 

 

A  

  2) All R-value samples have been taken at depths of 1-5 feet.  It is stated 

that profile grade sheets show minimal cut, generally 0-4 feet below 

present grade.  However, under Section 6.5 Cuts and Excavations, it is 

stated that cuts ranging from 1 to 28 feet are anticipated.  Substantiate that 

R-value samples taken so far represent all of the proposed subgrade soils.  

Take additional samples, if necessary.  Also, provide us with cross-

sections every 50 feet showing cuts greater than 4 feet including cuts into 

hillsides. 

 

2) Will comply. 

 

A  

  3) To be consistent with the recommendations made in Section 6.1.2 

Subgrade Preparation of the Report, discuss here proposal of subgrade 

enhancement fabric in conjunction with overexcavation. 

 

3) Will comply. 

 

A  

  4) All imported fill to be placed within 5 feet of the subgrade should have 

a minimum R-value of 15 and not 10.  Earthwork quantities for the project 

should be kept in mind when selecting R-value for designing pavement 

structural sections. 

 

4) Will revise structural pavement 

sections for design R-value of 15 in all 

fill areas and include sections in 65% 

report submittal. 

 

A  
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  5) Since the project has a variable range of R-values, design 

conservatively.  For fill areas where it is proposed to use design R-value 

of 25, this higher R-value can be used if specifications are written such 

that they ensure higher design R-value material (Rv = 25) will be used for 

subgrade preparation for those areas.  If not specified, the Contractor has 

the option to use whatever suits his operations, and the project cannot be 

designed for higher R-value. 

 

5) Will revise structural pavement 

sections for design R-value of 15 in all 

fill areas and include sections in 65% 

report submittal. 

A  

7 5.4.2 OGAC and 

RAC 

Considerations 

1) Whether or not to use OGAC is a judgment to be exercised by the 

preparer of the Report.  If in the opinion of the designer, the project 

conditions indicate necessity of OGAC, then recommend its use.  If 

OGAC is to be used then pertinent references made in the 1
st
 paragraph of 

this section for use of OGAC may remain; otherwise, delete paragraph 1 

including references made to Caltrans Pavement Selection Review 

Committee, and OGAC placement temperatures.  As commented before, 

use current terminology. 

 

Use of OGAC is not currently planned 

and was included in 35% submittal for 

discussion purposes only.  This 

paragraph will be omitted from the 65% 

report submittal. 

A  

8 5.4.3 and 5.4.4 1) Refer to our comments below on Section 5.5 pavement 

overlay/Rehabilitation.  Proposed HMA thickness may be reduced. 

 

1)  The recommended structural sections 

for new pavements presented in Sections 

5.4.3 and 5.4.4 include only 0.15 feet of 

RAC-G over either 0.75 or 0.9 feet of 

HMA.  The RAC-G and HMA 

thicknesses presented in these tables 

represent the minimum total thickness 

necessary to meet the required Gravel 

Equivalent (including safety factor) for a 

TI of 11.0.    

 

E  

  2) Why are the sections with permeable material so much thicker than 

non-permeable sections for the same design factors:  There is no need to 

overdesign sections with permeable material as it can be substituted for 

AS. 

 

2) We agree that the total GE for the 

recommended structural sections using 

Class 3 Permeable exceed the minimum 

required total GE for the given TI and 

subgrade R-value.  However, these 

recommended structural sections of 

Class 3 Permeable base,  ATPB and 

Class 2 AB layer were selected to match 

the drainage conditions of the existing, 

adjacent pavements based on available 

as-built plans.   

 

E  
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  3) Table 1 proposes permeable material for engineered fill areas where as 

Table 2 for cut areas does not.  Table 3 shows cut section but no 

permeable material.  Specify sta. limits where permeable material is 

proposed. 

 

3) Will include station limits for each of 

the six tables presented in these sections 

in the 95% report submittal.  Permeable 

material sections are included in Tables 

1, 4, and 6 to match the permeable 

material sections of adjacent existing 

pavements based on available as-built 

plans. 

 

A  

  4)  Specify sta. limits where Rv=25 section is to be used, and this section 

is to be proposed only for areas where 1) the soils test data confirms 

existing subgrade soils to have R-value of 25 or higher or 2) the project 

specifications ensure that fill material used for subgrade preparation will 

have an R-value of 25.  Also refer to our comments on Section 5.2 

Subgrade Conditions. 

 

4)  Will comply. 

 

A  

  5) Include recommendations for edge drain systems in conjunction with 

the use of ATPB layer. 

 

5)  Will comply. 

 

A  

  6) Address the issue of existing shoulders.  Propose where the sawcut line 

is to be, consider the location of edge drains and underdrains when 

determining the saw cutline.  If the shoulders are to be saved then 

demonstrate their structural adequacy and make recommendations on how 

to revise cross slope. 

 

6)  Will comply. 

 

A  

  7) Include recommendations for ramps, city streets, access roads, 

maintenance roads, supergutter paving, trail/bike roads, etc. 

 

7) Will include recommended structural 

section for Stanley Blvd connector, bike 

trail and Zone 7 access road in 65% 

submittal.  New pavement structural 

section at tie in locations to city streets 

will match those shown on existing as-

built plans. 

A  

9 Table 5-1 1) Two tables are presented side by side with conflicting information. 

 

1) Recommended structural sections for 

the mainline pavements and for the 

shoulders are shown in the left and right 

side tables, respectively.  

 

E  
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  2) Identify sta. limits where permeable material is proposed. 2) Station limits are indicated in the 

table under the column heading 

“Segment Description”.  Column 7 in 

each table indicates where Class 3 

permeable material is proposed for new 

pavements. 

E  

10 Section 5.5 

pavement 

overlay/Rehab

ilitation 

1) It is stated that the recommendation were developed for a 10-year 

design Traffic index of 11; however, Section 5.1.1 states the 20-year TI to 

be 11.  Which is correct? 

 

1) The overlay recommendations 

presented by CHEC for existing 

pavements were developed for a 10-year 

design Traffic Index of 11.0 in 

accordance with guidelines presented in 

the Caltrans Flexible Pavement 

Rehabilitation Manual (June 1, 2001) 

which states on page 1-2 that “The 

design period of the overlays in this 

study are 10 years.”  The recommended 

structural pavement sections for new 

pavements were developed for a 20-year 

TI of 11.0. 

 

A  

  2) As indicated in the e-mail from URS Crop. Dated June 05, 2008, a 

deflection study was performed to determine the remaining design life and 

future performance of the existing pavement, and because of lack of 

available information on the existing subgrade, and presence of poor 

subgrade soils along a portion of the project alignment.  The deflection 

study report recommends an overlay thickness of 0.15 RAC-G over 0.15 

DGAC.  For portion of the pavement between Concannon Boulevard and 

Jack London Boulevard, this proposed overlay is a very conservative 

design since the pavement was constructed in 2000+/-.  In our opinion, 

0.15 RHMA-G (RAC-G) would be sufficient.  For the segment between 

Ruby Hill Drive and Concannon Boulevard, we defer the decision until we 

receive further documentation on the age of the pavement and As-Built 

structural section information. 

 

2) Will comply. 

 

A  
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  3) Verify if there any concerns with the proposed change in profile due to 

proposed overlay of the existing pavement.  Are there any overhead 

structures with vertical clearance issues?  Address conforms of the overlay 

at each end of the job and at existing bridges/approach slabs. 

 

3) Widening of Isabel Avenue to 

highway standards will require shifting 

and raising the roadway crown as well as 

constructing an overlay section.  

Consideration will be given to vertical 

clearance in establishing new pavement 

and pavement overlay grades. 

 

A  

  4) For reconstruction of failed pavement, the depth of digouts is to be to 

the top of the base but to a maximum depth of 0.5’. Depth of repair should 

not be one to two inches below the existing AC as stated as we do not 

want to disturb the base especially ATP, and replace it with HMA.  The 

digout areas should be marked on the layout plans and itemized on the 

quantities sheets in the Project Plans. 

 

4) Will modify report recommendations 

as noted. 

 

A  

  5) Recommend Crack sealant to be low modulus asphalt crack sealant or 

asphalt rubber instead of emulsified crack sealant.  Emulsion needs time to 

break and its placement becomes a concern because of limited lane closure 

hours in our District. 

 

5) Will modify report recommendations 

as noted. 

A  

11 6.1.2 

Subgrade 

Preparation 

1) Guardrail post embedment dimensions are 6” x 8” x 44”.  We do not 

believe that these voids can be compacted and backfilled with standard fill 

as a recommended here.  Is there a need for special backfill?  Review the 

proposed subgrade profile in relation to the existing post bottoms, and 

evaluate whether requiring regarding and recompacting , for a minimum 

width of a roller, to the anticipated depth of posts could be an appropriate 

strategy. 

 

1) Will recommend in the 65% report 

submittal  that guardrail post excavations 

be backfilled with cement slurry in 

accordance with Caltrans Standard 

Specifications. 

 

A  

  2)  Use of stabilization fabric should also be mentioned in other area s of 

the Report where overexcavation is discussed,  e.g. Section 5.2.  As stated 

before imported fill should have a minimum R-value of 15 within 5 feet of 

the finished grade. 

2) Will modify report recommendations 

as noted. 

A  

12 6.3 Storm 

Drainage 

System  

1) Address trench paving details for drainage systems that are to be placed 

by trenching through the existing pavement. 

 

1) Project will not include trenching 

through existing pavements.  Where new 

drainage systems are required, the 

existing pavement section will be 

removed and replaced. 

 

E  
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  2) It is stated that pavement underdrain system is incorporated in the 

Drainage Plan Drawings D-1 through D-18.  We have not been able to 

locate the proposed underdrain systems on these drawings but note that 

underdrain systems are usually shown on sheets separate from those 

showing storm drains.  Edge drain systems also need to be shown. 

 

2)  Construction layout and detail sheets 

for the edge drainage system are 

currently being prepared as part of the 

civil plans and will be included in the 

65% report submittal.  

 

A  

  3) Recommend the location, and depth of underdrain trench.  Underdrain 

trench is shown as extending to the profile grade.  Is the trench to be 

outside the shoulder?  Recommend size and type of underdrain pipe. 

 

3) The typical underdrain and edge drain 

detail is presented on Sheet X-1 of the 

civil plans included. 

E  

13 9.2 

Specifications 

 

1) Specifications and Special provisions used include old terminology and 

are in metric units.  Use updated versions. 

 

1) Will comply. 

 

A  

  2) 9.2.1 Earthwork – Recommend specifications for handling poor 

subgrade soils that are to be removed with in Stations 227+00 and 

234+00, and unsuitable soils in other areas of the project (CH soils with 

expansive nature listed under Section 6.5).  If not specified contractor has 

the option to reuse them.  Imported borrow to be used within 1.5 m of the 

profile grade should be specified to have an R-value of 15. 

 

2) Will add detailed recommendations 

for handling overexcavated subgrade 

soils and other unsuitable soils to the 

“Special Provisions” section of the 65% 

report submittal. 

 

A  

  3)  Since Lean Concrete Base and Pavement Reinforcing Fabric are not 

recommended items for pavement structural section; why include these 

items in the recommended specifications? 

 

3) Will remove from specifications. 

 

A  

  4) Include specifications for Stabilization Fabric recommended in Section 

6.1.2 Subgrade Preparation. 

 

4) Will comply. 

 

A  

14 Pavement 

Deflection 

and Analysis 

Report 

Since the scope of this project does not include rehabilitation of the 

existing pavement, we have not commented in detail on this Report.  If the 

scope changes, further comments will be made in the future. 

 

No response required. E  

CT – Office of Geotechnical Design – West; dated June 2, 2008 

15 General The GDR did not contain any recommendations or details of the proposed 

retaining walls.  Please provide this information when available. 

Will include discussions for standard 

retaining walls in next submittal.  

Geotechnical design parameters and 

recommendations for non-standard 

retaining walls will be presented in 

separate Foundation Report. 

A  
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16 General The GDR stated that recommendations for three non-standard walls are 

described in a separate Preliminary Foundation Investigation Report.  

Please provide this for our review. 

Will comply. A  
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INTRODUCTION 

 

V&A was retained by URS Corporation to perform a corrosion survey on State Highway 84, from Ruby Hill 

Drive to Jack London Boulevard, in Livermore, California. The objective of the investigation was to 

measure various soil parameters and evaluate the soil corrosivity to materials selected for retaining walls, 

bridge structures, and drainage along the highway.  The soil was tested at depths ranging from 0 to 19 

meters below existing grade.  This report recommends corrosion control for construction materials being 

considered for a proposed retaining wall along the Ruby Hill Drive/Vallecitos Road segment of Highway 

84, for retaining wall modifications at the Stanley Boulevard Underpass, for new and existing bridge 

structures at Arroyo del Valle and Arroyo Mocho stream crossings and for culverts and underdrain pipes 

along the roadway.  The materials being considered as part of this investigation include buried reinforced 

concrete, prestressed concrete piles, steel pipe piles, metal culverts and metal or plastic drainage pipes. 

 

This report gives recommendations for corrosion control of reinforced concrete foundations and soil nails 

for the Ruby Hill Drive/Vallecitos Road Retaining Wall from Station 245+50 to Station 258+00, and for 

reinforced concrete foundations and soil nails for two retaining walls at the Stanley Boulevard Underpass 

between Stations 391+00 and 412+00.  Corrosion control recommendations are provided for reinforced 

concrete foundations, prestressed concrete piles, and steel pipe piles for existing highway bridge 

modifications and for new public access bridges at the Arroyo del Valle crossing, Station 320+00 and at 

the Arroyo Mocho crossing, Station 415+00.  Metal culvert and underdrain pipe material recommendations 

for 50-year maintenance-free service based on ambient soil conditions are also included. 

 

The investigation was conducted in accordance with California Department of Transportation’s Division of 

Engineering Services, Materials Engineering and Testing Services, Corrosion Technology Branch 

“Corrosion Guidelines” (Guidelines) dated September 2003.  These Guidelines consider representative 

soil or water samples to be corrosive to structural elements if one or more of the following conditions exist: 

 

1) The chloride concentration is 500 ppm or greater, 

2) The sulfate concentration is 2,000 ppm or greater, 

3) The pH is 5.5 or less. 

 

Evaluation of the soil environment was made in terms of potential corrosion damage to concrete and metal 

structures.  Soil resistivity measurements were conducted in the field during the initial stages of the work.  In 

addition, 14 soil samples taken during a geotechnical investigation were provided to V&A for laboratory 

testing.  The soil samples were analyzed for minimum (saturated) resistivity, as well as for pH, chloride and 

sulfate ion concentrations.  All of these affect the corrosion rate of buried structures. 

 

The minimum (saturated) resistivity of the 14 soil borings submitted for analysis ranged from 1,510 ohm-cm 

to 23,278 ohm-cm.  The soil pH ranged from 7.1 to 9.1 and the water-soluble chloride concentrations ranged 

from below the detection limit of 2 mg/kg to 20 mg/kg.  The water-soluble sulfate concentrations ranged from 

below the detection limit of 5 mg/kg to 7 mg/kg.  
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One water sample taken from the stream at the existing Arroyo del Valle Bridge site was also analyzed for 

resistivity, pH, soluble chloride and soluble sulfate.  The water resistivity is 1,686 ohm-cm and its pH is 8.3.   

The soluble chloride is 63.7 mg/L and the soluble sulfate is 19.9 mg/L.  

 

Culvert materials were selected using the Department of Transportation Alternative Pipe Culvert Selection 

Website (AltPipe Version 6.08) which calculates Maintenance-Free Service Design Estimates using 

California Department of Transportation (Caltrans) criteria.  The latter are outlined in Caltrans California Test 

Method 643, in Caltrans Highway Design Manual, Section 850, Physical Standards, dated November 2, 2009 

and in Design Information Bulletin 83-01 dated June 30, 2003.  The results listed in Appendix 2 used 

conditions from the analyzed soil bore samples taken closest to each drainage system.  Where no bore 

samples were taken near a drainage system, the more corrosive of two samples taken closest to the ends of 

the drainage system was used.  Drainage Systems 56 and 59 used the analytical results of soil bore samples 

NB24-2-X and NB23-2-4, respectively, which were in better agreement with the field resistivity measurements 

at 10 feet below grade.  An intermittent flow velocity of less than 1.5 meters/second (5 feet/second) under 

non-abrasive conditions, and a maximum burial depth of 10 feet were used for the AltPipe calculations. 

 

CONCLUSIONS 

 

• The soil bore chemical analyses and the stream water analysis all gave pH values higher than 5.5, 

soluble chloride concentrations less than 500 mg/kg and soluble sulfate concentrations less than 

2,000 mg/kg.  According to the Guidelines, the soils and water are considered non-corrosive. 

• No corrosion mitigation for steel piles is required by the Guidelines for non-corrosive soil conditions. 

• None of the proposed bridge structures are within 300 meters (1,000 feet) of salt or brackish water. 

 

RECOMMENDATIONS 

 

The test data and a review of the project requirements were used to make recommendations for each 

material alternative listed below: 

 

Buried Reinforced Concrete Structures and Cast in Place Piles  

Buried concrete structures should be constructed of durable concrete as described in ACI Standards 

201.2R and 222R. These recommendations include, but are not limited to, the following: 

• The water/cement ratio should not exceed 0.50. 

• A minimum concrete cover of 5.1 centimeters should be applied over all steel reinforcement. 

• Sand and water used in concrete mixtures should contain a maximum of 100 ppm of water-soluble 
chloride ions and water-soluble sulfate ions.  They should also have a pH in the range of 6.5 to 8.0. 
Potable water should be used in concrete mixtures. 

• Type I-P (MS) modified or Type II modified cement should be used. 
 

Prestressed Concrete Piles 

Prestressed concrete piles should be constructed of durable concrete as described in ACI Standards 

201.2R and 222R. These recommendations include, but are not limited to, the following: 
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• The water/cement ratio should not exceed 0.50. 
• A minimum concrete cover of 5.1 centimeters should be applied over all steel reinforcement. 

• Sand and water used in concrete mixtures should contain a maximum of 100 ppm of water-soluble 
chloride ions and water-soluble sulfate ions.  They should also have a pH in the range of 6.5 to 8.0. 
Potable water should be used in concrete mixtures. 

• Type I-P (MS) modified or Type II modified cement should be used. 

Drainage Culverts and Underdrain Pipes 

Specific material selections for each of the 35 proposed new or modified drainage systems have been 

determined using the Caltrans AltPipe (Alternative Pipe) Version 6.08.  The results are presented in 

Appendix 2.  Using soil bore sample data from sites in closest proximity to the new or modified drainage 

systems proposed along Highway 84, the following material recommendations are made for 50-year 

culvert service life: 

• Coated steel pipe can be used in all of the proposed drainage systems.  The coating material, minimum 
metal thickness, and recommended corrugated or ribbed structural designs are dictated by the soil 
resistivity, soil pH, and pipe diameter in each drainage system. 

• Aluminum metal pipes are not recommended for sites where the soil pH is higher than 8.5. 

• Ribbed and corrugated PVC and HDPE plastic pipe can be used at all drainage sites. 

• Reinforced concrete pipes are acceptable for all of the proposed drainage systems.  AltPipe 

recommends 0.75-inch concrete cover over steel reinforcement for 12 and 18-inch diameter pipe, and 1 

inch of concrete cover for 24 to 42-inch diameter pipe. 

Mechanically Stabilized Embankment and Metallic Soil Reinforcement Backfill 

In accordance with the Guidelines, non-corrosive backfill for metallic soil reinforcement, such as tie-back 
anchors or soil nails and reinforced concrete structures shall meet the following requirements: 

• Minimum resistivity greater than 1,500 ohm-cm. 

• Water soluble chloride ion concentration less than 500 mg/kg. 

• Water soluble sulfate ion concentration less than 2,000 mg/kg. 

• A pH between 5.5 and 10.0. 

• Slag aggregate should not be used in backfill due to high sulfate concentrations. 

Soil Nails and Rock Anchors 
 

Ruby Hill Drive/Vallecitos Road Retaining Wall and Stanley Boulevard Underpass Retaining Walls 

 

All metallic soil reinforcement must be galvanized in accordance with requirements in California 

Department of Transportation Standard Specification 75-1.05 

 

Soil Borings NB03 at Station 246+00 and NB05 at Station 293+00 were used to evaluate site corrosivity at 

the Ruby Hill Drive/Vallecitos Road Retaining Wall: 

• NB03 has a pH of 7.5 and a minimum resistivity of 3,302 ohm-cm 
• NB05 has a pH of 8.4 and a minimum resistivity of 7,312 ohm-cm 
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Soil Borings NB20 at Station 395+50 and NB22A at Station 408+00 were used to evaluate site corrosivity: 

• NB20 has a pH of 8.2 and a minimum resistivity of 5,340 ohm-cm 
• NB22A has a pH of 8.6 and a minimum resistivity of 5,386 ohm-cm 

 

• Soil Nails 

o Soil nails shall be constructed in conformance with “Structure Reference 
Specification19-660,” Section 10-11. 

o Corrosion mitigation measures are required at any level of soil corrosivity, due to the vital 
character of the soil nails. Individual corrosion mitigation measures shall depend on the 
specific construction of the soil nails. 

o Soil nail bar reinforcement shall conform to the provisions in Section 52, “Reinforcement,” 
of the Standard Specifications. 

� Grade 60 soil nails bar reinforcement shall conform to ASTM Designation A 615 / 
A 615M or A 706 / A 706M requirements 

� Grade 75 soil nails bar reinforcement shall conform to ASTM Designation A 615 / 
A 615M 

o Soil nails shall be either a reinforcing bar encapsulated full length in a grouted corrugated 
plastic sheathing or an epoxy coated reinforcing bar partially encapsulated in a grouted 
corrugated plastic sheathing. 

� The bar shall be centered in the sheathing and the space between the sheathing 
and the bar shall be filled with grout. 

� The epoxy coating shall have a minimum thickness of 12 mils. 

• Tieback Anchors 

o Tieback anchors shall be constructed in conformance with “Structure Reference 
Specification 50-560,” Section 10-1. 

o Corrosion mitigation measures are required at any level of soil corrosivity due to the vital 
nature of the tieback anchors. 

o Grouting procedures shall follow guidelines discussed in Section 50, "Prestressing 
Concrete," of the Standard Specifications. 

o The tieback anchorage assembly and anchor steel shall be protected against rust, 
corrosion and physical damage prior to completion of all enclosure grouting or 
encasement in concrete per Section 50 of the Standard Specifications. 

o Strand type tendons shall be encapsulated in a corrosion inhibiting grease per Structure 
Reference Specification 50-560.  The environment shall always be considered corrosive 
for the purposes of determining the proper test criterion. 

• Tiedown Anchors 

o Tiedown anchors shall be constructed in conformance with “Structure Reference 
Specification 50-570,” Section 10-1. 

o Corrosion mitigation measures are required at any level of soil corrosivity due to 
the vital nature of the tiedown anchors. 

o Grouting procedures shall follow guidelines discussed in Section 50, "Prestressing 
Concrete," of the Standard Specifications. 

o Tiedown anchor steel shall be protected prior to completion of all grouting against rust, 
corrosion and physical damage per Section 50 of the Standard Specifications. 

                                                 
1 “Structure Reference Specifications” can be found at (http://www.dot.ca.gov/hq/esc/structurespecs) 
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o Strand type tendons shall be encapsulated in a corrosion inhibiting grease per Structure 
Reference Specification 50-570.  The environment shall always be considered corrosive 
for the purposes of determining the proper test criterion. 

 

TEST METHODS 
 

When predicting potential corrosion problems associated with a particular type of structure prior to 

installation, it is necessary to investigate the soil conditions the structure will encounter. Since corrosion is 

an electrochemical process accompanied by current flow, the electrochemical characteristics of a soil are 

of primary importance. Test methods utilized during this investigation reflect the most practical methods of 

evaluating corrosivity.  

 

Resistivity is a measure of the ability of a soil to conduct an electric current. The higher the resistivity the 
more difficult it is for the soil to conduct current. Resistivity is primarily dependent on the soluble chemical 
and moisture content of the soil. Soils with high dissolved ion contents generally have low resistivity. As 
moisture is added to a soil, its resistivity will decrease as more ions are taken into solution.  The soil 
resistivity decreases until the maximum solubility of the dissolved ions is reached. Increasing the moisture 
content beyond this point increases the soil resistivity by diluting the solution.  Since corrosion rate 
depends on current flow through the soil, corrosivity normally increases as soil resistivity decreases. 
 

Soils can contain a wide variety of soluble salts.  Therefore, soils with similar resistivities can have 

significantly different corrosion characteristics, depending on the ions present.  In most soils, the principal 

agents of corrosion are the chloride and sulfate ions, as well as pH.  Chloride ions break down the protective 

surface films on metals and can corrode reinforcing steel in concrete structures.  Sulfates attack the Portland 

cement in concretes.  This is an expansive reaction that disrupts the concrete matrix and softens the surface. 

 A high bicarbonate ion concentration lowers soil resistivity and facilitates other forms of corrosion; however, 

bicarbonate is not corrosive to metals.  Soil pH is another measure of corrosivity.  Acid (low pH) soils are 

corrosive to buried metallic and concrete structures.  Neutral (pH 7) and alkaline (pH greater than 7) soils are 

passive to metal surfaces; therefore, corrosion rates become negligible. 
 

Field Soil Resistivity 

 

Field (in-situ) soil resistivity was measured at 17 locations along the Highway 84 project alignment.  The 

same testing configuration was used at each location.  At the Arroyo del Valle Bridge crossing, one 

resistivity station was set up at the northeast end of the existing bridge.  Figure 1 is a vicinity and project 

location map. Figures 2 and 3 show the soil resistivity test site and the soil boring locations. 
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Figure 1. Vicinity and Project Site Map, Livermore, CA. 
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Figure 2. In-Situ Soil Resistivity Test Sites (flags) and Soil Bore Locations (NB-series) 

Highway 84 Widening Project Alignment Livermore 
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In-situ soil resistivity measurements were conducted by the Wenner Electrode Method using an AEMC 

Soil Resistance Meter, Model 4500. The Wenner Electrode Method uses four equally spaced metal pins, 

driven into the ground in a straight line, as electrodes (see Figure 3). 

 

P2

C2

P1

C1

Nilsson Soil
Resistance Meter

D

Equally Spaced Steel Pins in Straight Line
 

 

Figure 3. Wenner Electrode Method for Measurement of Soil Resistivity 

 

An alternating current from the Soil Resistance Meter causes a current to flow through the soil between 

the outside electrodes, C1 and C2. The current flowing through the soil creates a voltage gradient, which 

is proportional to the average resistance of the soil mass to a depth equal to the distance between 

electrodes. The voltage drop is measured across electrodes P1 and P2. Resistivity of the soil is then 

computed from the instrument reading according to the following formula: 

 

ρ = 2πAR 

 

where:  ρ = soil resistivity in ohm-cm 

    A = the distance between probes in cm 

    R = soil resistance in ohms (instrument reading) 

  π = 3.1416 
     

Soil resistivity measurements were conducted at rod spacings of 1.5, 3.0, 4.5 and 6.0 meters. Another 

method of calculating the soil resistivity using the data from the Wenner Electrode Method is the Barnes-

Layer Resistivity calculation. The Barnes-Layer calculation is used to determine the resistivity for each soil 

layer. The Wenner Electrode Method with 6.0-meter electrode spacings will consider the entire 6 meters 

Soil Resistance Meter 

Equally Spaced Metal Electrodes in a Straight Line 
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below the surface.  The Barnes-Layer method will calculate the resistivity of layers 0 to 1.5 meters, 1.5 to 

3.0 meters, 3.0 to 4.5 meters, and 4.5 to 6.0 meters below the surface. This method assumes the soil 

layers have a uniform thickness and are parallel to the surface.  This may not always be true.  

 

The Barnes-Layer method uses the following parameters to calculate layer resistivities: 

 

abab KR −− =ρ  

and 

abab RRR

111 −=
−

 

 
where: 

 
 

 

 

 

 

 

Soil resistivities measured at the 17 test stations along the Highway 84 alignment, and Barnes-Layer 

resistivities calculated from this data, are listed in Table 1. 

 

Laboratory Soil Analysis  

 

To supplement the field resistivity test data, soil samples were obtained from 12 soil borings for laboratory 

soil resistivity analysis using a Soil Box in accordance with California Test Method 643.  A water sample 

was also retrieved from Arroyo del Valle and analyzed by this method.  The test apparatus is shown in 

Figure 4. 

 

ρb-a = Soil resistivity of layer depth b-a (ohm-cm) 

a = Soil depth to top of layer (cm) 

b = Soil depth to bottom of layer (cm) 

Ra = Soil resistance read at depth a (ohms) 

Rb = Soil resistance read at depth b (ohms) 

Rb-a = Resistance of soil layer from a to b (ohms) 

K = Layer constant (cm) 

 = 2 π (b-a) 
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Figure 4. Soil Resistivity Measurement Using the Soil Box Method 

 

The apparatus consists of a small plastic box with metal end plates for passing current through a tightly 

packed soil sample. Current is passed through the sample, causing a voltage drop across the sample. 

The soil resistivity is measured with a Soil Resistance Meter, similar to the AEMC Model 4500. 

 

Soil resistivity is first measured in the "as-received" state. Distilled water is then added to the soil sample 

in 10-mL increments, and the resistivity is measured after each addition. As the soil sample becomes 

more saturated, the soil resistivity decreases until the minimum soil resistivity is reached.  

 

Soil borings and a water sample from this study were forwarded to Cooper Testing Labs, Inc., in Palo Alto, 

CA, for minimum resistivity measurement, pH analysis and analysis of water soluble chloride and sulfate 

ion concentrations.  The analytical procedures followed California Test Methods 417, 422 and 643. 

 

TEST RESULTS 

 
Data obtained during this investigation has been summarized in tabular form. Table 1 lists the results of 
the field soil resistivity measurements conducted at the Highway 84 site, along with Barnes-Layer 
resistivities calculated from this data. Table 2 summarizes these measurements. Table 3 lists the 
minimum resistivities and chemical analyses for the soil boring samples and the Arroyo del Valle water 
sample. 
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Table 1.  Field Soil Resistivity Data 

Site 
Survey 
Station 

Depth 
(meters) 

Resistivity 
(ohm-cm) 

Layer 
(meters) 

Layer Resistivity 
(ohm-cm) 

1.5 2,394 0 - 1.5 2,394 

3.0 2,241 1.5 - 3.0 2,106 

4.5 2,183 3.0 - 4.5 2,077 
1 236+00 

6.0 1,992 4.5 - 6.0 1,577 

1.5 8,570 0 - 1.5 8,570 

3.0 6,435 1.5 - 3.0 5,151 

4.5 4,223 3.0 - 4.5 2,502 
2 248+00 

6.0 1,494 4.5 - 6.0 508 

1.5 6,885 0 - 1.5 6,885 

3.0 6,109 1.5 - 3.0 5,491 

4.5 4,654 3.0 - 4.5 3,152 
3 253+00 

6.0 4,137 4.5 - 6.0 3,102 

1.5 3,112 0 - 1.5 3,112 

3.0 3,351 1.5 - 3.0 3,631 

4.5 3,706 3.0 - 4.5 4,699 
4 264+00 

6.0 3,562 4.5 - 6.0 3,191 

1.5 3,198 0 - 1.5 3,198 

3.0 3,696 1.5 - 3.0 4,378 

4.5 4,280 3.0 - 4.5 6,258 
5 274+00 

6.0 4,979 4.5 - 6.0 9,762 

1.5 1,982 0 - 1.5 1,982 

3.0 1,858 1.5 - 3.0 1,748 

4.5 2,356 3.0 - 4.5 5,078 
6 286+00 

6.0 2,796 4.5 - 6.0 6,369 

1.5 4,654 0 - 1.5 4,654 

3.0 4,826 1.5 - 3.0 5,012 

4.5 5,745 3.0 - 4.5 9,281 
7 298+00 

6.0 5,707 4.5 - 6.0 5,595 
1.5 10,112 0 - 1.5 10,112 

3.0 4,615 1.5 - 3.0 2,990 

4.5 4,654 3.0 - 4.5 4,732 
8 321+00 

6.0 1,762 4.5 - 6.0 615 

1.5 16,566 0 - 1.5 16,566 

3.0 8,178 1.5 - 3.0 5,429 

4.5 4,826 3.0 - 4.5 2,652 
9 331+00 

6.0 3,447 4.5 - 6.0 1,856 
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Site 
Survey 
Station 

Depth 
(meters) 

Resistivity 
(ohm-cm) 

Layer 
(meters) 

Layer Resistivity 
(ohm-cm) 

1.5 10,773 0 - 1.5 10,773 

3.0 5,611 1.5 - 3.0 3,794 

4.5 4,826 3.0 - 4.5 3,771 
10 342+00 

6.0 4,673 4.5 - 6.0 4,267 

1.5 5,286 0 - 1.5 5,286 

3.0 3,600 1.5 - 3.0 2,730 

4.5 4,740 3.0 - 4.5 12,915 
11 355+00 

6.0 4,903 4.5 - 6.0 5,466 

1.5 3,055 0 - 1.5 3,055 

3.0 2,662 1.5 - 3.0 2,359 

4.5 2,442 3.0 - 4.5 2,095 
12 365+00 

6.0 2,298 4.5 - 6.0 1,953 

1.5 3,993 0 - 1.5 3,993 

3.0 4,501 1.5 - 3.0 5,156 

4.5 4,539 3.0 - 4.5 4,617 
13 376+00 

6.0 4,558 4.5 - 6.0 4,616 

1.5 4,012 0 - 1.5 4,012 

3.0 3,581 1.5 - 3.0 3,234 

4.5 3,993 3.0 - 4.5 5,185 
14 398+00 

6.0 4,596 4.5 - 6.0 8,406 

1.5 11,481 0 - 1.5 11,481 

3.0 11,223 1.5 - 3.0 10,975 

4.5 15,541 3.0 - 4.5 67,460 
15 416+00 

6.0 16,968 4.5 - 6.0 23,417 

1.5 9,154 0 - 1.5 9,154 

3.0 9,556 1.5 - 3.0 9,996 

4.5 8,302 3.0 - 4.5 6,576 
16 426+00 

6.0 8,197 4.5 - 6.0 7,896 

1.5 3,083 0 - 1.5 3,083 

3.0 2,719 1.5 - 3.0 2,432 

4.5 3,131 3.0 - 4.5 4,491 
17 447+00 

6.0 3,294 4.5 - 6.0 3,903 
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Table 2.  Summary of Field Resistivity Results 

Resistivity at Depth (ohm-cm) 
Depth Minimum Maximum Average 

1.5 meters 1,982 16,566 6,371 
3.0 meters 1,858 11,223 4,986 
4.5 meters 2,183 15,541 4,949 
6.0 meters 1,494 16,968 4,668 

 

Layer Resistivity (ohm-cm) 
Layer Minimum Maximum Average 

0 - 1.5 meters 1,982 16,566 6,371 
1.5 - 3.0 meters 1,748 10,975 4,507 
3.0 - 4.5 meters 2,077 67,460 8,679 
4.5 - 6.0 meters 508 23,417 5,441 

 

 

Table 3.  Soil Resistivity and Chemical Data 

Chemical Data 

Item No. 
Boring 

No. 
Sample 

No. 
Depth 

(meters) 

Minimum 
Soil 

Resistivity 
(ohm-cm) 

pH Sulfate 
(mg/kg) 

Chloride 
(mg/kg) 

1 NB03 2-3 1.5 - 2.0 3,302 7.5 <5 6 

2 NB05 2-3 1.5 - 2.0 7,312 8.4 <5 <2 

3 NB07 3-3 1.5 - 2.0 1,510 7.1 <5 20 

4 NB11 5-3 6.1 - 6.6 7,255 7.4 <5 <2 

5 NB12 2-X 1.5 - 2.0 10,028 8.6 <5 <2 

6 NB13 6-3 7.6 - 8.1 7,992 8.3 <5 <2 

7 NB14 2-3 1.5 - 2.0 10,586 8.5 <5 <2 

8 NB20 2-3 1.1 - 1.5 5,340 8.2 7 <2 

9 NB22A 1-4 1.1 - 1.5 5,386 8.6 <5 9 
10 NB23 2-4 1.5 - 2.0 5,347 8.4 <5 2 

11 NB23 13-3 18.3 - 18.7 6,052 7.9 <5 3 

12 NB24 2-X 1.5 - 2.0 14,478 9.1 <5 <2 

13 NB24 13-4 18.3 - 18.7 1,978 7.8 <5 7 

14 NB25A 2-4 2.6 - 3.0 23,278 8.3 <5 <2 
Arroyo del Valle water N/A N/A 1,686** 8.3 19.9* 63.7* 

 

* The chloride and sulfate results for the water sample are in mg/L units. 

** Water resistivity in ohm-cm. 

 

Based on the Guidelines, the analyzed soil samples and the water sample are considered non-corrosive 

to buried metallic objects and reinforced concrete structures in regard to chloride and sulfate contents, pH 

and minimum soil resistivity. 
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CTL # 632-005 & 006 Date: 6/13/2008 Tested By: PJ Checked: PJ

Client: V&A Project: URS-Caltrans Hwy 84 Widening Proj. No: 08-0216

Remarks:

Chloride pH ORP Moisture

Boring Sample, No. Depth, ft. As Rec. Minimum Saturated mg/kg mg/kg % (Redox) As Received Sample Description 

Dry Wt. Dry Wt. Dry Wt. mv %

ASTM G57 Cal 643 ASTM G57 Cal 422-mod. Cal 417-mod. Cal 417-mod. Cal 643 SM 2580B ASTM D2216

NB03-2-3 - 5 - 6.5 - 3,302 - 6 <5 <0.0005 7.5 - 2.7 Brown Clayey SAND, trace Gravel

NB05-2-3 - 5-6.5 - 7,312 - <2 <5 <0.0005 8.4 - 1.6 Reddish Brown SAND w/ Gravel, trace Clay

NB07-3-3 - 5 - 6.5 - 1,510 - 20 <5 <0.0005 7.1 - 3.0 Brown Sandy CLAY

NB11-5-3 - 20 - 21.5 - 7,255 - <2 <5 <0.0005 7.4 - 1.6 Brown GRAVEL w/ Clay & Sand

NB12-2-X - 5 - 6.5 - 10,028 - <2 <5 <0.0005 8.6 - 0.9 Brown SAND w/ Clay & Gravel

NB13-6-3 - 25-26.5 - 7,992 - <2 <5 <0.0005 8.3 - 1.2 Brown GRAVEL w/ Sand, trace Silt

NB14-2-3 - 5 - 6.5 - 10,586 - <2 <5 <0.0005 8.5 - 0.7 Brown GRAVEL w/ Sand

NB20-2-3 - 3.5 - 5 - 5,340 - <2 7 0.0007 8.2 - 2.0 Brown Clayey SAND

NB22A-1-4 - 3.5 - 5 - 5,386 - 9 <5 <0.0005 8.6 - 1.3 Brown SAND w/ Clay & Gravel

NB23-2-4 - 5 - 6.5 - 5,347 - 2 <5 <0.0005 8.4 - 1.1 Brown SAND w/ Clay & Gravel

NB23-13-3 - 60 - 61.5 - 6,052 - 3 <5 <0.0005 7.9 - 1.9 Reddish Brown Silty SAND w/ Gravel (slightly plastic)

NB24-2-X - 5 - 6.5 - 14,478 - <2 <5 <0.0005 9.1 - 0.6 Grayish Brown SAND w/ Clay & Gravel

NB24-13-4 - 60 - 61.5 - 1,978 - 7 <5 <0.0005 7.8 - 2.1 Reddish Brown Sandy SILT

NB25A-2-4 - 8.5 - 10 - 23,278 - <2 <5 <0.0005 8.3 - 0.5 Brown GRAVEL w/ Silt & Sand

 water - 1,686 - 63.7* 19.9* - 8.3 - - Water sampled at existing Arroyo del Valle bridge

Note: The Chloride and Sulfate results for the water sample are in units of mg/L.

Arroyo del Valle

Sample Location or ID Resistivity @ 15.5 oC (Ohm-cm) Sulfate

Corrosivity Test Summary
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Appendix 2.  Culvert and Underdrain Pipe Service Design Estimates 
 

50-Year Maintenance-Free Service Design Estimates For Drainage Facilities Using 

Caltrans Highway Design Manual Criteria and AltPipe Version 6.08 
 



Caltrans AltPipe
Project EA: 297601
Project Engineer: Stephen Huang, URS
Location: Livermore
Description: Hwy 84 Widening

Steel Pipes
Drainage System 1 1 1 3 3 3 5 7 7
Pipe Diameter (in) 18 24 30 12 (CSP) 18 36 18 18 30

Pipe Type Coating
GAL (Galvanized) 0.064 0.064 0.064 0.064 0.064 0.064 0.064 0.052 0.052
AL2 (Aluminum Type 2) 0.052 0.052 0.052 0.052 0.052 0.052 0.052 0.052 0.052
BC (Bituminous Coating) 0.052 0.052 0.052 0.052 0.052 0.052 0.052 0.052 0.052
BCI (BC+paved invert) 0.052 0.052 0.052 0.052 0.052 0.052 0.052 0.052 0.052
PA (Polymerized Asphalt) 0.052 0.052 0.052 0.052 0.052 0.052 0.052 0.052 0.052
PS (Polymeric Sheet) 0.052 0.052 0.052 0.052 0.052 0.052 0.052 0.052 0.052
GAL (Galvanized) 0.064 0.064 0.064 0.064 0.064 0.064 0.064 0.064
AL2 (Aluminum Type 2) 0.064 0.064 0.064 0.064 0.064 0.064 0.064 0.064
BC (Bituminous Coating) 0.064 0.064 0.064 0.064 0.064 0.064 0.064 0.064
BCI (BC+paved invert) 0.064 0.064 0.064 0.064 0.064 0.064 0.064 0.064
PA (Polymerized Asphalt) 0.064 0.064 0.064 0.064 0.064 0.064 0.064 0.064
PS (Polymeric Sheet) 0.064 0.064 0.064 0.064 0.064 0.064 0.064 0.064
GAL (Galvanized) 0.064 0.064 0.064 0.064
AL2 (Aluminum Type 2) 0.064 0.064 0.064 0.064
BC (Bituminous Coating) 0.064 0.064 0.064 0.064
BCI (BC+paved invert) 0.064 0.064 0.064 0.064
PA (Polymerized Asphalt) 0.064 0.064 0.064 0.064
PS (Polymeric Sheet) 0.064 0.064 0.064 0.064
GAL (Galvanized) 0.064 0.064 0.064 0.064
AL2 (Aluminum Type 2) 0.064 0.064 0.064 0.064
BC (Bituminous Coating) 0.064 0.064 0.064 0.064
BCI (BC+paved invert) 0.064 0.064 0.064 0.064
PA (Polymerized Asphalt) 0.064 0.064 0.064 0.064
PS (Polymeric Sheet) 0.064 0.064 0.064 0.064
GAL (Galvanized) 0.064 0.064 0.064 0.064
AL2 (Aluminum Type 2) 0.064 0.064 0.064 0.064
BC (Bituminous Coating) 0.064 0.064 0.064 0.064
BCI (BC+paved invert) 0.064 0.064 0.064 0.064
PA (Polymerized Asphalt) 0.064 0.064 0.064 0.064
PS (Polymeric Sheet) 0.064 0.064 0.064 0.064
CSS (Composite Steel Spiral) 0.064 0.064 0.064

Aluminum Pipes
Drainage System 1 1 1 3 3 3 5 7 7
Pipe Diameter (in) 18 24 30 12 (CSP) 18 36 18 18 30

Pipe Type
Corrugated Aluminum Pipe - Annular 
Corrugations - 2⅔" X ½" Corrugations

0.060 0.060 0.075 0.060 0.060 0.075 0.060 0.060 0.075

Corrugated Aluminum Pipe - Annular 
Corrugations - 3" X 1" Corrugations

0.060 0.060 0.060

Corrugated Aluminum Pipe - Helical 
Corrugations - 2⅔" X ½" Corrugations

0.060 0.060 0.075 0.060 0.060 0.075 0.060 0.060 0.075

Corrugated Aluminum Pipe - Helical 
Corrugations - 3" X 1" Corrugations

0.060 0.060 0.060

Aluminum Spiral Rib Pipe - ¾" X 1" 
Ribs At 11½" Pitch

0.060 0.060 0.060 0.060

Aluminum Spiral Rib Pipe - ¾" X ¾" 
Ribs At 7½" Pitch

0.060 0.060 0.060 0.060

Plastic Pipes
Drainage System 1 1 1 3 3 3 5 7 7
Pipe Diameter (in) 18 24 30 12 (CSP) 18 36 18 18 30

Allowable Allowable Allowable Allowable Allowable Allowable Allowable Allowable Allowable
Allowable Allowable Allowable Allowable Allowable Allowable Allowable Allowable
Allowable Allowable Allowable Allowable Allowable Allowable Allowable Allowable
Allowable Allowable Allowable Allowable Allowable
Allowable Allowable Allowable Allowable Allowable

Reinforced Concrete Pipes
Drainage System 1 1 1 3 3 3 5 7 7
Pipe Diameter (in) 18 24 30 12 18 36 18 18 30

0.75 1 1 0.75 0.75 1 0.75 0.75 1
5 5 5 5 5 5 5 5 5

10 10 10 10 10 10 10 10 10

Other Information
Drainage System 1 1 1 3 3 3 5 7 7
Soil Bore Sample

7.5 7.5 7.5 7.5 7.5 7.5 7.5 8.4 8.4
3,302 3,302 3,302 3,302 3,302 3,302 3,302 7,312 7,312

5 5 5 5 5 5 5 5 5
6 6 6 6 6 6 6 2 2
1 1 1 1 1 1 1 1 1
5 5 5 5 5 5 5 5 5

50 50 50 50 50 50 50 50 50
10 10 10 10 10 10 10 10 10

Minimum Thickness (in)

Availability

Minimum Thickness (in)

2–5 Year Flow Velocity (ft/sec)
Design Service Life (years)
Height of Cover (ft)

Minimum Soil Resistivity (ohm-cm)
Sulfate Concentration (ppm)
Chloride Concentration (ppm)
Abrasion Level

Steel Cover (in)
Sacks of Cement
Percentage Water

Soil pH

HDPE Corrugated - Type C

Steel Spiral Rib Pipe - ¾" X ¾" Ribs At 
7½" Pitch

PVC Corrugated
PVC Ribbed
HDPE Corrugated - Type S
HDPE Ribbed

Pipe Type

Corrugated Steel Pipe - Helical 
Corrugations - 2⅔" X ½" Corrugations

Corrugated Steel Pipe - Annular 
Corrugations - 2⅔" X ½" Corrugations

Steel Spiral Rib Pipe - ¾" X 1" Ribs At 
11½" Pitch

Steel Spiral Rib Pipe - ¾" X 1" Ribs At 
8½" Pitch

NB03-2-3 NB05-2-3

1



Caltrans AltPipe
Project EA: 297601
Project Engineer: Stephen Huang, URS
Location: Livermore
Description: Hwy 84 Widening

Steel Pipes
Drainage System
Pipe Diameter (in)

Pipe Type Coating
GAL (Galvanized)
AL2 (Aluminum Type 2)
BC (Bituminous Coating)
BCI (BC+paved invert)
PA (Polymerized Asphalt)
PS (Polymeric Sheet)
GAL (Galvanized)
AL2 (Aluminum Type 2)
BC (Bituminous Coating)
BCI (BC+paved invert)
PA (Polymerized Asphalt)
PS (Polymeric Sheet)
GAL (Galvanized)
AL2 (Aluminum Type 2)
BC (Bituminous Coating)
BCI (BC+paved invert)
PA (Polymerized Asphalt)
PS (Polymeric Sheet)
GAL (Galvanized)
AL2 (Aluminum Type 2)
BC (Bituminous Coating)
BCI (BC+paved invert)
PA (Polymerized Asphalt)
PS (Polymeric Sheet)
GAL (Galvanized)
AL2 (Aluminum Type 2)
BC (Bituminous Coating)
BCI (BC+paved invert)
PA (Polymerized Asphalt)
PS (Polymeric Sheet)
CSS (Composite Steel Spiral)

Aluminum Pipes
Drainage System
Pipe Diameter (in)

Pipe Type
Corrugated Aluminum Pipe - Annular 
Corrugations - 2⅔" X ½" Corrugations
Corrugated Aluminum Pipe - Annular 
Corrugations - 3" X 1" Corrugations
Corrugated Aluminum Pipe - Helical 
Corrugations - 2⅔" X ½" Corrugations
Corrugated Aluminum Pipe - Helical 
Corrugations - 3" X 1" Corrugations
Aluminum Spiral Rib Pipe - ¾" X 1" 
Ribs At 11½" Pitch
Aluminum Spiral Rib Pipe - ¾" X ¾" 
Ribs At 7½" Pitch

Plastic Pipes
Drainage System
Pipe Diameter (in)

Reinforced Concrete Pipes
Drainage System
Pipe Diameter (in)

Other Information
Drainage System
Soil Bore Sample

2–5 Year Flow Velocity (ft/sec)
Design Service Life (years)
Height of Cover (ft)

Minimum Soil Resistivity (ohm-cm)
Sulfate Concentration (ppm)
Chloride Concentration (ppm)
Abrasion Level

Steel Cover (in)
Sacks of Cement
Percentage Water

Soil pH

HDPE Corrugated - Type C

Steel Spiral Rib Pipe - ¾" X ¾" Ribs At 
7½" Pitch

PVC Corrugated
PVC Ribbed
HDPE Corrugated - Type S
HDPE Ribbed

Pipe Type

Corrugated Steel Pipe - Helical 
Corrugations - 2⅔" X ½" Corrugations

Corrugated Steel Pipe - Annular 
Corrugations - 2⅔" X ½" Corrugations

Steel Spiral Rib Pipe - ¾" X 1" Ribs At 
11½" Pitch

Steel Spiral Rib Pipe - ¾" X 1" Ribs At 
8½" Pitch

11 13 14 15 16 18 19 20
18 18 18 18 18 18 18 18

0.052 0.052 0.052 0.052 0.052 0.052 0.052 0.052

0.052 0.052 0.052 0.052 0.052 0.052 0.052 0.052
0.052 0.052 0.052 0.052 0.052 0.052 0.052 0.052

0.064 0.064 0.064 0.064 0.064 0.064 0.064 0.064

0.064 0.064 0.064 0.064 0.064 0.064 0.064 0.064
0.064 0.064 0.064 0.064 0.064 0.064 0.064 0.064

11 13 14 15 16 18 19 20
18 18 18 18 18 18 18 18

0.060 0.060 0.060 0.060 0.060 0.060 0.060 0.060

0.060 0.060 0.060 0.060 0.060 0.060 0.060 0.060

11 13 14 15 16 18 19 20
18 18 18 18 18 18 18 18

Allowable Allowable Allowable Allowable Allowable Allowable Allowable Allowable
Allowable Allowable Allowable Allowable Allowable Allowable Allowable Allowable
Allowable Allowable Allowable Allowable Allowable Allowable Allowable Allowable
Allowable Allowable Allowable Allowable Allowable Allowable Allowable Allowable
Allowable Allowable Allowable Allowable Allowable Allowable Allowable Allowable

11 13 14 15 16 18 19 20
18 18 18 18 18 18 18 18

0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75
5 5 5 5 5 5 5 5

10 10 10 10 10 10 10 10

11 13 14 15 16 18 19 20

7.1 7.1 7.1 7.1 7.1 7.1 7.1 7.1
1,510 1,510 1,510 1,510 1,510 1,510 1,510 1,510

5 5 5 5 5 5 5 5
20 20 20 20 20 20 20 20
1 1 1 1 1 1 1 1
5 5 5 5 5 5 5 5

50 50 50 50 50 50 50 50
10 10 10 10 10 10 10 10

Minimum Thickness (in)

Minimum Thickness (in)

Availability

NB07-3-3

2



Caltrans AltPipe
Project EA: 297601
Project Engineer: Stephen Huang, URS
Location: Livermore
Description: Hwy 84 Widening

Steel Pipes
Drainage System
Pipe Diameter (in)

Pipe Type Coating
GAL (Galvanized)
AL2 (Aluminum Type 2)
BC (Bituminous Coating)
BCI (BC+paved invert)
PA (Polymerized Asphalt)
PS (Polymeric Sheet)
GAL (Galvanized)
AL2 (Aluminum Type 2)
BC (Bituminous Coating)
BCI (BC+paved invert)
PA (Polymerized Asphalt)
PS (Polymeric Sheet)
GAL (Galvanized)
AL2 (Aluminum Type 2)
BC (Bituminous Coating)
BCI (BC+paved invert)
PA (Polymerized Asphalt)
PS (Polymeric Sheet)
GAL (Galvanized)
AL2 (Aluminum Type 2)
BC (Bituminous Coating)
BCI (BC+paved invert)
PA (Polymerized Asphalt)
PS (Polymeric Sheet)
GAL (Galvanized)
AL2 (Aluminum Type 2)
BC (Bituminous Coating)
BCI (BC+paved invert)
PA (Polymerized Asphalt)
PS (Polymeric Sheet)
CSS (Composite Steel Spiral)

Aluminum Pipes
Drainage System
Pipe Diameter (in)

Pipe Type
Corrugated Aluminum Pipe - Annular 
Corrugations - 2⅔" X ½" Corrugations
Corrugated Aluminum Pipe - Annular 
Corrugations - 3" X 1" Corrugations
Corrugated Aluminum Pipe - Helical 
Corrugations - 2⅔" X ½" Corrugations
Corrugated Aluminum Pipe - Helical 
Corrugations - 3" X 1" Corrugations
Aluminum Spiral Rib Pipe - ¾" X 1" 
Ribs At 11½" Pitch
Aluminum Spiral Rib Pipe - ¾" X ¾" 
Ribs At 7½" Pitch

Plastic Pipes
Drainage System
Pipe Diameter (in)

Reinforced Concrete Pipes
Drainage System
Pipe Diameter (in)

Other Information
Drainage System
Soil Bore Sample

2–5 Year Flow Velocity (ft/sec)
Design Service Life (years)
Height of Cover (ft)

Minimum Soil Resistivity (ohm-cm)
Sulfate Concentration (ppm)
Chloride Concentration (ppm)
Abrasion Level

Steel Cover (in)
Sacks of Cement
Percentage Water

Soil pH

HDPE Corrugated - Type C

Steel Spiral Rib Pipe - ¾" X ¾" Ribs At 
7½" Pitch

PVC Corrugated
PVC Ribbed
HDPE Corrugated - Type S
HDPE Ribbed

Pipe Type

Corrugated Steel Pipe - Helical 
Corrugations - 2⅔" X ½" Corrugations

Corrugated Steel Pipe - Annular 
Corrugations - 2⅔" X ½" Corrugations

Steel Spiral Rib Pipe - ¾" X 1" Ribs At 
11½" Pitch

Steel Spiral Rib Pipe - ¾" X 1" Ribs At 
8½" Pitch

21 21 23 25 25 25 26 26 26
30 36 18 18 36 42 18 30 42

0.138 0.052 0.052 0.052 0.052 0.052 0.052 0.052
0.052 0.052
0.109 0.109 0.052 0.052 0.052 0.052 0.052 0.052 0.052
0.109 0.109 0.052 0.052 0.052 0.052 0.052 0.052 0.052
0.052 0.052 0.052 0.052 0.052 0.052 0.052 0.052 0.052
0.052 0.052 0.052 0.052 0.052 0.052 0.052 0.052 0.052

0.064 0.064 0.064 0.064 0.064 0.064 0.064
0.064 0.064

0.109 0.064 0.064 0.064 0.064 0.064 0.064 0.064
0.109 0.064 0.064 0.064 0.064 0.064 0.064 0.064

0.064 0.064 0.064 0.064 0.064 0.064 0.064 0.064 0.064
0.064 0.064 0.064 0.064 0.064 0.064 0.064 0.064 0.064

0.064 0.064 0.064 0.064
0.064 0.064
0.109 0.109 0.064 0.064 0.064 0.064
0.109 0.109 0.064 0.064 0.064 0.064
0.064 0.064 0.064 0.064 0.064 0.064
0.064 0.064 0.064 0.064 0.064 0.064

0.064 0.064 0.064 0.064
0.064 0.064
0.109 0.109 0.064 0.064 0.064 0.064
0.109 0.109 0.064 0.064 0.064 0.064
0.064 0.064 0.064 0.064 0.064 0.064
0.064 0.064 0.064 0.064 0.064 0.064

0.064 0.064 0.064 0.064
0.064 0.064
0.109 0.109 0.064 0.064 0.064 0.064
0.109 0.109 0.064 0.064 0.064 0.064
0.064 0.064 0.064 0.064 0.064 0.064
0.064 0.064 0.064 0.064 0.064 0.064
0.064 0.064 0.064 0.064 0.064 0.064

21 21 23 25 25 25 26 26 26
30 36 18 18 36 42 18 30 42

0.075 0.075

0.060 0.060

0.075 0.075

0.060 0.060

0.060 0.060

0.060 0.060

21 21 23 25 25 25 26 26 26
30 36 18 18 36 42 18 30 42

Allowable Allowable Allowable Allowable Allowable Allowable Allowable
Allowable Allowable Allowable Allowable Allowable Allowable Allowable Allowable Allowable
Allowable Allowable Allowable Allowable Allowable Allowable Allowable Allowable Allowable

Allowable Allowable Allowable
Allowable Allowable Allowable

21 21 23 25 25 25 26 26 26
30 36 18 18 36 42 18 30 42
1 1 0.75 0.75 1 1 0.75 1 1
5 5 5 5 5 5 5 5 5

10 10 10 10 10 10 10 10 10

21 21 23 25 25 25 26 26 26

7.1 7.1 8.6 8.6 8.6 8.6 8.6 8.6 8.6
1,510 1,510 10,028 10,028 10,028 10,028 10,028 10,028 10,028

5 5 5 5 5 5 5 5 5
20 20 2 2 2 2 2 2 2
1 1 1 1 1 1 1 1 1
5 5 5 5 5 5 5 5 5

50 50 50 50 50 50 50 50 50
10 10 10 10 10 10 10 10 10

Minimum Thickness (in)

Minimum Thickness (in)

Availability

NB07-3-3 NB12-2-X

3



Caltrans AltPipe
Project EA: 297601
Project Engineer: Stephen Huang, URS
Location: Livermore
Description: Hwy 84 Widening

Steel Pipes
Drainage System
Pipe Diameter (in)

Pipe Type Coating
GAL (Galvanized)
AL2 (Aluminum Type 2)
BC (Bituminous Coating)
BCI (BC+paved invert)
PA (Polymerized Asphalt)
PS (Polymeric Sheet)
GAL (Galvanized)
AL2 (Aluminum Type 2)
BC (Bituminous Coating)
BCI (BC+paved invert)
PA (Polymerized Asphalt)
PS (Polymeric Sheet)
GAL (Galvanized)
AL2 (Aluminum Type 2)
BC (Bituminous Coating)
BCI (BC+paved invert)
PA (Polymerized Asphalt)
PS (Polymeric Sheet)
GAL (Galvanized)
AL2 (Aluminum Type 2)
BC (Bituminous Coating)
BCI (BC+paved invert)
PA (Polymerized Asphalt)
PS (Polymeric Sheet)
GAL (Galvanized)
AL2 (Aluminum Type 2)
BC (Bituminous Coating)
BCI (BC+paved invert)
PA (Polymerized Asphalt)
PS (Polymeric Sheet)
CSS (Composite Steel Spiral)

Aluminum Pipes
Drainage System
Pipe Diameter (in)

Pipe Type
Corrugated Aluminum Pipe - Annular 
Corrugations - 2⅔" X ½" Corrugations
Corrugated Aluminum Pipe - Annular 
Corrugations - 3" X 1" Corrugations
Corrugated Aluminum Pipe - Helical 
Corrugations - 2⅔" X ½" Corrugations
Corrugated Aluminum Pipe - Helical 
Corrugations - 3" X 1" Corrugations
Aluminum Spiral Rib Pipe - ¾" X 1" 
Ribs At 11½" Pitch
Aluminum Spiral Rib Pipe - ¾" X ¾" 
Ribs At 7½" Pitch

Plastic Pipes
Drainage System
Pipe Diameter (in)

Reinforced Concrete Pipes
Drainage System
Pipe Diameter (in)

Other Information
Drainage System
Soil Bore Sample

2–5 Year Flow Velocity (ft/sec)
Design Service Life (years)
Height of Cover (ft)

Minimum Soil Resistivity (ohm-cm)
Sulfate Concentration (ppm)
Chloride Concentration (ppm)
Abrasion Level

Steel Cover (in)
Sacks of Cement
Percentage Water

Soil pH

HDPE Corrugated - Type C

Steel Spiral Rib Pipe - ¾" X ¾" Ribs At 
7½" Pitch

PVC Corrugated
PVC Ribbed
HDPE Corrugated - Type S
HDPE Ribbed

Pipe Type

Corrugated Steel Pipe - Helical 
Corrugations - 2⅔" X ½" Corrugations

Corrugated Steel Pipe - Annular 
Corrugations - 2⅔" X ½" Corrugations

Steel Spiral Rib Pipe - ¾" X 1" Ribs At 
11½" Pitch

Steel Spiral Rib Pipe - ¾" X 1" Ribs At 
8½" Pitch

30 30 30 30 31 31 31 32 36
18 24 30 36 18 24 30 18 18

0.052 0.052 0.052 0.052 0.052 0.052 0.052 0.052 0.052
0.052

0.052 0.052 0.052 0.052 0.052 0.052 0.052 0.052 0.052
0.052 0.052 0.052 0.052 0.052 0.052 0.052 0.052 0.052
0.052 0.052 0.052 0.052 0.052 0.052 0.052 0.052 0.052
0.052 0.052 0.052 0.052 0.052 0.052 0.052 0.052 0.052
0.064 0.064 0.064 0.064 0.064 0.064 0.064 0.064 0.064

0.064
0.064 0.064 0.064 0.064 0.064 0.064 0.064 0.064 0.064
0.064 0.064 0.064 0.064 0.064 0.064 0.064 0.064 0.064
0.064 0.064 0.064 0.064 0.064 0.064 0.064 0.064 0.064
0.064 0.064 0.064 0.064 0.064 0.064 0.064 0.064 0.064

0.064 0.064 0.064 0.064 0.064

0.064 0.064 0.064 0.064 0.064
0.064 0.064 0.064 0.064 0.064
0.064 0.064 0.064 0.064 0.064
0.064 0.064 0.064 0.064 0.064
0.064 0.064 0.064 0.064 0.064

0.064 0.064 0.064 0.064 0.064
0.064 0.064 0.064 0.064 0.064
0.064 0.064 0.064 0.064 0.064
0.064 0.064 0.064 0.064 0.064
0.064 0.064 0.064 0.064 0.064

0.064 0.064 0.064 0.064 0.064
0.064 0.064 0.064 0.064 0.064
0.064 0.064 0.064 0.064 0.064
0.064 0.064 0.064 0.064 0.064

0.064 0.064 0.064

30 30 30 30 31 31 31 32 36
18 24 30 36 18 24 30 18 18

0.060

0.060

30 30 30 30 31 31 31 32 36
18 24 30 36 18 24 30 18 18

Allowable Allowable Allowable Allowable Allowable Allowable Allowable Allowable Allowable
Allowable Allowable Allowable Allowable Allowable Allowable Allowable Allowable Allowable
Allowable Allowable Allowable Allowable Allowable Allowable Allowable Allowable Allowable
Allowable Allowable Allowable Allowable Allowable Allowable
Allowable Allowable Allowable Allowable Allowable Allowable

30 30 30 30 31 31 31 32 36
18 24 30 36 18 24 30 18 18

0.75 1 1 1 0.75 1 1 0.75 0.75
5 5 5 5 5 5 5 5 5

10 10 10 10 10 10 10 10 10

30 30 30 30 31 31 31 32 36
NB20-2-3

8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.2
10,028 10,028 10,028 10,028 10,028 10,028 10,028 10,028 5,340

5 5 5 5 5 5 5 5 7
2 2 2 2 2 2 2 2 2
1 1 1 1 1 1 1 1 1
5 5 5 5 5 5 5 5 5

50 50 50 50 50 50 50 50 50
10 10 10 10 10 10 10 10 10

Minimum Thickness (in)

Availability

Minimum Thickness (in)

NB12-2-X

4



Caltrans AltPipe
Project EA: 297601
Project Engineer: Stephen Huang, URS
Location: Livermore
Description: Hwy 84 Widening

Steel Pipes
Drainage System
Pipe Diameter (in)

Pipe Type Coating
GAL (Galvanized)
AL2 (Aluminum Type 2)
BC (Bituminous Coating)
BCI (BC+paved invert)
PA (Polymerized Asphalt)
PS (Polymeric Sheet)
GAL (Galvanized)
AL2 (Aluminum Type 2)
BC (Bituminous Coating)
BCI (BC+paved invert)
PA (Polymerized Asphalt)
PS (Polymeric Sheet)
GAL (Galvanized)
AL2 (Aluminum Type 2)
BC (Bituminous Coating)
BCI (BC+paved invert)
PA (Polymerized Asphalt)
PS (Polymeric Sheet)
GAL (Galvanized)
AL2 (Aluminum Type 2)
BC (Bituminous Coating)
BCI (BC+paved invert)
PA (Polymerized Asphalt)
PS (Polymeric Sheet)
GAL (Galvanized)
AL2 (Aluminum Type 2)
BC (Bituminous Coating)
BCI (BC+paved invert)
PA (Polymerized Asphalt)
PS (Polymeric Sheet)
CSS (Composite Steel Spiral)

Aluminum Pipes
Drainage System
Pipe Diameter (in)

Pipe Type
Corrugated Aluminum Pipe - Annular 
Corrugations - 2⅔" X ½" Corrugations
Corrugated Aluminum Pipe - Annular 
Corrugations - 3" X 1" Corrugations
Corrugated Aluminum Pipe - Helical 
Corrugations - 2⅔" X ½" Corrugations
Corrugated Aluminum Pipe - Helical 
Corrugations - 3" X 1" Corrugations
Aluminum Spiral Rib Pipe - ¾" X 1" 
Ribs At 11½" Pitch
Aluminum Spiral Rib Pipe - ¾" X ¾" 
Ribs At 7½" Pitch

Plastic Pipes
Drainage System
Pipe Diameter (in)

Reinforced Concrete Pipes
Drainage System
Pipe Diameter (in)

Other Information
Drainage System
Soil Bore Sample

2–5 Year Flow Velocity (ft/sec)
Design Service Life (years)
Height of Cover (ft)

Minimum Soil Resistivity (ohm-cm)
Sulfate Concentration (ppm)
Chloride Concentration (ppm)
Abrasion Level

Steel Cover (in)
Sacks of Cement
Percentage Water

Soil pH

HDPE Corrugated - Type C

Steel Spiral Rib Pipe - ¾" X ¾" Ribs At 
7½" Pitch

PVC Corrugated
PVC Ribbed
HDPE Corrugated - Type S
HDPE Ribbed

Pipe Type

Corrugated Steel Pipe - Helical 
Corrugations - 2⅔" X ½" Corrugations

Corrugated Steel Pipe - Annular 
Corrugations - 2⅔" X ½" Corrugations

Steel Spiral Rib Pipe - ¾" X 1" Ribs At 
11½" Pitch

Steel Spiral Rib Pipe - ¾" X 1" Ribs At 
8½" Pitch

38 38 41 42 43 44 44 44 47
12 (CSP) 18 12 (CSP) 18 18 18 24 36 24

0.052 0.052 0.052 0.052 0.052 0.052 0.052 0.052 0.052
0.052 0.052 0.052 0.052 0.052 0.052 0.052 0.052 0.052
0.052 0.052 0.052 0.052 0.052 0.052 0.052 0.052 0.052
0.052 0.052 0.052 0.052 0.052 0.052 0.052 0.052 0.052
0.052 0.052 0.052 0.052 0.052 0.052 0.052 0.052 0.052
0.052 0.052 0.052 0.052 0.052 0.052 0.052 0.052 0.052

0.064 0.064 0.064 0.064 0.064 0.064 0.064
0.064 0.064 0.064 0.064 0.064 0.064 0.064
0.064 0.064 0.064 0.064 0.064 0.064 0.064
0.064 0.064 0.064 0.064 0.064 0.064 0.064
0.064 0.064 0.064 0.064 0.064 0.064 0.064
0.064 0.064 0.064 0.064 0.064 0.064 0.064

0.064 0.064 0.064
0.064 0.064 0.064
0.064 0.064 0.064
0.064 0.064 0.064
0.064 0.064 0.064
0.064 0.064 0.064
0.064 0.064 0.064
0.064 0.064 0.064
0.064 0.064 0.064
0.064 0.064 0.064
0.064 0.064 0.064
0.064 0.064 0.064
0.064 0.064 0.064
0.064 0.064 0.064
0.064 0.064 0.064
0.064 0.064 0.064
0.064 0.064 0.064
0.064 0.064 0.064

0.064

38 38 41 42 43 44 44 44 47
12 (CSP) 18 12 (CSP) 18 18 18 24 36 24

0.060 0.060 0.060 0.060 0.060 0.060 0.060 0.075 0.060

0.060

0.060 0.060 0.060 0.060 0.060 0.060 0.060 0.075 0.060

0.060

0.060 0.060 0.060

0.060 0.060 0.060

38 38 41 42 43 44 44 44 47
12 (CSP) 18 12 (CSP) 18 18 18 24 36 24

Allowable Allowable Allowable Allowable Allowable Allowable Allowable Allowable Allowable
Allowable Allowable Allowable Allowable Allowable Allowable Allowable
Allowable Allowable Allowable Allowable Allowable Allowable Allowable
Allowable Allowable Allowable Allowable Allowable Allowable
Allowable Allowable Allowable Allowable Allowable Allowable

38 38 41 42 43 44 44 44 47
12 (CSP) 18 12 (CSP) 18 18 18 24 36 24

0.75 0.75 0.75 0.75 0.75 0.75 1 1 1
5 5 5 5 5 5 5 5 5

10 10 10 10 10 10 10 10 10

38 38 41 42 43 44 44 44 47

8.2 8.2 8.2 8.2 8.2 8.2 8.2 8.2 8.2
5,340 5,340 5,340 5,340 5,340 5,340 5,340 5,340 5,340

7 7 7 7 7 7 7 7 7
2 2 2 2 2 2 2 2 2
1 1 1 1 1 1 1 1 1
5 5 5 5 5 5 5 5 5

50 50 50 50 50 50 50 50 50
10 10 10 10 10 10 10 10 10

NB20-2-3

Minimum Thickness (in)

Availability

Minimum Thickness (in)
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Caltrans AltPipe
Project EA: 297601
Project Engineer: Stephen Huang, URS
Location: Livermore
Description: Hwy 84 Widening

Steel Pipes
Drainage System
Pipe Diameter (in)

Pipe Type Coating
GAL (Galvanized)
AL2 (Aluminum Type 2)
BC (Bituminous Coating)
BCI (BC+paved invert)
PA (Polymerized Asphalt)
PS (Polymeric Sheet)
GAL (Galvanized)
AL2 (Aluminum Type 2)
BC (Bituminous Coating)
BCI (BC+paved invert)
PA (Polymerized Asphalt)
PS (Polymeric Sheet)
GAL (Galvanized)
AL2 (Aluminum Type 2)
BC (Bituminous Coating)
BCI (BC+paved invert)
PA (Polymerized Asphalt)
PS (Polymeric Sheet)
GAL (Galvanized)
AL2 (Aluminum Type 2)
BC (Bituminous Coating)
BCI (BC+paved invert)
PA (Polymerized Asphalt)
PS (Polymeric Sheet)
GAL (Galvanized)
AL2 (Aluminum Type 2)
BC (Bituminous Coating)
BCI (BC+paved invert)
PA (Polymerized Asphalt)
PS (Polymeric Sheet)
CSS (Composite Steel Spiral)

Aluminum Pipes
Drainage System
Pipe Diameter (in)

Pipe Type
Corrugated Aluminum Pipe - Annular 
Corrugations - 2⅔" X ½" Corrugations
Corrugated Aluminum Pipe - Annular 
Corrugations - 3" X 1" Corrugations
Corrugated Aluminum Pipe - Helical 
Corrugations - 2⅔" X ½" Corrugations
Corrugated Aluminum Pipe - Helical 
Corrugations - 3" X 1" Corrugations
Aluminum Spiral Rib Pipe - ¾" X 1" 
Ribs At 11½" Pitch
Aluminum Spiral Rib Pipe - ¾" X ¾" 
Ribs At 7½" Pitch

Plastic Pipes
Drainage System
Pipe Diameter (in)

Reinforced Concrete Pipes
Drainage System
Pipe Diameter (in)

Other Information
Drainage System
Soil Bore Sample

2–5 Year Flow Velocity (ft/sec)
Design Service Life (years)
Height of Cover (ft)

Minimum Soil Resistivity (ohm-cm)
Sulfate Concentration (ppm)
Chloride Concentration (ppm)
Abrasion Level

Steel Cover (in)
Sacks of Cement
Percentage Water

Soil pH

HDPE Corrugated - Type C

Steel Spiral Rib Pipe - ¾" X ¾" Ribs At 
7½" Pitch

PVC Corrugated
PVC Ribbed
HDPE Corrugated - Type S
HDPE Ribbed

Pipe Type

Corrugated Steel Pipe - Helical 
Corrugations - 2⅔" X ½" Corrugations

Corrugated Steel Pipe - Annular 
Corrugations - 2⅔" X ½" Corrugations

Steel Spiral Rib Pipe - ¾" X 1" Ribs At 
11½" Pitch

Steel Spiral Rib Pipe - ¾" X 1" Ribs At 
8½" Pitch

48 49 49 50 50 53 53 54
24 12 (WSP) 18 12 (WSP) 18 18 24 18

0.052 0.052 0.052 0.052 0.052 0.052 0.052 0.052
0.052 0.052
0.052 0.052 0.052 0.052 0.052 0.052 0.052 0.052
0.052 0.052 0.052 0.052 0.052 0.052 0.052 0.052
0.052 0.052 0.052 0.052 0.052 0.052 0.052 0.052
0.052 0.052 0.052 0.052 0.052 0.052 0.052 0.052
0.064 0.064 0.064 0.064 0.064 0.064
0.064 0.064
0.064 0.064 0.064 0.064 0.064 0.064
0.064 0.064 0.064 0.064 0.064 0.064
0.064 0.064 0.064 0.064 0.064 0.064
0.064 0.064 0.064 0.064 0.064 0.064
0.064 0.064
0.064
0.064 0.064
0.064 0.064
0.064 0.064
0.064 0.064
0.064 0.064
0.064
0.064 0.064
0.064 0.064
0.064 0.064
0.064 0.064
0.064 0.064
0.064
0.064 0.064
0.064 0.064
0.064 0.064
0.064 0.064

48 49 49 50 50 53 53 54
24 12 (WSP) 18 12 (WSP) 18 18 24 18

0.060 0.060

0.060 0.060

0.060

0.060

48 49 49 50 50 53 53 54
24 12 (WSP) 18 12 (WSP) 18 18 24 18

Allowable Allowable Allowable Allowable Allowable Allowable Allowable Allowable
Allowable Allowable Allowable Allowable Allowable Allowable
Allowable Allowable Allowable Allowable Allowable Allowable
Allowable Allowable Allowable Allowable Allowable Allowable
Allowable Allowable Allowable Allowable Allowable Allowable

48 49 49 50 50 53 53 54
24 12 (WSP) 18 12 (WSP) 18 18 24 18
1 0.75 0.75 0.75 0.75 0.75 1 0.75
5 5 5 5 5 5 5 5

10 10 10 10 10 10 10 10

48 49 49 50 50 53 53 54
NB20-2-3 NB23-2-4

8.2 8.6 8.6 8.6 8.6 8.6 8.6 8.4
5,340 5,386 5,386 5,386 5,386 5,386 5,386 5,347

7 5 5 5 5 5 5 5
2 9 9 9 9 9 9 2
1 1 1 1 1 1 1 1
5 5 5 5 5 5 5 5

50 50 50 50 50 50 50 50
10 10 10 10 10 10 10 10

Minimum Thickness (in)

Minimum Thickness (in)

Availability

NB22A-1-4
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Caltrans AltPipe
Project EA: 297601
Project Engineer: Stephen Huang, URS
Location: Livermore
Description: Hwy 84 Widening

Steel Pipes
Drainage System
Pipe Diameter (in)

Pipe Type Coating
GAL (Galvanized)
AL2 (Aluminum Type 2)
BC (Bituminous Coating)
BCI (BC+paved invert)
PA (Polymerized Asphalt)
PS (Polymeric Sheet)
GAL (Galvanized)
AL2 (Aluminum Type 2)
BC (Bituminous Coating)
BCI (BC+paved invert)
PA (Polymerized Asphalt)
PS (Polymeric Sheet)
GAL (Galvanized)
AL2 (Aluminum Type 2)
BC (Bituminous Coating)
BCI (BC+paved invert)
PA (Polymerized Asphalt)
PS (Polymeric Sheet)
GAL (Galvanized)
AL2 (Aluminum Type 2)
BC (Bituminous Coating)
BCI (BC+paved invert)
PA (Polymerized Asphalt)
PS (Polymeric Sheet)
GAL (Galvanized)
AL2 (Aluminum Type 2)
BC (Bituminous Coating)
BCI (BC+paved invert)
PA (Polymerized Asphalt)
PS (Polymeric Sheet)
CSS (Composite Steel Spiral)

Aluminum Pipes
Drainage System
Pipe Diameter (in)

Pipe Type
Corrugated Aluminum Pipe - Annular 
Corrugations - 2⅔" X ½" Corrugations
Corrugated Aluminum Pipe - Annular 
Corrugations - 3" X 1" Corrugations
Corrugated Aluminum Pipe - Helical 
Corrugations - 2⅔" X ½" Corrugations
Corrugated Aluminum Pipe - Helical 
Corrugations - 3" X 1" Corrugations
Aluminum Spiral Rib Pipe - ¾" X 1" 
Ribs At 11½" Pitch
Aluminum Spiral Rib Pipe - ¾" X ¾" 
Ribs At 7½" Pitch

Plastic Pipes
Drainage System
Pipe Diameter (in)

Reinforced Concrete Pipes
Drainage System
Pipe Diameter (in)

Other Information
Drainage System
Soil Bore Sample

2–5 Year Flow Velocity (ft/sec)
Design Service Life (years)
Height of Cover (ft)

Minimum Soil Resistivity (ohm-cm)
Sulfate Concentration (ppm)
Chloride Concentration (ppm)
Abrasion Level

Steel Cover (in)
Sacks of Cement
Percentage Water

Soil pH

HDPE Corrugated - Type C

Steel Spiral Rib Pipe - ¾" X ¾" Ribs At 
7½" Pitch

PVC Corrugated
PVC Ribbed
HDPE Corrugated - Type S
HDPE Ribbed

Pipe Type

Corrugated Steel Pipe - Helical 
Corrugations - 2⅔" X ½" Corrugations

Corrugated Steel Pipe - Annular 
Corrugations - 2⅔" X ½" Corrugations

Steel Spiral Rib Pipe - ¾" X 1" Ribs At 
11½" Pitch

Steel Spiral Rib Pipe - ¾" X 1" Ribs At 
8½" Pitch

55 56 57 57 59 59 59 59
18 18 18 24 12 18 30 36

0.052 0.052 0.052 0.052 0.052 0.052 0.052 0.052
0.052 0.052 0.052 0.052 0.052
0.052 0.052 0.052 0.052 0.052 0.052 0.052 0.052
0.052 0.052 0.052 0.052 0.052 0.052 0.052 0.052
0.052 0.052 0.052 0.052 0.052 0.052 0.052 0.052
0.052 0.052 0.052 0.052 0.052 0.052 0.052 0.052
0.064 0.064 0.064 0.064 0.064 0.064 0.064
0.064 0.064 0.064 0.064
0.064 0.064 0.064 0.064 0.064 0.064 0.064
0.064 0.064 0.064 0.064 0.064 0.064 0.064
0.064 0.064 0.064 0.064 0.064 0.064 0.064
0.064 0.064 0.064 0.064 0.064 0.064 0.064

0.064 0.064 0.064
0.064 0.064

0.064 0.064 0.064
0.064 0.064 0.064
0.064 0.064 0.064
0.064 0.064 0.064
0.064 0.064 0.064

0.064 0.064
0.064 0.064 0.064
0.064 0.064 0.064
0.064 0.064 0.064
0.064 0.064 0.064
0.064 0.064 0.064

0.064 0.064
0.064 0.064 0.064
0.064 0.064 0.064
0.064 0.064 0.064
0.064 0.064 0.064

0.064 0.064

55 56 57 57 59 59 59 59
18 18 18 24 12 18 30 36

0.060 0.060 0.060 0.075 0.075

0.060 0.060

0.060 0.060 0.060 0.075 0.075

0.060 0.060

0.060 0.060

0.060 0.060

55 56 57 57 59 59 59 59
18 18 18 24 12 18 30 36

Allowable Allowable Allowable Allowable Allowable Allowable Allowable Allowable
Allowable Allowable Allowable Allowable Allowable Allowable Allowable
Allowable Allowable Allowable Allowable Allowable Allowable Allowable
Allowable Allowable Allowable Allowable Allowable
Allowable Allowable Allowable Allowable Allowable

55 56 57 57 59 59 59 59
18 18 18 24 12 18 30 36

0.75 0.75 0.75 1 0.75 0.75 1 1
5 5 5 5 5 5 5 5

10 10 10 10 10 10 10 10

55 56 57 57 59 59 59 59
NB23-2-4

8.4 9.1 9.1 9.1 8.4 8.4 8.4 8.4
5,347 14,478 14,478 14,478 5,347 5,347 5,347 5,347

5 5 5 5 5 5 5 5
2 2 2 2 2 2 2 2
1 1 1 1 1 1 1 1
5 5 5 5 5 5 5 5

50 50 50 50 50 50 50 50
10 10 10 10 10 10 10 10

Minimum Thickness (in)

Minimum Thickness (in)

Availability

NB23-2-4NB24-2-X
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1. Section 1 ONE Introduction 

1.1 GENERAL 

The project proposes to widen and upgrade State Route (SR) 84 to expressway standards (55 

mph) from Ruby Hill Drive in Pleasanton to Jack London Boulevard in Livermore for the 

purpose of 1) reducing congestion along SR 84 and improving local traffic circulation, 2) 

reducing impacts of regional traffic diverting to local streets, and 3) improving safety and 

operations on SR 84.  In addition, the project also proposes to improve pedestrian and bicycle 

access along this section of SR 84 by connecting multi-use trails. 

SR 84 will be widened from two to four lanes between Ruby Hill Drive and Stanley Boulevard, 

and to six lanes between Stanley Boulevard and Jack London Boulevard.  The widening would 

generally conform to the existing roadway alignment, with some alternative potential changes in 

roadway curvature at the southern limit in the section between Ruby Hill Drive and Vallecitos 

Road.  As an expressway, access on to SR 84 would be limited to intersections to improve traffic 

flow and safety.  Signalized intersections at Ruby Hill Drive, Vallecitos Road, Vineyard Avenue, 

Concannon Boulevard, Discovery Drive (proposed) and Jack London Boulevard would be 

widened and upgraded to accommodate future traffic movements.  At the intersection of SR 

84/Stanley Boulevard the northbound ramp will be widened.  A multi-use trail located on the east 

side of SR 84 between Jack London Boulevard and Concannon Boulevard would remain. 

Improvements to SR 84 would include widening two existing bridge structures, two new bridge 

structures, and constructing retaining walls.  The bridge structures include:  

• Arroyo Del Valle Bridge, 33-0710 

• Arroyo Del Valle Trail Bridge (new structure) 

• Arroyo Mocho Bridge, 33-0713 

• Arroyo Mocho Access Bridge (new structure) 

 

Retaining Walls are planned at the following locations: 

Table 1-1:  Summary of Planned Retaining Walls 

Wall No. 
Approximate Beginning 

Station 
Length (ft)* 

RW236 ‘A1’ Line Sta. 235+60 440 

RW245 ‘A1” Line Sta. 245+00 1,505 

RW246 ‘A1’ Line Sta. 246+00 1,154 

RW314 ‘A1’ Line Sta. 314+40 429  

RW317 ‘A1’ Line Sta. 316+66 192 

RW320 ‘A1’ Line Sta. 320+36 161 

RW391 ‘A1’ Line Sta. 391+05 920 

RW400N ‘A3’ Line Sta. 400+00 1,180 

RW400S ‘A3’ Line Sta. 400+10 247 
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Wall No. 
Approximate Beginning 

Station 
Length (ft)* 

RW403 ‘A3’ Line Sta. 402+98 882 

RW437 ‘A2’ Line Sta. 435+85 1,120 

RW109 ‘V’ Line Sta. 109+05 396 

RW110 ‘V’ Line Sta. 110+30 546 

                             * Length measured along retaining wall layout line 

 

The subject of this Foundation Report (FR) is construction of new access bridge to the west of 

existing Arroyo Mocho Bridge (Bridge No. 33-0713) located at PM 26.6 in Livermore, 

California.  Figure 1-1 shows the location of this structure. 

1.2 SCOPE OF INVESTIGATION 

The geotechnical services performed for the Arroyo Mocho Zone 7 Access Bridge were as 

follows: 

• Reviewed existing subsurface information and as-built plans 

• Geotechnical field investigation including two exploratory borings, R-08-023 and R-07-024 

• Laboratory testing to estimate pertinent engineering properties 

• Design recommendations and opinions were developed for the following topics: 

− Drilled pier and spread footing design recommendations 

− Resistance to lateral loads 

− Approach fill settlement, if any 

− Abutment grading and approach fill construction 

− Earthquake information consistent with Caltrans Response Spectra Design Techniques 

− Assessment of the potential for earthquake induced liquefaction, settlement, and lateral 

spreading 

− Corrosion testing and analysis 

− Address construction issues, including: 

▪Earthwork for abutments and new bridge approaches 

▪Construction dewatering 

 

Review related to environmental and hazardous waste issues was performed by Baseline 

Environmental and the results are presented in a separate report.  

1.3 CALTRANS REVIEW COMMENTS 

We reviewed comments prepared by Caltrans (dated June 2, 2008) for the Arroyo Mocho Zone 7 

Access Bridge for the Foundation Report (35% submittal) dated April 11, 2008, and Foundation 

Report (65% submittal), dated March 23, 2009.  Our response to these comments are 

incorporated into this report.  We also reviewed comments prepared by Caltrans (dated April 27, 

2010) for the 95% PS&E submittal dated March 16, 2010.  The Log of Test Boring sheet 

(Figures 3-4c) is revised to show the new boring identification numbers consistent with Caltrans 
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Logging, Classification, and Presentation Manual, dated June 2007.  The following table shows 

the new boring identification numbers that correspond to the boring numbers referenced in this 

report.   

Boring Number 

(Old) 

Boring Number 

(New)* 

NB23 R-08-023 

NB24 R-07-024 

                                                            * As described in Caltrans Logging, Classification, and Presentation Manual, dated June 2007 

Copies of the review comments and our responses are presented in Appendix A.    
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2. Section 2 TW O Available Information 

2.1 PROJECT DESCRIPTION 

SR 84 is to be widened to the east between Vineyard Avenue and Concannon Boulevard, and to 

the west for the remainder of the alignment, which will require widening of two existing bridges 

at Arroyo Del Valle and Arroyo Mocho.  The location of Arroyo Mocho Access Bridge is shown 

on Figure 1-1.  The existing three-span bridge at Arroyo Mocho is to be widened approximately 

71 feet to the west, and a new, separate Zone 7 access bridge across Arroyo Mocho is to be 

constructed just west of the roadway widening.  The Zone 7 access bridge, the subject of this 

foundation report, is to be a cast-in-place reinforced concrete box girder bridge, supported on 

two abutments.  We understand that 16-inch Cast-In-Drilled-Hole (CIDH) piles are currently 

planned to support Abutment 1 and spread footing is the planned foundation type for Abutment 

2.  As shown on Figure 2-2 and on the utility plans (sheet U-18), an existing 24 inch gas pipe line 

crosses the southern abutment layout with the top of pipe at Elevation 408.67 feet.  The bottom 

of Abutment 1 pile cap and Abutment 2 spread footing are planned at Elevation 409.42 feet.  The 

access bridge is to have a deck at about Elevation 422.5 feet and soffit at about Elevation 417 

feet.  The bridge will have an overall length of 120 feet with a clear width of 15 feet between 

concrete barriers.  Based on the project hydraulic report (Wreco, 2009), the 100-year water 

surface is estimated at about Elevation 414.7 feet.  The piles at Abutment 1 will have a design 

service load of 130 kips (LRFD Service-I Limit State) and nominal resistance in compression of 

260 kips.  Total load at the Abutment 2 is approximately 565 kips and is supported on a 5.5 feet 

wide and 20 feet long spread footing.   

We understand that rock slope protection having side slope inclinations of 2:1 

(horizontal:vertical) is currently planned beneath the proposed access bridge to mitigate scour.  

The portion of the channel located beneath the existing Arroyo Mocho bridge is concrete lined, 

with side slopes between the abutments and center piers inclined at about 2.5:1 

(horizontal:vertical).  

The plan and elevation sections for the proposed access bridge are shown on the General Plan, 

Figure 2-1.  The Foundation Plan for the proposed bridge is included as Figure 2-2. 
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3. Section 3 THREE  Site Geolog y and Subsurface Conditions 

3.1 GEOLOGIC SETTING 

3.1.1 Regional Geology 

The SR 84 alignment lies within the Livermore Valley within the central portion of the Coast 

Ranges geomorphic province of California.  Northwest-southeast-trending valleys and ridges 

characterize the regional morphology of the Coast Ranges province.  These topographic features 

are controlled by folds and faults that resulted from the collision of the Farallon and North 

American plates and subsequent predominantly strike-slip faulting along the San Andreas fault 

system between the Pacific and North American plates.  Regional geologic mapping shows the 

project alignment to be underlain by Holocene alluvium and channel sand and gravel deposits 

along the active channel of Arroyo Del Valle (Dibblee, 1980; Gramer et al., 1996).  More recent 

mapping by Witter and others (2006) subdivide the alluvium into latest Holocene alluvial fan 

deposits extending from about Jack London Boulevard south to Stanley Boulevard, Holocene 

alluvial fan deposits extending from about Stanley Boulevard to just north of Concannon 

Boulevard, and historic stream channel deposits within the active channels of Arroyo Mocho and 

Arroyo Del Valle.  The geologic map (Figure 3-1) shows the aerial extent of these various 

geologic units.  Witter (2006) also maps a small area of stream terrace deposits and Pleistocene 

alluvial fan deposits, mostly east of SR 84 and north of Arroyo Del Valle in the vicinity of 

Concannon Boulevard South of Arroyo Del Valle the road alignment crosses through Holocene 

alluvium deposits and alluvial fan deposits as it enters the mouth of a canyon at the south end of 

the alignment.  The surrounding low hills south of the intersection of Vallecitos Road are 

mapped as older alluvium deposits and the Pleistocene Livermore Gravels Formation.  The 

project alignment does not cross into these older formations. 

In this portion of southeastern Alameda County, the underlying “bedrock” is the non-marine 

sedimentary Livermore Gravels Formation (Graymer, et al.1996; Dibblee, 1980).  The 

Livermore Gravels Formation is up to about 4,000 feet thick and lies as much as 400 feet below 

the alluvium in the central Livermore Valley (Hall, 1958).  It contains poorly to moderately 

consolidated cobble conglomerate, conglomeratic sandstone, and coarse-grained sandstone with 

some siltstone and claystone (Graymer et al., 1996).  The Livermore Gravels may have been 

encountered at depth in some of the deeper borings completed near the southern portion of the 

project alignment, however it is difficult to distinguish between the gravelly alluvium soils and 

the older Livermore Gravels in the borings.  

3.1.2 Regional Tectonic Setting and Seismicity 

The project alignment lies between known active and potentially active geologic faults.  In 

general, earthquakes occur as a result of movement along active faults.  For the purpose of 

activity classification, faults are generally grouped into the following categories by the California 

Division of Mines and Geology (renamed the California Geological Survey, CGS) (Jennings, 

1994):  

• Holocene: displacement has occurred within the last 10,000 to 11,000 years.  

• Late Quaternary: displacement has occurred within the last 700,000 years, but evidence of 

Holocene activity is lacking.  
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• Quaternary: evidence of displacement within the last 1.6 million years, but evidence of 

Holocene activity is lacking.  

• Pre-quaternary: no recognized evidence of displacement in the last 1.6 million years.  

 

Generally, faults with Holocene movement are considered to be “active” while faults with late 

Quaternary to Quaternary movement are considered to be “potentially active”.  

The closest active faults to the project alignment are the Greenville, Calaveras, and Verona 

Williams faults (Mualchin, 1996).  The California Geological Survey (2000) has produced maps 

showing Alquist-Priolo Earthquake Fault Zones along faults with known Holocene activity that 

pose a potential surface faulting hazard.  All three of these faults are included as Alquist-Priolo 

(A-P) zoned faults.  The Greenville fault is located about 5.2 miles (8.3 km) east of the project 

alignment.  The Calaveras fault is located about 4.5 miles (7.3 km) west of the alignment and the 

Verona Williams fault is located about 1.7 miles (2.8 km) southwest of the southern end of the 

project alignment.  More distant active faults include the Hayward fault located 10.5 miles (16.9 

km) southwest of the southern end of the project alignment, and the San Andreas fault located 29 

miles (46.7 km) southwest of the southern end of the project alignment.  Figure 3-2 shows active 

faults within the site region relative to the project.  The project alignment does not cross any 

mapped A-P zoned faults. 

Other nearby mapped faults include the southwest extension of the Las Positas fault, located 

about 1 mile (1.6 km) southeast of the southern end of the project alignment, and the Livermore 

fault, located about 1,000 feet northeast of the intersection of SR 84 and Jack London Boulevard 

(Dibblee, 1980).  The geologic map (Figure 3-1) shows the location of the Livermore fault as 

mapped by Dibblee (1980) and on the Seismic Safety Element of the Alameda County General 

Plan (1982).  The California Geological Survey (2000) includes a portion of the Las Positas fault 

as an A-P zoned fault south of the Lawrence Livermore complex, but does not extend the A-P 

zone as far west as Dibblee (1980) and Wagner et al. (1990) map the fault.  Both Dibblee and 

Wagner also map the Livermore fault as a concealed fault trending northwesterly.  The Seismic 

Safety Element of the Alameda County General Plan (1982) also shows this fault on hazard 

maps, indicating its location is based on a groundwater barrier.  They classify the fault as 

“potentially uncertain”, meaning the activity of the fault is insufficient to give it an activity 

classification.  Wagner et al. (1990) map the Livermore fault as an early Quaternary fault 

(2,000,000 to 700,000 years old).  The project alignment does not cross either the Los Positas 

fault or the Livermore fault. 

The following is a brief description of the nearby active faults. 

3.1.2.1 Calaveras Fault  

The Calaveras fault is a dextral strike-slip fault that is part of the larger San Andreas fault system 

and is located along the eastern side of the East Bay Hills.  The fault is located about 4.5 miles 

(7.3 km) west of the project alignment and is predominantly a vertical fault with a slip rate of 12 

to 18 mm/year (WGCEP, 2003).  Active seismicity, including a moderate magnitude earthquake 

in 1856, has been recorded along the Calaveras fault resulting in surface ruptures and large 

earthquakes (Kelson and others, 1996; Simpson and others, 1999).  In addition to seismic events, 

fault creep continues to be present along the Calaveras fault as indicated by a seismic surficial 

fault rupture in numerous localities.  
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3.1.2.2 Greenville Fault  

The Greenville fault lies 5.2 miles (8.3 km) east of the project alignment. Recent investigations 

of the Greenville fault and Mount Diablo thrust indicate that these two structures are 

geometrically linked, with the Mount Diablo thrust acting to transfer strain from the Greenville 

fault to the Concord-Green Valley fault (Unruh and Sawyer, 1997).  This suggests that the 

Greenville fault does not continue to the north as previously mapped, but dies out near Morgan 

Territory Road.  Two earthquakes during January 1980 on this fault measured Richter 

magnitudes of 5.9 and 5.8.  

Available data on the late Quaternary slip rate of the Greenville fault are sparse and have 

significant uncertainties.  The Working Group on California Earthquake Probabilities estimates 

the slip rate on the Greenville fault to be about 2 mm/yr (WGCEP, 2003).  Based on correlation 

of terraces south of Livermore Valley offset by the Greenville fault, Wright et al. (1982) 

documented approximately 90 m of Pleistocene displacement.  The deformed terraces were 

estimated to be 125,000 to 180,000 years old, based on soil profile development, thus implying a 

slip rate of 0.5 to 0.7 mm/yr (Wright et al., 1982).  Paleoseismic trench investigations across one 

of the strands of the northern Greenville fault documented evidence for Holocene surface-

rupturing events.  Wright et al. (1982) estimated a horizontal slip rate of approximately 0.1 to 0.3 

mm/yr with a recurrence interval estimated to be on the order of 550 years.  Recent 

investigations by Unruh and Sawyer (1998) and Sawyer and Unruh (2002) indicate a 70-km 

length for the active Greenville fault.  Preliminary Holocene slip rate estimates from a site at the 

northern end of the Livermore Valley are 4.1 ± 1.8 mm/yr (Sawyer and Unruh, 2002).  However, 

Unruh cites strong geomorphic and structural evidence to support a more limited rupture length 

for a MCE on the Greenville fault.  Detailed geomorphic and preliminary paleoseismic 

investigations support a maximum rupture length of 43 km along the northern part of the 

Greenville fault, equivalent to rupture of the Livermore and Arroyo Mocho sections investigated 

by Unruh and Sawyer (1998).  A rupture of this length would generate a MCE of M 7. 

3.1.2.3 Verona Williams Fault  

The Verona Williams fault is located about 1.7 miles (2.8 km) southwest of the southern end of 

the project alignment.  This fault is shown as an uncertain trace over a curving length of about 4 

miles (6½ km) along the base of the hills on the north side of the Vallecitos Valley (CGS, 2000).  

Because the CGS believes that there is insufficient evidence to indicate that this fault is inactive 

and that there is sufficient evidence to indicate that this fault is potentially active, it is included 

within an Alquist-Priolo Earthquake Fault Zone (Hart, 1975; CDMG, 1982a).  

3.1.2.4 Las Positas Fault  

The Las Positas fault was originally mapped in 1975 and 1977 by Herd as a northeast-trending, 

15-km long zone of left-lateral strike slip faults.  Herd showed the southwest end of the fault (the 

end closest to the project alignment) covered by alluvium and landslides.  Herd cites geomorphic 

features including scarps and several drainages that have been deflected as evidence for recent 

movement along the fault.  Radiometric dating of buried charcoal from a faulted stream terrace 

indicated that faulting had occurred 17,400 ± 250 years ago (Carpenter et al., 1980).  Bonilla et 

al. (1980) described several en echelon fractures that they attributed to tectonic movement along 
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the Las Positas fault following the two 1980 Livermore earthquakes on the Greenville fault.  An 

analysis of seismicity in the Livermore Valley area following these two earthquakes showed that 

the movement along the Las Positas fault was left-lateral and that this fault is “probably 

seismically active”, although the analysis of the limited data set compiled for this study could not 

prove seismic activity (Ellsworth and Marks, 1980).  

California Division of Mines and Geology Fault Evaluation Report 112 by Smith (1981) 

summarizes the exploratory work and mapping that were performed by numerous authors to 

evaluate the activity of the Las Positas fault and this document was used to justify the delineation 

of the Earthquake Fault Zone along a portion of this fault.  The Alquist-Priolo Earthquake Fault 

Zone delineated along the Las Positas fault is located about 3.5 miles (5.6 km) northeast end of 

the project alignment (CGS, 2000).  

3.1.3 Local Geology 

Based on a review of the borings completed along the project alignment, the soil profile typically 

consists of road base/fill overlying alluvium.  The road base, where encountered, ranged from 

about 6 inches thick to as much as 18 inches thick.  Alluvium was encountered in all of the 

borings underlying the road base.  The alluvium consists of complexly interbedded sand, silt and 

clay with gravel and extensive channel deposits of sandy gravel, clayey gravel and poorly graded 

sand/gravel mixtures.  More recent mapping by Witter and others (2006) shows the subject site 

to be predominantly underlain by historic stream channel deposits and latest holocene alluvian 

fan deposits.  In general the alluvium encountered below 50 feet consists primarily of silty clay 

to lean clay interbedded with thin sand/gravel deposits.  The uncorrected N-values from borings 

were nearly all above 40 blows per foot and most were well above 50 blows per foot in 

cohesionless soils, even in the silts and clays located below Elevation 350 feet.  Silts and clays 

encountered at shallow depths typically have N-values in the range of 10 to 28 blows per foot.   

3.2 SITE AND SUBSURFACE CONDITIONS 

3.2.1 Site Topography 

The SR 84 alignment between Jack London Boulevard and Ruby Hill Drive crosses the relatively 

flat Livermore Valley.  The topography along the existing roadway ranges in elevation from 

approximately 410 to 420 feet between Jack London Boulevard at Station 448+00 to the drainage 

crossing of Arroyo Del Valle at Station 320+00.  The incised Arroyo Del Valle and Arroyo 

Mocho drainage crossings are at about Elevation 400 feet in the channel bottom.  South of 

Arroyo Del Valle crossing the road alignment gradually climbs a gentle alluvial fan, rising to 

about Elevation 590 feet south of Ruby Hill Drive at Station 227+00.  South of the intersection 

with Vallecitos Road the road alignment is surrounded by low rolling hills as it enters the mouth 

of a canyon.  

Development along the project is mixed, including agricultural, scattered commercial and 

industrial (mainly at the north end), residential communities and gravel quarries.  The gravel 

quarries are extensive and extend between about Station 314+00 north of Vineyard Avenue to 

Station 415+00 at the Arroyo Mocho bridge crossing.  The majority of the gravel quarries are 

located along the west side of SR 84.  
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3.2.2 Field Exploration 

Subsurface exploration for the existing Arroyo Mocho Bridge was performed in November 1996 

by others and included three rotary wash borings, B-18, B-19 and B-20, which extended to a 

maximum depth of 100 feet.  These borings reportedly encountered alluvial deposits consisting 

of dense to very dense sands and gravels and stiff to hard clays and silts to the maximum depth 

of each boring.  Free groundwater was reportedly observed at a depth of about 88 feet (Elevation 

332 feet) in Boring B-20.  Groundwater levels were not recorded in either of the other borings 

due to the rotary wash drilling method used.  

To supplement available data, a subsurface investigation for design of the bridge widen and 

adjacent new Zone 7 access bridge was performed between December 26, 2007 and January 2, 

2008, and included two borings, NB23 and NB24, which extended to terminal depths of 101.5 

feet.  The borings were initially drilled with a 4-inch solid flight auger so that the depth to 

groundwater could be measured.  Thereafter, the drilling method was switched to 4⅞ inch rotary 

wash.  Please refer to Figure 3-3 for relative locations of recent borings performed for this study, 

as well as those completed by others in 1996.   

A representative of URS supervised the drilling operations and soil sampling.  Visual 

classifications of the soils encountered were made from cuttings and soil samples.  The soil 

samples collected from the borings were sealed immediately to preserve their natural moisture 

content.  At completion of the exploration, samples were delivered to the laboratory for further 

examination and testing.  All borings were backfilled with a mixture of cement and bentonite in 

accordance with the requirements of the Alameda County Flood Control and Water Conservation 

District, also known as Zone 7 Water Agency.  For details of field exploration refer to Appendix 

B. 

The Unified Soil Classification System and the guidelines summarizing soil consistency and 

relative density are presented on the Log of Test Borings (LOTBs) legend, Figures 3-4a and 3-

4b.  Descriptions of the soils encountered in the current borings by URS and previous borings by 

others are presented on Figures 3-4c and 3-4d, respectively.  The logging method used in 

preparing the LOTBs is consistent with Caltrans Soil and Rock Logging, Classification and 

Presentation Manual, dated June 2007.  These logs also illustrate the notation used for the size of 

samplers and the methods of advancing them. 

3.2.3 Laboratory Testing 

The water content, dry density, plasticity index (PI) and grain size distribution (PA), and 

unconfined compressive strength (UC) were determined for selected samples to estimate the 

strength and compressibility of the underlying soils.  The locations of these tests, together with 

the resistance to penetration of the samplers are shown at the corresponding locations on the 

LOTBs.  One consolidation test was performed on a sample as part of the study performed by 

others in 1996.  The laboratory test results are provided in tabular form and/or graphically in 

Appendix B. 
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3.2.4 Soil Conditions 

3.2.4.1 Fill 

Embankment fills at the site consists of about 6 inches of aggregate base at Borings NB23 and 

NB24. 

3.2.4.2 Native 

Native soils were encountered below the aggregate base fill in Borings NB23 and NB24 and 

beginning at ground surface in the borings performed in 1996.  Borings B-18 through B-20 

encountered mostly silty sand to sandy silt in the upper 3 to 6 feet of the borings; NB23 

encountered primarily clayey sand.  Underlying the surficial loose to medium dense sand and silt 

layer were dense to very dense clayey gravel, silty gravel, clayey sand, silty sand and poorly 

graded sand deposits; these sand and gravel deposits extended to the terminal depths of the 

borings.  Scattered cobbles were encountered in Borings NB23 (at depth of 3 feet), NB24 

(between depths of 3 and 8 feet), B-18 (depths between 25 and 30 feet, at depth of 97 feet) and 

B-20 (between depths of 20 and 33 feet).  Numerous interbedded layers of very stiff to hard, 

sandy clay and clayey silt ranged in thickness from 3 to 24 feet in the 1996 and current borings. 

3.2.5 Groundwater 

Free groundwater was reportedly encountered at a depth of approximately 88 feet (Elevation 

332 feet) in Boring B-20 drilled in 1996.  Free groundwater levels were not recorded in either of 

the other two borings drilled during that investigation (B-18 and B-19) due to the rotary wash 

drilling method used.  Groundwater was reportedly measured by others at a depth of about 91 

feet (Elevation 334 feet), and 66 feet (Elevation 358 feet) in November 1996 and February 1997, 

respectively in a monitoring well (Alameda County Flood Control and Water Conservation 

District, Zone 7, well No. 32/SE 7N1) located near the site of existing Arroyo Mocho bridge 

Abutment 4.  Groundwater was reportedly measured at a depth of about 42 feet (Elevation 376 

feet) in February 1997 in a nearby piezometer that was installed as part of 1996 study and 

located just south of Stanley Boulevard.  Groundwater levels measured in February 1997 were 

taken following two months of heavy rains.  These water levels indicate that groundwater 

recharge responds rapidly to rainfall infiltration.   

Free groundwater was not encountered in either of the two borings (NB23, NB24) drilled at 

Arroyo Mocho for this investigation above a depth of 8 feet where the drilling method was 

switched to rotary wash, thereby precluding a reliable groundwater measurement.  However, 

drilling fluid was measured at a depth of 42.5 feet (Elevation 374.5 feet), five days after 

temporarily stopped drilling in NB23, prior to resuming drilling on January 2, 2008.  Wet soils 

were noted at a depth of about 24½ feet in a nearby hollow stem auger boring, NB22A, drilled 

near Station 408+00 for proposed retaining wall structures; however, at the completion of 

drilling to a depth of 30 feet, the boring was noted to be dry. 

None of the shallow “RB” borings completed for pavement design and completed using hollow 

stem auger methods encountered groundwater.  These borings were generally 10 to 15 feet in 

depth.  No groundwater springs or seeps were observed on or near the project alignment, and the 
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stream channels crossed by the alignment flow only during the rainy season and shortly 

afterwards. 

In our opinion, a design groundwater level at 376 feet would be appropriate for the site. 

3.3 GEOLOGIC HAZARDS 

3.3.1 Surface Fault Displacement and Ground Shaking 

The project alignment does not cross any Alquist-Priolo Earthquake Fault Zones; surface rupture 

due to faulting along the alignment, therefore, is not expected to occur.  However, the short 

distance to the Earthquake Fault Zones along the Calaveras, Verona Williams, Greenville and 

Hayward faults does create a high risk for ground shaking from fault movement.  The intensity 

of the ground shaking is dependent upon the size of the earthquake, the distance of the epicenter 

from the site, the direction that the earthquake propagates along the fault, and the site geologic 

conditions.   

3.3.2 Landslide and Slope Failure 

No landslides were noted in the vicinity of the Arroyo Del Valle creek crossing and a review of 

the U.S. Geological Survey landslide map for the Livermore quadrangle (Nilsen, 1975) does not 

show any other landslides. 

3.3.3 Scour 

The channel bottom and side slopes beneath the existing and proposed SR 84 bridges over 

Arroyo Mocho are reportedly lined with concrete based on the as-built plans for construction of 

the existing bridge.  The portion of the channel at the proposed access bridge crossing, however, 

is unlined.  Based on the project hydraulic analysis (Wreco 2009), we understand that total scour 

to a depth of 1.1 feet bgs is anticipated at the access bridge abutments.  We understand that 

recommendations for scour mitigation are provided in the project hydraulic report.  The 

executive summary section of Bridge Design Hydraulic Study report by Wreco, dated January 9, 

2009 is attached to this report as Appendix C.  

3.3.4 Flooding 

With the exception of the active channels of Arroyo Del Valle and Arroyo Mocho, the project 

alignment is located outside of the 100-year flood zone as shown on the FEMA flood hazard 

zone maps (ABAG, 2007). 

3.3.5 Subsidence and Seismic Compaction 

Subsidence typically occurs as a result of subsurface fluid extraction (e.g. groundwater, 

petroleum) or compression of soft, geologically young sediments.  Groundwater extraction for 

high volume municipal and agricultural use has the potential to cause future ground subsidence 

in the region.  However, we are not aware of subsidence in the area and no active petroleum 
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wells are present within many miles of the site (California Division of Oil, Gas, and Geothermal 

Resources, 2001).  

Compaction settlement, or seismic densification, occurs when loose granular soils above the 

groundwater table increase in density as a result of earthquake shaking.  This soil densification 

can result in differential settlement because of variations in soil composition, thickness, and 

initial density.  With the exception of some loose to medium dense cohesionless soils 

encountered in the upper 20 feet in B-19, B-20, and NB24, the cohesionless materials are dense 

to very dense at the Arroyo Mocho crossing.  For Design, we estimated the potential post-

earthquake settlement at borings NB23 and NB24, using the computer program LIQUEFY PRO.  

In out analyses we used a peak ground acceleration (PGA) of 0.5g and design earthquake 

moment magnitude (Mw) of 7.5.  The results of these studies indicated that the magnitude of 

seismic compaction settlement at abutments will be less than ¼ inch.   

3.3.6 Liquefaction Potential 

Liquefaction is a phenomenon whereby sediments temporarily lose shear strength and collapse.  

This condition is caused by cyclic loading during earthquake shaking that generates high pore 

water pressures within the sediments.  The soil type most susceptible to liquefaction is loose, 

cohesionless, granular soil below the water table and within about 50 feet of the ground surface.  

Liquefaction can result in loss of foundation support and settlement of overlying structures, 

ground subsidence and translation due to lateral spreading, lurch cracking, and differential 

settlement of affected deposits.  Lateral spreading occurs when a layer liquefies at depth and 

causes horizontal movement or displacement of the overburden mass toward a free face such as a 

stream bank or excavation, or toward an open body of water. 

In a regional study of the nine-county San Francisco Bay region for the U.S. Geological Survey, 

Witter et al. (2006) mapped the liquefaction susceptibility of the soils along the project 

alignment.  The alluvium between Jack London Boulevard and Stanley Boulevard (Station 

401+00) is mapped as having “high” liquefaction susceptibility.  Between Stanley Boulevard and 

Arroyo Del Valle (Station 321+00) the alluvium is mapped as having “moderate” liquefaction 

susceptibility.  From Arroyo Del Valle extending south about 1,500 feet to Station 304+00, the 

alluvium is mapped as having “high” liquefaction susceptibility and south of this point to the 

southern end of the project alignment the soils are mapped as having “moderate” liquefaction 

susceptibility.  The historic channel deposits at both Arroyo Del Valle and Arroyo Mocho are 

mapped as having “very high” liquefaction susceptibility.  

Based on a review of the borings completed at Arroyo Mocho, several relatively thin 

discontinuous strata of loose to medium dense clayey and silty sand and sandy silt were 

encountered in the upper 20 feet in current Boring NB24 and in previous borings B-19 and B-20.  

These upper granular soils could be subject to liquefaction if saturated, however the depth to 

groundwater is likely at least 25 feet or greater based on the borings drilled in this area.  The 

granular soils encountered below a depth of 25 feet are mostly dense to very dense, and therefore 

the potential for liquefaction and lateral spreading of these materials to occur is considered to be 

low. 
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3.4 GEOLOGICAL PROFILES AND ENGINEERING PARAMETERS 

A generalized soil profile is presented as Figure 3-5 illustrating the layering of the various soil 

strata and summarizing the corresponding geotechnical parameters.  It should be noted that this 

profile was developed based on extrapolation of available data from the borings drilled for this 

investigation and, therefore, may differ from actual conditions.  Engineering soil parameters 

presented on the profile were selected from laboratory test results as well as engineering 

judgment and local experience. 

The undrained shear strength, relative density, dry unit weight and moisture content are the 

engineering soil parameters used in our foundation design and analysis.  Atterberg limits tests 

and particle analyses were performed for classification of soils.  In general, unconfined 

compression tests were performed on cohesive soil samples to estimate the undrained shear 

strength.  Some disturbance may occur while sampling cohesive soils; therefore unconfined 

compressive strengths in localized areas can be lower than the insitu field conditions.  

Consequently, engineering judgment and local experience were applied in our interpretation of 

the laboratory test results.  The relative density of cohesionless soils was estimated from vertical 

effective stress and Standard Penetration Resistance, N blows per 1 foot based on correlations 

developed by Gibbs and Holtz (DM7.1 – 87, 1986).  Where non-standard sampler sizes were 

used, such as the modified California sampler (2½ inch outside diameter), a correction factor was 

applied to the observed blows per 1 foot to estimate the Standard Penetration Resistance, N 

values. 
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4. Section 4 FOUR  Corrosion and Scour Evaluation 

4.1 CORROSION EVALUATION 

An assessment of the potential for corrosion of various buried foundation and pipe structures was 

performed by V& A Consulting Engineers (V&A).  The results of their investigation are 

presented in Appendix D.  The following paragraphs include their summary, conclusions, and 

recommendations. 

4.2 SUMMARY 

The objective of this investigation is to measure various soil parameters and evaluate the results 

with respect to possible levels of corrosion at proposed Arroyo Mocho Access Bridge site.  

Corrosivity was determined for materials of the proposed project structure to depths ranging 

from 0 to 6 m below grade. 

The California Department of Transportation, Division of Engineering Services, Materials 

Engineering and Testing Services, Corrosion Technology Branch has published “Corrosion 

Guidelines” (Guidelines) to define corrosive soil.  The Guidelines consider soil to be corrosive to 

structural elements (steel reinforced concrete) if one or more of the following conditions exist for 

water or soil samples: 

1) The chloride concentration is 500 ppm (mg/kg) or greater,  

2) The sulfate concentration is 2,000 mg/kg or greater, or  

3) The pH is 5.5 or less. 

A wide variety of soluble salts is typically found in soils.  Two soils having the same resistivity 

may have significantly different corrosion characteristics, depending on the specific ions 

available.  The major constituents that accelerate corrosion are chlorides, sulfates and the acidity 

(pH) of the soil.  Chloride ions tend to break down otherwise protective surface deposits, and can 

result in corrosion of reinforcing steel in concrete structures.  Sulfates in soil can be highly 

aggressive to portland cement concrete by combining chemically with certain constituents of the 

concrete, principally tricalcium aluminate.  This reaction is accompanied by expansion and 

eventual disruption of the concrete matrix.  High concentrations of bicarbonates tend to decrease 

soil resistivities.  Although bicarbonates are not aggressive to concrete, lower resistivity 

environments can promote corrosion activity. 

Acidity, as indicated by the pH value, is another important factor of soil.  The lower the pH (the 

more acidic the environment), the higher will be the corrosivity with respect to buried metallic 

and concrete structures.  As pH increases above 7 (the neutral value), conditions become 

increasingly more alkaline and passive to buried structures. 

Evaluation of the in-situ soil environment was made in terms of potential damage to structures 

due to corrosion.  Soil resistivity measurements were conducted in the field during the initial 

stages of the work.  In addition, soil samples collected by URS during the geotechnical 

investigation were forwarded to Cooper Testing Laboratory in Palo Alto, California for chemical 

analysis.  The soil samples were analyzed for minimum resistivity, pH, water soluble chloride 

ion concentration, and water soluble sulfate ion concentration in accordance with the Guidelines. 
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The results are summarized in the following table. 

Table 4-1:  Soil Corrosion Test Results Summary 

Sample ID 

Minimum 

Resistivity 

(ohm-cm) 

pH 
Chloride 

Content (mg/kg) 

Sulfate Content 

(mg/kg) 

NB23, 2-4 5,347 8.4 2 <5 

NB23, 13-3 6,052 7.9 3 <5 

NB24, 2-X 14,478 9.1 <2 <5 

NB24, 13-4 1,978 7.8 7 <5 

 

As shown above, the pH of the soil samples analyzed ranged from 7.8 to 9.1.  The water soluble 

chloride ion concentration of the soil samples analyzed ranges from less than 2 milligrams per 

kilogram (mg/kg) to 7 mg/kg.  The water soluble sulfate ion concentration of the soil samples 

was below the minimum detection level of 5 mg/kg.  In addition, the minimum (saturated) 

resistivity of the four samples selected from the borings ranged from 1,978 ohm-cm to 14,478 

ohm-cm. 

No water was sampled at the Arroyo Mocho Access Bridge site since the streambed was dry at 

the time field resistivity readings were taken (May 2008).  The bridge structure is not located 

within 1,000 feet (300 meters) of salt or brackish water. 

4.3 CONCLUSIONS 

Soil samples were obtained for corrosion analysis at Boring Locations NB23 and NB24.  As 

shown in the preceding Table 4-1, the soil boring chemical analyses resulted in pH values higher 

than 5.5, soluble chloride concentrations less than 500 mg/kg and soluble sulfate concentrations 

less than 2,000 mg/kg.  Therefore, according to the Guidelines, the soil at the site is considered 

non-corrosive.  According to the Guidelines, no corrosion mitigation for steel piles is required 

for non-corrosive soil conditions.   

4.4 RECOMMENDATIONS 

4.4.1 Buried Reinforced Concrete Structures 

Buried concrete structures (including CIDH piles) should be constructed of durable concrete as 

described in ACI Standards 201.2R and 222R.  These recommendations include, but are not 

limited to, the following: 

• The water/cement ratio should not exceed 0.50. 

• A concrete cover of a minimum of 2 inches should be applied over all steel reinforcement. 

• Sand and water used in concrete mixtures should contain a maximum of 100 ppm of water-

soluble chloride ions and water-soluble sulfate ions.  They should have a pH in the range of 

6.5 to 8.0.  Potable water should be used in concrete mixtures. 

• Type I-P (MS) modified or Type II modified cement should be used.  

• The concrete should be allowed to cure according to the manufacturer’s recommendations. 



SECTIONSECTIONSECTIONSECTIONFOUR Soil Corrosion Evaluation 

 X:\ROUTE 84 - ISABEL AVENUE\GEOTECH\REPORTS\ARROYO_MOCHO\ARROYO MOCHO ACCESS_REV3_09 01 10.DOC\13-SEP-10\\ 4-3 

4.4.2 Steel Piles 

At this time, steel driven pile foundations are not proposed for this site. 
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5. Section 5 FIVE Seismic Data and Evaluation 

5.1 SEISMIC DESIGN METHODOLOGY AND RESOURCES 

The seismic design methodology adopted for this project is based on the following current 

Caltrans standards: 

• Seismic Design Criteria (SDC), v 1.4, June 2006 

• Guidelines for Foundation Investigations and Reports, v 2.0, dated March 2006 

• California Seismic Hazard Map (Mualchin, 1996) 

 

5.2 PEAK BEDROCK ACCELERATION 

The active faults close to the SR 84 alignment between Ruby Hill Drive and Jack London 

Boulevard are the Greenville, Calaveras, and Verona Williams faults.  The Greenville fault, 

Calaveras fault, and Verona Williams fault are designated with Maximum Credible Earthquake 

(MCE) magnitudes of 7.25, 7.5 and 6.0, respectively, by the California Seismic Hazard Map 

(Mualchin, 1996).  The locations of these faults and associated peak bedrock acceleration (PBA) 

contours were obtained from the California Seismic Hazard Map and transferred to a 

topographical map showing the SR 84 structure.  Three faults contribute the same level of 

ground shaking at the site (0.5g) even though the Verona Williams fault is closest to the site.  

The MCE, nevertheless, is the earthquake on the Calaveras fault since it potentially releases the 

highest energy (M=7.5).  The SR 84 alignment is roughly parallel to the Calaveras fault, and the 

distance from the site to the Calaveras fault is approximately 4.5 miles. 

Table 5-1:  Seismic Source Parameters 

Fault Type MCE 
Distance 

(miles) 

Near Field 

Effects? 

Design 

PBA (g) 

Calaveras strike-slip 7.5 4.5 Y 0.5 

Greenville strike-slip 7.25 5.2 Y 0.5 

Verona 

Williams 
Unknown 6 1.7 Y 0.5 

 

5.3 FAULT TYPE, NEAR-FIELD, AND SPECTRAL ACCELERATION INCREASES 

The technical report that accompanies the California Seismic Hazard Map (Mualchin, 1996) 

indicates that the controlling fault (Calaveras) has strike-slip displacement.  Therefore, in 

accordance with Caltrans design procedures referenced above, an increase in design spectral 

accelerations is not required for fault type.  However, since the project alignment is less than 

9.5 miles from the nearest active fault, design spectral accelerations should be modified to 

account for near-fault effects as follows: 
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Table 5-2:  Spectral Acceleration Increase for Near Field Effects 

Period (sec) Increase in Spectral Acceleration (%) 

< 0.5 0 

0.5 – 1.0 0 – 20 (determined by linear interpolation) 

 >1 20 

 

At the time of this study, no bridge structures with fundamental period of vibration greater than 

1.5 seconds are anticipated, and therefore no adjustments are required for long period effects. 

5.4 SOIL PROFILE TYPE AND DEPTH TO ROCK-LIKE MATERIALS 

Borings performed during this study for SR 84 between Ruby Hill Drive and Jack London 

Boulevard indicate a soil profile consisting of dense to very dense and stiff to hard alluvial 

deposits that extend to a depth of at least 100 feet.  Recorded SPT blow counts over the depth of 

exploration in the vicinity of the Arroyo Mocho creek crossing generally range from about 30 to 

over 100 blows per foot or more (uncorrected).  Although the maximum depth of our recent 

exploration did not extend much beyond 100 feet, the regional geology suggests the soils become 

stiffer and denser with increasing depth.   

The standard penetration resistance was used to classify the soil profile based on the guidelines 

given in SDC Table B.1.  No potentially liquefiable soils were identified based on the current 

information.  Accordingly, the project site is classified as Soil Profile Type D. 

5.5 DESIGN ACCELERATION RESPONSE SPECTRA 

Based on Caltrans SDC (Version 1.4), the design seismic response spectrum for the site can be 

estimated with spectral acceleration values generated by: 

• Soil Profile Type D 

• Maximum Credible Earthquake (MCE) Magnitude 7.25 ± 0.25  

• Peak bedrock acceleration 0.5 g 

• No ARS increase for fault-type or long period structure 

• ARS increase for near-field effect  

 

The Design Acceleration Response Spectrum (ARS) corresponding to Soil Profile Type D, 

magnitude of controlling event 7.25 + 0.25, and a PBA of 0.5 g were obtained from SDC 

Figure B.8 and modified to account for near field effects as described above.  Spectral values are 

provided in Table 5-3. 
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Table 5-3: Spectral Acceleration Values  

(PBA = 0.5 g, M = 7.5, Soil Type D) 

Soil Type D 
Period 

Sa (g) Sa* (g) 

0.010 0.50 0.50 

0.020 0.50 0.50 

0.030 0.50 0.50 

0.050 0.50 0.50 

0.075 0.72 0.72 

0.100 0.92 0.92 

0.120 1.04 1.04 

0.150 1.16 1.16 

0.170 1.21 1.21 

0.200 1.26 1.26 

0.240 1.27 1.27 

0.300 1.25 1.25 

0.400 1.19 1.19 

0.500 1.12 1.12 

0.750 0.94 1.04 

1.000 0.77 0.93 

1.500 0.48 0.58 

2.000 0.32 0.39 

3.000 0.17 0.20 

4.000 0.11 0.13 

                                  *Modified for near-field effects  
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6. Section 6 SIX As-Built 

Based on as-built plans from Caltrans dated May 1999 and approved in October 2002, the nearby 

Isabel Avenue Bridge over Arroyo Mocho is a three-span reinforced concrete slab bridge 

supported at abutments on the north and south ends (Abut 1 and Abut 4) and two middle piers 

(Pier 2 and Pier 3).  The abutments and piers are supported on driven steel H-piles.  The table 

below presents a summary of the design capacities and bottom of pile cap elevations: 

Table 6-1:  As-Built Pile Data Table, Arroyo Mocho Bridge 

Location 
Pile 

Type 

Bottom 

of Pile 

Cap 

(ft)* 

Design 

Loading 

(Service) 

(tons) 

Nominal 

Resistance 

Compression 

(tons) 

Nominal 

Resistance 

Tension 

(tons) 

Design 

Tip 

Elevation 

(ft)* 

Specified 

Tip 

Elevation 

(ft)* 

Abut 1 
HP 

10x57 

411.4 
40 80 0 

380.0 (1) 

401.0 (2) 
380.0 

Pier 2 
HP 

10x57 

385.8 
70 140 0 

327.5 (1) 

375.0 (2) 
327.5 

Pier 3 
HP 

10x57 

385.8 
70 140 0 

327.5 (1) 

375.0 (2) 
327.5 

Abut 4 
HP 

10x57 

411.4 
40 80 0 

380.0 (1) 

401.0 (2) 
380.0 

Design tip elevation is controlled by the following demands: 

(1) Compression, (2) Tension 

* Elevation converted from NGVD29 datum shown on as-built plans to NGVD88 datum 

 

Based on the as-built plans, piles were driven to an average tip elevation, converted to NGVD88 

datum, of 378.2 feet at Abutment 1 and 378.4 feet at Abutment 4; average tip elevations were not 

provided on the as-built plans for piles at Piers 2 and 3. 

The as-built plans also indicate that the channel beneath the bridge is lined with reinforced 

concrete having side slopes between each abutment and outside of adjacent pier of 2.5:1 

(horizontal:vertical) and finish grade at Elevation 404.5 feet (converted to NGVD88 datum).  All 

available as-built plans for the bridge are provided in Appendix E.    

The geotechnical design report prepared by others for the existing bridge indicates a design scour 

depth to Elevation 386.0 feet, assuming that the channel bottom was unlined.  The bottom of pile 

cap elevations presented in the table above appear to be based on the presumption that the 

channel bottom would not be protected from scour.  
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7. Section 7 SEVEN Discussion and Recommendations 

7.1 DISCUSSION  

The proposed bridge is underlain predominantly by very dense sands and gravels embedded with 

occasional lenses of silty and clayey deposits. 

The principal geotechnical issues at the site are: 

• Selection of the type and depth of foundation that will be compatible with the underlying 

soils; and  

• Selection of the type of foundation at Abutment 1 that minimizes potential additional loads 

onto the existing 24 inch gas pipe line. 

 

Although the subgrade soils at both abutments are capable of supporting the anticipated footing 

pressures, a pile foundation at Abutment 1 will be more applicable to transmit the loads along the 

pile shafts and to a bearing layer deeper than the existing 24 inch gas line; this should minimize 

additional foundation stress on the gas line.  Based on the available subsurface data, a CIDH pile 

system is feasible at Abutment 1.  Since there is no potential buried utility conflict at Abutment 2 

(Figure 2-2), a spread footing is considered feasible.   

The following sections present the geotechnical design parameters for CIDH piles and spread 

footings. 

7.2 DESIGN CAPACITY  

7.2.1 Axial Pile Capacity Analysis 

We understand that the Structural Engineer has elected to use 16-inch CIDH piles for support of 

Abutment 1 of the proposed access bridge.  Current Caltrans practice is to design abutments in 

accordance with Working Stress Design (WSD) methodology.  Table 7-1 presents a summary of 

the foundation design data provided by the Structural Engineer.   

Table 7-1:  Foundation Design Data Table for Arroyo Mocho Access Bridge  

Pile Cap Size 

(ft) 

Location 
Design 

Method 
Pile Type 

Finished 

Grade 

Elevation 

(ft) 

Cut-off 

Elevation 

(ft) 
B L 

Permissible 

Settlement 

under 

Service 

Load (in) 

No. of 

Piles 

per 

Support 

Abut 1 WSD 16” CIDH 415.00 409.67 9.0 21.5 1 9 

 

The design loading conditions and nominal resistance are developed in accordance with the 

LRFD approach.  Loads from LRFD service-I Limit State are used as design loads for WSD of 

the abutment.  Table 7-2 presents the foundation design loads.   
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Table 7-2:  Foundation Design Loads for Arroyo Mocho Access Bridge 

Service Limit State (kips) 
Strength Limit State 

(Controlling Group, kips) 

Extreme Limit State 

(Controlling Group, kips) 

Total Load Compression Tension Compression Tension 
Location 

Per 

Support 

Max 

per 

Pile 

Per 

Support 

Per 

Support 

Max 

per 

Pile 

Per 

Support 

Max 

per 

Pile 

Per 

Support 

Max 

per 

Pile 

Per 

Support 

Max 

per 

Pile 

Abut 1 910 130 700 N/A N/A N/A N/A N/A N/A N/A N/A 

 

The specified tip elevations presented in the following “Pile Data Table” (Table 7-3) are based 

on frictional resistance and end bearing developed in the subgrade soils that underlie the site.       

Table 7-3:  Pile Data Table for Arroyo Mocho Access Bridge  

Nominal Resistance 

(kips) Location Pile Type 

Compression Tension 

Design Tip 

Elevation (ft) 

Specified Tip 

Elevation (ft) 

Abut 1 16” CIDH 260 0 
376.0 (a) 

394.0 (b) 
376.0 

Design tip elevation is controlled by the following demands: 

(a) Compression, (b) Lateral 

The results of our axial pile capacity analysis, which form the basis for the design tip elevations 

provided above, are presented in Appendix F.  The CIDH piles are approximately 33½ feet in 

length.  These dimensions are consistent with Caltrans’ construction guidelines for CIDH piles 

since the length to pile size ratio (L/D) are less than 30.  Since drilling of the CIDH pile is 

expected to be above the design groundwater level (El. 376 ft), the minimum 24 inch diameter 

pile guideline can be waived.     

No group reduction factor needs to be applied to single pile compression load capacities 

presented above, provided a center-to-center spacing of at least three pile diameters is used. 

7.2.2 Bearing Capacity 

As discussed in Section 7.1 spread footings are recommended at Abutment 2.  Current Caltrans 

practice is to design the abutments in accordance with Working Stress Design (WSD) 

methodology.  Table 7-4 presents a summary of the spread footing design load data provided by 

the Structural Engineer.  
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Table 7-4:  LRFD Service Limit State I Loads for Spread Footing 

Total Load Permanent Load 

Effective 

Dimensions (ft) 

Effective 

Dimensions (ft) 
Support 

Location 
Vertical 

Load 

(kips) 
Width Length 

Horizontal 

Load in 

Long. 

Direction 

(kips) 

Vertical 

Load 

(kips) 
Width Length 

Abut 2 565 10.0 21.5 0 460 10.0 21.5 

 

Based on the subgrade soils encountered, footings should be designed for the soil bearing 

capacity or nominal bearing resistance shown in the following table: 

Table 7-5:  Spread Footing Data Table 

Footing 

Size (ft) 

WSD 

(LRFD Service-I Limit State Load 

Combination) Support 

Location 

B L 

Bottom of 

Footing 

Elevation 

(ft) 

Minimum 

Footing 

Embedment 

Depth (ft) 
Permissible 

Gross Contact 

Stress (ksf) 

Allowable Gross 

Bearing Capacity 

(ksf) 

Abut 2 10.0 21.5 409.42 5.0 7.00 6.00 

 

Using the soil bearing pressures described above, we estimate a total settlement of less than 

1-inch at the abutments. 

7.2.3 Resistance to Lateral Loads 

The CIDH pile foundations are capable of resisting lateral loads.  Resistance to lateral loads can 

be developed by bending of the pile and by pile-soil interaction.  The magnitude of the lateral 

load resistance that can develop depends upon several factors such as the pile size, the physical 

properties of the surrounding soils, the structural design of the pile, and the direction of loading.  

Lateral load capacity of CIDH piles was calculated assuming that all soils in the potential scour 

zone are scoured.  We used LPILE 4.0 (Reese et al., October 2000) to assist in estimating the 

lateral load resistance of 16-inch CIDH piles.   

Output files for laterally loaded piles at the abutments and bents are presented in Appendix G 

and include deflection versus depth, bending moment versus depth, shear versus depth, and total 

stress versus depth.  Charts showing load versus deflection for free and fixed head condition at 

top of pile are included in Appendix G as Figure G-1. 

We recommend that a group efficiency factor of 0.6 be applied to the lateral capacity of 

individual piles in trailing rows for a minimum center-to-center spacing of at least three times the 

pile diameter in the loaded direction.  
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Resistance to transient lateral loads from wind or earthquakes can be developed by friction 

between the bottom of the spread footings and the soil and the passive resistance on the front 

face of the footings.  An ultimate friction coefficient of 0.4 should be used between the bottom of 

the footings and underlying soil, provided the footings are cast neat against undisturbed native 

soil.  Ultimate passive resistance of the soil may be estimated using an equivalent fluid weight of 

400 pcf against the footings for a level backfill ground surface.  The recommended values 

presented above are ultimate values, and should be used with an appropriate factor of safety.   

7.3 PILE INSTALLATION 

All piles should be installed under the direct observation of the Geotechnical Engineer and in 

accordance with Section 49 of the Caltrans Standard Specifications, Piling.  Specific additions 

and modifications to these requirements are discussed below. 

Based on Boring NB23, we anticipate that proposed CIDH piles will be drilled through 

predominantly granular soils consisting of dense to very dense clayey sand and clayey gravel.  

The clayey sand deposits contain numerous gravel pieces.  Groundwater is estimated to be at 

approximate Elevation 376 feet.  Although the groundwater is not anticipated during the CIDH 

pile installation, some sloughing and caving of the gravels is anticipated.  Therefore, we 

recommend the Contractor have casing with a minimum diameter of 24 inches onsite, should it 

be needed to minimize the risk of caving.  If casing is used, the casing should be withdrawn from 

the hole slowly as the concrete is being placed; a minimum head of concrete of 3 feet should be 

maintained in the casing at all times to prevent reduction of the diameter of drilled shaft due to 

earth and/or hydrostatic pressures on the fresh concrete.  Alternatively, drilling fluid meeting the 

project special provisions could be used.  Contractor should anticipate some difficulty during 

augering and casing installation due to the gravels encountered at the site.  All CIDH piles 

should be constructed under the direct observation of the Geotechnical Engineer.    

Concrete should be placed by the tremie method.  Concrete placement operations should be 

controlled to confirm that the tremie is not broken during the continuous concrete pour from 

bottom to top.  Care should be taken to prevent extraneous material from mixing with fresh 

concrete.  

7.4 APPROACH EMBANKMENT SETTLEMENT 

Based on the plans provided it appears that new fill at the access bridge approach will be less 

than 5 feet; we estimate the corresponding settlement to be less than 1/8 inch.  The settlement will 

predominantly be immediate and should occur during fill placement; long-term consolidation 

settlement should be negligible. 

7.5 SLOPE STABILITY 

Based on topographic data, it appears that the existing slopes along Arroyo Mocho at the 

proposed access bridge are inclined at about 2:1 (horizontal:vertical) with channel bottom at 

about Elevation 406 feet.  The General Plan (Figure 2-1) for the structure indicates that rock 

slope protection is to be placed along the slope, inclined at 1.5:1.  The embankment soils consist 

primarily of medium dense to very dense silty and clayey sands and gravels with interbeds of 

stiff lean clay, which in our opinion, are sufficiently strong to support the proposed 1.5:1 slopes.  
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Based on our analyses, the computed minimum (critical) factor of safety at Abutments 1 and 2 

are 2.0 and 1.6, respectively.  The computed factor of safety values exceed the minimum 

required value of 1.5 mentioned in Section 5.2.2.3 of Bridge Design Specifications (August 

2004).  Slope stability analyses were performed with the assumption that the rock slope 

protection along the slopes at abutments will protect it from scour.  The results of slope stability 

analyses are presented in Appendix H as Figures H-1 and H-2.  In addition, because liquefaction 

potential at this location is considered to be low, we believe that potential for lateral spreading at 

this site is also low.    

7.6 APPROACH FILL EARTHWORK 

All earthwork should be completed in accordance with the applicable sections of the Caltrans 

Standard Specifications and as described in URS’ companion Geotechnical Design and Materials 

Report for the SR 84 Expressway Widening project. 

7.7 APPROACH FILLS AND ABUTMENT EXCAVATION 

Expansive soil materials should not be placed as part of the embankment within the limits of the 

abutments for the full width of the embankment.  Expansive soil materials for this requirement 

are defined as having either an Expansion Index (EI) greater than 50 (EI to be determined in 

accordance with ASTM D 4829), or a Sand Equivalent (SE) less than 20 (SE to be determined in 

accordance with California Test 217).  This requirement is exclusive of the structure backfill and 

pervious backfill requirements as shown on the plans and set forth under Sections 19-3.06 and 

19-3.065, respectively, in the Standard Specifications (Caltrans, 2006).  Refer to Figure 7-1 for 

the minimum limits for non-expansive soils within an embankment near a bridge. 

Footing areas should be excavated as required to bring those areas to their finish subgrade 

elevations.  All loose soil should be removed prior to footing construction.  We do not anticipate 

that groundwater will be encountered in abutment footing excavation; therefore, we recommend 

abutment excavations be classified as Structure Excavations (Bridge) in accordance with Section 

11 of Bridge Design Aids, March 2005.
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8. Section 8 EIGH T Construction Considerations 

8.1 TEMPORARY CONSTRUCTION EXCAVATION 

We anticipate that excavation into the native soils for construction of the abutments will result in 

temporary near vertical unsupported soil faces as high as about 13 feet.  Safety standards set by 

OSHA limit the height of unshored vertical excavations to 5 feet if construction personnel will 

be working in the excavations.  The set of guidelines published by OSHA (Department of Labor, 

Occupational Safety and Health Administration, 1989), classifies soils in detail as Type A, B, or 

C.  In general, Type A soils are stronger and more cohesive, Type B soils are intermediate, and 

Type C soils are weaker or more granular.  Based on the soil type, depth, duration the excavation 

is open, and sequence of soils exposed in the excavation, OSHA recommends maximum 

allowable slopes.  For example, for excavations 20 feet or less in depth through homogeneous 

soils, they state that maximum allowable slopes (horizontal to vertical) should be ¾:1, 1:1, and 

1½:1 for Type A, B, and C soils, respectively.  Based on the granular nature of the soils 

encountered in our recent borings, the soils at the abutments are considered to be OSHA Type C.   

The guidelines provided by OSHA are for trench excavations; they state that there is uncertainty 

as to when and to what degree an employer must slope, shore, or otherwise protect employees in 

a “non-trench” excavation.  In consideration of these factors, we recommend that temporary cut 

slopes in the existing embankment fills not exceed 1½:1 during construction.   

For locations where excavation with sloping sides is not viable because of space limitations or in 

areas where temporary slopes steeper than 1½:1 are planned, shoring will be required.  The 

Contractor should retain an experienced Registered Civil Engineer to design the shoring system.   

8.2 CONSTRUCTION DEWATERING 

Bottom of spread footing at Abutment 2 is planned at Elevation 409.42 feet, with bottom of 

Abutment 1 CIDH pile tip at Elevation 376 feet.  Free groundwater was not encountered in 

boring NB24 performed during this investigation at the Arroyo Mocho crossing.  Drilling fluid 

was measured at a depth of 42.5 feet (Elevation 374.5 ft), five days after temporarily stopped 

drilling NB23, prior to resuming drilling on January 2, 2008.  Based on historical data, free 

groundwater has been encountered in the area as shallow as about Elevation 376 feet.  Based on 

this information, it appears unlikely that free groundwater will be encountered in excavations for 

Abutment 2 spread footings.  It is also unlikely that groundwater seepage will be encountered in 

the CIDH pile excavations, if they are drilled in summer months followed by concrete placement 

on the same day.  We anticipate that any water that accumulates in the excavations could be 

removed using standard sumping methods.  

8.3 EFFECTS OF CONSTRUCTION WORK ON ADJACENT STRUCTURES 

Efforts should be made to minimize effects of construction work on adjacent structures.  If new 

foundation excavations and overexcavations are located in close proximity to existing 

foundations, either underpinning or shoring beneath existing foundations could be required.   
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9. Section 9 NINE Limitations 

The recommendations presented in this Foundation Report are based on information obtained 

from new and previous explorations made at widely separated locations, site reconnaissance, 

review of available historic data, and upon local experience and engineering judgment.  

The recommendations presented in this report are based on the assumption that the soil and 

geologic conditions do not deviate substantially from those encountered in the exploratory 

borings.  If any variations are encountered during construction, URS should be contacted so that 

supplementary recommendations can be made. 

If the planned construction is changed from that presently conceived, URS should be retained to 

review the changes and make modifications to the original recommendations represented in this 

report in order to meet the project needs. 

The Geotechnical Engineer should review the final specifications and drawings to verify that 

these documents are consistent with the intent of the geotechnical recommendations.  

Geotechnical issues may arise which are not apparent at this time.  URS should be retained 

during construction to review the soil conditions encountered and the construction procedures.  

All earthwork and testing should be completed under the direct observation of a representative of 

our firm. 

Specific review and investigation for environmental issues and subsurface environmental 

contamination were beyond the scope of our services.  

The elevations shown on the new LOTBs are based on interpolation from spot and contour 

elevations shown on available topographic maps. 

The opinions and recommendations presented in this Foundation Report were developed with the 

standard of care commonly used as state of the practice in the profession.  No other warranties 

are included, either express or implied, as to the professional advice provided in this report. 
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SOIL LEGEND

Weak

Moderate

Strong

Criteria

CEMENTATION

Description

Will not crumble or break with finger 

pressure.

Crumbles or breaks with considerable 

finger pressure.

Crumbles or breaks with handling or 

little finger pressure.

CONSISTENCY OF COHESIVE SOILS

Field Approximation

Readily indented by thumbnail

1 to 2

2 to 4

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

< 0.25

0.25 to 0.50

0.50 to 1.0

> 4.0

1 to 2

2 to 4

< 0.25

0.25 to 0.50

0.50 to 1.0

> 4.0

< 0.12

0.12 to 0.25

0.25 to 0.50

> 2.0

0.50 to 1.0

1.0 to 2.0

Description

Unconfined

Compressive

Strength (tsf)

Pocket

Penetrometer

Measurement (tsf)

Torvane

Measurement (tsf)

Readily indented by thumb but 

penetrated only with great effort

Indented by thumbnail with 

difficulty

Easily penetrated several inches 

by fist

Easily penetrated several inches 

by thumb

Penetrated several inches by 

thumb with moderate effort

Size

Size

S
iz

e
S

iz
e

PLASTICITY OF FINE-GRAINED SOILS

A 1/8-inch thread cannot be rolled at any water content.Nonplastic

Low

Medium

High

CriteriaDescription

The thread can barely be rolled and the lump cannot be formed when drier than the 

plastic limit.

The thread is easy to roll and not much time is required to reach the plastic limit. 

The thread cannot be rerolled after reaching the plastic limit. The lump crumbles 

when drier than the plastic limit.

It takes considerable time rolling and kneading to reach the plastic limit. The thread 

can be rerolled several times after reaching the plastic limit. The lump can be formed 

without crumbling when drier than the plastic limit.

UUM UW

i

ROTARY BORING

Description of material

Hole I.D.

3"

Field & Lab Tests

Material change

Estimated material change

Soil/Rock boundary

SPT N-Value

(per ASTM 1586-99),

P = push sample,

or as noted

Casing driven

Top Hole El.

L
o

c
a
ti

o
n

 

16 1.4

Date measured

Elev.       GWS

Boring Date

Hammer Energy Ratio (ER ) =   %

Top Hole El.

P

60

500

(S)

(S)

Date measured

30

P

GWS Elev. 

L
o

c
a
ti

o
n

 

Hole I.D.

1"

Pulled Pipe

Ground water
surface

materials

Sample

taken

Description of 

Refusal

Boring Date

HAND BORING

GWS

NC

P

2

4

4

6

10

37

17

56

91

58

65

60

43

113

154

L
o

c
a
ti

o
n

 

Top Hole El.

Elev.

100

180/
0-
9

200

Date measured

Hole I.D.

DYNAMIC CONE PENETRATION BORING

Pushed

Boring Date

No count recorded

CONE PENETRATION TEST (CPT) SOUNDING

2

on tip element

Hole I.D.

Top Hole El.

Boring Date

Friction Ratio (%) Tip Bearing (MPa)

0246 302010

2

Pressure measured

along sleeve friction

element (34.88 in

area) divided by 

pressure measured

on tip element.

Pressure measured

(2.33 in  area)

Dynamic Cone Penetration Boring

Auger Boring

Rotary drilled boring 

Rotary percussion boring (air)

Rotary drilled diamond core

Other

Cone Penetration Test (ASTM D 5778-95)

Hand driven (1-inch soil tube)

Hand Auger

Note: Size in inches.

Symbol Description

R 

P

A 

D

R

CPT

HD 

HA

O

Hole

Type

BOREHOLE IDENTIFICATION

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

Terminated at Elev
Terminated at Elev

Blows per 12"

(Using 28 lb hand 

hammer with a 12"

drop or as noted) Driving rate in

seconds per 12"

(using a Stanley

MB 156 percussion

hammer and a 2.2"

cone, or as noted)

Size of Sampler 

(inches)

ARROYO MOCHO ACCESS BRIDGE
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FIGURE 3-4a
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REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

SOIL LEGEND

ORGANIC SOIL

ORGANIC SOIL with SAND

ORGANIC SOIL with GRAVEL

SANDY ORGANIC SOIL

SANDY ORGANIC SOIL with GRAVEL

GRAVELLY ORGANIC SOIL

GRAVELLY ORGANIC SOIL with SAND

SILTY CLAY

SILTY CLAY with SAND

SILTY CLAY with GRAVEL

SANDY SILTY CLAY

SANDY SILTY CLAY with GRAVEL

GRAVELLY SILTY CLAY

GRAVELLY SILTY CLAY with SAND

SILT with SAND

SILT with GRAVEL

SANDY SILT

SANDY SILT with GRAVEL

Group Names Group Names

GROUP SYMBOLS AND NAMES

GRAVELLY SILT

GRAVELLY SILT with SAND

SILT

ORGANIC SILT with SAND

ORGANIC SILT with GRAVEL

SANDY ORGANIC SILT

SANDY ORGANIC SILT with GRAVEL

GRAVELLY ORGANIC SILT

GRAVELLY ORGANIC SILT with SAND

ORGANIC SILT

COBBLES and BOULDERS

BOULDERS

SAND (or SILTY CLAY and SAND)

(or SILTY CLAY and SAND)

SILTY GRAVEL

CLAYEY GRAVEL

SILTY, CLAYEY GRAVEL

SILTY SAND

CLAYEY SAND

PEAT

SILTY, CLAYEY SAND

(or SILTY CLAY)

(or SILTY CLAY)

SILTY, CLAYEY SAND with GRAVEL

CLAYEY SAND with GRAVEL

SILTY SAND with GRAVEL

GRAVEL (or SILTY CLAY and GRAVEL)

(or SILTY CLAY)

(or SILTY CLAY and GRAVEL)

COBBLES

SILTY, CLAYEY GRAVEL with SAND

CLAYEY GRAVEL with SAND

SILTY GRAVEL with SAND

(or SILTY CLAY)

SM

SC

GW

GW-GM

PT

SC-SM

GW-GC

GP-GM

GP-GC

GM

GC

GP

GC-GM

SP-SC

SW

SP

SW-SM

SW-SC

SP-SM

Graphic/Symbol

OL

OL

CH

MH

OH

OL/OH

OH

CL

CL-ML

ML

Graphic/Symbol

SANDY lean CLAY with GRAVEL

SANDY lean CLAY

GRAVELLY lean CLAY with SAND

SANDY ORGANIC lean CLAY with GRAVEL

GRAVELLY ORGANIC lean CLAY

GRAVELLY ORGANIC lean CLAY with SAND

GRAVELLY lean CLAY

ORGANIC lean CLAY

ORGANIC lean CLAY with SAND

ORGANIC lean CLAY with GRAVEL

SANDY ORGANIC lean CLAY

SANDY ORGANIC fat CLAY

SANDY ORGANIC fat CLAY with GRAVEL

GRAVELLY ORGANIC fat CLAY

GRAVELLY ORGANIC fat CLAY with SAND

SANDY fat CLAY

SANDY fat CLAY with GRAVEL

GRAVELLY fat CLAY

GRAVELLY fat CLAY with SAND

ORGANIC fat CLAY

ORGANIC fat CLAY with SAND

ORGANIC fat CLAY with GRAVEL

ORGANIC elastic SILT with SAND

ORGANIC elastic SILT with GRAVEL

SANDY ORGANIC elastic SILT

SANDY ORGANIC elastic SILT with GRAVEL

GRAVELLY ORGANIC elastic SILT

GRAVELLY ORGANIC elastic SILT with SAND

ORGANIC elastic SILT

SANDY elastic SILT

GRAVELLY elastic SILT with SAND

SANDY elastic SILT with GRAVEL

GRAVELLY elastic SILT

Well-graded GRAVEL with CLAY and SAND

Well-graded GRAVEL with SILT and SAND

Well-graded GRAVEL with SILT

Well-graded SAND

Well-graded SAND with SILT

Well-graded GRAVEL with CLAY

Well-graded GRAVEL

Well-graded SAND with SILT and GRAVEL

Well-graded SAND with CLAY and GRAVEL

Well-graded GRAVEL with SAND

Well-graded SAND with GRAVEL

Well-graded SAND with CLAY

Poorly graded GRAVEL with SAND

Poorly graded GRAVEL with CLAY and

Poorly graded GRAVEL

Poorly graded GRAVEL with SILT and SAND

Poorly graded GRAVEL with SILT

Poorly graded SAND

Poorly graded SAND with SILT

Poorly graded SAND with CLAY

Poorly graded SAND with CLAY and

Poorly graded SAND with SILT and GRAVEL

Poorly graded SAND with GRAVEL

Poorly graded GRAVEL with CLAY

Lean CLAY

Lean CLAY with GRAVEL

Lean CLAY with SAND

Fat CLAY

Fat CLAY with SAND

Fat CLAY with GRAVEL

Elastic SILT with SAND

Elastic SILT with GRAVEL

Elastic SILT

PERCENT OR PROPORTION OF SOILS

MOISTURE

APPARENT DENSITY OF COHESIONLESS SOILS

PARTICLE SIZE

Description

Very loose

Loose

Medium Dense

Dense

Very Dense

Criteria

Damp but no visible water

Description

Dry

Moist

Wet

Absence of moisture, dusty, dry to the 

touch

Visible free water, usually soil is 

below water table

Criteria

5 to 10%

15 to 25%

30 to 45%

50 to 100%

Trace

Few

Little

Some

Mostly

Description

Particles are present but estimated to 

be less than 5%

Size

Boulder

Cobble

Gravel

Sand

Description

Coarse

Fine

Coarse

Medium

Fine

No. 10 to No. 4

No. 40 to No. 10

No. 200 to No. 40

60

0 - 4

5 - 10

11 - 30

31 - 50

   > 50

CP

C

UU

CU

CR

EI

UC

PI

Pocket PenetrometerPP

TV

M

OC

SE

UW

VS

DS

SG

PL

SL

CL

R

SW

PA

P

PM Pressure Meter

Pocket Torvane

FIELD AND LABORATORY

TESTING

Consolidation (ASTM D 2435)

Collapse Potential (ASTM D 5333)

Compaction Curve (CTM 216)

Corrosivity Testing 

(CTM 643, CTM 422, CTM 417)

Consolidated Undrained 

Triaxial (ASTM D 4767)

Direct Shear (ASTM D 3080)

Expansion Index (ASTM D 4829)

Moisture Content (ASTM D 2216)

Organic Content-% (ASTM D 2974)

Permeability (CTM 220)

Particle Size Analysis (ASTM D 422) 

Plasticity Index (AASHTO T 90) 

Liquid Limit (AASHTO T 89)

Point Load Index (ASTM D 5731)

R-Value (CTM 301)

Sand Equivalent (CTM 217)

Specific Gravity (AASHTO T 100)

Shrinkage Limit (ASTM D 427)

Swell Potential (ASTM D 4546)

Unconfined Compression-Soil

(ASTM D 2166)

Unconfined Compression-Rock

(ASTM D 2938)

Unconsolidated Undrained 

Triaxial (ASTM D 2850)

Unit Weight (ASTM D 4767)

Vane Shear (AASHTO T 223)

> 12"

No. 4 to 3/4"

SPT N   (Blows / 12 inches)

3/4" to 3"

3" to 12"

ARROYO MOCHO ACCESS BRIDGE

Stephen Huang
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420

410

400

390

380

370

360

350

340

"A3" LINE

PLAN
Scale: 1"=50’

410 1 2 3
4 415

6 7 8

3

4

215

6

4-7/8"

"A3" LINE

410 1 2 3 4 415 6 7 8

ARROYO MOCHO - ACCESS BRIDGE

4-7/8"

M

M

M

M

M

M

M

M

M

M

UW

UW

UW

UW

UW

UW

UW

UW

UW

UW

UC

PI

PI

PA

PI

UC

UC

UC

UC

UC

UC

UC

6 inches Aggregate.

CLAYEY SAND with GRAVEL (SC); dense to very dense; brown;
moist.

Cobbles.

CLAYEY SAND with GRAVEL (SC); medium dense; dark grayish
brown; moist to wet.

Lean CLAY (CL); stiff; dark brown; moist; trace fine GRAVEL.

At 11 ft, with coarse sand.

CLAYEY SAND with GRAVEL (SC); very dense; dark brown; moist.

CLAYEY GRAVEL with SAND (GC); dense; dark brown; moist.

CLAYEY SAND with GRAVEL (SC); dense; brown.

Lean CLAY (CL); stiff; light brown; moist.

SILTY, CLAYEY SAND with GRAVEL (SC-SM); very dense; grayish
brown.

At 50 ft, becomes dense.

At 52 ft, with less gravel.

At 65 ft, with sand lenses.

SILTY GRAVEL with SAND (GM); very dense; brown.

At 82 ft, with some sand.

SANDY lean CLAY with GRAVEL (CL); very stiff; reddish brown;
moist.

CLAYEY SAND with GRAVEL (SC); very dense; brown.

50

13

13

54

68

63

10

12

120

119

46

28

27

55

203

59

57

59

166

115

122

2.0

2.0

2.0

2.0

2.5

2.5

2.0

2.0

2.0

2.5

2.0

2.0

2.0

2.0

2.0

2.5

2.0

2.0

2.5

2.0

2.5

Terminated at EL. 315.5’
01-02-08

EL. 417.0’
4-7/8"

Sta "A3" 413+63.2 94.8’ Lt

330

320

310

M

M

M

M

M

M

M

M

M

M

M

M

UW

UW

UW

UW

UW

UW

UW

UW

UW

UW

UW

UW

UC

PA

UC

UC

UC

PI

UC

UC

PI

UC

UC

UC

UC

UC

6 inches Aggregate.

GRAVELLY SILT (ML); brown.

SANDY SILT (ML); medium stiff; dark brown; moist; trace fine
GRAVEL.

SILTY GRAVEL (GM); medium dense; grayish brown; dry; with some
cobbles up to 6 inches.

CLAYEY SAND with GRAVEL (SC); medium dense; dark brown;
moist.

CLAYEY GRAVEL with SAND (GC); medium dense; grayish brown;
moist.

At 20 ft, becomes dense.

At 25 ft, becomes very dense.

At 27 ft, with some gravel layers upto 6 inches thick.

Lean CLAY (CL); hard; dark brown; moist; trace coarse SAND.

CLAYEY SAND with GRAVEL (SC); very dense; brown with gray
mottling; moist.

At 48 ft, with decrease in gravel content.

Lean CLAY (CL); hard; dark brown; moist; trace GRAVEL.

At 55 ft, becomes very stiff.

CLAYEY GRAVEL (GC); brown.

Lean CLAY (CL); stiff; dark brown; moist.

At 65 ft, becomes hard.

At 70 ft, becomes stiff.

SILTY SAND (SM); dense; dark brown; moist.

At 72 ft, with gravel.

Lean CLAY with SAND (CL); dark brown.

Poorly graded SAND with SILT (SP-SM); very dense; dark brown;
moist; trace fine GRAVEL.

Lean CLAY (CL); stiff; dark brown; moist.

At 85 ft, becomes very stiff.

At 90 ft, becomes hard.

6

24

16

27

52

126

66

39

161

76

48

30

19

46

41

66

37

50

85

63

45

2.0

2.5

2.0

2.0

2.5

2.0

2.0

2.0

2.0

2.5

2.0

2.0

2.0

2.0

2.0

2.0

2.0

2.0

2.0

2.0

2.0

Terminated at EL. 313.5’
12-27-07

EL. 417.5’
4-7/8"

Sta "A3" 415+18.7 155.2’ Lt

420

410

400

390

380

370

360

350

340

330

320

310

Stephen Huang
C 42289
03/31/10

FIGURE 3-4c

NOTE: 

1. This LOTB sheet was prepared in 

accordance with the Caltrans Soil and

Rock Logging, Classification, and

Presentation Manual (JUNE 2007)

2. Drilling fluid was measured at

EL. 374.5 feet in NB23, 5 days

after temporyily stopped drilling.

3. Design groundwater level at  

El. 376 feet.

SILTY CLAY (CL-ML); stiff; light brown.

Lean CLAY (CL); stiff; brown; moist; trace GRAVEL.

Lean CLAY (CL); very stiff; brown; moist.

At 100 ft, becomes light brown, very stiff.

BENCH MARK:

B.M Elev. 415.27

Northing: 2063428.6750

Easting: 6181960.7750

2 1/2 " brass disk set in concrete in well monument stamped

"+", at the intersection of Vineyard Avenue and Ruby Hill Drive
Dry to 8 feet at time of drillling
Groundwater level was not measured

GWS  EL 374.5’

01-02-08

14 15

R-08-023

R-07-024

R-08-023 R-07-024
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As-Built Log of Test Borings sheet is considered an informational document only. 

As such, the State of California registration seal with signature, license number 

and registration certificate expiration date confirm that this is a true and 

accurate copy of the original document. This drawing is available and presented 

only for the convenience of any bidder, contractor or other interested party.
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LOG OF TEST BORINGS 4 OF 4

297600

04 276

2. Structure Design produced the data presented in the table below. 

   The data are the metric locations for the As-Built Test Borings 

   referenced to the proposed new structure location. This table is 

   presented on the As-Built Log of Test Boring sheet for the 

   convenience of any bidder, contractor or other interested party.

22.9/27.1

Boring Station

412+45B-18

B-19 414+00

04 84

3/9/09

ARROYO MOCHO BRIDGE (ACCESS)

B-20 415+00

11.5 ft. Lt

Notes:

Revisions made to this Log of Test Borings from the 

original ____ Log of Test Borings are the addition 

of the following table and notes:

03/31/10

1. See the plans dated May 11, 1999 for stationing. 

For example I Line Sta 136+62 (Metric) = A3 Line Sta 448+23 (English).

19.0 ft. Lt

23.0 ft. Lt

Offset from A3 Line (84)

MILE POST-TOTAL PROJECT

FIGURE 3-4d

15 15





EXPANSIVE SOIL EXCLUSION
 

ZONE IN
 

BRIDGE EMBANKMENT

NO SCALE

Low Expansion Material

EI < 50

Abutment

"d""d""H"

0

1

1

Original Ground

Finished  Grade

Finished Grade

Road Structural Section

SE > 20

 EXPANSIVE SOIL EXCLUSION ZONE DETAIL 

Structure approach 

EI = Expansion Index

SE = Sand Equivalent

08/19/09 Figure

Route 84 Expressway

Improvements

Livermore, California

1ft.

8ft. min

<16ft. 4ft.

16ft.

7-1
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STATE OF CALIFORNIA • DEPARTMENT OF TRANSPORTATION 
DIVISION OF ENGINEERING SERVICES • OFFICE OF SPECIAL FUNDED PROJECTS 

Comments   
 (DRAFT REVISION 01/2008) 

  

Structure: Rte 84 Express Way Widening Route: 84   

Bridge No: 33-0710, 33-0711, Arroyo Del Valle Trail 
Bridge, Arroyo Mocho Access Bridge and 
Retaining wall No. 400N, 400S AND 246. 

EA: 297601 Liaison: Overcomer Hor 

District 04 Reviewer: Mahmood 
Momenzadeh 

Reviewed 

Date: 

June 2,2008 

Review Level:  Type Selection Pack. Consultant URS Response 
Date: 

January 12, 2009 

 
 

ABBREVIATIONS: BDA Bridge Design Aids IPG OSFP Information and Procedures Guide SDC Seismic Design Criteria 
 BDD Bridge Design Details MTD Memo to Designers SDS Suctural Detailing Standards 
 GP    General Plan       

Item Comment Response Notes 
 

 Structure Type Selection Report   

1 All shallow and deep pile support foundations for bridge should be 
designed based on LRFD.  Refer to Memo to Designers 3-1 for 
deep foundations and 4-1 for spread footings. 

Will comply.  

2 Settlement calculations should be included for the shallow footing 
support abutments located within clay. 

Will comply.  

3 Lateral condition bearing capacity of shallow footing should be 
addressed. 

Will include estimate of passive resistance and discuss 
applicability in the shallow footing design. 

 

4 Do the shallow footing of bents who are within clay layer should be 
deepened? 

Bent support has been revised to deep pile foundation to 
address erosion issues and support of shallow footing in fine 
grained soils such as clays. 

 

5 In the tieback walls, looks like the soldier beam embedment depth is 
too shallow, could you please clarify. 

The planned tieback wall system uses continuous horizontal 
support elements (soldier pileless wall) based on Bridge 
Design Specifications, Section 5, Figure 5.8.1-2b.  The 
embedment depth for the continuous horizontal elements 
presented on the general plans was a minimum value; the 
required embedment depth will be based on structural 
analysis with geotechnical parameters provided in the draft 
Foundation Report.  Will include the relevant parameters in 
the updated Foundation Report for the walls. 

 

6 Typcial section for tie back walls does not show walers, could you 
please clarify. 

The planned tieback wall system uses continuous horizontal 
support elements (soldier pileless wall) based on Bridge 
Design Specifications, Section 5, Figure 5.8.1-2b.  Thus, no 
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Item Comment Response Notes 
 

walers are planned. 

7 Is ther any horizontal boring drilling program for Soil Nail Walls? Because of site access restrictions from Ruby Hill Property 
management, it is currently unfeasible to include horizontal 
borehole in the field exploration program.  Will develop an 
SSP to require Contractor to pre-drill, submit and review 
results, modify design if necessary, and seek Caltrans 
approval prior to actual soil nail installation. 

 

8 Note that soil nail wall standard special provisions (SSP) have been 
revised by Caltrans.  Use new SSp in your recommendations for the 
proposed soil nail walls. 

Will comply.  

 











 

   

Note 1: Abbreviations for Typical Documents (if Abbr. is not below, type in the document type) 

P=Structure Plans SP=Special Provisions FR=Foundation Rpt DC=Design Calcs TS=Type Sel. Report QCC=Quant. Check Calcs 

RP=Road Plans E=Estimate H=Hydraulics Rpt CC=Check Calcs QC=Quant. Calcs  

����= Comment Resolved 

(for Reviewer’s use) 

 

OSFP Rev Form 10/29/08      Page 1 of 1 

Office of Special Funded Projects 

Comment & Response Form 
.General Project Information Review Phase Reviewer Information 

 PSR/PDS (Review No.  ) 

 APS/PSR (Review No.  ) 

 APS/PR (Review No.  ) 

Type Selection 

 65% PS&E Unchecked Details  

 PS&E (Review No.  )  

 Construction Support 

 Other:      

Structure Information 
(Use when necessary to document comments by individual structure) 

Dist: 04      EA: 297601. 

 

Project  Name: Rte 84 Expressway 

                           Widening Project 
 

OSFP Liaison:  Overcomer Y. Hor 

   Phone: (916) 227-8419 

   e-mail: 

overcomer_hor@dot.ca.gov 

Structure Name: Arroyo Mocho Access Br  

Br No: N/A 

Reviewer Name:Eduardo Ortega   

Functional Unit:Geotechnical. 

Cost Center:59-327 

     Phone Number: (510) 286-4821     

     e-mail: eduardo_ortega@dot.ca.gov     

 

Date of Review: 7-22-09     

Consultant Information (to be filled in by Consultant) 
Consultant Structure Lead (First and Last Name) 

           . 
Structure Consultant Firm 

            . 
Phone Number 

           . 
e-mail 
           . 

Response Date 
          . 

 

# 

Doc. 
(See 

Note 1) 

Page, 

Section, 

or SSP Review Comments  Consultant Responses ����
1  General Please provide a legend on the General Soil 

Profiles that identify the values found on either 

side of the vertical soil profiles.    

Will include a legend on the General Soil Profile.  

 



 

   

Note 1: Abbreviations for Typical Documents (if Abbr. is not below, type in the document type) 

P=Structure Plans SP=Special Provisions FR=Foundation Rpt DC=Design Calcs TS=Type Sel. Report QCC=Quant. Check Calcs 

RP=Road Plans E=Estimate H=Hydraulics Rpt CC=Check Calcs QC=Quant. Calcs  

����= Comment Resolved 

(for Reviewer’s use) 
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Office of Special Funded Projects 

Comment & Response Form 
.General Project Information Review Phase Reviewer Information 

 PSR/PDS (Review No.  ) 

 APS/PSR (Review No.  ) 

 APS/PR (Review No.  ) 

Type Selection 

 65% PS&E Unchecked Details  

 PS&E (Review No.  )  

 Construction Support 

 Other:      

Structure Information 
(Use when necessary to document comments by individual structure) 

Dist: 04      EA: 297601. 

 

Project  Name: 4-ALA-84 PM 26.6 
 

OSFP Liaison:  Overcommer Hor 

   Phone: 916-227-8419 

   e-mail: 

Overcomer_Hor@dot.ca.gov 

Structure Name: Arroyo Mocho Access Br 

Br No:       

Reviewer Name:Eduardo Ortega   

Functional Unit:Geotechnical. 

Cost Center:327 

     Phone Number: 510-286-4821     

     e-mail: Eduardo_Ortega@dot.ca.gov     

 

Date of Review: 03/22/10     

Consultant Information (to be filled in by Consultant) 
Consultant Structure Lead (First and Last Name) 

           . 

Structure Consultant Firm 

            . 

Phone Number 

           . 

e-mail 

           . 

Response Date 

          . 

 

# 

Doc. 
(See 

Note 1) 

Page, 

Section, 

or SSP Review Comments  Consultant Responses ����
1 Found. 

Report 

LOTB Log of Test Boring (LOTB) shall follow the requirements of 

Caltrans Logging, Classification, and Presentation Manual 

dated June 2007 or obtain an exception.    

Holes shall be identified using the following convention: 

 

HHH-YY-NNN 

 

HHH: Hole type according Figure 2-2 of the Manual 

YY: 2-digit year 

NNN: 3-digit number (001-199) 

Will comply to modify LOTBs..  

2 Found. 

Report 

Response 

to June 2, 

2008 

comment

s 

Due to site access restrictions from Ruby Hill Property, 

please submit the SSP requiring the Contractor to pre-drill, 

submit and review results, modify design if necessary, and 

seek Caltrans approval prior to actual soil nail installation. 

 

 

We understand that this comment is for Retaining Wall 246. 

Response to this comment is provided in Foundation Report 

for Retaining Walls 246. 391, 400N, 400S, and 403, dated 

September 15, 2010.  

 



Dist-EA: 04-297601             Str Name (if app.): Arroyo Mocho Access Br   Str No.       

Reviewer: Eduardo Ortega    Functional Unit: Geotechnical     03/22/10 

   

Note 1: Abbreviations for Typical Documents (if Abbr. is not below, type in the document type) 

P=Structure Plans SP=Special Provisions FR=Foundation Rpt DC=Design Calcs TS=Type Sel. Report QCC=Quant. Check Calcs 

RP=Road Plans E=Estimate H=Hydraulics Rpt CC=Check Calcs QC=Quant. Calcs  

����= Comment Resolved 

(for Reviewer’s use) 

 

OSFP Rev Form 10/29/08      Page 2 of 2 

3 Found. 

Report 

Seismic The bridge was type selected about a year before the new 

Caltrans Seismic Design Criteria  (SDC) was implemented.  

Therefore, the seismic procedure and information used is 

based on the 1996 Seismic Hazard Map (SHM) and the 

2001 SDC.  The seismic related findings in the report are 

proper and consistent with the 2001 SDC and 1996 SHM 

and I have no further comments/questions. 

 

Comment noted.   
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FIELD EXPLORATION PROGRAM 

The geotechnical field investigation consisted of two geotechnical borings extending to terminal 

depths of 101.5 feet below the existing ground surface.  The explorations were performed 

between December 26, 2007 and January 2, 2008, by Pitcher Drilling of Redwood City, 

California (rotary wash boring). 

Boring locations were carefully selected to obtain subsurface information for geotechnical design 

recommendations for the proposed structure while avoiding underground utilities and subsurface 

obstructions.  Layout of the explorations was performed by representatives of URS, and 

exploration locations were checked for conflict with underground utilities by contacting 

Underground Service Alert (USA) Network.  USA, in turn, alerted the various municipalities and 

utility companies that a subsurface investigation was to be conducted near their utilities.  

After underground utility clearance, URS obtained drilling permits from the Alameda County 

Flood Control and Water Conservation District, and coordinated with appropriate personnel to 

accommodate the required inspection during and following exploration at each location. 

Rotary Wash Boring (NB23 and NB24) 

The rotary wash borings were drilled to provide the necessary information to evaluate the 

subsurface stratigraphy and to allow acquisition of high-quality soil samples for laboratory 

testing.  The borings were drilled and sampled at the locations indicated on the Site and Boring 

Location Plan, Figure 3-3.  Both borings were advanced to a depth of 101.5 feet below existing 

ground surface using a truck-mounted drill rig under the supervision of a URS representative 

who maintained a record of all field activities, classified the soils encountered using the Unified 

Soil Classification System (USCS), and prepared logs of the borings. 

The drilling operation proceeded carefully, with particular attention to potential interference with 

utilities or other buried structures.  During drilling, both disturbed and undisturbed samples were 

obtained for identification and laboratory testing.  Soil samples were generally obtained at 5-foot 

intervals and at changes in strata.  Samples were obtained using an unlined split spoon sampler 

(SPT), having an outside diameter of 2 inches, lined/unlined Modified California (MC) sampler, 

having an outside diameter of 2½ inches, and lined/unlined Standard California Sampler, having 

an outside diameter of 3 inches.  A 140-pound hammer falling through a distance of 30 inches 

was used to drive the samplers.  The blow count recorded on the boring logs adjacent to the 

sample depth is the number of blows required to drive the sampler for the final 1 foot of a 

maximum 18 inch drive. 

One of the objectives of the field investigation was to obtain high-quality undisturbed samples 

for laboratory testing.  Effort was made to minimize sample disturbance during sample handling 

and transportation.  After careful withdrawal from the ground, the sample was placed upright and 

the ends of the sample were cleaned of disturbed soil.  If possible, pocket penetrometer tests 

were performed on the bottom end of cohesive soil samples.  Both ends of the samples were 

covered with plastic caps, and carefully transported to the URS laboratory.
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LABORATORY TESTING PROGRAM 

A laboratory testing program was carried out to determine the index and engineering properties 

of the major subsurface strata encountered at the site.  The laboratory testing program included 

conventional tests to confirm the existing information on the engineering characteristics of the 

major strata and to refine some of the engineering parameters, where it was deemed appropriate.  

These tests were performed at the URS laboratory in San Jose. 

This appendix briefly describes the testing program and procedures for the different types of 

tests, and then presents detailed test results. 

Index Tests 

Index tests were performed on both cohesive and cohesionless soil samples to aid in soil 

classification and in correlation with other engineering parameters.  Index tests included 

Atterberg Limits, gradation analyses, moisture content and dry density determinations.  Atterberg 

Limits tests were performed in accordance with ASTM D 4318.  Particle analyses were 

performed in accordance with ASTM D 422.  The moisture content tests were performed in 

accordance with ASTM D 2216.  Dry density was determined in accordance with 

ASTM D 2937.  The locations of these tests are indicated on the Logs of Test Borings adjacent 

to the appropriate sample depths.  The results are summarized in Table B-1. 

A plasticity chart graphically presenting the results of the Atterberg Limits tests is included on 

Figure B-1.  Grain size distribution curves are presented graphically on Figure B-2. 

Unconfined Compression Tests 

Unconfined compression tests were performed on select cohesive soil samples to assist in 

determining shear strength parameters.  These tests were performed in accordance with 

ASTM D 2166.  The locations of these tests are indicated on the Logs of Test Borings adjacent 

to the appropriate sample depths.  The results are summarized in Table B-1. 

 

 

 

 

 

 

 

 

 

 



TABLE B-1

SUMMARY OF LABORATORY TEST RESULTS
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NB23 27-Dec-07 1 4.5 143

NB23 10 6680 12 127

NB23 30 31 18 13 1960 22.4 103

NB23 35 27 18 9 2020 21 99

NB23 50 91 81 77 64 47 32 23 17 14 12 7.5 136

NB23 55 23 18 5 2860 17.5 116

NB23 60 3430 13.7 121

NB23 65 2390 13.5 125

NB23 80 5630 17.5 110

NB23 85 5590 12.1 127

NB24 26-Dec-07 1 1230 8 106
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Sieve Analysis Results (Percent Passing) In-Place ConditionsAtterberg Limits
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May 2009  iii  

Executive Summary 
 
This study represents the hydrologic and hydraulic assessment for the proposed State 
Route 84 (SR 84) Expressway Bridge widening at Arroyo del Valle, the new Trail Bridge 
over Arroyo del Valle, the proposed SR 84 Expressway Bridge widening at Arroyo 
Mocho, and the new Access Bridge over Arroyo Mocho in the City of Livermore, 
Alameda County, California.  The bridges are located on the SR 84 Expressway 
Widening Project.   
 
Hydraulic analyses were performed for the existing and proposed conditions using the 
design flows from the Zone 7 Water Agency (Zone 7).  For Arroyo del Valle and Arroyo 
Mocho, the design flood simulation in the model was controlled by the normal depth 
calculated from the average channel slope at the downstream straight channel reach.  The 
Zone 7 design criterion is 100-year plus 2 ft of freeboard.  The results from the hydraulic 
analyses for the proposed conditions are summarized in Table 1 through Table 4, below.   
 
Table 1: SR 84 Expressway at Arroyo del Valle Hydrologic & Hydraulic Summary 

Design Flow Return 
Period 

Design 
Flows 
(cfs) 

Bridge 
Soffit 

Elevation 
(ft) 

Water Surface 
Elevation (ft) 

Freeboard 
(ft) 

Average Flow 
Velocity (ft/sec) 

100-year 7,000 417.48 411.18 6.30 11.68 
50-year 5,400 417.48 410.06 7.42 10.34 

 
Table 2: Trail Bridge at Arroyo del Valle Hydrologi c & Hydraulic Summary 

Design Flow Return 
Period 

Design 
Flows 
(cfs) 

Bridge 
Soffit 

Elevation 
(ft) 

Water Surface 
Elevation (ft) 

Freeboard 
(ft) 

Average Flow 
Velocity (ft/sec) 

100-year 7,000 415.58 411.71 3.87 8.31 
50-year 5,400 415.58 410.55 5.03 7.62 

 
Table 3: SR 84 Expressway at Arroyo Mocho Hydrologic & Hydraulic Summary 

Design Flow Return 
Period 

Design 
Flows 
(cfs) 

Bridge 
Soffit 

Elevation 
(ft) 

Water Surface 
Elevation (ft) 

Freeboard 
(ft) 

Average Flow 
Velocity (ft/sec) 

100-year 4,800 416.87 415.01 1.86 6.02 
50-year 3,900 416.87 413.97 2.90 5.70 

 
Table 4: Access Bridge at Arroyo Mocho Hydrologic & Hydraulic Summary 

Design Flow Return 
Period 

Design 
Flows 
(cfs) 

Bridge 
Soffit 

Elevation 
(ft) 

Water Surface 
Elevation (ft) 

Freeboard 
(ft) 

Average Flow 
Velocity (ft/sec) 

100-year 4,800 417.02 414.66 2.36 6.31 
50-year 3,900 417.02 413.62 3.40 6.00 
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The existing Arroyo del Valle Bridge was declared scour critical by Caltrans HQ.  The 
scour analysis was conducted using the methodology recommended by the FHWA.  The 
calculated potential scour depths at the bridge structures are summarized in Table 5 
through Table 7. 
 
Table 5: SR 84 Expressway at Arroyo del Valle Scour Analysis Summary  

Location Long Term 
Scour (ft) 

Contraction 
Scour (ft) 

Local Scour  
(ft) 

Total Scour  
(ft) 

Abutment #1 Negligible 1.15 12.74 13.89 
Pier #2 Negligible 1.15 13.37 14.52 

Abutment #3 Negligible 1.15 6.31 7.46 
 
Table 6: Trail Bridge at Arroyo del Valle Scour Analysis Summary  

Location Long Term 
Scour (ft) 

Contraction 
Scour (ft) 

Local Scour  
(ft) 

Total Scour  
(ft) 

Abutment #1 Negligible 2.90 21.58 24.48 
Pier #2 Negligible 2.90 22.43 25.33 

Abutment #3 Negligible 2.90 22.09 24.99 
 
Table 7: Access Bridge at Arroyo Mocho Scour Analysis Summary  

Location Long Term 
Scour (ft) 

Contraction 
Scour (ft) 

Local Scour  
(ft) 

Total Scour  
(ft) 

Abutment #1 Negligible 1.1 - 1.1 
Abutment #2 Negligible 1.1 - 1.1 

 

Photo 1.  Aerial of SR 84 Expressway at Arroyo del Valle (maps.live.com) 
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Photo 2.  Aerial of SR 84 Expressway at Arroyo Mocho (maps.live.com) 

 
Extensive coordination has been made between Caltrans and the Design Team over the 
recommended countermeasures in scour prevention for the bridges within this Project.  
According to Caltrans, rock slope protection (RSP) alone is insufficient for scour 
protection.  Supporting the piers of the SR 84 Bridge at Arroyo del Valle and the Trail 
Bridge at Arroyo del Valle on piles, as well as piles for the abutments of the new Trail 
Bridge, are the primary scour countermeasures proposed.  The piers for the widened SR 
84 Expressway bridge at Arroyo del Valle and the Trail Bridge at Arroyo del Valle 
should have piles as deep as the estimated total scour.  The Access Bridge at Arroyo 
Mocho should have spread footings located as deep as the estimated total scour.  RSP 
shall also be placed along the proposed embankments for the existing SR 84 Expressway 
bridge at Arroyo del Valle.  RSP generally consists of rock on channel and structure 
boundaries to limit the effects of erosion.  It is the most common type of countermeasure 
due to its general availability, ease of installation, and relatively low cost.   
 
Per Caltrans recommendation, the existing RSP at the Arroyo del Valle bridge appears to 
be substandard and will be removed and replaced with new RSP meeting the current 
standards in HEC-23.  The rock size at the toe of embankment was determined using the 
Isbash Formula per HEC-23.  For the Trail Bridge, just upstream of the Trail Bridge, in 
between the bridges, and on the upstream face of the SR 84 Bridge, at least ¼-Ton rock 
with a thickness of 3.3 feet and Backing Class Number 1 or 2 with a minimum thickness 
of 1.8 feet and 1.25 feet, respectively, would be required.  For the downstream face of the 
SR 84 Bridge and just downstream of the SR 84 Bridge, at least 1-Ton rock with a 
thickness of 5.4 feet and Light rock (inner layer) with a minimum thickness of 2.5 ft 
would be required.  ¼-Ton rock would also be required for the Access Bridge.   
 
The proposed embankment will only fill up to the edge of the low flow channel.  There 
will be no fill in the low flow channel.  Permitting agencies may require mitigation for 
any impacted areas in the channel and/or habitats, which would prohibit certain 
countermeasures.   
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INTRODUCTION 

 

V&A was retained by URS Corporation to perform a corrosion survey on State Highway 84, from Ruby Hill 

Drive to Jack London Boulevard, in Livermore, California. The objective of the investigation was to 

measure various soil parameters and evaluate the results with respect to possible levels of corrosion at 

the site.  The soil was tested at depths ranging from 0 to 19 meters below existing grade. This report 

provides recommendations for corrosion control of structural foundation materials under consideration for 

the existing Arroyo Mocho Access Bridge construction on Highway 84 (Isabel Avenue). The materials 

being considered as part of this investigation include buried reinforced concrete, prestressed concrete 

piles and steel piles. 

 

The investigation was conducted in accordance with California Department of Transportation’s Division of 

Engineering Services, Materials Engineering and Testing Services, Corrosion Technology Branch 

“Corrosion Guidelines” (Guidelines) dated September 2003.  These Guidelines consider representative 

soil or water samples to be corrosive to structural elements if one or more of the following conditions exist: 

 

1) The chloride concentration is 500 ppm or greater, 

2) The sulfate concentration is 2000 ppm or greater, 

3) The pH is 5.5 or less. 

 

Evaluation of the soil environment was made in terms of potential corrosion damage to concrete and metal 

structures.  Soil resistivity measurements were conducted in the field during the initial stages of the work.  In 

addition, soil samples taken during a geotechnical investigation were provided to V & A for laboratory testing. 

 The soil samples were analyzed for minimum (saturated) resistivity, as well as for pH, chloride, and sulfate 

ion concentrations.  All of these affect the corrosion rate of buried structures. 

 

The minimum (saturated) resistivity of four soil samples selected from two borings at the Arroyo Mocho 

Bridge ranged from 1,978 ohm-cm to 14,478 ohm-cm. The soil pH analyses ranged from 7.8 to 9.1 and the 

water-soluble chloride concentrations ranged from below the detection limit of 2 mg/kg to 7 mg/kg.  The 

water-soluble sulfate concentrations were below the detection limit of 5 mg/kg.  The pH, chloride and sulfate 

ion concentrations all indicate the sampled soils are non-corrosive, as defined by the Guidelines. 

 

No water was sampled was at the Arroyo Mocho Bridge site because the streambed was dry at the time field 

resistivity readings were taken (May 14, 2008). 

 

CONCLUSIONS 

 

• The soil boring chemical analyses and the stream water analysis all gave pH values higher than 5.5, 

soluble chloride concentrations less than 500 mg/kg and soluble sulfate concentrations less than 

2,000 mg/kg.  According to the Guidelines, the soils and water are considered non-corrosive. 

• No corrosion mitigation for steel piles is required by the Guidelines for non-corrosive soil conditions. 

• This structure is not within 300 meters (1,000 feet) of salt or brackish water. 
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RECOMMENDATIONS 

 

The test data and a review of the project requirements were used to make recommendations for each 

structural foundation material alternative listed below. 
 

Buried Reinforced Concrete Structures and Cast in Place Piles 

Buried concrete structures should be constructed of durable concrete as described in ACI Standards 

201.2R and 222R. These recommendations include, but are not limited to, the following for installations in 

non-corrosive soil: 

• The water/cement ratio should not exceed 0.50. 
• A minimum concrete cover of 5.1 centimeters should be applied over all steel reinforcement. 

• Sand and water used in concrete mixtures should contain a maximum of 100 ppm of water-soluble 
chloride ions and water-soluble sulfate ions.  They should have a pH in the range of 6.5 to 8.0.  
Potable water should be used in concrete mixtures. 

• Type I-P (MS) modified or Type II modified cement should be used. 
 

Prestressed Concrete Piles 

Prestressed concrete piles should be constructed of durable concrete as described in ACI Standards 

201.2R and 222R. These recommendations include, but are not limited to, the following: 
 

• The water/cement ratio should not exceed 0.50. 
• A minimum concrete cover of 5.1 centimeters should be applied over all steel reinforcement. 

• Sand and water used in concrete mixtures should contain a maximum of 100 ppm of water-soluble 
chloride ions and water-soluble sulfate ions.  They should have a pH in the range of 6.5 to 8.0.  
Potable water should be used in concrete mixtures. 

• Type I-P (MS) modified or Type II modified cement should be used. 

 

Steel Piles 

No corrosion mitigation is required for non-corrosive soils 

 

TEST METHODS 

 

When predicting potential corrosion problems associated with a particular type of structure prior to 

installation, it is necessary to investigate the soil conditions the structure will encounter. Since corrosion is 

an electrochemical process accompanied by current flow, the electrochemical characteristics of a soil are 

of primary importance. Test methods utilized during this investigation reflect the most practical methods of 

evaluating corrosivity.  

 

Resistivity is a measure of the ability of a soil to conduct an electric current. The higher the resistivity, the 
more difficult it is for the soil to conduct current. Resistivity is primarily dependent on the soluble chemical 
and moisture content of the soil. Soils with high dissolved ion contents generally have low resistivity. As 
moisture is added to a soil, its resistivity will decrease as more ions are taken into solution.  The soil 
resistivity decreases until the maximum solubility of the dissolved ions is reached. Increasing the moisture 
content beyond this point increases the soil resistivity by diluting the solution.  Since corrosion rate 
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depends on current flow through the soil, corrosivity normally increases as soil resistivity decreases. 
 

Soils can contain a wide variety of soluble salts.  Therefore, soils with similar resistivities can have 

significantly different corrosion characteristics, depending on the ions present.  In most soils, the principle 

agents of corrosion are the chloride and sulfate ions, as well as pH.  Chloride ions break down the protective 

surface films on metals and can corrode reinforcing steel in concrete structures.  Sulfates attack the Portland 

cement in concretes.  This is an expansive reaction that disrupts the concrete matrix and softens the surface. 

 A high bicarbonate ion concentration lowers soil resistivity and facilitates other forms of corrosion; however, 

bicarbonate is not corrosive to metals.  Soil pH is another measure of corrosivity.  Acid (low pH) soils are 

corrosive to buried metallic and concrete structures.  Neutral (pH 7) and alkaline (pH greater than 7) soils are 

passive to metal surfaces; therefore, corrosion rates become negligible. 

 

Field Soil Resistivity 

 

Field (in-situ) soil resistivity was measured at 17 locations along the Highway 84 project alignment.  The 

same testing configuration was used at each location.  At the Arroyo Mocho Bridge crossing, one 

resistivity station was set up at the northwest end of the existing bridge.  Figure 1 is a vicinity and project 

location map. Figure 2 shows the soil resistivity test site and the soil boring locations. 

 

 

 

 

Figure 1. Vicinity Map for Arroyo Mocho Bridge Foundation Investigation, Livermore, CA. 

 

Highway 84 Widening Project Alignment 

Arroyo Mocho Bridge site 

Livermore 
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Figure 2. In-Situ Soil Resistivity Testing and Soil Bore Locations 

 

In-situ soil resistivity measurements were conducted by the Wenner Electrode Method using an AEMC 

Soil Resistance Meter, Model 4500. The Wenner Electrode Method uses four equally spaced metal pins, 

driven into the ground in a straight line, as electrodes (see Figure 3). 

 

P2

C2

P1

C1

Nilsson Soil
Resistance Meter

Equally Spaced Steel Pins in Straight Line
 

 

Figure 3. Wenner Electrode Method for Soil Resistivity Measurement 
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soil resistivity station 
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An alternating current from the Soil Resistance Meter causes a current to flow through the soil between 

the outside electrodes, C1 and C2. The current flowing through the soil creates a voltage gradient, which 

is proportional to the average resistance of the soil mass to a depth equal to the distance between 

electrodes. The voltage drop is measured across electrodes P1 and P2. Resistivity of the soil is then 

computed from the instrument reading according to the following formula: 

 

ρ = 2πAR 

 

  where:  ρ = soil resistivity in ohm-cm 

    A = the distance between probes in cm 

    R = soil resistance in ohms (instrument reading) 

  π = 3.1416 

     

Soil resistivity measurements were conducted at rod spacings of 1.5, 3.0, 4.5 and 6.0 meters. Another 

method of calculating the soil resistivity using the data from the Wenner Electrode Method is the Barnes-

Layer Resistivity calculation. The Barnes-Layer calculation is used to determine the resistivity for each soil 

layer. While the Wenner Electrode Method with 6.0 meter electrode spacings will consider the entire six 

meters below the surface, the Barnes-Layer method will calculate the resistivity of layers 0 to 1.5 meters, 

1.5 to 3.0 meters, 3.0 to 4.5 meters and 4.5 to 6.0 meters below the surface. This method assumes the 

soil layers have a uniform thickness and are parallel to the surface.  This may not always be true. 

 

The Barnes-Layer method uses the following parameters to calculate layer resistivities: 

 

  abab KR −− =ρ  

and 

baab RRR

111 −=
−  

 
Where: 

 
 

 

 

 

 

 

Soil resistivities measured at the Arroyo Mocho Bridge and Barnes-Layer resistivities calculated from this 

data are listed in Table 1. 
 

 

 

ρb-a = Soil resistivity of layer depth b-a (ohm-cm) 

a = Soil depth to top of layer (cm) 

b = Soil depth to bottom of layer (cm) 

Ra = Soil resistance read at depth a (ohms) 

Rb = Soil resistance read at depth b (ohms) 

Rb-a = Resistance of soil layer from a to b (ohms) 

K = Layer constant (cm) 

 = 2 π (b-a) 
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Laboratory Soil Analysis 
 

To supplement the field resistivity test data, soil samples were obtained from soil borings NB23 and NB24 

for laboratory soil resistivity analysis.  A Soil Box was used in accordance with California Test Method 643. 

 This apparatus is shown in Figure 4. 

 

 

 

Figure 4. Soil Resistivity Measurement Using the Soil Box Method 

 

This apparatus consists of a small plastic box with metal end plates for passing current through a tightly 

packed soil sample. Current is passed through the sample, causing a voltage drop across the sample. 

The soil resistivity is measured with a Soil Resistance Meter, similar to the AEMC Model 4500. 

 

Soil resistivity is first measured in the "as-received" state. Distilled water is then added to the soil sample 

in 10-mL increments.  The resistivity is measured after each addition. As the soil sample becomes more 

saturated, the soil resistivity decreases until the minimum soil resistivity is reached.  

 

Soil boring samples from this study were forwarded to Cooper Testing Labs, Inc., in Palo Alto, CA., for 

minimum resistivity measurement, pH analysis, and analysis of water soluble chloride and sulfate ion 

concentrations.  The analytical procedures followed California Test Methods 417, 422 and 643. 
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TEST RESULTS 

 
Table 1 lists the field soil resistivity measurements from the Arroyo Mocho Bridge site and the calculated 
Barnes-Layer resistivities. Table 2 lists minimum resistivities and chemical analyses for the soil samples. 
 
 

Table 1.  Field Soil Resistivity Data 

Site Survey 
Station 

Depth 
(meters) 

Resistivity 
(ohm-cm) 

Layer (meters) 
Layer 

Resistivity 
(ohm-cm) 

1.5 11,481 0 to 1.5 11,481 

3.0 11,223 1.5 to 3.0 10,975 

4.5 15,541 3.0 to 4.5 67,460 
15 416+00 

6.0 16,968 4.5 to 6.0 23,417 
 

 

 

Table 2.  Laboratory Soil Resistivity and Chemical Data 

Chemical Data 
Item 
No. 

Boring 
No. 

Sample 
No. 

Depth 
(meters) 

Minimum 
Soil 

Resistivity 
(ohm-cm) 

pH 
Sulfate 
(mg/kg) 

Chloride 
(mg/kg) 

1 NB23 2-4 1.5 to 2.0 5,347 8.4 <5 2 

2 NB23 13-3 18.3 to 18.7 6,052 7.9 <5 3 

3 NB24 2-X 1.5 to 2.0 14,478 9.1 <5 <2 

4 NB24 13-4 18.3 to 18.7 1,978 7.8 <5 7 

 

Based on the Guidelines, the analyzed soil samples are considered non-corrosive to buried metallic 

objects and reinforced concrete structures in regard to chloride and sulfate contents, pH and minimum soil 

resistivity. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 R
ou

te
 8

4-
Is

ab
el

 A
ve

nu
e 

W
id

en
in

g 
P

ro
je

ct
/A

rr
oy

o 
M

oc
ho

 A
cc

es
s 

B
ri

dg
e 

   
   

   
   

   
   

   
   

   
 F

ou
nd

at
io

n 
In

ve
st

ig
at

io
n 

R
ep

or
t 

 
 

 
 

P
ag

e 
8 

A
p

p
en

d
ix

 1
.  

S
o

il 
S

am
p

le
 M

in
im

u
m

 R
es

is
ti

vi
ti

es
 a

n
d

 C
h

em
ic

al
 A

n
al

ys
es

 
 

 
 

CTL # 632-005 & 006 Date: 6/13/2008 Tested By: PJ Checked: PJ

Client: V&A Project: URS-Caltrans Hwy 84 Widening Proj. No: 08-0216

Remarks:

Chloride pH ORP Moisture

Boring Sample, No. Depth, ft. As Rec. Minimum Saturated mg/kg mg/kg % (Redox) As Received Sample Description 

Dry Wt. Dry Wt. Dry Wt. mv %

ASTM G57 Cal 643 ASTM G57 Cal 422-mod. Cal 417-mod. Cal 417-mod. Cal 643 SM 2580B ASTM D2216

NB03-2-3 - 5 - 6.5 - 3,302 - 6 <5 <0.0005 7.5 - 2.7 Brown Clayey SAND, trace Gravel

NB05-2-3 - 5-6.5 - 7,312 - <2 <5 <0.0005 8.4 - 1.6 Reddish Brown SAND w/ Gravel, trace Clay

NB07-3-3 - 5 - 6.5 - 1,510 - 20 <5 <0.0005 7.1 - 3.0 Brown Sandy CLAY

NB11-5-3 - 20 - 21.5 - 7,255 - <2 <5 <0.0005 7.4 - 1.6 Brown GRAVEL w/ Clay & Sand

NB12-2-X - 5 - 6.5 - 10,028 - <2 <5 <0.0005 8.6 - 0.9 Brown SAND w/ Clay & Gravel

NB13-6-3 - 25-26.5 - 7,992 - <2 <5 <0.0005 8.3 - 1.2 Brown GRAVEL w/ Sand, trace Silt

NB14-2-3 - 5 - 6.5 - 10,586 - <2 <5 <0.0005 8.5 - 0.7 Brown GRAVEL w/ Sand

NB20-2-3 - 3.5 - 5 - 5,340 - <2 7 0.0007 8.2 - 2.0 Brown Clayey SAND

NB22A-1-4 - 3.5 - 5 - 5,386 - 9 <5 <0.0005 8.6 - 1.3 Brown SAND w/ Clay & Gravel

NB23-2-4 - 5 - 6.5 - 5,347 - 2 <5 <0.0005 8.4 - 1.1 Brown SAND w/ Clay & Gravel

NB23-13-3 - 60 - 61.5 - 6,052 - 3 <5 <0.0005 7.9 - 1.9 Reddish Brown Silty SAND w/ Gravel (slightly plastic)

NB24-2-X - 5 - 6.5 - 14,478 - <2 <5 <0.0005 9.1 - 0.6 Grayish Brown SAND w/ Clay & Gravel

NB24-13-4 - 60 - 61.5 - 1,978 - 7 <5 <0.0005 7.8 - 2.1 Reddish Brown Sandy SILT

NB25A-2-4 - 8.5 - 10 - 23,278 - <2 <5 <0.0005 8.3 - 0.5 Brown GRAVEL w/ Silt & Sand

 water - 1,686 - 63.7* 19.9* - 8.3 - - Water sampled at existing Arroyo del Valle bridge

Note: The Chloride and Sulfate results for the water sample are in units of mg/L.

Arroyo del Valle

Sample Location or ID Resistivity @ 15.5 oC (Ohm-cm) Sulfate

Corrosivity Test Summary
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Route 84 Widening Arroyo Mocho Access Bridge - Abutment 1
12/14/2009

Pile Design Spreadsheet  

Caltrans Design Method For CIDH Pile

Nominal axial compress. Capacity (ult.) 130 ton

Project Name: Route 84 Widening Nominal axial compress. Capacity (ult.) 1157 kN Pile Type CIDH

Project Number: 28649640 Pile Diameter 16 inch Pile Shape Circular

Bridge Name: Arroyo Mocho Access Bridge Pile Diameter 406 mm Pile Surface Area 1.28 sq. m/m Pile Tip Area 0.13 sq. m

Boring Surface El. (m) 126.2 Pile Diameter 1.33 ft Pile Surface Area 4.19 sq. ft/ft Pile Tip Area 1.40 sq. ft.

Boring Surface El. (ft) 414.0

Design GWS El. (ft) 376.0

Unit Weight of Water (pcf) 62.4

Depth with no strength

Convert. Factor 3.281

Bottom of Pile Cap El. (m) 124.8

Bottom of Pile Cap El. (ft) 409.4

Bottom of Fill El. (ft) N/A

Scour El. (ft) N/A

Soil parameters taken from boring NB23 Soil qT z/B Nc qT Bearing Include Elevation Nominal

Layer Lateral NSPT Cohesion Adhesion Ult. Load Layer Depth to Effective Type (granular) (cohesive) (cohesive) Capacity B.C.? to Axial

No. Resists? Factor Transfer Thickness Layer Center Vert. Stress G= gran. Cohesive (B.C.) midlayer (skin) (Tot) Capacity

c α fsi (Cen. Lay.) C=cohes. (comp) (tensile)

(-) (m) (feet) (m) (feet) blows/ft (psf) (psf) (feet) (feet) (psf) (psf) (ton) (ton) (ton) (psf) (-) (-) (psf) (ton) (ft) (ton) (kN) (ton) (kN) (ton) (kN) (ton) (kN) (ton) (kN)

126.18 414.0 0 0 g 0 n 414.0 0 0 0.0 0 130 1157 0 0 65 579

1 126.18 414.0 124.78 409.4 N 13 0 0.55 0 4.6 2.3 270.0 1.2 0 g 0.0 0.0 0.0 15600 0.0 6.02 0 11 n 412.9 0.0 0 0.0 0 130 1157 0.0 0 65 579

2 124.78 409.4 122.83 403.0 Y 13 2000 0.55 1100 6.4 7.8 909.0 1.1 1021 c 14.7 0.0 0.0 15600 4.8 9.00 18000 13 n 405.5 14.7 131 14.7 131 130 1157 14.7 131 65 579

3 122.83 403.0 118.26 388.0 Y 50 0 0.55 0 15.0 18.5 2334.0 0.9 2146 g 0.0 67.4 47.2 60000 16.1 9.00 0 42 n 393.8 82.2 731 82.2 731 130 1157 61.9 551 65 579

4 118.26 388.0 115.82 380.0 Y 10 1000 0.55 550 8.0 30 3954.0 0.8 3007 c 9.2 0.0 0.0 12000 22.1 9.00 9000 6 n 373.0 91.4 813 91.4 813 130 1157 71.1 633 65 579

5 115.82 380.0 110.64 363.0 Y 70 0 0.55 0 17.0 42.5 5192.3 0.6 3219 g 0.0 114.6 80.2 84000 34.8 9.00 0 59 y 358.8 206.0 1833 264.6 2355 130 1157 151.4 1347 65 579

6 110.64 363.0 106.37 349.0 Y 27 1400 0.55 770 14.0 58 6486.0 0.5 3061 c 22.6 0.0 0.0 32400 45.3 9.00 12600 9 y 334.0 228.5 2034 237.3 2112 130 1157 173.9 1547 65 579

7 106.37 349.0 104.24 342.0 Y 100 0 0.55 0 7.0 68.5 7212.0 0.4 2760 g 0.0 40.5 28.3 90000 50.6 9.00 0 63 y 314.8 269.0 2394 331.8 2953 130 1157 202.3 1799 65 579

8 104.24 342.0 99.66 327.0 Y 55 2800 0.55 1540 15.0 79.5 8010.6 0.3 2374 c 48.4 0.0 0.0 66000 61.8 9.00 25200 18 y 302.3 317.4 2825 335.0 2981 130 1157 250.6 2230 65 579

9 99.66 327.0 96.62 317.0 Y 100 0 1.55 0 10.0 92 8954.4 0.25 2239 g 0.0 46.9 32.8 90000 69.3 9.00 0 63 y 281.0 364.3 3242 427.1 3801 130 1157 283.5 2522 65 579

Bottom 96.62 317.0
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Project No.
28649640

SR 84-ISABEL AVENUE 
Livermore, California Figure

G-1
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============================================================================== 
 
                    LPILE Plus for Windows, Version 4.0 
 
               Analysis of Individual Piles and Drilled Shafts 
              Subjected to Lateral Loading Using the p-y Method 
 
                   (c) Copyright ENSOFT, Inc., 1985-2001 
                             All Rights Reserved 
 
============================================================================== 
 
 
This program is licensed to:  
 
IT - San Jose 
URS Corporation 
 
Path to file locations:      X:\Route 84 - Isabel 
Avenue\geotech\Analysis\pile\lateral\Arroyo Mocho Access Bridge\ 
Name of input data file:     ArroyoMocho Access_Abut_1_ Fixed.lpd 
Name of output file:         ArroyoMocho Access_Abut_1_ Fixed.lpo 
Name of plot output file:    ArroyoMocho Access_Abut_1_ Fixed.lpp 
Name of runtime file:        ArroyoMocho Access_Abut_1_ Fixed.lpr 
 
 
------------------------------------------------------------------------------ 
                          Time and Date of Analysis 
------------------------------------------------------------------------------ 
 
               Date:  December  1, 2009     Time:  15:22:28 
 
 
------------------------------------------------------------------------------ 
                                Problem Title 
------------------------------------------------------------------------------ 
 
SR84 Isabel Abutment - Arroyo Mocho Access Bridge - 16 inch CIDH Pile - Fixed    
 
 
------------------------------------------------------------------------------ 
                                Program Options 
------------------------------------------------------------------------------ 
 
Units Used in Computations - US Customary Units, inches, pounds 
 
Basic Program Options: 
 
Analysis Type 1:  
- Computation of Lateral Pile Response Using User-specified Constant EI 
 
Computation Options: 
- Only internally-generated p-y curves used in analysis 
- Analysis does not use p-y multipliers (individual pile or shaft action only) 
- Analysis assumes no shear resistance at pile tip 
- Analysis includes automatic computation of pile-top deflection vs. 
  pile embedment length 



- No computation of foundation stiffness matrix elements 
- Output pile response for full length of pile 
- Analysis assumes no soil movements acting on pile 
- No additional p-y curves to be computed at user-specified depths 
 
Solution Control Parameters: 
- Number of pile increments            =           70 
- Maximum number of iterations allowed =          100 
- Deflection tolerance for convergence =   1.0000E-05 in 
- Maximum allowable deflection         =   1.0000E+02 in 
 
Printing Options: 
- Values of pile-head deflection, bending moment, shear force, and  
  soil reaction are printed for full length of pile. 
- Printing Increment (spacing of output points) =  1 
 
 
------------------------------------------------------------------------------ 
                   Pile Structural Properties and Geometry 
------------------------------------------------------------------------------ 
 
Pile Length                               =     402.00 in 
Depth of ground surface below top of pile =     -55.20 in 
Slope angle of ground surface             =      26.56 deg. 
 
Structural properties of pile defined using  2 points 
 
Point    Depth         Pile      Moment of       Pile      Modulus of 
           X         Diameter     Inertia        Area      Elasticity 
           in           in         in**4        Sq.in      lbs/Sq.in 
-----  ---------   -----------   ----------   ----------   ----------- 
  1       0.0000        16.000    3217.0000     201.1000   3600000.000 
  2     402.0000        16.000    3217.0000     201.1000   3600000.000 
 
 
------------------------------------------------------------------------------ 
                      Soil and Rock Layering Information 
------------------------------------------------------------------------------ 
 
The soil profile is modelled using  9 layers 
 
Layer  1 is sand, p-y criteria by Reese et al., 1974 
Distance from top of pile to top of layer    =      -55.200 in 
Distance from top of pile to bottom of layer =         .000 in 
p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3 
p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3 
 
Layer  2 is stiff clay without free water 
Distance from top of pile to top of layer    =         .000 in 
Distance from top of pile to bottom of layer =       76.800 in 
p-y subgrade modulus k for top of soil layer =      825.000 lbs/in**3 
p-y subgrade modulus k for bottom of layer   =      825.000 lbs/in**3 
 
Layer  3 is sand, p-y criteria by Reese et al., 1974 
Distance from top of pile to top of layer    =       76.800 in 
Distance from top of pile to bottom of layer =      256.800 in 
p-y subgrade modulus k for top of soil layer =      225.000 lbs/in**3 



p-y subgrade modulus k for bottom of layer   =      225.000 lbs/in**3 
 
Layer  4 is stiff clay without free water 
Distance from top of pile to top of layer    =      256.800 in 
Distance from top of pile to bottom of layer =      352.800 in 
p-y subgrade modulus k for top of soil layer =      100.000 lbs/in**3 
p-y subgrade modulus k for bottom of layer   =      100.000 lbs/in**3 
 
Layer  5 is sand, p-y criteria by Reese et al., 1974 
Distance from top of pile to top of layer    =      352.800 in 
Distance from top of pile to bottom of layer =      556.800 in 
p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3 
p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3 
 
Layer  6 is stiff clay without free water 
Distance from top of pile to top of layer    =      556.800 in 
Distance from top of pile to bottom of layer =      724.800 in 
p-y subgrade modulus k for top of soil layer =      260.000 lbs/in**3 
p-y subgrade modulus k for bottom of layer   =      260.000 lbs/in**3 
 
Layer  7 is sand, p-y criteria by Reese et al., 1974 
Distance from top of pile to top of layer    =      724.800 in 
Distance from top of pile to bottom of layer =      808.800 in 
p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3 
p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3 
 
Layer  8 is stiff clay without free water 
Distance from top of pile to top of layer    =      808.800 in 
Distance from top of pile to bottom of layer =      988.800 in 
p-y subgrade modulus k for top of soil layer =      700.000 lbs/in**3 
p-y subgrade modulus k for bottom of layer   =      700.000 lbs/in**3 
 
Layer  9 is sand, p-y criteria by Reese et al., 1974 
Distance from top of pile to top of layer    =      988.800 in 
Distance from top of pile to bottom of layer =     1108.800 in 
p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3 
p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3 
 
 
(Depth of lowest layer extends  706.80 in below pile tip) 
 
 
------------------------------------------------------------------------------ 
                   Effective Unit Weight of Soil vs. Depth 
------------------------------------------------------------------------------ 
 
Distribution of effective unit weight of soil with depth 
is defined using 18 points 
 
Point        Depth X    Eff. Unit Weight 
 No.           in          lbs/in**3 
-----      ----------   ---------------- 
  1           -55.20         .07520 
  2              .00         .07520 
  3              .00         .07230 
  4            76.80         .07230 
  5            76.80         .07810 



  6           256.80         .07810 
  7           256.80         .07230 
  8           352.80         .07230 
  9           352.80         .07810 
 10           556.80         .07810 
 11           556.80         .04200 
 12           724.80         .04200 
 13           724.80         .03910 
 14           808.80         .03910 
 15           808.80         .04200 
 16           988.80         .04200 
 17           988.80         .03910 
 18          1108.80         .03910 
 
 
 
------------------------------------------------------------------------------ 
                           Shear Strength of Soils 
------------------------------------------------------------------------------ 
 
Distribution of shear strength parameters with depth 
defined using 18 points 
 
Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD 
 No.       in         lbs/in**2            Deg.            k_rm        % 
-----   --------     ----------     ------------------    ------    ------ 
  1      -55.200         .00000           30.00           ------    ------ 
  2         .000         .00000           30.00           ------    ------ 
  3         .000       13.89000             .00           .00700        .0 
  4       76.800       13.89000             .00           .00700        .0 
  5       76.800         .00000           40.00           ------    ------ 
  6      256.800         .00000           40.00           ------    ------ 
  7      256.800        6.94400             .00           .00700        .0 
  8      352.800        6.94400             .00           .00700        .0 
  9      352.800         .00000           44.00           ------    ------ 
 10      556.800         .00000           44.00           ------    ------ 
 11      556.800        9.72200             .00           .00700        .0 
 12      724.800        9.72200             .00           .00700        .0 
 13      724.800         .00000           44.00           ------    ------ 
 14      808.800         .00000           44.00           ------    ------ 
 15      808.800       19.44400             .00           .00600        .0 
 16      988.800       19.44400             .00           .00600        .0 
 17      988.800         .00000           44.00           ------    ------ 
 18     1108.800         .00000           44.00           ------    ------ 
 
Notes: 
 
(1)  Cohesion = uniaxial compressive strength for rock materials. 
(2)  Values of E50 are reported for clay strata.  
(3)  Default values will be generated for E50 when input values are 0. 
(4)  RQD and k_rm are reported only for weak rock strata. 
 
Static loading criteria was used for computation of  p-y curves 
 
 
 
------------------------------------------------------------------------------ 



              Pile-head Loading and Pile-head Fixity Conditions 
------------------------------------------------------------------------------ 
 
Number of loads specified = 10 
 
Load Case Number  1 
 
Pile-head boundary conditions are Displacement and Slope (BC Type 5) 
Deflection at pile head     =            .100 in 
Slope at pile head          =            .000 in/in 
Axial load at pile head     =      130000.000 lbs 
 
Load Case Number  2 
 
Pile-head boundary conditions are Displacement and Slope (BC Type 5) 
Deflection at pile head     =            .200 in 
Slope at pile head          =            .000 in/in 
Axial load at pile head     =      130000.000 lbs 
 
Load Case Number  3 
 
Pile-head boundary conditions are Displacement and Slope (BC Type 5) 
Deflection at pile head     =            .300 in 
Slope at pile head          =            .000 in/in 
Axial load at pile head     =      130000.000 lbs 
 
Load Case Number  4 
 
Pile-head boundary conditions are Displacement and Slope (BC Type 5) 
Deflection at pile head     =            .400 in 
Slope at pile head          =            .000 in/in 
Axial load at pile head     =      130000.000 lbs 
 
Load Case Number  5 
 
Pile-head boundary conditions are Displacement and Slope (BC Type 5) 
Deflection at pile head     =            .500 in 
Slope at pile head          =            .000 in/in 
Axial load at pile head     =      130000.000 lbs 
 
Load Case Number  6 
 
Pile-head boundary conditions are Displacement and Slope (BC Type 5) 
Deflection at pile head     =            .600 in 
Slope at pile head          =            .000 in/in 
Axial load at pile head     =      130000.000 lbs 
 
Load Case Number  7 
 
Pile-head boundary conditions are Displacement and Slope (BC Type 5) 
Deflection at pile head     =            .700 in 
Slope at pile head          =            .000 in/in 
Axial load at pile head     =      130000.000 lbs 
 
Load Case Number  8 
 
Pile-head boundary conditions are Displacement and Slope (BC Type 5) 



Deflection at pile head     =            .800 in 
Slope at pile head          =            .000 in/in 
Axial load at pile head     =      130000.000 lbs 
 
Load Case Number  9 
 
Pile-head boundary conditions are Displacement and Slope (BC Type 5) 
Deflection at pile head     =            .900 in 
Slope at pile head          =            .000 in/in 
Axial load at pile head     =      130000.000 lbs 
 
Load Case Number 10 
 
Pile-head boundary conditions are Displacement and Slope (BC Type 5) 
Deflection at pile head     =           1.000 in 
Slope at pile head          =            .000 in/in 
Axial load at pile head     =      130000.000 lbs 
 
 
 
------------------------------------------------------------------------------ 
             Computed Values of Load Distribution and Deflection 
                 for Lateral Loading for Load Case Number  1 
------------------------------------------------------------------------------ 
 
Pile-head boundary conditions are Displacement and Slope (BC Type 5) 
Specified deflection at pile head   =         .100000 in 
Specified slope at pile head        =       0.000E+00 in/in 
Specified axial load at pile head   =      130000.000 lbs 
 
  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 
    X         y          M           V           S        Stress        p 
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 
-------- --------- ----------- ----------- ----------- ----------- ----------- 
   0.000   .100000  -6.613E+05  18745.6153      0.0000   2290.9358   -171.8164 
   5.743   .099058  -5.563E+05  17725.5370  -3.019E-04   2029.9659   -183.4347 
  11.486   .096532  -4.572E+05  16641.2129  -5.532E-04   1783.5283   -194.1906 
  17.229   .092704  -3.644E+05  15497.7082  -7.569E-04   1552.5963   -204.0449 
  22.971   .087839  -2.781E+05  14300.3140  -9.162E-04   1338.0637   -212.9581 
  28.714   .082181  -1.988E+05  13054.5464    -.001034   1140.7408   -220.8913 
  34.457   .075957  -1.266E+05  11766.1417    -.001115    961.3515   -227.8069 
  40.200   .069373 -61961.2839  10441.0467    -.001162    800.5292   -233.6690 
  45.943   .062612  -4974.1792   9085.4081    -.001179    658.8143   -238.4440 
  51.686   .055837  44150.7878   7705.5599    -.001169    756.2382   -242.1002 
  57.429   .049187  85274.8476   6308.0129    -.001137    858.5051   -244.6078 
  63.171   .042781   1.183E+05   4899.4463    -.001086    940.6319   -245.9378 
  68.914   .036711   1.432E+05   3486.7099    -.001021   1002.4791   -246.0599 
  74.657   .031049   1.599E+05   2076.8450  -9.463E-04   1044.0138   -244.9378 
  80.400   .025843   1.684E+05   1075.0882  -8.649E-04   1065.3126   -103.9327 
  86.143   .021116   1.735E+05    491.6437  -7.801E-04   1077.9323    -99.2569 
  91.886   .016883   1.752E+05    -71.0561  -6.936E-04   1082.2517    -96.7082 
  97.629   .013149   1.737E+05   -618.3348  -6.071E-04   1078.4782    -93.8864 
 103.371   .009910   1.691E+05  -1142.6737  -5.221E-04   1066.8447    -88.7192 
 109.114   .007153   1.614E+05  -1630.4411  -4.402E-04   1047.7792    -81.1501 
 114.857   .004855   1.510E+05  -2067.6340  -3.627E-04   1021.9095    -71.1062 
 120.600   .002987   1.382E+05  -2439.5034  -2.910E-04    990.0691    -58.4006 
 126.343   .001512   1.234E+05  -2722.9884  -2.262E-04    953.3117    -40.3255 



 132.086  3.89E-04   1.072E+05  -2870.0249  -1.690E-04    913.1333    -10.8812 
 137.829 -4.28E-04  90686.9542  -2865.2823  -1.199E-04    871.9639     12.5329 
 143.571 -9.88E-04  74511.4454  -2742.6561  -7.894E-05    831.7388     30.1728 
 149.314  -.001335  59303.4620  -2533.9707  -4.576E-05    793.9197     42.5037 
 155.057  -.001514  45475.3151  -2267.9569  -1.979E-05    759.5321     50.1379 
 160.800  -.001562  33283.9004  -1969.5761  -2.584E-07    729.2146     53.7758 
 166.543  -.001517  22853.7124  -1659.6594   1.366E-05    703.2769     54.1554 
 172.286  -.001406  14201.1301  -1354.8185   2.285E-05    681.7598     52.0081 
 178.029  -.001254   7258.5397  -1067.5793   2.817E-05    664.4950     48.0254 
 183.771  -.001082   1897.1594   -806.6858   3.044E-05    651.1624     42.8331 
 189.514 -9.05E-04  -2052.2713   -577.5223   3.040E-05    651.5481     36.9751 
 195.257 -7.33E-04  -4781.4879   -382.6097   2.871E-05    658.3351     30.9049 
 201.000 -5.75E-04  -6489.6781   -222.1319   2.591E-05    662.5830     24.9829 
 206.743 -4.35E-04  -7371.5202    -94.4612   2.247E-05    664.7760     19.4795 
 212.486 -3.17E-04  -7608.1903      3.3445   1.876E-05    665.3645     14.5822 
 218.229 -2.20E-04  -7361.1185     75.0904   1.505E-05    664.7501     10.4040 
 223.971 -1.44E-04  -6768.1932    125.0500   1.155E-05    663.2756      6.9949 
 229.714 -8.72E-05  -5942.0686    157.6309   8.394E-06    661.2212      4.3517 
 235.457 -4.74E-05  -4970.2234    177.1005   5.689E-06    658.8045      2.4287 
 241.200 -2.18E-05  -3916.4373    187.3658   3.485E-06    656.1839      1.1462 
 246.943 -7.39E-06  -2823.3977    191.7990   1.814E-06    653.4657       .3977 
 252.686 -9.93E-07  -1716.1981    193.0979   6.887E-07    650.7124     .054699 
 258.429  5.18E-07   -606.5591    147.3995   1.127E-07    647.9529    -15.9695 
 264.171  3.02E-07    -23.3774     60.8216  -4.344E-08    646.5027    -14.1820 
 269.914  1.94E-08     92.0858      2.6924  -2.640E-08    646.6736     -6.0621 
 275.657 -1.11E-09      7.5860     -8.0511  -1.689E-09    646.4634      2.3205 
 281.400 -6.13E-12      -.3848      -.6606   9.647E-11    646.4455       .2533 
 287.143  5.31E-16    -.002152     .033502   5.334E-13    646.4446    -.011537 
 292.886  3.00E-18   1.843E-07   1.873E-04  -4.621E-17    646.4446  -6.525E-05 
 298.629 -2.54E-22   1.054E-09  -1.604E-08  -2.614E-19    646.4446   5.524E-09 
 304.371 -1.47E-24  -8.821E-14  -9.180E-11   2.213E-23    646.4446   3.198E-11 
 310.114     0.000  -5.167E-16   7.680E-15   1.281E-25    646.4446  -2.643E-15 
 315.857     0.000   4.220E-20   4.499E-17      0.0000    646.4446  -1.567E-17 
 321.600     0.000   2.532E-22  -3.674E-21      0.0000    646.4446   1.264E-21 
 327.343     0.000      0.0000  -2.204E-23      0.0000    646.4446   7.678E-24 
 333.086     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 338.829     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 344.571     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 350.314     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 356.057     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 361.800     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 367.543     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 373.286     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 379.029     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 384.771     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 390.514     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 396.257     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 402.000     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 
Output Verification: 
 
Computed forces and moments are within specified convergence limits. 
 
 
Output Summary for Load Case No.  1: 
 
Pile-head deflection             =      .10000000 in 



Computed slope at pile head      =          0.000 
Maximum bending moment           =    -661291.026 lbs-in 
Maximum shear force              =      18745.615 lbs 
Depth of maximum bending moment  =          0.000 in 
Depth of maximum shear force     =          0.000 in 
Number of iterations             =              9 
Number of zero deflection points =             10 
 
 
 
 
------------------------------------------------------------------------------ 
             Computed Values of Load Distribution and Deflection 
                 for Lateral Loading for Load Case Number  2 
------------------------------------------------------------------------------ 
 
Pile-head boundary conditions are Displacement and Slope (BC Type 5) 
Specified deflection at pile head   =         .200000 in 
Specified slope at pile head        =       0.000E+00 in/in 
Specified axial load at pile head   =      130000.000 lbs 
 
  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 
    X         y          M           V           S        Stress        p 
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 
-------- --------- ----------- ----------- ----------- ----------- ----------- 
   0.000   .200000  -1.052E+06  26139.0688      0.0000   3261.3762   -204.3253 
   5.743   .198503  -9.046E+05  24925.6801  -4.850E-04   2895.9719   -218.2479 
  11.486   .194429  -7.645E+05  23634.7234  -8.988E-04   2547.6344   -231.3391 
  17.229   .188179  -6.318E+05  22271.1097    -.001245   2217.5665   -243.5513 
  22.971   .180129  -5.069E+05  20840.0212    -.001527   1906.8918   -254.8377 
  28.714   .170636  -3.901E+05  19346.9065    -.001750   1616.6511   -265.1525 
  34.457   .160032  -2.820E+05  17797.4733    -.001916   1347.7978   -274.4511 
  40.200   .148625  -1.829E+05  16197.6813    -.002032   1101.1941   -282.6904 
  45.943   .136697 -92956.1762  14553.7346    -.002100    877.6069   -289.8284 
  51.686   .124504 -12570.4359  12872.0747    -.002126    677.7046   -295.8243 
  57.429   .112276  58063.5523  11159.3763    -.002115    790.8364   -300.6378 
  63.171   .100213   1.188E+05   9422.5453    -.002071    941.7778   -304.2287 
  68.914   .088488   1.694E+05   7668.7238    -.002000   1067.6585   -306.5549 
  74.657   .077245   2.098E+05   5905.3059    -.001906   1168.2411   -307.5707 
  80.400   .066600   2.401E+05   4503.3098    -.001794   1243.4050   -180.6866 
  86.143   .056639   2.642E+05   3468.0923    -.001669   1303.5288   -179.8369 
  91.886   .047430   2.824E+05   2431.4113    -.001534   1348.6600   -181.1963 
  97.629   .039025   2.944E+05   1388.8832    -.001391   1378.6704   -181.8732 
 103.371   .031459   3.004E+05    352.5752    -.001243   1393.4933   -179.0301 
 109.114   .024748   3.004E+05   -656.9643    -.001094   1393.3564   -172.5508 
 114.857   .018892   2.945E+05  -1618.6965  -9.466E-04   1378.7912   -162.3808 
 120.600   .013875   2.832E+05  -2511.3883  -8.034E-04   1350.6371   -148.5069 
 126.343   .009665   2.668E+05  -3313.7180  -6.670E-04   1310.0425   -130.9114 
 132.086   .006214   2.461E+05  -4003.9347  -5.398E-04   1258.4656   -109.4626 
 137.829   .003465   2.217E+05  -4558.3248  -4.238E-04   1197.6844    -83.6086 
 143.571   .001346   1.944E+05  -4916.4586  -3.207E-04   1129.8420    -41.1147 
 149.314 -2.19E-04   1.657E+05  -5014.5301  -2.314E-04   1058.4486      6.9604 
 155.057  -.001312   1.371E+05  -4869.7783  -1.563E-04    987.4735     43.4507 
 160.800  -.002014   1.100E+05  -4545.9520  -9.506E-05    919.9358     69.3246 
 166.543  -.002404  85064.6878  -4100.4359  -4.670E-05    857.9825     85.8302 
 172.286  -.002551  62950.9498  -3582.9794  -1.000E-05    802.9903     94.3785 
 178.029  -.002518  43926.5485  -3035.0519   1.649E-05    755.6806     96.4420 



 183.771  -.002361  28066.5816  -2489.7320   3.434E-05    716.2402     93.4704 
 189.514  -.002124  15278.9168  -1972.0262   4.509E-05    684.4400     86.8251 
 195.257  -.001843   5349.1242  -1499.5121   5.021E-05    659.7467     77.7320 
 201.000  -.001547  -2019.0152  -1083.2026   5.103E-05    651.4654     67.2514 
 206.743  -.001257  -7168.4290   -728.5390   4.875E-05    664.2709     56.2633 
 212.486 -9.87E-04 -10459.6028   -436.4328   4.438E-05    672.4554     45.4652 
 218.229 -7.47E-04 -12247.4421   -204.2913   3.875E-05    676.9014     35.3801 
 223.971 -5.42E-04 -12863.8984    -26.9781   3.253E-05    678.4344     26.3708 
 229.714 -3.74E-04 -12605.8719    102.3257   2.621E-05    677.7927     18.6604 
 235.457 -2.41E-04 -11727.7526    191.3784   2.018E-05    675.6090     12.3530 
 241.200 -1.42E-04 -10437.8838    248.2607   1.468E-05    672.4014      7.4567 
 246.943 -7.26E-05  -8898.2256    280.8799   9.889E-06    668.5726      3.9032 
 252.686 -2.84E-05  -7226.5432    296.5852   5.891E-06    664.4154      1.5663 
 258.429 -4.89E-06  -5500.5294    396.9951   2.735E-06    660.1232     33.4024 
 264.171  2.99E-06  -2670.8552    413.4258   7.095E-07    653.0864    -27.6802 
 269.914  3.26E-06   -753.0981    250.9728  -1.394E-07    648.3174    -28.8954 
 275.657  1.39E-06    211.9545     99.8609  -2.736E-07    646.9716    -23.7306 
 281.400  1.18E-07    394.2836    -13.1030  -1.233E-07    647.4251    -15.6101 
 287.143 -2.91E-08     61.6409    -35.2013  -1.027E-08    646.5978      7.9141 
 292.886 -2.88E-10    -10.0129     -5.3752   2.533E-09    646.4695      2.4730 
 298.629  2.51E-13      -.1014       .8718   2.510E-11    646.4448      -.2974 
 304.371  1.42E-16   8.787E-05     .008830  -2.181E-14    646.4446    -.003080 
 310.114 -1.22E-19   4.985E-08  -7.650E-06  -1.234E-17    646.4446   2.661E-06 
 315.857 -6.97E-23  -4.295E-11  -4.340E-09   1.066E-20    646.4446   1.514E-09 
 321.600     0.000  -2.451E-14   3.739E-12   6.066E-24    646.4446  -1.301E-12 
 327.343     0.000   2.099E-17   2.134E-15      0.0000    646.4446  -7.443E-16 
 333.086     0.000   1.205E-20  -1.828E-18      0.0000    646.4446   6.357E-19 
 338.829     0.000  -1.026E-23  -1.049E-21      0.0000    646.4446   3.659E-22 
 344.571     0.000      0.0000   8.932E-25      0.0000    646.4446  -3.107E-25 
 350.314     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 356.057     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 361.800     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 367.543     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 373.286     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 379.029     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 384.771     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 390.514     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 396.257     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 402.000     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 
Output Verification: 
 
Computed forces and moments are within specified convergence limits. 
 
 
Output Summary for Load Case No.  2: 
 
Pile-head deflection             =      .20000000 in 
Computed slope at pile head      =          0.000 
Maximum bending moment           =   -1051529.383 lbs-in 
Maximum shear force              =      26139.069 lbs 
Depth of maximum bending moment  =          0.000 in 
Depth of maximum shear force     =          0.000 in 
Number of iterations             =             10 
Number of zero deflection points =              9 
 
 



 
 
------------------------------------------------------------------------------ 
             Computed Values of Load Distribution and Deflection 
                 for Lateral Loading for Load Case Number  3 
------------------------------------------------------------------------------ 
 
Pile-head boundary conditions are Displacement and Slope (BC Type 5) 
Specified deflection at pile head   =         .300000 in 
Specified slope at pile head        =       0.000E+00 in/in 
Specified axial load at pile head   =      130000.000 lbs 
 
  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 
    X         y          M           V           S        Stress        p 
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 
-------- --------- ----------- ----------- ----------- ----------- ----------- 
   0.000   .300000  -1.398E+06  32158.3207      0.0000   4123.9480   -226.1231 
   5.743   .298009  -1.217E+06  30815.3371  -6.485E-04   3673.3153   -241.5826 
  11.486   .292551  -1.043E+06  29385.9394    -.001209   3241.3755   -256.2176 
  17.229   .284123  -8.779E+05  27875.0142    -.001685   2829.4888   -269.9752 
  22.971   .273194  -7.208E+05  26287.7491    -.002082   2438.9360   -282.8036 
  28.714   .260212  -5.728E+05  24629.6266    -.002402   2070.9139   -294.6520 
  34.457   .245599  -4.343E+05  22906.4175    -.002652   1726.5304   -305.4706 
  40.200   .229750  -3.058E+05  21124.1753    -.002836   1406.8003   -315.2108 
  45.943   .213029  -1.875E+05  19289.2305    -.002958   1112.6408   -323.8247 
  51.686   .195775 -79790.7629  17408.1865    -.003024    844.8673   -331.2652 
  57.429   .178294  16991.9256  15487.9181    -.003040    688.6999   -337.4850 
  63.171   .160860   1.026E+05  13535.5725    -.003010    901.6834   -342.4364 
  68.914   .143720   1.770E+05  11558.5752    -.002941   1086.4874   -346.0702 
  74.657   .127083   2.398E+05   9564.6430    -.002838   1242.7455   -348.3340 
  80.400   .111129   2.910E+05   7864.6850    -.002706   1370.2141   -243.6911 
  86.143   .096004   3.342E+05   6455.2839    -.002551   1477.4283   -247.1451 
  91.886   .081830   3.690E+05   5020.7601    -.002377   1564.0652   -252.4404 
  97.629   .068707   3.954E+05   3559.3066    -.002187   1629.6584   -256.5236 
 103.371   .056710   4.131E+05   2087.1513    -.001987   1673.8488   -256.1673 
 109.114   .045890   4.223E+05    630.3686    -.001779   1696.6492   -251.1699 
 114.857   .036272   4.230E+05   -784.0642    -.001570   1698.4610   -241.4186 
 120.600   .027859   4.157E+05  -2128.7520    -.001362   1680.0833   -226.8806 
 126.343   .020630   4.006E+05  -3376.2720    -.001159   1642.7153   -207.5791 
 132.086   .014542   3.786E+05  -4499.3471  -9.663E-04   1587.9537   -183.5416 
 137.829   .009532   3.504E+05  -5470.5262  -7.856E-04   1517.7904   -154.6800 
 143.571   .005519   3.169E+05  -6260.6046  -6.201E-04   1434.6184   -120.4717 
 149.314   .002409   2.794E+05  -6826.7640  -4.722E-04   1341.2741    -76.6983 
 155.057  9.53E-05   2.392E+05  -7056.0577  -3.436E-04   1241.3821     -3.1552 
 160.800  -.001538   1.989E+05  -6913.1626  -2.350E-04   1141.0111     52.9197 
 166.543  -.002604   1.602E+05  -6494.1934  -1.460E-04   1044.7972     92.9900 
 172.286  -.003214   1.245E+05  -5885.6601  -7.540E-05    956.0625    118.9371 
 178.029  -.003470  92699.1463  -5162.5745  -2.155E-05    876.9678    132.8838 
 183.771  -.003462  65241.4284  -4387.5035   1.761E-05    808.6862    137.0414 
 189.514  -.003268  42279.2383  -3610.4255   4.427E-05    751.5841    133.5828 
 195.257  -.002953  23707.0115  -2869.2287   6.063E-05    705.3989    124.5454 
 201.000  -.002571   9233.5679  -2190.6909   6.880E-05    669.4065    111.7613 
 206.743  -.002163  -1557.3622  -1591.7842   7.070E-05    650.3174     96.8132 
 212.486  -.001759  -9154.7771  -1081.1652   6.804E-05    669.2106     81.0143 
 218.229  -.001382 -14076.9172   -660.7295   6.228E-05    681.4509     65.4061 
 223.971  -.001044 -16836.7270   -327.1349   5.462E-05    688.3139     50.7711 
 229.714 -7.54E-04 -17915.8512    -73.2191   4.600E-05    690.9975     37.6573 



 235.457 -5.16E-04 -17746.3904    110.7391   3.716E-05    690.5761     26.4078 
 241.200 -3.27E-04 -16699.4213    235.9413   2.862E-05    687.9725     17.1950 
 246.943 -1.87E-04 -15079.1717    314.1863   2.074E-05    683.9433     10.0545 
 252.686 -8.92E-05 -13121.7376    357.1744   1.375E-05    679.0755      4.9165 
 258.429 -2.90E-05 -10997.2991    516.3726   7.770E-06    673.7925     50.5257 
 264.171  3.40E-10  -7202.4306    658.3895   3.257E-06    664.3555     -1.0671 
 269.914  8.45E-06  -3440.0896    548.0052   6.187E-07    654.9993    -37.3752 
 275.657  7.11E-06   -909.1231    336.8475  -4.597E-07    648.7054    -36.1624 
 281.400  3.17E-06    429.5304    145.2150  -5.786E-07    647.5127    -30.5753 
 287.143  4.61E-07    759.6391    -18.2755  -2.837E-07    648.3336    -26.3617 
 292.886 -8.72E-08    220.0465    -68.2948  -4.084E-08    646.9918      8.9421 
 298.629 -8.39E-09    -24.7148    -19.4141   7.590E-09    646.5060      8.0811 
 304.371  3.61E-12     -2.9495      2.1520   7.307E-10    646.4519      -.5705 
 310.114  4.12E-15     .001264       .2568  -3.141E-13    646.4446    -.089507 
 315.857 -1.76E-18   1.447E-06  -1.100E-04  -3.585E-16    646.4446   3.824E-05 
 321.600 -2.02E-21  -6.164E-10  -1.260E-07   1.532E-19    646.4446   4.392E-08 
 327.343  8.58E-25  -7.102E-13   5.366E-11   1.759E-22    646.4446  -1.865E-11 
 333.086     0.000   3.006E-16   6.184E-14      0.0000    646.4446  -2.155E-14 
 338.829     0.000   3.485E-19  -2.617E-17      0.0000    646.4446   9.092E-18 
 344.571     0.000  -1.466E-22  -3.034E-20      0.0000    646.4446   1.058E-20 
 350.314     0.000      0.0000   1.276E-23      0.0000    646.4446  -4.442E-24 
 356.057     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 361.800     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 367.543     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 373.286     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 379.029     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 384.771     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 390.514     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 396.257     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 402.000     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 
Output Verification: 
 
Computed forces and moments are within specified convergence limits. 
 
 
Output Summary for Load Case No.  3: 
 
Pile-head deflection             =      .30000000 in 
Computed slope at pile head      =          0.000 
Maximum bending moment           =   -1398391.071 lbs-in 
Maximum shear force              =      32158.321 lbs 
Depth of maximum bending moment  =          0.000 in 
Depth of maximum shear force     =          0.000 in 
Number of iterations             =             10 
Number of zero deflection points =              8 
 
 
 
 
------------------------------------------------------------------------------ 
             Computed Values of Load Distribution and Deflection 
                 for Lateral Loading for Load Case Number  4 
------------------------------------------------------------------------------ 
 
Pile-head boundary conditions are Displacement and Slope (BC Type 5) 
Specified deflection at pile head   =         .400000 in 



Specified slope at pile head        =       0.000E+00 in/in 
Specified axial load at pile head   =      130000.000 lbs 
 
  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 
    X         y          M           V           S        Stress        p 
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 
-------- --------- ----------- ----------- ----------- ----------- ----------- 
   0.000   .400000  -1.722E+06  37495.7147      0.0000   4929.6118   -242.9851 
   5.743   .397548  -1.511E+06  36052.4901  -8.016E-04   4403.2967   -259.6305 
  11.486   .390793  -1.307E+06  34516.0406    -.001500   3896.8844   -275.4514 
  17.229   .380316  -1.112E+06  32891.2635    -.002100   3411.8600   -290.3914 
  22.971   .366672  -9.262E+05  31183.3783    -.002605   2949.6284   -304.3945 
  28.714   .350391  -7.500E+05  29397.9212    -.003021   2511.5091   -317.4064 
  34.457   .331974  -5.840E+05  27540.7389    -.003352   2098.7315   -329.3735 
  40.200   .311894  -4.287E+05  25617.9833    -.003603   1712.4300   -340.2429 
  45.943   .290593  -2.844E+05  23636.1078    -.003780   1353.6390   -349.9625 
  51.686   .268483  -1.515E+05  21601.8646    -.003888   1023.2884   -358.4804 
  57.429   .245941 -30462.8529  19522.3044    -.003933    722.1992   -365.7446 
  63.171   .223312  78561.5090  17404.7786    -.003921    841.8104   -371.7022 
  68.914   .200907   1.753E+05  15256.9461    -.003858   1082.3734   -376.2992 
  74.657   .179001   2.596E+05  13086.7839    -.003750   1291.9127   -379.4787 
  80.400   .157834   3.312E+05  11138.1914    -.003604   1470.0900   -299.1356 
  86.143   .137610   3.929E+05   9397.6750    -.003424   1623.4286   -307.0144 
  91.886   .118505   4.443E+05   7608.2051    -.003217   1751.2257   -316.1841 
  97.629   .100666   4.851E+05   5771.1698    -.002986   1852.6819   -323.5794 
 103.371   .084207   5.150E+05   3906.6144    -.002738   1927.1530   -325.7682 
 109.114   .069215   5.340E+05   2045.2532    -.002478   1974.4320   -322.4671 
 114.857   .055744   5.422E+05    219.1184    -.002211   1994.7722   -313.5003 
 120.600   .043817   5.398E+05  -1539.0456    -.001943   1988.9013   -298.7956 
 126.343   .033428   5.274E+05  -3196.3340    -.001678   1958.0277   -278.3695 
 132.086   .024540   5.056E+05  -4720.0929    -.001422   1903.8379   -252.2928 
 137.829   .017092   4.753E+05  -6078.0215    -.001179   1828.4908   -220.6176 
 143.571   .010998   4.376E+05  -7237.5685  -9.527E-04   1734.6120   -183.2047 
 149.314   .006150   3.936E+05  -8163.4605  -7.466E-04   1625.3048   -139.2452 
 155.057   .002423   3.449E+05  -8793.7701  -5.635E-04   1504.2150    -80.2656 
 160.800 -3.22E-04   2.935E+05  -8992.4520  -4.052E-04   1376.2246     11.0729 
 166.543  -.002231   2.423E+05  -8731.9132  -2.724E-04   1248.8722     79.6620 
 172.286  -.003450   1.936E+05  -8136.6083  -1.643E-04   1127.8302    127.6581 
 178.029  -.004118   1.490E+05  -7317.2365  -7.936E-05   1017.0800    157.6952 
 183.771  -.004362   1.097E+05  -6368.6543  -1.522E-05    919.1260    172.6568 
 189.514  -.004293  75915.9559  -5368.9956   3.079E-05    835.2315    175.4830 
 195.257  -.004008  47939.2925  -4379.7947   6.150E-05    765.6595    169.0148 
 201.000  -.003586  25519.0594  -3446.8915   7.971E-05    709.9051    155.8768 
 206.743  -.003092   8230.2602  -2601.9044   8.808E-05    666.9115    138.3973 
 212.486  -.002575  -4497.1863  -1864.0652   8.901E-05    657.6281    118.5616 
 218.229  -.002070 -13312.7572  -1242.2391   8.459E-05    679.5506     97.9947 
 223.971  -.001603 -18891.4938   -736.9773   7.660E-05    693.4237     77.9671 
 229.714  -.001190 -21891.8501   -342.4835   6.649E-05    700.8850     59.4188 
 235.457 -8.40E-04 -22924.4446    -48.4064   5.538E-05    703.4528     42.9961 
 241.200 -5.54E-04 -22530.5239    158.5978   4.411E-05    702.4732     29.0949 
 246.943 -3.33E-04 -21168.7004    293.5633   3.328E-05    699.0866     17.9080 
 252.686 -1.72E-04 -19208.4259    372.1788   2.327E-05    694.2119      9.4705 
 258.429 -6.56E-05 -16928.6993    578.0745   1.431E-05    688.5427     62.2344 
 264.171 -7.59E-06 -12590.1881    862.4558   6.987E-06    677.7537     36.8038 
 269.914  1.46E-05  -7033.2112    844.6963   2.121E-06    663.9347    -42.9887 
 275.657  1.68E-05  -2891.4148    591.4320  -3.393E-07    653.6349    -45.2128 
 281.400  1.07E-05   -239.6855    342.2320  -1.116E-06    647.0406    -41.5732 



 287.143  3.96E-06   1041.0303    123.4166  -9.169E-07    649.0334    -34.6312 
 292.886  1.77E-07   1179.2113    -70.1655  -3.664E-07    649.3770    -32.7855 
 298.629 -2.48E-07    235.6769   -110.1371  -1.560E-08    647.0306     18.8650 
 304.371 -1.72E-09    -85.7689    -20.5705   2.157E-08    646.6578     12.3273 
 310.114  2.57E-11      -.6220      7.4682   1.497E-10    646.4461     -2.5626 
 315.857  8.93E-16     .009040     .054153  -2.241E-12    646.4446    -.019407 
 321.600 -1.26E-17   3.224E-07  -7.871E-04  -7.774E-17    646.4446   2.741E-04 
 327.343 -4.62E-22  -4.428E-09  -2.807E-08   1.098E-18    646.4446   1.004E-08 
 333.086  6.18E-24  -1.666E-13   3.855E-10   4.024E-23    646.4446  -1.342E-10 
 338.829     0.000   2.169E-15   1.451E-14  -5.378E-25    646.4446  -5.183E-15 
 344.571     0.000   8.587E-20  -1.888E-16      0.0000    646.4446   6.575E-17 
 350.314     0.000  -2.775E-22  -7.496E-21      0.0000    646.4446   2.614E-21 
 356.057     0.000  -2.269E-22   8.665E-24      0.0000    646.4446      0.0000 
 361.800     0.000  -1.785E-22   8.118E-24      0.0000    646.4446  -1.214E-25 
 367.543     0.000  -1.340E-22   7.312E-24      0.0000    646.4446  -1.592E-25 
 373.286     0.000  -9.475E-23   6.321E-24      0.0000    646.4446  -1.859E-25 
 379.029     0.000  -6.157E-23   5.200E-24      0.0000    646.4446  -2.045E-25 
 384.771     0.000  -3.511E-23   3.988E-24      0.0000    646.4446  -2.176E-25 
 390.514     0.000  -1.582E-23   2.710E-24      0.0000    646.4446  -2.275E-25 
 396.257     0.000  -4.016E-24   1.379E-24      0.0000    646.4446  -2.360E-25 
 402.000     0.000      0.0000      0.0000      0.0000    646.4446  -2.443E-25 
 
Output Verification: 
 
Computed forces and moments are within specified convergence limits. 
 
 
Output Summary for Load Case No.  4: 
 
Pile-head deflection             =      .40000000 in 
Computed slope at pile head      =          0.000 
Maximum bending moment           =   -1722368.633 lbs-in 
Maximum shear force              =      37495.715 lbs 
Depth of maximum bending moment  =          0.000 in 
Depth of maximum shear force     =          0.000 in 
Number of iterations             =             10 
Number of zero deflection points =              8 
 
 
 
 
------------------------------------------------------------------------------ 
             Computed Values of Load Distribution and Deflection 
                 for Lateral Loading for Load Case Number  5 
------------------------------------------------------------------------------ 
 
Pile-head boundary conditions are Displacement and Slope (BC Type 5) 
Specified deflection at pile head   =         .500000 in 
Specified slope at pile head        =       0.000E+00 in/in 
Specified axial load at pile head   =      130000.000 lbs 
 
  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 
    X         y          M           V           S        Stress        p 
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 
-------- --------- ----------- ----------- ----------- ----------- ----------- 
   0.000   .500000  -2.031E+06  42405.1790      0.0000   5698.0497   -256.9255 
   5.743   .497108  -1.792E+06  40879.0861  -9.479E-04   5102.0506   -274.5497 



  11.486   .489113  -1.560E+06  39254.1539    -.001779   4526.9193   -291.3471 
  17.229   .476674  -1.338E+06  37535.3028    -.002498   3974.2462   -307.2578 
  22.971   .460425  -1.126E+06  35727.7924    -.003109   3445.5411   -322.2234 
  28.714   .440970  -9.232E+05  33837.2164    -.003617   2942.2270   -336.1862 
  34.457   .418886  -7.315E+05  31869.4965    -.004027   2465.6353   -349.0894 
  40.200   .394719  -5.511E+05  29830.8778    -.004345   2017.0009   -360.8773 
  45.943   .368983  -3.824E+05  27727.9260    -.004576   1597.4565   -371.4940 
  51.686   .342157  -2.258E+05  25567.5254    -.004727   1208.0283   -380.8843 
  57.429   .314689 -81706.1459  23356.8799    -.004803    849.6305   -388.9922 
  63.171   .286987  49615.6939  21103.5160    -.004811    769.8283   -395.7614 
  68.914   .259427   1.679E+05  18815.2885    -.004757   1063.8938   -401.1338 
  74.657   .232345   2.728E+05  16500.3911    -.004648   1324.9057   -405.0494 
  80.400   .206040   3.643E+05  14333.6340    -.004490   1552.4462   -349.5427 
  86.143   .180772   4.442E+05  12290.8848    -.004290   1750.9833   -361.8625 
  91.886   .156770   5.119E+05  10175.5410    -.004053   1919.4334   -374.8244 
  97.629   .134225   5.671E+05   7992.5068    -.003785   2056.6708   -385.4363 
 103.371   .113295   6.094E+05   5765.4003    -.003493   2161.7744   -390.1730 
 109.114   .094100   6.385E+05   3528.9956    -.003184   2234.3169   -388.6745 
 114.857   .076724   6.546E+05   1319.7833    -.002863   2274.3943   -380.7030 
 120.600   .061212   6.580E+05   -824.7286    -.002538   2282.6456   -366.1420 
 126.343   .047573   6.490E+05  -2866.6839    -.002214   2260.2618   -344.9867 
 132.086   .035783   6.283E+05  -4768.4487    -.001897   2208.9864   -317.3194 
 137.829   .025782   5.970E+05  -6492.9566    -.001593   2131.1075   -283.2555 
 143.571   .017481   5.561E+05  -8003.5629    -.001308   2029.4477   -242.8263 
 149.314   .010764   5.070E+05  -9262.7374    -.001044   1907.3604   -195.6921 
 155.057   .005491   4.513E+05 -10227.3509  -8.063E-04   1768.7566   -140.2429 
 160.800   .001503   3.908E+05 -10778.5703  -5.975E-04   1618.2352    -51.7240 
 166.543  -.001372   3.284E+05 -10786.3862  -4.192E-04   1463.1118     49.0021 
 172.286  -.003312   2.675E+05 -10293.7759  -2.715E-04   1311.7051    122.5537 
 178.029  -.004490   2.106E+05  -9448.1430  -1.529E-04   1170.1033    171.9453 
 183.771  -.005069   1.592E+05  -8378.2835  -6.123E-05   1042.4099    200.6426 
 189.514  -.005193   1.144E+05  -7192.5518   6.619E-06    931.0256    212.2988 
 195.257  -.004992  76606.0783  -5978.4150   5.399E-05    836.9477    210.5349 
 201.000  -.004573  45690.1743  -4803.1246   8.431E-05    760.0664    198.7702 
 206.743  -.004024  21312.8766  -3715.2287   1.009E-04    699.4452    180.0991 
 212.486  -.003414   2867.4292  -2746.6588   1.069E-04    653.5752    157.2138 
 218.229  -.002796 -10394.1030  -1915.1514   1.051E-04    672.2925    132.3658 
 223.971  -.002208 -19286.3077  -1226.7958   9.769E-05    694.4055    107.3600 
 229.714  -.001674 -24630.5956   -678.5388   8.680E-05    707.6956     83.5753 
 235.457  -.001211 -27209.4187   -260.5184   7.395E-05    714.1086     62.0040 
 241.200 -8.25E-04 -27733.2520     41.8650   6.033E-05    715.4113     43.3037 
 246.943 -5.18E-04 -26818.6459    246.1918   4.680E-05    713.1369     27.8549 
 252.686 -2.87E-04 -24975.4444    371.6025   3.396E-05    708.5532     15.8204 
 258.429 -1.28E-04 -22601.2320    629.7826   2.216E-05    702.6490     74.0930 
 264.171 -3.26E-05 -17775.0346    998.8568   1.215E-05    690.6473     54.4403 
 269.914  1.19E-05 -11146.7940   1048.3992   4.982E-06    674.1643    -37.1867 
 275.657  2.46E-05  -5740.8593    805.3361   7.948E-07    660.7209    -47.4622 
 281.400  2.10E-05  -1898.1207    535.6454  -1.099E-06    651.1648    -46.4600 
 287.143  1.20E-05    413.0524    283.7024  -1.467E-06    647.4717    -41.2814 
 292.886  4.16E-06   1362.5951     70.0351  -1.027E-06    649.8330    -33.1301 
 298.629  1.98E-07   1218.9893    -95.1331  -3.871E-07    649.4759    -24.3912 
 304.371 -2.89E-07    270.5020   -114.6016  -1.777E-08    647.1172     17.6111 
 310.114 -6.06E-09    -97.2655    -23.7379   2.518E-08    646.6864     14.0330 
 315.857  7.73E-11     -2.1820      8.4708   5.275E-10    646.4500     -2.8161 
 321.600  3.12E-15     .027157       .1900  -6.734E-12    646.4446    -.067808 
 327.343 -3.79E-17   1.122E-06    -.002364  -2.716E-16    646.4446   8.234E-04 
 333.086 -1.60E-21  -1.330E-08  -9.770E-08   3.298E-18    646.4446   3.483E-08 



 338.829  1.86E-23  -5.758E-13   1.158E-09   1.395E-22    646.4446  -4.033E-10 
 344.571     0.000   6.515E-15   5.013E-14  -1.615E-24    646.4446  -1.785E-14 
 350.314     0.000   7.634E-20  -5.672E-16      0.0000    646.4446   1.975E-16 
 356.057     0.000   6.240E-20  -2.386E-21      0.0000    646.4446   1.931E-23 
 361.800     0.000   4.908E-20  -2.234E-21      0.0000    646.4446   3.358E-23 
 367.543     0.000   3.684E-20  -2.011E-21      0.0000    646.4446   4.393E-23 
 373.286     0.000   2.604E-20  -1.738E-21      0.0000    646.4446   5.123E-23 
 379.029     0.000   1.692E-20  -1.429E-21      0.0000    646.4446   5.629E-23 
 384.771     0.000   9.645E-21  -1.096E-21      0.0000    646.4446   5.985E-23 
 390.514     0.000   4.343E-21  -7.445E-22      0.0000    646.4446   6.254E-23 
 396.257     0.000   1.103E-21  -3.787E-22      0.0000    646.4446   6.484E-23 
 402.000     0.000      0.0000      0.0000      0.0000    646.4446   6.706E-23 
 
Output Verification: 
 
Computed forces and moments are within specified convergence limits. 
 
 
Output Summary for Load Case No.  5: 
 
Pile-head deflection             =      .50000000 in 
Computed slope at pile head      =          0.000 
Maximum bending moment           =   -2031376.730 lbs-in 
Maximum shear force              =      42405.179 lbs 
Depth of maximum bending moment  =          0.000 in 
Depth of maximum shear force     =          0.000 in 
Number of iterations             =             10 
Number of zero deflection points =              7 
 
 
 
 
------------------------------------------------------------------------------ 
             Computed Values of Load Distribution and Deflection 
                 for Lateral Loading for Load Case Number  6 
------------------------------------------------------------------------------ 
 
Pile-head boundary conditions are Displacement and Slope (BC Type 5) 
Specified deflection at pile head   =         .600000 in 
Specified slope at pile head        =       0.000E+00 in/in 
Specified axial load at pile head   =      130000.000 lbs 
 
  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 
    X         y          M           V           S        Stress        p 
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 
-------- --------- ----------- ----------- ----------- ----------- ----------- 
   0.000   .600000  -2.330E+06  47014.2042      0.0000   6439.6666   -268.9072 
   5.743   .596683  -2.064E+06  45416.8885    -.001089   5778.1988   -287.3719 
  11.486   .587489  -1.806E+06  43715.9177    -.002049   5138.4001   -305.0060 
  17.229   .573152  -1.558E+06  41916.2404    -.002883   4521.9535   -321.7473 
  22.971   .554376  -1.321E+06  40023.1591    -.003597   3930.4605   -337.5347 
  28.714   .531839  -1.093E+06  38042.3246    -.004195   3365.4347   -352.3081 
  34.457   .506189  -8.774E+05  35979.7302    -.004684   2828.2969   -366.0083 
  40.200   .478041  -6.731E+05  33841.7079    -.005068   2320.3697   -378.5766 
  45.943   .447975  -4.811E+05  31634.9259    -.005355   1842.8719   -389.9545 
  51.686   .416539  -3.018E+05  29366.3878    -.005549   1396.9134   -400.0837 
  57.429   .384244  -1.355E+05  27043.4336    -.005657    983.4901   -408.9054 



  63.171   .351563  17277.7550  24673.7432    -.005686    689.4107   -416.3600 
  68.914   .318932   1.564E+05  22265.3424    -.005643   1035.2585   -422.3866 
  74.657   .286745   2.814E+05  19826.6121    -.005535   1346.3202   -426.9225 
  80.400   .255360   3.923E+05  17462.9658    -.005368   1622.1087   -396.2379 
  86.143   .225092   4.900E+05  15139.3844    -.005149   1865.0383   -412.9695 
  91.886   .196220   5.739E+05  12719.9151    -.004885   2073.6470   -429.6318 
  97.629   .168982   6.434E+05  10213.1787    -.004583   2246.4910   -443.3610 
 103.371   .143576   6.981E+05   7646.1948    -.004251   2382.3802   -450.6135 
 109.114   .120158   7.376E+05   5057.4013    -.003895   2480.6695   -450.9564 
 114.857   .098841   7.620E+05   2487.3361    -.003523   2541.2945   -444.0911 
 120.600   .079694   7.714E+05    -22.1371    -.003143   2564.7957   -429.8547 
 126.343   .062743   7.664E+05  -2428.5916    -.002762   2552.3321   -408.2140 
 132.086   .047975   7.476E+05  -4689.7286    -.002386   2505.6830   -379.2466 
 137.829   .035336   7.161E+05  -6763.8909    -.002023   2427.2417   -343.0984 
 143.571   .024736   6.730E+05  -8610.1961    -.001679   2320.0017   -299.8934 
 149.314   .016053   6.197E+05 -10187.8202    -.001358   2187.5464   -249.5279 
 155.057   .009135   5.580E+05 -11453.0801    -.001066   2034.0553   -191.1099 
 160.800   .003806   4.898E+05 -12348.6394  -8.066E-04   1864.3767   -120.7764 
 166.543 -1.29E-04   4.174E+05 -12682.1999  -5.817E-04   1684.3416      4.6111 
 172.286  -.002875   3.450E+05 -12363.4736  -3.926E-04   1504.3005    106.3881 
 178.029  -.004639   2.759E+05 -11547.8992  -2.387E-04   1332.6673    177.6428 
 183.771  -.005617   2.127E+05 -10399.3561  -1.175E-04   1175.3494    222.3474 
 189.514  -.005989   1.567E+05  -9057.9178  -2.596E-05   1036.0716    244.8201 
 195.257  -.005915   1.087E+05  -7638.6879   3.983E-05    916.7286    249.4391 
 201.000  -.005532  68883.5334  -6232.1085   8.386E-05    817.7434    240.4144 
 206.743  -.004952  36982.5516  -4905.4111   1.101E-04    738.4124    221.6195 
 212.486  -.004267  12376.9802  -3704.8767   1.223E-04    677.2235    196.4771 
 218.229  -.003547  -5753.2799  -2658.6059   1.240E-04    660.7517    167.8959 
 223.971  -.002843 -18344.1352  -1779.5292   1.180E-04    692.0625    138.2502 
 229.714  -.002191 -26368.6503  -1068.4375   1.069E-04    712.0178    109.3936 
 235.457  -.001615 -30775.5572   -516.8575   9.276E-05    722.9769     82.6989 
 241.200  -.001126 -32443.6263   -109.6454   7.708E-05    727.1250     59.1162 
 246.943 -7.29E-04 -32150.0080    172.7795   6.107E-05    726.3948     39.2407 
 252.686 -4.24E-04 -30550.3121    352.6037   4.552E-05    722.4167     23.3846 
 258.429 -2.07E-04 -28168.0723    659.7114   3.096E-05    716.4926     83.5683 
 264.171 -6.88E-05 -23019.2872   1086.3450   1.827E-05    703.6887     65.0106 
 269.914  3.31E-06 -15717.9047   1218.1896   8.667E-06    685.5317    -19.0946 
 275.657  3.07E-05  -9040.4500   1022.0819   2.528E-06    668.9262    -49.2016 
 281.400  3.23E-05  -3982.3381    734.4166  -7.008E-07    656.3478    -50.9803 
 287.143  2.27E-05   -604.1041    451.7013  -1.838E-06    647.9468    -47.4777 
 292.886  1.12E-05   1208.5183    197.3331  -1.688E-06    649.4499    -41.1082 
 298.629  3.26E-06   1664.9284    -15.0144  -9.757E-07    650.5849    -32.8437 
 304.371  2.85E-08   1037.5236   -128.9487  -3.057E-07    649.0247     -6.8349 
 310.114 -2.50E-07    184.3165    -97.7941  -2.719E-09    646.9029     17.6848 
 315.857 -2.73E-09    -85.7077    -16.1296   2.173E-08    646.6577     10.7556 
 321.600  2.43E-11      -.9764      7.4629   2.379E-10    646.4470     -2.5393 
 327.343  1.39E-15     .008531     .085012  -2.115E-12    646.4446    -.030124 
 333.086 -1.19E-17   4.950E-07  -7.427E-04  -1.207E-16    646.4446   2.586E-04 
 338.829 -7.02E-22  -4.178E-09  -4.310E-08   1.036E-18    646.4446   1.526E-08 
 344.571  5.83E-24  -2.507E-13   3.638E-10   6.114E-23    646.4446  -1.267E-10 
 350.314     0.000   5.346E-16   2.186E-14  -8.822E-25    646.4446  -7.621E-15 
 356.057 -4.30E-24   4.371E-16  -1.669E-17  -6.413E-25    646.4446   1.336E-19 
 361.800 -7.37E-24   3.439E-16  -1.564E-17  -4.476E-25    646.4446   2.338E-19 
 367.543 -9.45E-24   2.582E-16  -1.409E-17  -2.984E-25    646.4446   3.067E-19 
 373.286 -1.08E-23   1.825E-16  -1.218E-17  -1.891E-25    646.4446   3.581E-19 
 379.029 -1.16E-23   1.186E-16  -1.002E-17  -1.144E-25    646.4446   3.939E-19 
 384.771 -1.21E-23   6.764E-17  -7.683E-18      0.0000    646.4446   4.191E-19 



 390.514 -1.24E-23   3.047E-17  -5.221E-18      0.0000    646.4446   4.383E-19 
 396.257 -1.26E-23   7.736E-18  -2.657E-18      0.0000    646.4446   4.547E-19 
 402.000 -1.28E-23      0.0000      0.0000      0.0000    646.4446   4.706E-19 
 
Output Verification: 
 
Computed forces and moments are within specified convergence limits. 
 
 
Output Summary for Load Case No.  6: 
 
Pile-head deflection             =      .60000000 in 
Computed slope at pile head      =          0.000 
Maximum bending moment           =   -2329599.414 lbs-in 
Maximum shear force              =      47014.204 lbs 
Depth of maximum bending moment  =          0.000 in 
Depth of maximum shear force     =          0.000 in 
Number of iterations             =             10 
Number of zero deflection points =              7 
 
 
 
 
------------------------------------------------------------------------------ 
             Computed Values of Load Distribution and Deflection 
                 for Lateral Loading for Load Case Number  7 
------------------------------------------------------------------------------ 
 
Pile-head boundary conditions are Displacement and Slope (BC Type 5) 
Specified deflection at pile head   =         .700000 in 
Specified slope at pile head        =       0.000E+00 in/in 
Specified axial load at pile head   =      130000.000 lbs 
 
  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 
    X         y          M           V           S        Stress        p 
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 
-------- --------- ----------- ----------- ----------- ----------- ----------- 
   0.000   .700000  -2.619E+06  51396.3479      0.0000   7160.2374   -279.4725 
   5.743   .696270  -2.328E+06  49736.2308    -.001227   6436.4869   -298.6777 
  11.486   .685910  -2.046E+06  47968.2183    -.002311   5735.0890   -317.0480 
  17.229   .669723  -1.774E+06  46097.2896    -.003259   5057.8101   -334.5192 
  22.971   .648484  -1.512E+06  44128.7902    -.004073   4406.3337   -351.0279 
  28.714   .622939  -1.261E+06  42068.4260    -.004761   3782.2550   -366.5119 
  34.457   .593803  -1.022E+06  39922.2580    -.005327   3187.0750   -380.9098 
  40.200   .561758  -7.945E+05  37696.6989    -.005777   2622.1949   -394.1606 
  45.943   .527450  -5.801E+05  35398.5108    -.006118   2088.9106   -406.2035 
  51.686   .491491  -3.788E+05  33034.8050    -.006356   1588.4071   -416.9777 
  57.429   .454453  -1.911E+05  30613.0435    -.006497   1121.7535   -426.4219 
  63.171   .416870 -17473.3332  28141.0425    -.006549    689.8970   -434.4740 
  68.914   .379238   1.419E+05  25626.9787    -.006518    999.2311   -441.0706 
  74.657   .342010   2.866E+05  23079.3969    -.006411   1359.1650   -446.1469 
  80.400   .305598   4.165E+05  20531.8536    -.006237   1682.2441   -441.0572 
  86.143   .270372   5.317E+05  17941.1106    -.006002   1968.7663   -461.1916 
  91.886   .236660   6.315E+05  15234.3214    -.005714   2216.9743   -481.4713 
  97.629   .204747   7.152E+05  12421.1349    -.005380   2425.1127   -498.2454 
 103.371   .174870   7.822E+05   9531.7833    -.005008   2591.7290   -507.9964 
 109.114   .147222   8.322E+05   6608.0386    -.004608   2715.9616   -510.2231 



 114.857   .121943   8.650E+05   3694.1370    -.004187   2797.5819   -504.5685 
 120.600   .099127   8.809E+05    835.9383    -.003754   2837.0236   -490.8241 
 126.343   .078821   8.802E+05  -1919.9177    -.003318   2835.3991   -468.9267 
 132.086   .061020   8.638E+05  -4526.8021    -.002885   2794.5052   -438.9434 
 137.829   .045680   8.325E+05  -6938.7453    -.002465   2716.8159   -401.0368 
 143.571   .032711   7.878E+05  -9110.7755    -.002063   2605.4690   -355.3917 
 149.314   .021985   7.310E+05 -10998.5871    -.001686   2464.2493   -302.0552 
 155.057   .013340   6.640E+05 -12556.6040    -.001341   2297.5834   -240.5378 
 160.800   .006587   5.888E+05 -13731.1749    -.001030   2110.5785   -168.5168 
 166.543   .001510   5.078E+05 -14369.8751  -7.581E-04   1909.2107    -53.9161 
 172.286  -.002121   4.248E+05 -14299.3391  -5.269E-04   1702.9534     78.4809 
 178.029  -.004542   3.443E+05 -13574.5580  -3.362E-04   1502.7416    173.9305 
 183.771  -.005982   2.694E+05 -12395.1209  -1.840E-04   1316.4777    236.8188 
 189.514  -.006655   2.022E+05 -10933.9002  -6.706E-05   1149.3886    272.0640 
 195.257  -.006753   1.440E+05  -9335.0176   1.877E-05   1004.4267    284.7608 
 201.000  -.006440  94998.9967  -7713.6593   7.802E-05    882.6870    279.8914 
 206.743  -.005857  55240.1866  -6157.3526   1.153E-04    783.8152    262.1060 
 212.486  -.005116  24105.2884  -4728.3132   1.349E-04    706.3893    235.5695 
 218.229  -.004307    730.6430  -3466.4962   1.411E-04    648.2615    203.8693 
 223.971  -.003495 -15920.5802  -2393.0246   1.373E-04    686.0357    169.9765 
 229.714  -.002729 -26960.0143  -1513.7159   1.267E-04    713.4884    136.2504 
 235.457  -.002040 -33495.8744   -822.4853   1.117E-04    729.7417    104.4767 
 241.200  -.001446 -36573.6501   -304.4593   9.434E-05    737.3955     75.9304 
 246.943 -9.56E-04 -37133.6714     61.3121   7.607E-05    738.7882     51.4527 
 252.686 -5.72E-04 -35983.0136    299.6065   5.794E-05    735.9267     31.5354 
 258.429 -2.91E-04 -33778.9855    648.0574   4.064E-05    730.4458     89.8157 
 264.171 -1.06E-04 -28600.2940   1106.1656   2.517E-05    717.5674     69.7245 
 269.914 -1.78E-06 -21111.4727   1375.7286   1.285E-05    698.9443     24.1532 
 275.657  4.20E-05 -12818.2533   1285.3169   4.436E-06    678.3208    -55.6399 
 281.400  4.92E-05  -6355.3144    958.8916  -3.174E-07    662.2489    -58.0406 
 287.143  3.83E-05  -1804.2240    634.8172  -2.340E-06    650.9313    -54.8212 
 292.886  2.23E-05    939.5093    338.3210  -2.555E-06    648.7809    -48.4362 
 298.629  8.96E-06   2085.4488     85.0206  -1.805E-06    651.6306    -39.7778 
 304.371  1.57E-06   1918.7268   -117.6938  -8.121E-07    651.2160    -30.8192 
 310.114 -3.64E-07    734.8635   -165.8051  -1.541E-07    648.2720     14.0641 
 315.857 -2.03E-07     14.5673    -70.1618   3.168E-08    646.4808     19.2445 
 321.600 -3.89E-10    -71.0421     -1.2780   1.768E-08    646.6212      4.7449 
 327.343  1.41E-12      -.1375      6.1853   3.384E-11    646.4449     -2.1457 
 333.086  1.93E-16   4.961E-04     .011968  -1.230E-13    646.4446    -.004198 
 338.829 -6.92E-19   6.831E-08  -4.319E-05  -1.682E-17    646.4446   1.504E-05 
 344.571 -9.60E-23  -2.429E-10  -5.947E-09   6.023E-20    646.4446   2.086E-09 
 350.314  3.39E-25  -8.842E-15   2.114E-11   1.458E-23    646.4446  -7.364E-12 
 356.057  7.15E-23  -7.229E-15   2.761E-16   1.059E-23    646.4446  -2.218E-18 
 361.800  1.22E-22  -5.686E-15   2.587E-16   7.392E-24    646.4446  -3.874E-18 
 367.543  1.56E-22  -4.269E-15   2.329E-16   4.924E-24    646.4446  -5.077E-18 
 373.286  1.79E-22  -3.018E-15   2.014E-16   3.118E-24    646.4446  -5.926E-18 
 379.029  1.92E-22  -1.961E-15   1.656E-16   1.883E-24    646.4446  -6.516E-18 
 384.771  2.00E-22  -1.118E-15   1.270E-16   1.120E-24    646.4446  -6.931E-18 
 390.514  2.05E-22  -5.036E-16   8.631E-17   7.179E-25    646.4446  -7.246E-18 
 396.257  2.08E-22  -1.279E-16   4.392E-17   5.614E-25    646.4446  -7.516E-18 
 402.000  2.12E-22      0.0000      0.0000   5.297E-25    646.4446  -7.778E-18 
 
Output Verification: 
 
Computed forces and moments are within specified convergence limits. 
 
 



Output Summary for Load Case No.  7: 
 
Pile-head deflection             =      .70000000 in 
Computed slope at pile head      =          0.000 
Maximum bending moment           =   -2619358.959 lbs-in 
Maximum shear force              =      51396.348 lbs 
Depth of maximum bending moment  =          0.000 in 
Depth of maximum shear force     =          0.000 in 
Number of iterations             =             11 
Number of zero deflection points =              6 
 
 
 
 
------------------------------------------------------------------------------ 
             Computed Values of Load Distribution and Deflection 
                 for Lateral Loading for Load Case Number  8 
------------------------------------------------------------------------------ 
 
Pile-head boundary conditions are Displacement and Slope (BC Type 5) 
Specified deflection at pile head   =         .800000 in 
Specified slope at pile head        =       0.000E+00 in/in 
Specified axial load at pile head   =      130000.000 lbs 
 
  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 
    X         y          M           V           S        Stress        p 
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 
-------- --------- ----------- ----------- ----------- ----------- ----------- 
   0.000   .800000  -2.903E+06  55613.3640      0.0000   7865.6844   -288.9596 
   5.743   .795866  -2.588E+06  53896.8561    -.001361   7081.9680   -308.8292 
  11.486   .784363  -2.282E+06  52068.6504    -.002569   6321.1978   -327.8593 
  17.229   .766362  -1.986E+06  50133.7582    -.003627   5585.2163   -345.9837 
  22.971   .742704  -1.701E+06  48097.5680    -.004541   4875.7824   -363.1372 
  28.714   .714204  -1.427E+06  45965.8395    -.005317   4194.5655   -379.2558 
  34.457   .681640  -1.165E+06  43744.6986    -.005959   3543.1399   -394.2759 
  40.200   .645759  -9.155E+05  41440.6342    -.006475   2922.9786   -408.1346 
  45.943   .607271  -6.792E+05  39060.4965    -.006870   2335.4477   -420.7691 
  51.686   .566849  -4.566E+05  36611.4967    -.007152   1781.8011   -432.1164 
  57.429   .525127  -2.480E+05  34101.2093    -.007327   1263.1743   -442.1130 
  63.171   .482699 -53938.9195  31537.5756    -.007401    780.5793   -450.6947 
  68.914   .440116   1.253E+05  28928.9091    -.007384    957.9907   -457.7961 
  74.657   .397891   2.894E+05  26283.9036    -.007281   1366.0099   -463.3502 
  80.400   .356490   4.380E+05  23556.8415    -.007101   1735.7609   -486.3729 
  86.143   .316336   5.705E+05  20699.5941    -.006851   2065.2186   -508.6883 
  91.886   .277807   6.860E+05  17714.5884    -.006539   2352.4309   -530.8659 
  97.629   .241232   7.838E+05  14609.5747    -.006175   2595.4724   -550.4822 
 103.371   .206888   8.630E+05  11413.2287    -.005766   2792.6444   -562.6732 
 109.114   .175002   9.235E+05   8170.1254    -.005323   2942.8741   -566.7658 
 114.857   .145746   9.648E+05   4927.9606    -.004855   3045.7701   -562.3463 
 120.600   .119238   9.873E+05   1736.3487    -.004371   3101.6569   -549.1603 
 126.343   .095541   9.913E+05  -1354.0893    -.003881   3111.5952   -527.1117 
 132.086   .074667   9.775E+05  -4292.6014    -.003392   3077.3896   -496.2508 
 137.829   .056577   9.471E+05  -7029.0607    -.002915   3001.5839   -456.7450 
 143.571   .041184   9.012E+05  -9514.4584    -.002457   2887.4463   -408.8164 
 149.314   .028357   8.414E+05 -11700.8361    -.002025   2738.9498   -352.6087 
 155.057   .017926   7.698E+05 -13539.9386    -.001625   2560.7593   -287.8748 
 160.800   .009688   6.884E+05 -14978.3558    -.001264   2358.2500   -213.0665 



 166.543   .003410   5.996E+05 -15938.1774  -9.445E-04   2137.6322   -121.1997 
 172.286  -.001161   5.067E+05 -16162.8660  -6.702E-04   1906.5222     42.9500 
 178.029  -.004288   4.150E+05 -15568.0095  -4.417E-04   1678.4682    164.2139 
 183.771  -.006234   3.286E+05 -14387.8801  -2.573E-04   1463.5003    246.7764 
 189.514  -.007244   2.501E+05 -12828.9946  -1.139E-04   1268.4693    296.1191 
 195.257  -.007542   1.814E+05 -11065.4996  -6.868E-06   1097.4943    318.0334 
 201.000  -.007323   1.230E+05  -9238.4061   6.861E-05    952.4359    318.2678 
 206.743  -.006754  75166.2265  -7456.6213   1.178E-04    833.3671    302.2543 
 212.486  -.005970  37226.3239  -5799.3260   1.456E-04    739.0186    274.9132 
 218.229  -.005081   8339.3905  -4319.2691   1.569E-04    667.1829    240.5295 
 223.971  -.004168 -12617.8703  -3046.5886   1.559E-04    677.8225    202.6926 
 229.714  -.003291 -26885.5756  -1992.8242   1.461E-04    713.3033    164.2900 
 235.457  -.002490 -35724.9754  -1154.8494   1.305E-04    735.2850    127.5420 
 241.200  -.001791 -40344.7626   -518.5150   1.117E-04    746.7735     94.0670 
 246.943  -.001208 -41847.2453    -61.8594   9.130E-05    750.5098     64.9673 
 252.686 -7.43E-04 -41191.5889    242.1993   7.071E-05    748.8793     40.9238 
 258.429 -3.95E-04 -39170.9982    638.9267   5.079E-05    743.8546     97.2399 
 264.171 -1.59E-04 -33928.8934   1141.5935   3.266E-05    730.8186     77.8181 
 269.914 -2.02E-05 -26107.7538   1503.8627   1.778E-05    711.3690     48.3453 
 275.657  4.47E-05 -16682.5024   1483.2872   7.169E-06    687.9304    -55.5109 
 281.400  6.21E-05  -9081.8458   1149.0615   7.812E-07    669.0292    -60.8861 
 287.143  5.37E-05  -3485.8767    804.5733  -2.335E-06    655.1132    -59.0849 
 292.886  3.53E-05    162.7398    480.7857  -3.159E-06    646.8493    -53.6770 
 298.629  1.74E-05   2041.0073    195.5322  -2.612E-06    651.5201    -45.6650 
 304.371  5.30E-06   2412.4677    -36.1314  -1.508E-06    652.4439    -35.0138 
 310.114  7.68E-08   1628.2642   -177.1713  -5.064E-07    650.4937    -14.1045 
 315.857 -5.13E-07    378.2848   -155.9140  -8.853E-09    647.3853     21.5076 
 321.600 -2.49E-08   -162.5063    -33.6973   4.465E-08    646.8487     21.0555 
 327.343  1.03E-10     -8.8189     14.1520   2.169E-09    646.4665     -4.3916 
 333.086  1.24E-14     .036121       .7678  -8.958E-12    646.4446      -.2696 
 338.829 -5.04E-17   4.391E-06    -.003145  -1.080E-15    646.4446     .001095 
 344.571 -6.17E-21  -1.769E-08  -3.823E-07   4.386E-18    646.4446   1.342E-07 
 350.314  2.47E-23  -5.692E-13   1.540E-09   9.384E-22    646.4446  -5.362E-10 
 356.057  4.60E-21  -4.653E-13   1.778E-14   6.819E-22    646.4446  -1.428E-16 
 361.800  7.86E-21  -3.660E-13   1.665E-14   4.758E-22    646.4446  -2.495E-16 
 367.543  1.01E-20  -2.748E-13   1.500E-14   3.169E-22    646.4446  -3.269E-16 
 373.286  1.15E-20  -1.942E-13   1.296E-14   2.006E-22    646.4446  -3.815E-16 
 379.029  1.24E-20  -1.262E-13   1.066E-14   1.212E-22    646.4446  -4.195E-16 
 384.771  1.29E-20  -7.197E-14   8.176E-15   7.203E-23    646.4446  -4.462E-16 
 390.514  1.32E-20  -3.241E-14   5.556E-15   4.615E-23    646.4446  -4.665E-16 
 396.257  1.34E-20  -8.230E-15   2.827E-15   3.607E-23    646.4446  -4.838E-16 
 402.000  1.36E-20      0.0000      0.0000   3.403E-23    646.4446  -5.006E-16 
 
Output Verification: 
 
Computed forces and moments are within specified convergence limits. 
 
 
Output Summary for Load Case No.  8: 
 
Pile-head deflection             =      .80000000 in 
Computed slope at pile head      =          0.000 
Maximum bending moment           =   -2903036.840 lbs-in 
Maximum shear force              =      55613.364 lbs 
Depth of maximum bending moment  =          0.000 in 
Depth of maximum shear force     =          0.000 in 
Number of iterations             =             11 



Number of zero deflection points =              6 
 
 
 
 
------------------------------------------------------------------------------ 
             Computed Values of Load Distribution and Deflection 
                 for Lateral Loading for Load Case Number  9 
------------------------------------------------------------------------------ 
 
Pile-head boundary conditions are Displacement and Slope (BC Type 5) 
Specified deflection at pile head   =         .900000 in 
Specified slope at pile head        =       0.000E+00 in/in 
Specified axial load at pile head   =      130000.000 lbs 
 
  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 
    X         y          M           V           S        Stress        p 
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 
-------- --------- ----------- ----------- ----------- ----------- ----------- 
   0.000   .900000  -3.182E+06  59700.3581      0.0000   8558.6602   -297.5947 
   5.743   .895470  -2.843E+06  57932.5243    -.001494   7716.8022   -318.0688 
  11.486   .882843  -2.514E+06  56049.5354    -.002822   6898.4131   -337.6985 
  17.229   .863056  -2.195E+06  54056.4357    -.003990   6105.4060   -356.4159 
  22.971   .837018  -1.887E+06  51958.6560    -.005002   5339.6094   -374.1542 
  28.714   .805606  -1.591E+06  49762.0080    -.005864   4602.7618   -390.8476 
  34.457   .769663  -1.307E+06  47472.6796    -.006583   3896.5050   -406.4309 
  40.200   .729999  -1.036E+06  45097.2318    -.007164   3222.3786   -420.8395 
  45.943   .687384  -7.783E+05  42642.5970    -.007613   2581.8138   -434.0085 
  51.686   .642554  -5.347E+05  40116.0793    -.007939   1976.1279   -445.8733 
  57.429   .596200  -3.056E+05  37525.3570    -.008147   1406.5182   -456.3684 
  63.171   .548976 -91528.3573  34878.4854    -.008246    874.0563   -465.4277 
  68.914   .501492   1.073E+05  32183.9030    -.008242    913.2068   -472.9841 
  74.657   .454313   2.904E+05  29450.4375    -.008143   1368.6901   -478.9691 
  80.400   .407961   4.577E+05  26546.9252    -.007958   1784.6233   -532.2044 
  86.143   .362913   6.072E+05  23419.8758    -.007694   2156.4861   -556.8178 
  91.886   .319593   7.382E+05  20155.0379    -.007360   2482.1223   -580.1904 
  97.629   .278376   8.497E+05  16764.2045    -.006966   2759.4945   -600.6968 
 103.371   .239579   9.411E+05  13272.9329    -.006522   2986.8180   -615.1689 
 109.114   .203461   1.012E+06   9722.9533    -.006038   3162.8219   -621.1424 
 114.857   .170226   1.062E+06   6164.7918    -.005524   3286.9509   -618.0183 
 120.600   .140014   1.091E+06   2651.5506    -.004990   3359.4155   -605.4986 
 126.343   .112909   1.100E+06   -762.4468    -.004447   3381.2156   -583.4557 
 132.086   .088935   1.089E+06  -4022.6069    -.003905   3354.1509   -551.9234 
 137.829   .068063   1.059E+06  -7074.9198    -.003372   3280.8176   -511.0711 
 143.571   .050207   1.013E+06  -9866.5852    -.002858   3164.5934   -461.1506 
 149.314   .035235   9.503E+05 -12346.1588    -.002371   3009.6156   -402.3825 
 155.057   .022969   8.743E+05 -14462.6428    -.001919   2820.7613   -334.7015 
 160.800   .013192   7.870E+05 -16161.8794    -.001507   2603.6515   -257.0724 
 166.543   .005658   6.910E+05 -17373.5384    -.001141   2364.7332   -164.8984 
 172.286  9.06E-05   5.892E+05 -17856.6586  -8.233E-04   2111.6546     -3.3525 
 178.029  -.003799   4.871E+05 -17448.5966  -5.565E-04   1857.7586    145.4636 
 183.771  -.006301   3.896E+05 -16314.7193  -3.391E-04   1615.3444    249.4190 
 189.514  -.007693   3.002E+05 -14695.5105  -1.680E-04   1393.0277    314.4845 
 195.257  -.008231   2.211E+05 -12795.8320  -3.879E-05   1196.2272    347.0951 
 201.000  -.008139   1.533E+05 -10783.4587   5.403E-05   1027.6902    353.7315 
 206.743  -.007610  97144.9275  -8789.7616   1.161E-04    888.0235    340.5909 
 212.486  -.006805  52178.3149  -6912.0294   1.532E-04    776.2010    313.3457 



 218.229  -.005851  17526.6538  -5216.9360   1.704E-04    690.0296    276.9853 
 223.971  -.004847  -7996.4060  -3744.7025   1.728E-04    666.3299    235.7328 
 229.714  -.003866 -25741.9417  -2513.5605   1.644E-04    710.4593    193.0231 
 235.457  -.002959 -37111.9657  -1524.1927   1.488E-04    738.7342    151.5328 
 241.200  -.002157 -43470.6371   -763.8991   1.289E-04    754.5469    113.2461 
 246.943  -.001479 -46078.3127   -210.3076   1.067E-04    761.0316     79.5469 
 252.686 -9.32E-04 -46045.4395    165.4797   8.383E-05    760.9498     51.3243 
 258.429 -5.16E-04 -44302.8245    613.8793   6.143E-05    756.6163    104.8348 
 264.171 -2.26E-04 -39086.3136   1163.7011   4.075E-05    743.6440     86.6454 
 269.914 -4.77E-05 -30997.7317   1599.0762   2.337E-05    723.5294     64.9778 
 275.657  4.24E-05 -20754.6808   1641.8504   1.054E-05    698.0571    -50.0813 
 281.400  7.33E-05 -12155.6477   1323.2840   2.382E-06    676.6731    -60.8622 
 287.143  6.97E-05  -5559.3754    973.2170  -2.010E-06    660.2695    -61.0517 
 292.886  5.03E-05   -974.5541    634.5017  -3.630E-06    648.8681    -56.9089 
 298.629  2.80E-05   1733.7500    327.5050  -3.442E-06    650.7560    -50.0054 
 304.371  1.07E-05   2792.2142     65.9784  -2.320E-06    653.3882    -41.0735 
 310.114  1.37E-06   2495.0230   -161.1864  -1.009E-06    652.6492    -38.0386 
 315.857 -8.74E-07    942.3796   -217.5799  -1.568E-07    648.7881     18.3991 
 321.600 -4.32E-07     -3.8034    -95.1598   7.594E-08    646.4540     24.2348 
 327.343 -1.49E-09   -150.7124       .2900   3.763E-08    646.8193      9.0065 
 333.086  5.74E-12      -.5284     13.1219   1.300E-10    646.4459     -4.5377 
 338.829  7.43E-16     .002015     .046004  -4.997E-13    646.4446    -.016143 
 344.571 -2.81E-18   2.628E-07  -1.754E-04  -6.467E-17    646.4446   6.108E-05 
 350.314 -3.67E-22  -2.578E-10  -2.290E-08   4.254E-19    646.4446   7.977E-09 
 356.057  2.08E-18  -2.108E-10   8.048E-12   3.092E-19    646.4446  -6.440E-14 
 361.800  3.55E-18  -1.658E-10   7.540E-12   2.158E-19    646.4446  -1.127E-13 
 367.543  4.55E-18  -1.245E-10   6.791E-12   1.439E-19    646.4446  -1.479E-13 
 373.286  5.20E-18  -8.800E-11   5.871E-12   9.117E-20    646.4446  -1.727E-13 
 379.029  5.60E-18  -5.719E-11   4.830E-12   5.518E-20    646.4446  -1.899E-13 
 384.771  5.84E-18  -3.261E-11   3.704E-12   3.291E-20    646.4446  -2.021E-13 
 390.514  5.98E-18  -1.469E-11   2.517E-12   2.118E-20    646.4446  -2.113E-13 
 396.257  6.08E-18  -3.730E-12   1.281E-12   1.662E-20    646.4446  -2.192E-13 
 402.000  6.17E-18      0.0000      0.0000   1.569E-20    646.4446  -2.269E-13 
 
Output Verification: 
 
Computed forces and moments are within specified convergence limits. 
 
 
Output Summary for Load Case No.  9: 
 
Pile-head deflection             =      .90000000 in 
Computed slope at pile head      =          0.000 
Maximum bending moment           =   -3181699.725 lbs-in 
Maximum shear force              =      59700.358 lbs 
Depth of maximum bending moment  =          0.000 in 
Depth of maximum shear force     =          0.000 in 
Number of iterations             =             11 
Number of zero deflection points =              6 
 
 
 
 
------------------------------------------------------------------------------ 
             Computed Values of Load Distribution and Deflection 
                 for Lateral Loading for Load Case Number 10 
------------------------------------------------------------------------------ 



 
Pile-head boundary conditions are Displacement and Slope (BC Type 5) 
Specified deflection at pile head   =        1.000000 in 
Specified slope at pile head        =       0.000E+00 in/in 
Specified axial load at pile head   =      130000.000 lbs 
 
  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 
    X         y          M           V           S        Stress        p 
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 
-------- --------- ----------- ----------- ----------- ----------- ----------- 
   0.000     1.000  -3.457E+06  63686.9522      0.0000   9242.3044   -305.5376 
   5.743   .995078  -3.095E+06  61871.9084    -.001624   8343.7118   -326.5673 
  11.486   .981342  -2.744E+06  59938.5331    -.003072   7469.0532   -346.7475 
  17.229   .959793  -2.402E+06  57891.9042    -.004348   6620.3074   -366.0088 
  22.971   .931402  -2.072E+06  55737.4948    -.005457   5799.3684   -384.2830 
  28.714   .897111  -1.754E+06  53481.1678    -.006406   5008.0388   -401.5025 
  34.457   .857825  -1.448E+06  51129.1715    -.007200   4248.0239   -417.6007 
  40.200   .814415  -1.156E+06  48688.1361    -.007846   3520.9252   -432.5111 
  45.943   .767713  -8.774E+05  46165.0732    -.008350   2828.2350   -446.1675 
  51.686   .718513  -6.132E+05  43567.3752    -.008719   2171.3296   -458.5034 
  57.429   .667566  -3.639E+05  40902.8186    -.008962   1551.4640   -469.4517 
  63.171   .615583  -1.300E+05  38179.5666    -.009084    969.7656   -478.9446 
  68.914   .563230  88152.3644  35406.1747    -.009094    865.6609   -486.9133 
  74.657   .511128   2.902E+05  32591.5963    -.009001   1368.1827   -493.2881 
  80.400   .459852   4.759E+05  29514.2945    -.008811   1829.9802   -578.4090 
  86.143   .409932   6.424E+05  26115.0601    -.008533   2243.9011   -605.4039 
  91.886   .361841   7.886E+05  22567.5189    -.008179   2607.5782   -630.0581 
  97.629   .315995   9.138E+05  18889.3996    -.007756   2918.8549   -650.8789 
 103.371   .272752   1.017E+06  15109.0071    -.007278   3175.9083   -665.6757 
 109.114   .232406   1.098E+06  11263.7754    -.006753   3377.4296   -673.4597 
 114.857   .195187   1.157E+06   7401.4422    -.006194   3522.7059   -671.6315 
 120.600   .161262   1.192E+06   3578.3030    -.005612   3611.8333   -659.8100 
 126.343   .130732   1.206E+06   -147.7938    -.005017   3645.7484   -637.8356 
 132.086   .103638   1.198E+06  -3718.5830    -.004421   3626.2409   -605.7228 
 137.829   .079955   1.170E+06  -7076.3196    -.003834   3555.9516   -563.6382 
 143.571   .059605   1.123E+06 -10164.5156    -.003265   3438.3582   -511.8529 
 149.314   .042451   1.058E+06 -12928.2552    -.002725   3277.7515   -450.6434 
 155.057   .028311   9.783E+05 -15313.6016    -.002220   3079.2110   -380.0743 
 160.800   .016957   8.855E+05 -17264.8029    -.001758   2848.5980   -299.4486 
 166.543   .008124   7.826E+05 -18714.6080    -.001344   2592.6103   -205.4587 
 172.286   .001520   6.726E+05 -19466.0998  -9.832E-04   2319.0514    -56.2549 
 178.029  -.003168   5.605E+05 -19279.2720  -6.774E-04   2040.2595    121.3193 
 183.771  -.006260   4.522E+05 -18219.3006  -4.263E-04   1770.9016    247.8250 
 189.514  -.008065   3.519E+05 -16561.0239  -2.270E-04   1521.4530    329.6843 
 195.257  -.008868   2.623E+05 -14540.5837  -7.472E-05   1298.7195    373.9516 
 201.000  -.008923   1.850E+05 -12353.1859   3.617E-05   1106.4143    387.8287 
 206.743  -.008452   1.204E+05 -10153.3723   1.119E-04    945.7467    378.2756 
 212.486  -.007638  68179.5648  -8057.2342   1.586E-04    815.9927    351.7227 
 218.229  -.006630  27576.9607  -6146.0167   1.824E-04    715.0226    313.8754 
 223.971  -.005544  -2684.1132  -4470.5970   1.885E-04    653.1194    269.6041 
 229.714  -.004465 -24052.5415  -3056.3884   1.819E-04    706.2581    222.9064 
 235.457  -.003455 -38060.5210  -1908.2905   1.665E-04    741.0930    176.9287 
 241.200  -.002553 -46219.2305  -1015.3922   1.456E-04    761.3820    134.0309 
 246.943  -.001782 -49940.4339   -355.2097   1.218E-04    770.6359     95.8834 
 252.686  -.001154 -50480.8762    102.6780   9.686E-05    771.9798     63.5800 
 258.429 -6.70E-04 -48905.7362    604.0762   7.222E-05    768.0628    111.0363 
 264.171 -3.25E-04 -43650.4676   1190.1108   4.927E-05    754.9941     93.0553 



 269.914 -1.04E-04 -35310.0368   1661.5243   2.970E-05    734.2532     71.1185 
 275.657  1.65E-05 -24611.0158   1753.6869   1.484E-05    707.6470    -39.0221 
 281.400  6.67E-05 -15189.8482   1467.0507   4.972E-06    684.2185    -60.8015 
 287.143  7.37E-05  -7768.3144   1111.4828  -7.203E-07    665.7627    -63.0282 
 292.886  5.85E-05  -2422.5994    758.2297  -3.247E-06    652.4690    -59.9953 
 298.629  3.64E-05    945.3439    431.0228  -3.613E-06    648.7954    -53.9574 
 304.371  1.70E-05   2533.4002    144.5403  -2.751E-06    652.7446    -45.8126 
 310.114  4.76E-06   2609.5997    -91.3271  -1.476E-06    652.9341    -36.3302 
 315.857  3.88E-09   1486.6470   -196.3774  -4.600E-07    650.1415      -.2544 
 321.600 -5.21E-07    354.7522   -143.1892  -3.421E-09    647.3267     18.7777 
 327.343 -3.54E-08   -157.9778    -31.9740   4.537E-08    646.8374     19.9539 
 333.086  1.73E-10    -12.5598     13.7600   3.084E-09    646.4758     -4.0267 
 338.829  1.77E-14     .060894      1.0935  -1.510E-11    646.4447      -.3845 
 344.571 -8.49E-17   6.272E-06    -.005302  -1.540E-15    646.4446     .001846 
 350.314 -8.76E-21  -7.791E-09  -5.466E-07   1.286E-17    646.4446   1.905E-07 
 356.057  6.27E-17  -6.370E-09   2.433E-10   9.345E-18    646.4446  -1.947E-12 
 361.800  1.07E-16  -5.011E-09   2.279E-10   6.523E-18    646.4446  -3.408E-12 
 367.543  1.38E-16  -3.762E-09   2.053E-10   4.348E-18    646.4446  -4.469E-12 
 373.286  1.57E-16  -2.660E-09   1.774E-10   2.756E-18    646.4446  -5.219E-12 
 379.029  1.69E-16  -1.728E-09   1.460E-10   1.668E-18    646.4446  -5.740E-12 
 384.771  1.76E-16  -9.857E-10   1.120E-10   9.947E-19    646.4446  -6.108E-12 
 390.514  1.81E-16  -4.440E-10   7.608E-11   6.402E-19    646.4446  -6.387E-12 
 396.257  1.84E-16  -1.127E-10   3.872E-11   5.022E-19    646.4446  -6.626E-12 
 402.000  1.86E-16      0.0000      0.0000   4.742E-19    646.4446  -6.858E-12 
 
Output Verification: 
 
Computed forces and moments are within specified convergence limits. 
 
 
Output Summary for Load Case No. 10: 
 
Pile-head deflection             =     1.00000000 in 
Computed slope at pile head      =          0.000 
Maximum bending moment           =   -3456610.124 lbs-in 
Maximum shear force              =      63686.952 lbs 
Depth of maximum bending moment  =          0.000 in 
Depth of maximum shear force     =          0.000 in 
Number of iterations             =             11 
Number of zero deflection points =              6 
 
 
 
 
 
------------------------------------------------------------------------------ 
                        Summary of Pile-head Response 
------------------------------------------------------------------------------ 
 
Definition of symbols for pile-head boundary conditions: 
 
y = pile-head displacment, in 
M = pile-head moment, lbs-in 
V = pile-head shear force, lbs 
S = pile-head slope, radians 
R = rotational stiffness of pile-head, in-lbs/rad 
 



 BC    Boundary     Boundary       Axial    Pile Head    Maximum     Maximum  
Type  Condition    Condition       Load     Deflection    Moment      Shear 
          1            2            lbs         in        in-lbs       lbs 
---- ------------ ------------ ----------- ----------- ----------- ----------- 
  5  y=   .100000 S=     0.000   1.300E+05     .100000  -6.613E+05  18745.6153 
  5  y=   .200000 S=     0.000   1.300E+05       .2000  -1.052E+06  26139.0688 
  5  y=   .300000 S=     0.000   1.300E+05       .3000  -1.398E+06  32158.3207 
  5  y=   .400000 S=     0.000   1.300E+05       .4000  -1.722E+06  37495.7147 
  5  y=   .500000 S=     0.000   1.300E+05       .5000  -2.031E+06  42405.1790 
  5  y=   .600000 S=     0.000   1.300E+05       .6000  -2.330E+06  47014.2042 
  5  y=   .700000 S=     0.000   1.300E+05       .7000  -2.619E+06  51396.3479 
  5  y=   .800000 S=     0.000   1.300E+05       .8000  -2.903E+06  55613.3640 
  5  y=   .900000 S=     0.000   1.300E+05       .9000  -3.182E+06  59700.3581 
  5  y=     1.000 S=     0.000   1.300E+05      1.0000  -3.457E+06  63686.9522 
 
 
------------------------------------------------------------------------------ 
                     Pile-head Deflection vs. Pile Length 
------------------------------------------------------------------------------ 
 
 Boundary Condition Type 5, Deflection and Slope 
 
Deflection =          .10000  in 
Slope      =          .00000 
Axial Load =         130000. lbs 
 
 
 
   Pile       Pile Head       Maximum      Maximum 
  Length      Deflection      Moment        Shear  
    in           in           in-lbs         lbs 
-----------  ------------  ------------  ------------ 
   402.000     .10000000   -661291.026     18745.615 
   381.900     .10000000   -664081.151     18816.140 
   361.800     .10000000   -652801.061     18538.230 
   341.700     .10000000   -658106.893     18659.196 
   321.600     .10000000   -658361.846     18665.108 
   301.500     .10000000   -657640.753     18645.064 
   281.400     .10000000   -662927.335     18782.561 
   261.300     .10000000   -659621.113     18696.080 
   241.200     .10000000   -661289.554     18738.934 
   221.100     .10000000   -661061.713     18731.102 
 
The analysis ended normally.  
 



============================================================================== 
 
                    LPILE Plus for Windows, Version 4.0 
 
               Analysis of Individual Piles and Drilled Shafts 
              Subjected to Lateral Loading Using the p-y Method 
 
                   (c) Copyright ENSOFT, Inc., 1985-2001 
                             All Rights Reserved 
 
============================================================================== 
 
 
This program is licensed to:  
 
IT - San Jose 
URS Corporation 
 
Path to file locations:      X:\Route 84 - Isabel 
Avenue\geotech\Analysis\pile\lateral\Arroyo Mocho Access Bridge\ 
Name of input data file:     ArroyoMocho Access_Abut_1_ Free.lpd 
Name of output file:         ArroyoMocho Access_Abut_1_ Free.lpo 
Name of plot output file:    ArroyoMocho Access_Abut_1_ Free.lpp 
Name of runtime file:        ArroyoMocho Access_Abut_1_ Free.lpr 
 
 
------------------------------------------------------------------------------ 
                          Time and Date of Analysis 
------------------------------------------------------------------------------ 
 
               Date:  December  1, 2009     Time:  15:23:21 
 
 
------------------------------------------------------------------------------ 
                                Problem Title 
------------------------------------------------------------------------------ 
 
SR84 Isabel Abutment - Arroyo Mocho Access Bridge - 16 inch CIDH Pile - Free     
 
 
------------------------------------------------------------------------------ 
                                Program Options 
------------------------------------------------------------------------------ 
 
Units Used in Computations - US Customary Units, inches, pounds 
 
Basic Program Options: 
 
Analysis Type 1:  
- Computation of Lateral Pile Response Using User-specified Constant EI 
 
Computation Options: 
- Only internally-generated p-y curves used in analysis 
- Analysis does not use p-y multipliers (individual pile or shaft action only) 
- Analysis assumes no shear resistance at pile tip 
- Analysis includes automatic computation of pile-top deflection vs. 
  pile embedment length 



- No computation of foundation stiffness matrix elements 
- Output pile response for full length of pile 
- Analysis assumes no soil movements acting on pile 
- No additional p-y curves to be computed at user-specified depths 
 
Solution Control Parameters: 
- Number of pile increments            =           70 
- Maximum number of iterations allowed =          100 
- Deflection tolerance for convergence =   1.0000E-05 in 
- Maximum allowable deflection         =   1.0000E+02 in 
 
Printing Options: 
- Values of pile-head deflection, bending moment, shear force, and  
  soil reaction are printed for full length of pile. 
- Printing Increment (spacing of output points) =  1 
 
 
------------------------------------------------------------------------------ 
                   Pile Structural Properties and Geometry 
------------------------------------------------------------------------------ 
 
Pile Length                               =     402.00 in 
Depth of ground surface below top of pile =     -55.20 in 
Slope angle of ground surface             =      26.56 deg. 
 
Structural properties of pile defined using  2 points 
 
Point    Depth         Pile      Moment of       Pile      Modulus of 
           X         Diameter     Inertia        Area      Elasticity 
           in           in         in**4        Sq.in      lbs/Sq.in 
-----  ---------   -----------   ----------   ----------   ----------- 
  1       0.0000        16.000    3217.0000     201.1000   3600000.000 
  2     402.0000        16.000    3217.0000     201.1000   3600000.000 
 
 
------------------------------------------------------------------------------ 
                      Soil and Rock Layering Information 
------------------------------------------------------------------------------ 
 
The soil profile is modelled using  9 layers 
 
Layer  1 is sand, p-y criteria by Reese et al., 1974 
Distance from top of pile to top of layer    =      -55.200 in 
Distance from top of pile to bottom of layer =         .000 in 
p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3 
p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3 
 
Layer  2 is stiff clay without free water 
Distance from top of pile to top of layer    =         .000 in 
Distance from top of pile to bottom of layer =       76.800 in 
p-y subgrade modulus k for top of soil layer =      825.000 lbs/in**3 
p-y subgrade modulus k for bottom of layer   =      825.000 lbs/in**3 
 
Layer  3 is sand, p-y criteria by Reese et al., 1974 
Distance from top of pile to top of layer    =       76.800 in 
Distance from top of pile to bottom of layer =      256.800 in 
p-y subgrade modulus k for top of soil layer =      225.000 lbs/in**3 



p-y subgrade modulus k for bottom of layer   =      225.000 lbs/in**3 
 
Layer  4 is stiff clay without free water 
Distance from top of pile to top of layer    =      256.800 in 
Distance from top of pile to bottom of layer =      352.800 in 
p-y subgrade modulus k for top of soil layer =      100.000 lbs/in**3 
p-y subgrade modulus k for bottom of layer   =      100.000 lbs/in**3 
 
Layer  5 is sand, p-y criteria by Reese et al., 1974 
Distance from top of pile to top of layer    =      352.800 in 
Distance from top of pile to bottom of layer =      556.800 in 
p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3 
p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3 
 
Layer  6 is stiff clay without free water 
Distance from top of pile to top of layer    =      556.800 in 
Distance from top of pile to bottom of layer =      724.800 in 
p-y subgrade modulus k for top of soil layer =      260.000 lbs/in**3 
p-y subgrade modulus k for bottom of layer   =      260.000 lbs/in**3 
 
Layer  7 is sand, p-y criteria by Reese et al., 1974 
Distance from top of pile to top of layer    =      724.800 in 
Distance from top of pile to bottom of layer =      808.800 in 
p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3 
p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3 
 
Layer  8 is stiff clay without free water 
Distance from top of pile to top of layer    =      808.800 in 
Distance from top of pile to bottom of layer =      988.800 in 
p-y subgrade modulus k for top of soil layer =      700.000 lbs/in**3 
p-y subgrade modulus k for bottom of layer   =      700.000 lbs/in**3 
 
Layer  9 is sand, p-y criteria by Reese et al., 1974 
Distance from top of pile to top of layer    =      988.800 in 
Distance from top of pile to bottom of layer =     1108.800 in 
p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3 
p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3 
 
 
(Depth of lowest layer extends  706.80 in below pile tip) 
 
 
------------------------------------------------------------------------------ 
                   Effective Unit Weight of Soil vs. Depth 
------------------------------------------------------------------------------ 
 
Distribution of effective unit weight of soil with depth 
is defined using 18 points 
 
Point        Depth X    Eff. Unit Weight 
 No.           in          lbs/in**3 
-----      ----------   ---------------- 
  1           -55.20         .07520 
  2              .00         .07520 
  3              .00         .07230 
  4            76.80         .07230 
  5            76.80         .07810 



  6           256.80         .07810 
  7           256.80         .07230 
  8           352.80         .07230 
  9           352.80         .07810 
 10           556.80         .07810 
 11           556.80         .04200 
 12           724.80         .04200 
 13           724.80         .03910 
 14           808.80         .03910 
 15           808.80         .04200 
 16           988.80         .04200 
 17           988.80         .03910 
 18          1108.80         .03910 
 
 
 
------------------------------------------------------------------------------ 
                           Shear Strength of Soils 
------------------------------------------------------------------------------ 
 
Distribution of shear strength parameters with depth 
defined using 18 points 
 
Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD 
 No.       in         lbs/in**2            Deg.            k_rm        % 
-----   --------     ----------     ------------------    ------    ------ 
  1      -55.200         .00000           30.00           ------    ------ 
  2         .000         .00000           30.00           ------    ------ 
  3         .000       13.89000             .00           .00700        .0 
  4       76.800       13.89000             .00           .00700        .0 
  5       76.800         .00000           40.00           ------    ------ 
  6      256.800         .00000           40.00           ------    ------ 
  7      256.800        6.94400             .00           .00700        .0 
  8      352.800        6.94400             .00           .00700        .0 
  9      352.800         .00000           44.00           ------    ------ 
 10      556.800         .00000           44.00           ------    ------ 
 11      556.800        9.72200             .00           .00700        .0 
 12      724.800        9.72200             .00           .00700        .0 
 13      724.800         .00000           44.00           ------    ------ 
 14      808.800         .00000           44.00           ------    ------ 
 15      808.800       19.44400             .00           .00600        .0 
 16      988.800       19.44400             .00           .00600        .0 
 17      988.800         .00000           44.00           ------    ------ 
 18     1108.800         .00000           44.00           ------    ------ 
 
Notes: 
 
(1)  Cohesion = uniaxial compressive strength for rock materials. 
(2)  Values of E50 are reported for clay strata.  
(3)  Default values will be generated for E50 when input values are 0. 
(4)  RQD and k_rm are reported only for weak rock strata. 
 
Static loading criteria was used for computation of  p-y curves 
 
 
 
------------------------------------------------------------------------------ 



              Pile-head Loading and Pile-head Fixity Conditions 
------------------------------------------------------------------------------ 
 
Number of loads specified = 10 
 
Load Case Number  1 
 
Pile-head boundary conditions are Displacement and Moment (BC Type 4) 
Deflection at pile head     =            .100 in 
Bending moment at pile head =            .000 in-lbs 
Axial load at pile head     =      130000.000 lbs 
 
Load Case Number  2 
 
Pile-head boundary conditions are Displacement and Moment (BC Type 4) 
Deflection at pile head     =            .200 in 
Bending moment at pile head =            .000 in-lbs 
Axial load at pile head     =      130000.000 lbs 
 
Load Case Number  3 
 
Pile-head boundary conditions are Displacement and Moment (BC Type 4) 
Deflection at pile head     =            .300 in 
Bending moment at pile head =            .000 in-lbs 
Axial load at pile head     =      130000.000 lbs 
 
Load Case Number  4 
 
Pile-head boundary conditions are Displacement and Moment (BC Type 4) 
Deflection at pile head     =            .400 in 
Bending moment at pile head =            .000 in-lbs 
Axial load at pile head     =      130000.000 lbs 
 
Load Case Number  5 
 
Pile-head boundary conditions are Displacement and Moment (BC Type 4) 
Deflection at pile head     =            .500 in 
Bending moment at pile head =            .000 in-lbs 
Axial load at pile head     =      130000.000 lbs 
 
Load Case Number  6 
 
Pile-head boundary conditions are Displacement and Moment (BC Type 4) 
Deflection at pile head     =            .600 in 
Bending moment at pile head =            .000 in-lbs 
Axial load at pile head     =      130000.000 lbs 
 
Load Case Number  7 
 
Pile-head boundary conditions are Displacement and Moment (BC Type 4) 
Deflection at pile head     =            .700 in 
Bending moment at pile head =            .000 in-lbs 
Axial load at pile head     =      130000.000 lbs 
 
Load Case Number  8 
 
Pile-head boundary conditions are Displacement and Moment (BC Type 4) 



Deflection at pile head     =            .800 in 
Bending moment at pile head =            .000 in-lbs 
Axial load at pile head     =      130000.000 lbs 
 
Load Case Number  9 
 
Pile-head boundary conditions are Displacement and Moment (BC Type 4) 
Deflection at pile head     =            .900 in 
Bending moment at pile head =            .000 in-lbs 
Axial load at pile head     =      130000.000 lbs 
 
Load Case Number 10 
 
Pile-head boundary conditions are Displacement and Moment (BC Type 4) 
Deflection at pile head     =           1.000 in 
Bending moment at pile head =            .000 in-lbs 
Axial load at pile head     =      130000.000 lbs 
 
 
 
------------------------------------------------------------------------------ 
             Computed Values of Load Distribution and Deflection 
                 for Lateral Loading for Load Case Number  1 
------------------------------------------------------------------------------ 
 
Pile-head boundary conditions are Displacement and Moment (BC Type 4) 
Specified deflection at pile head     =         .100000 in 
Specified bending moment at pile head =            .000 in-lbs 
Specified axial load at pile head     =      130000.000 lbs 
 
  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 
    X         y          M           V           S        Stress        p 
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 
-------- --------- ----------- ----------- ----------- ----------- ----------- 
   0.000   .100000      0.0000   9929.7973    -.001807    646.4446   -171.8164 
   5.743   .089620  55541.5346   8922.7388    -.001794    784.5646   -178.9005 
  11.486   .079398   1.052E+05   7878.0158    -.001754    907.9610   -184.9334 
  17.229   .069475   1.486E+05   6801.8491    -.001691   1016.0932   -189.8511 
  22.971   .059976   1.858E+05   5700.8373    -.001608   1108.5178   -193.5859 
  28.714   .051006   2.165E+05   4581.9834    -.001508   1184.8944   -196.0647 
  34.457   .042653   2.407E+05   3452.7325    -.001395   1244.9913   -197.2067 
  40.200   .034985   2.583E+05   2321.0295    -.001271   1288.6926   -196.9187 
  45.943   .028052   2.692E+05   1195.4081    -.001140   1316.0059   -195.0887 
  51.686   .021887   2.737E+05     85.1370    -.001006   1327.0710   -191.5728 
  57.429   .016500   2.717E+05   -999.5306  -8.705E-04   1322.1722   -186.1721 
  63.171   .011888   2.635E+05  -2046.8995  -7.378E-04   1301.7543   -178.5832 
  68.914   .008026   2.493E+05  -3042.9079  -6.107E-04   1266.4472   -168.2853 
  74.657   .004874   2.295E+05  -3968.9738  -4.920E-04   1217.1087   -154.2252 
  80.400   .002375   2.045E+05  -4499.5293  -3.844E-04   1154.9100    -30.5454 
  86.143  4.59E-04   1.784E+05  -4614.4613  -2.895E-04   1090.0179     -9.4807 
  91.886 -9.50E-04   1.519E+05  -4581.7863  -2.076E-04   1024.1841     20.8601 
  97.629  -.001926   1.261E+05  -4393.3033  -1.387E-04    959.9212     44.7807 
 103.371  -.002542   1.016E+05  -4085.5106  -8.221E-05    899.2150     62.4108 
 109.114  -.002870  79254.5296  -3693.3717  -3.735E-05    843.5338     74.1551 
 114.857  -.002971  59280.0722  -3248.9416  -3.005E-06    793.8616     80.6216 
 120.600  -.002904  41942.6020  -2780.3992   2.209E-05    750.7470     82.5524 
 126.343  -.002718  27312.2150  -2311.4590   3.926E-05    714.3643     80.7601 



 132.086  -.002453  15335.2194  -1861.1213   4.984E-05    684.5800     76.0739 
 137.829  -.002145   5861.4944  -1443.7083   5.509E-05    661.0209     69.2938 
 143.571  -.001821  -1329.0627  -1069.1284   5.622E-05    649.7497     61.1569 
 149.314  -.001500  -6502.1479   -743.3081   5.427E-05    662.6140     52.3128 
 155.057  -.001197  -9947.5269   -468.7361   5.020E-05    671.1820     43.3092 
 160.800 -9.23E-04 -11960.8666   -245.0669   4.476E-05    676.1887     34.5855 
 166.543 -6.83E-04 -12829.1338    -69.7396   3.862E-05    678.3479     26.4737 
 172.286 -4.79E-04 -12819.5374     61.4234   3.226E-05    678.3240     19.2049 
 178.029 -3.12E-04 -12171.8087    153.6667   2.606E-05    676.7133     12.9196 
 183.771 -1.80E-04 -11093.4792    212.8191   2.029E-05    674.0317      7.6807 
 189.514 -7.94E-05  -9757.7303    244.8880   1.512E-05    670.7100      3.4876 
 195.257 -6.43E-06  -8303.3470    255.7373   1.065E-05    667.0932       .2907 
 201.000  4.29E-05  -6836.3008    250.8443   6.892E-06    663.4450     -1.9948 
 206.743  7.27E-05  -5432.5118    235.1325   3.850E-06    659.9541     -3.4770 
 212.486  8.71E-05  -4141.3846    212.8681   1.476E-06    656.7433     -4.2768 
 218.229  8.97E-05  -2989.7743    187.6104  -2.918E-07    653.8795     -4.5194 
 223.971  8.38E-05  -1986.1097    162.2036  -1.525E-06    651.3836     -4.3287 
 229.714  7.22E-05  -1124.4722    138.7966  -2.297E-06    649.2409     -3.8230 
 235.457  5.74E-05   -388.5029    118.8785  -2.672E-06    647.4107     -3.1136 
 241.200  4.15E-05    244.9222    103.3208  -2.707E-06    647.0536     -2.3045 
 246.943  2.63E-05    802.2533     92.4138  -2.448E-06    648.4396     -1.4940 
 252.686  1.34E-05   1310.0156     85.8929  -1.924E-06    649.7023      -.7770 
 258.429  4.18E-06   1791.6673     -5.5599  -1.155E-06    650.9001    -31.0722 
 264.171  9.67E-08   1247.8808   -130.0738  -4.014E-07    649.5478    -12.2908 
 269.914 -4.32E-07    298.2761   -115.0662  -1.808E-08    647.1863     17.5174 
 275.657 -1.11E-07    -73.7096    -29.3567   3.760E-08    646.6279     12.3317 
 281.400 -1.79E-13    -38.9628      6.4175   9.664E-09    646.5414       .1270 
 287.143  2.06E-11    -.014528      3.3929   1.559E-14    646.4446     -1.1803 
 292.886  4.04E-17     .007233     .001265  -1.793E-12    646.4446  -8.790E-04 
 298.629 -1.01E-17   2.129E-08  -6.297E-04  -3.521E-18    646.4446   2.193E-04 
 304.371 -3.96E-23  -3.543E-09  -1.853E-09   8.785E-19    646.4446   8.603E-10 
 310.114  4.94E-24  -1.737E-14   3.085E-10   3.446E-24    646.4446  -1.074E-10 
 315.857     0.000   1.736E-15   1.512E-15  -4.303E-25    646.4446  -6.319E-16 
 321.600     0.000   1.191E-20  -1.511E-16      0.0000    646.4446   5.263E-17 
 327.343     0.000  -8.502E-22  -1.037E-21      0.0000    646.4446   4.127E-22 
 333.086     0.000      0.0000   7.402E-23      0.0000    646.4446  -2.578E-23 
 338.829     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 344.571     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 350.314     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 356.057     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 361.800     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 367.543     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 373.286     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 379.029     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 384.771     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 390.514     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 396.257     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 402.000     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 
Output Verification: 
 
Computed forces and moments are within specified convergence limits. 
 
 
Output Summary for Load Case No.  1: 
 
Pile-head deflection             =      .10000000 in 



Computed slope at pile head      =     -.00180748 
Maximum bending moment           =     273696.900 lbs-in 
Maximum shear force              =       9929.797 lbs 
Depth of maximum bending moment  =         51.686 in 
Depth of maximum shear force     =          0.000 in 
Number of iterations             =             13 
Number of zero deflection points =             10 
 
 
 
 
------------------------------------------------------------------------------ 
             Computed Values of Load Distribution and Deflection 
                 for Lateral Loading for Load Case Number  2 
------------------------------------------------------------------------------ 
 
Pile-head boundary conditions are Displacement and Moment (BC Type 4) 
Specified deflection at pile head     =         .200000 in 
Specified bending moment at pile head =            .000 in-lbs 
Specified axial load at pile head     =      130000.000 lbs 
 
  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 
    X         y          M           V           S        Stress        p 
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 
-------- --------- ----------- ----------- ----------- ----------- ----------- 
   0.000   .200000      0.0000  13561.6520    -.003165    646.4446   -204.3253 
   5.743   .181824  76876.1817  12361.8603    -.003146    837.6194   -213.5126 
  11.486   .163866   1.467E+05  11112.2949    -.003091   1011.2122   -221.6594 
  17.229   .146327   2.091E+05   9819.0881    -.003002   1166.4904   -228.7111 
  22.971   .129383   2.639E+05   8488.6904    -.002885   1302.8183   -234.6114 
  28.714   .113190   3.109E+05   7127.8802    -.002742   1419.6615   -239.3026 
  34.457   .097883   3.499E+05   5743.7747    -.002579   1516.5920   -242.7242 
  40.200   .083573   3.808E+05   4343.8475    -.002397   1593.2932   -244.8126 
  45.943   .070346   4.034E+05   2935.9529    -.002203   1649.5655   -245.4989 
  51.686   .058269   4.178E+05   1528.3640    -.001999   1685.3318   -244.7062 
  57.429   .047381   4.239E+05    129.8316    -.001791   1700.6438   -242.3449 
  63.171   .037700   4.219E+05  -1250.3192    -.001581   1695.6895   -238.3047 
  68.914   .029221   4.119E+05  -2602.0269    -.001374   1670.8022   -232.4393 
  74.657   .021915   3.941E+05  -3914.2029    -.001174   1626.4721   -224.5374 
  80.400   .015731   3.687E+05  -4835.7341  -9.854E-04   1563.3636    -96.3939 
  86.143   .010597   3.400E+05  -5358.0108  -8.096E-04   1492.0100    -85.4936 
  91.886   .006432   3.084E+05  -5806.4801  -6.489E-04   1413.3315    -70.6897 
  97.629   .003145   2.743E+05  -6155.7588  -5.044E-04   1328.5714    -50.9496 
 103.371  6.39E-04   2.384E+05  -6347.0748  -3.773E-04   1239.3802    -15.6779 
 109.114  -.001188   2.020E+05  -6303.9101  -2.681E-04   1148.6837     30.7103 
 114.857  -.002440   1.664E+05  -6025.5952  -1.767E-04   1060.3199     66.2153 
 120.600  -.003218   1.330E+05  -5572.7738  -1.025E-04    977.2336     91.4837 
 126.343  -.003618   1.026E+05  -5001.3891  -4.408E-05    901.5279    107.5060 
 132.086  -.003725  75639.8368  -4361.0378   1.031E-07    834.5449    115.5019 
 137.829  -.003616  52485.5913  -3693.9511   3.187E-05    776.9651    116.8169 
 143.571  -.003359  33164.5826  -3034.5341   5.311E-05    728.9179    112.8309 
 149.314  -.003007  17552.5047  -2409.3812   6.568E-05    690.0939    104.8840 
 155.057  -.002604   5393.0472  -1837.6720   7.137E-05    659.8559     94.2187 
 160.800  -.002187  -3661.0368  -1331.8494   7.180E-05    655.5488     81.9385 
 166.543  -.001780 -10011.4017   -898.4884   6.841E-05    671.3408     68.9833 
 172.286  -.001401 -14082.9629   -539.2690   6.244E-05    681.4659     56.1180 
 178.029  -.001063 -16298.5170   -251.9816   5.490E-05    686.9755     43.9324 



 183.771 -7.70E-04 -17059.1297    -31.5036   4.663E-05    688.8670     32.8510 
 189.514 -5.27E-04 -16729.9876    129.2961   3.825E-05    688.0485     23.1489 
 195.257 -3.31E-04 -15631.1911    238.7578   3.023E-05    685.3160     14.9721 
 201.000 -1.80E-04 -14032.8229    305.7530   2.288E-05    681.3412      8.3596 
 206.743 -6.83E-05 -12153.5573    339.1362   1.638E-05    676.6679      3.2664 
 212.486  8.46E-06 -10162.0651    347.3228   1.085E-05    671.7155      -.4153 
 218.229  5.63E-05  -8180.5081    337.9835   6.303E-06    666.7878     -2.8372 
 223.971  8.09E-05  -6289.4944    317.8379   2.715E-06    662.0852     -4.1787 
 229.714  8.75E-05  -4533.9675    292.5305   3.167E-08    657.7196     -4.6348 
 235.457  8.12E-05  -2929.6198    266.5665  -1.819E-06    653.7299     -4.4074 
 241.200  6.66E-05  -1469.5449    243.2861  -2.910E-06    650.0990     -3.7002 
 246.943  4.78E-05   -130.9606    224.8585  -3.306E-06    646.7702     -2.7174 
 252.686  2.86E-05   1118.0523    212.2770  -3.062E-06    649.2249     -1.6642 
 258.429  1.26E-05   2311.7642     89.9883  -2.211E-06    652.1934    -40.9239 
 264.171  3.22E-06   2154.9335   -111.0425  -1.104E-06    651.8034    -29.0868 
 269.914 -4.60E-08   1038.0102   -169.2177  -3.122E-07    649.0259      8.8268 
 275.657 -3.61E-07    211.8130    -96.9912  -2.271E-09    646.9713     16.3267 
 281.400 -7.21E-08    -76.0001    -20.6420   3.140E-08    646.6336     10.2626 
 287.143  3.61E-12    -25.3216      6.6169   6.280E-09    646.5075      -.7694 
 292.886  1.55E-11    -.009648      2.2051  -3.141E-13    646.4446      -.7670 
 298.629  2.87E-17     .005457   8.398E-04  -1.353E-12    646.4446  -6.234E-04 
 304.371 -7.61E-18   1.542E-08  -4.752E-04  -2.497E-18    646.4446   1.655E-04 
 310.114 -2.90E-23  -2.673E-09  -1.342E-09   6.629E-19    646.4446   6.296E-10 
 315.857  3.73E-24  -1.279E-14   2.328E-10   2.522E-24    646.4446  -8.106E-11 
 321.600     0.000   1.310E-15   1.114E-15  -3.247E-25    646.4446  -4.673E-16 
 327.343     0.000   8.832E-21  -1.140E-16      0.0000    646.4446   3.971E-17 
 333.086     0.000  -6.415E-22  -7.690E-22      0.0000    646.4446   3.067E-22 
 338.829     0.000      0.0000   5.586E-23      0.0000    646.4446  -1.945E-23 
 344.571     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 350.314     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 356.057     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 361.800     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 367.543     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 373.286     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 379.029     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 384.771     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 390.514     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 396.257     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 402.000     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 
Output Verification: 
 
Computed forces and moments are within specified convergence limits. 
 
 
Output Summary for Load Case No.  2: 
 
Pile-head deflection             =      .20000000 in 
Computed slope at pile head      =     -.00316503 
Maximum bending moment           =     423919.867 lbs-in 
Maximum shear force              =      13561.652 lbs 
Depth of maximum bending moment  =         57.429 in 
Depth of maximum shear force     =          0.000 in 
Number of iterations             =             11 
Number of zero deflection points =              9 
 
 



 
 
------------------------------------------------------------------------------ 
             Computed Values of Load Distribution and Deflection 
                 for Lateral Loading for Load Case Number  3 
------------------------------------------------------------------------------ 
 
Pile-head boundary conditions are Displacement and Moment (BC Type 4) 
Specified deflection at pile head     =         .300000 in 
Specified bending moment at pile head =            .000 in-lbs 
Specified axial load at pile head     =      130000.000 lbs 
 
  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 
    X         y          M           V           S        Stress        p 
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 
-------- --------- ----------- ----------- ----------- ----------- ----------- 
   0.000   .300000      0.0000  16333.3715    -.004418    646.4446   -226.1231 
   5.743   .274626  93370.0260  15004.4141    -.004395    878.6361   -236.6979 
  11.486   .249518   1.789E+05  13617.7309    -.004328   1091.3288   -246.2266 
  17.229   .224919   2.562E+05  12179.4787    -.004220   1283.6625   -254.6572 
  22.971   .201050   3.251E+05  10696.1165    -.004076   1454.8745   -261.9366 
  28.714   .178107   3.852E+05   9174.4124    -.003900   1604.3044   -268.0102 
  34.457   .156261   4.363E+05   7621.4511    -.003696   1731.3988   -272.8221 
  40.200   .135657   4.782E+05   6044.6448    -.003469   1835.7158   -276.3144 
  45.943   .116415   5.109E+05   4451.7479    -.003224   1916.9307   -278.4258 
  51.686   .098628   5.342E+05   2850.8792    -.002965   1974.8399   -279.0906 
  57.429   .082362   5.481E+05   1250.5557    -.002696   2009.3677   -278.2360 
  63.171   .067657   5.526E+05   -340.2552    -.002424   2020.5713   -275.7778 
  68.914   .054526   5.478E+05  -1912.0509    -.002151   2008.6483   -271.6138 
  74.657   .042954   5.338E+05  -3454.6535    -.001883   1973.9444   -265.6110 
  80.400   .032903   5.109E+05  -4650.7642    -.001624   1916.9649   -150.9450 
  86.143   .024306   4.828E+05  -5490.7479    -.001377   1847.1352   -141.5867 
  91.886   .017085   4.499E+05  -6264.7959    -.001146   1765.2488   -127.9823 
  97.629   .011144   4.126E+05  -6947.8059  -9.321E-04   1672.4516   -109.8819 
 103.371   .006379   3.715E+05  -7512.1774  -7.377E-04   1570.2627    -86.6654 
 109.114   .002672   3.274E+05  -7922.5736  -5.644E-04   1460.6238    -56.2586 
 114.857 -1.03E-04   2.813E+05  -8076.0677  -4.135E-04   1346.0694      2.8030 
 120.600  -.002077   2.353E+05  -7898.4814  -2.854E-04   1231.4860     59.0430 
 126.343  -.003381   1.910E+05  -7440.4371  -1.797E-04   1121.5283    100.4749 
 132.086  -.004141   1.501E+05  -6783.2212  -9.511E-05   1019.6353    128.4062 
 137.829  -.004473   1.133E+05  -5999.5990  -2.981E-05    928.1354    144.4970 
 143.571  -.004483  81204.1643  -5152.2185   1.841E-05    848.3822    150.6106 
 149.314  -.004262  54070.5364  -4292.8195   5.195E-05    780.9066    148.6826 
 155.057  -.003887  31820.5031  -3462.1309   7.324E-05    725.5754    140.6120 
 160.800  -.003421  14196.1296  -2690.3253   8.465E-05    681.7473    128.1761 
 166.543  -.002914    793.7991  -1997.8944   8.837E-05    648.4186    112.9690 
 172.286  -.002406  -8883.0603  -1396.8127   8.636E-05    668.5349     96.3629 
 178.029  -.001923 -15378.5431   -891.8685   8.035E-05    684.6877     79.4883 
 183.771  -.001483 -19246.7758   -482.0574   7.176E-05    694.3072     63.2320 
 189.514  -.001098 -21022.4666   -161.9515   6.178E-05    698.7230     48.2476 
 195.257 -7.73E-04 -21199.1475     77.0205   5.131E-05    699.1624     34.9764 
 201.000 -5.09E-04 -20214.4433    245.4304   4.104E-05    696.7136     23.6738 
 206.743 -3.02E-04 -18441.4835    354.8708   3.146E-05    692.3046     14.4398 
 212.486 -1.48E-04 -16185.4675    417.1500   2.287E-05    686.6944      7.2495 
 218.229 -3.94E-05 -13684.3680    443.6602   1.547E-05    680.4747      1.9829 
 223.971  3.00E-05 -11112.8055    444.9046   9.317E-06    674.0798     -1.5495 
 229.714  6.77E-05  -8588.2324    430.1624   4.433E-06    667.8017     -3.5846 



 235.457  8.09E-05  -6178.7012    407.2644   7.713E-07    661.8097     -4.3898 
 241.200  7.65E-05  -3911.6611    382.4510  -1.730E-06    656.1720     -4.2517 
 246.943  6.10E-05  -1783.3945    360.2819  -3.143E-06    650.8795     -3.4689 
 252.686  4.04E-05    231.1265    343.5711  -3.527E-06    647.0193     -2.3508 
 258.429  2.05E-05   2168.0323    204.2789  -2.933E-06    651.8360    -46.1589 
 264.171  6.75E-06   2581.7946    -28.4829  -1.755E-06    652.8649    -34.9024 
 269.914  3.46E-07   1843.5061   -175.6972  -6.577E-07    651.0290    -16.3663 
 275.657 -8.06E-07    564.7685   -164.1506  -6.056E-08    647.8490     20.3875 
 281.400 -3.49E-07    -41.7905    -59.0983   6.911E-08    646.5485     16.1979 
 287.143 -1.19E-08   -114.1209      3.2495   3.045E-08    646.7283      5.5153 
 292.886  4.64E-10     -4.5134      9.9502   1.038E-09    646.4558     -3.1817 
 298.629  2.18E-13       .1628       .3930  -4.039E-11    646.4450      -.1467 
 304.371 -2.27E-16   7.655E-05    -.014171  -1.894E-14    646.4446     .004930 
 310.114 -1.07E-19  -7.958E-08  -6.664E-06   1.975E-17    646.4446   2.326E-06 
 315.857  1.11E-22  -3.765E-11   6.929E-09   9.317E-21    646.4446  -2.411E-09 
 321.600     0.000   3.891E-14   3.278E-12  -9.657E-24    646.4446  -1.144E-12 
 327.343     0.000   1.852E-17  -3.388E-15      0.0000    646.4446   1.179E-15 
 333.086     0.000  -1.903E-20  -1.613E-18      0.0000    646.4446   5.628E-19 
 338.829     0.000  -9.111E-24   1.656E-21      0.0000    646.4446  -5.763E-22 
 344.571     0.000      0.0000   7.932E-25      0.0000    646.4446  -2.768E-25 
 350.314     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 356.057     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 361.800     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 367.543     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 373.286     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 379.029     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 384.771     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 390.514     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 396.257     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 402.000     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 
Output Verification: 
 
Computed forces and moments are within specified convergence limits. 
 
 
Output Summary for Load Case No.  3: 
 
Pile-head deflection             =      .30000000 in 
Computed slope at pile head      =     -.00441836 
Maximum bending moment           =     552570.736 lbs-in 
Maximum shear force              =      16333.371 lbs 
Depth of maximum bending moment  =         63.171 in 
Depth of maximum shear force     =          0.000 in 
Number of iterations             =             11 
Number of zero deflection points =              9 
 
 
 
 
------------------------------------------------------------------------------ 
             Computed Values of Load Distribution and Deflection 
                 for Lateral Loading for Load Case Number  4 
------------------------------------------------------------------------------ 
 
Pile-head boundary conditions are Displacement and Moment (BC Type 4) 
Specified deflection at pile head     =         .400000 in 



Specified bending moment at pile head =            .000 in-lbs 
Specified axial load at pile head     =      130000.000 lbs 
 
  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 
    X         y          M           V           S        Stress        p 
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 
-------- --------- ----------- ----------- ----------- ----------- ----------- 
   0.000   .400000      0.0000  18696.6344    -.005617    646.4446   -242.9851 
   5.743   .367744   1.076E+05  17267.7927    -.005590    913.9199   -254.6215 
  11.486   .335794   2.067E+05  15775.1563    -.005512   1160.4135   -265.2022 
  17.229   .304432   2.970E+05  14224.9339    -.005387   1384.9661   -274.6762 
  22.971   .273917   3.781E+05  12623.6314    -.005220   1586.7176   -282.9913 
  28.714   .244478   4.498E+05  10978.0579    -.005015   1764.9114   -290.0940 
  34.457   .216320   5.117E+05   9295.3332    -.004776   1918.8990   -295.9296 
  40.200   .189619   5.637E+05   7582.8966    -.004510   2048.1448   -300.4414 
  45.943   .164523   6.055E+05   5848.5201    -.004220   2152.2308   -303.5703 
  51.686   .141151   6.371E+05   4100.3255    -.003912   2230.8620   -305.2537 
  57.429   .119594   6.585E+05   2346.8107    -.003590   2283.8712   -305.4231 
  63.171   .099912   6.694E+05    596.8889    -.003261   2311.2247   -304.0024 
  68.914   .082137   6.702E+05  -1140.0510    -.002929   2313.0292   -300.9021 
  74.657   .066270   6.607E+05  -2854.0489    -.002599   2289.5380   -296.0126 
  80.400   .052285   6.413E+05  -4278.4119    -.002276   2241.1610   -200.0342 
  86.143   .040125   6.150E+05  -5404.2014    -.001965   2175.7878   -192.0318 
  91.886   .029717   5.821E+05  -6470.1203    -.001668   2094.0988   -179.1838 
  97.629   .020967   5.432E+05  -7447.9593    -.001389   1997.1781   -161.3571 
 103.371   .013764   4.987E+05  -8308.4445    -.001131   1886.5236   -138.3143 
 109.114   .007981   4.494E+05  -9019.7579  -8.956E-04   1764.0661   -109.4068 
 114.857   .003477   3.964E+05  -9541.8620  -6.859E-04   1632.2218    -72.4205 
 120.600  1.03E-04   3.409E+05  -9758.2140  -5.031E-04   1494.0730     -2.9260 
 126.343  -.002301   2.851E+05  -9570.2796  -3.479E-04   1355.3704     68.3758 
 132.086  -.003893   2.315E+05  -9027.3166  -2.198E-04   1222.0132    120.7158 
 137.829  -.004826   1.817E+05  -8233.0919  -1.174E-04   1098.3435    155.8799 
 143.571  -.005241   1.371E+05  -7279.9197  -3.835E-05    987.2910    176.0706 
 149.314  -.005266  98162.0545  -6246.8115   1.997E-05    890.5529    183.7183 
 155.057  -.005012  65283.9824  -5198.6365   6.049E-05    808.7920    181.3177 
 160.800  -.004572  38361.6749  -4186.1385   8.619E-05    741.8419    171.2935 
 166.543  -.004022  17074.4953  -3246.6352   9.994E-05    688.9052    155.8967 
 172.286  -.003424    922.5318  -2405.2242   1.044E-04    648.7387    137.1320 
 178.029  -.002823 -10707.1042  -1676.3274   1.020E-04    673.0709    116.7126 
 183.771  -.002252 -18483.5456  -1065.4217   9.474E-05    692.4092     96.0406 
 189.514  -.001735 -23085.6863   -570.8253   8.443E-05    703.8538     76.2069 
 195.257  -.001283 -25165.9458   -185.4360   7.247E-05    709.0270     58.0083 
 201.000 -9.02E-04 -25323.7521    101.6592   5.995E-05    709.4194     41.9751 
 206.743 -5.94E-04 -24087.8267    303.7556   4.770E-05    706.3459     28.4067 
 212.486 -3.55E-04 -21906.1182    435.3147   3.629E-05    700.9204     17.4099 
 218.229 -1.77E-04 -19142.1157    510.9687   2.611E-05    694.0470      8.9373 
 223.971 -5.46E-05 -16076.2703    544.7409   1.738E-05    686.4228      2.8241 
 229.714  2.23E-05 -12911.3324    549.4592   1.020E-05    678.5523     -1.1809 
 235.457  6.25E-05  -9780.5616    536.3358   4.569E-06    670.7667     -3.3894 
 241.200  7.48E-05  -6757.9550    514.6745   4.686E-07    663.2502     -4.1543 
 246.943  6.78E-05  -3869.8569    491.6711  -2.166E-06    656.0681     -3.8569 
 252.686  4.99E-05  -1107.5267    472.2672  -3.401E-06    649.1987     -2.9007 
 258.429  2.88E-05   1559.5463    319.5247  -3.288E-06    650.3228    -50.2932 
 264.171  1.21E-05   2567.3530     58.7966  -2.265E-06    652.8290    -40.5077 
 269.914  2.77E-06   2238.2495   -138.1176  -1.074E-06    652.0106    -28.0694 
 275.657 -2.14E-07    982.5767   -179.5106  -2.752E-07    648.8880     13.6539 
 281.400 -3.95E-07    176.8525    -93.1855   1.231E-08    646.8843     16.4095 



 287.143 -7.26E-08    -87.7442    -17.6130   3.440E-08    646.6628      9.9092 
 292.886  1.47E-11    -25.4974      7.6394   6.323E-09    646.5080     -1.1149 
 298.629  2.16E-11    -.010031      2.2206  -1.282E-12    646.4446      -.7723 
 304.371  3.52E-17     .007600   8.731E-04  -1.884E-12    646.4446  -7.649E-04 
 310.114 -1.06E-17   1.980E-08  -6.617E-04  -3.064E-18    646.4446   2.304E-04 
 315.857 -3.80E-23  -3.723E-09  -1.724E-09   9.231E-19    646.4446   8.262E-10 
 321.600  5.19E-24  -1.700E-14   3.241E-10   3.310E-24    646.4446  -1.129E-10 
 327.343     0.000   1.824E-15   1.480E-15  -4.522E-25    646.4446  -6.259E-16 
 333.086     0.000   1.190E-20  -1.588E-16      0.0000    646.4446   5.530E-17 
 338.829     0.000  -8.934E-22  -1.036E-21      0.0000    646.4446   4.150E-22 
 344.571     0.000      0.0000   7.778E-23      0.0000    646.4446  -2.709E-23 
 350.314     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 356.057     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 361.800     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 367.543     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 373.286     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 379.029     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 384.771     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 390.514     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 396.257     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 402.000     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 
Output Verification: 
 
Computed forces and moments are within specified convergence limits. 
 
 
Output Summary for Load Case No.  4: 
 
Pile-head deflection             =      .40000000 in 
Computed slope at pile head      =     -.00561676 
Maximum bending moment           =     670175.335 lbs-in 
Maximum shear force              =      18696.634 lbs 
Depth of maximum bending moment  =         68.914 in 
Depth of maximum shear force     =          0.000 in 
Number of iterations             =             11 
Number of zero deflection points =              9 
 
 
 
 
------------------------------------------------------------------------------ 
             Computed Values of Load Distribution and Deflection 
                 for Lateral Loading for Load Case Number  5 
------------------------------------------------------------------------------ 
 
Pile-head boundary conditions are Displacement and Moment (BC Type 4) 
Specified deflection at pile head     =         .500000 in 
Specified bending moment at pile head =            .000 in-lbs 
Specified axial load at pile head     =      130000.000 lbs 
 
  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 
    X         y          M           V           S        Stress        p 
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 
-------- --------- ----------- ----------- ----------- ----------- ----------- 
   0.000   .500000      0.0000  20811.9592    -.006780    646.4446   -256.9255 
   5.743   .461065   1.203E+05  19300.5614    -.006750    945.7168   -269.4320 



  11.486   .422473   2.318E+05  17720.4025    -.006663   1222.7807   -280.8721 
  17.229   .384541   3.338E+05  16077.7530    -.006522   1476.5955   -291.1949 
  22.971   .347560   4.262E+05  14379.1785    -.006334   1706.2205   -300.3485 
  28.714   .311792   5.084E+05  12631.5470    -.006102   1910.8199   -308.2794 
  34.457   .277473   5.804E+05  10842.0366    -.005832   2089.6677   -314.9331 
  40.200   .244806   6.417E+05   9018.1445    -.005529   2242.1518   -320.2532 
  45.943   .213966   6.922E+05   7167.6986    -.005198   2367.7795   -324.1807 
  51.686   .185097   7.318E+05   5298.8743    -.004845   2466.1822   -326.6536 
  57.429   .158313   7.603E+05   3420.2177    -.004475   2537.1206   -327.6049 
  63.171   .133693   7.777E+05   1540.6783    -.004094   2580.4904   -326.9610 
  68.914   .111288   7.841E+05   -330.3406    -.003707   2596.3285   -324.6376 
  74.657   .091116   7.795E+05  -2182.9069    -.003319   2584.8194   -320.5347 
  80.400   .073164   7.640E+05  -3807.8652    -.002937   2546.3039   -245.3712 
  86.143   .057388   7.401E+05  -5197.8403    -.002564   2486.9609   -238.6998 
  91.886   .043719   7.081E+05  -6533.8687    -.002205   2407.3595   -226.5838 
  97.629   .032066   6.684E+05  -7784.3616    -.001863   2308.5229   -208.9112 
 103.371   .022318   6.215E+05  -8917.0467    -.001543   2191.9370   -185.5562 
 109.114   .014338   5.682E+05  -9898.4288    -.001249   2059.5605   -156.2187 
 114.857   .007977   5.097E+05 -10691.4778  -9.813E-04   1913.8486   -119.9675 
 120.600   .003068   4.469E+05 -11246.4486  -7.441E-04   1757.8282    -73.3059 
 126.343 -5.69E-04   3.816E+05 -11408.3897  -5.387E-04   1595.3842     16.9085 
 132.086  -.003119   3.167E+05 -11082.1082  -3.655E-04   1433.9757     96.7219 
 137.829  -.004767   2.549E+05 -10362.1921  -2.238E-04   1280.2083    153.9951 
 143.571  -.005690   1.980E+05  -9371.1394  -1.116E-04   1138.8362    191.1476 
 149.314  -.006049   1.474E+05  -8216.3623  -2.592E-05   1012.9589    211.0136 
 155.057  -.005988   1.037E+05  -6988.4363   3.633E-05    904.2522    216.6223 
 160.800  -.005632  67063.1593  -5760.5171   7.866E-05    813.2165    211.0112 
 166.543  -.005084  37389.8125  -4588.7215   1.046E-04    739.4251    197.0768 
 172.286  -.004431  14202.2974  -3513.2560   1.173E-04    681.7627    177.4634 
 178.029  -.003736  -3137.6602  -2560.0800   1.201E-04    654.2473    154.4884 
 183.771  -.003051 -15381.3647  -1742.9030   1.155E-04    684.6948    130.1006 
 189.514  -.002410 -23328.6046  -1065.3411   1.059E-04    704.4579    105.8662 
 195.257  -.001835 -27775.6962   -523.0865   9.323E-05    715.5168     82.9786 
 201.000  -.001339 -29475.8353   -105.9740   7.904E-05    719.7447     62.2844 
 206.743 -9.27E-04 -29110.8967    200.1377   6.451E-05    718.8372     44.3216 
 212.486 -5.98E-04 -27273.4357    411.7225   5.053E-05    714.2678     29.3646 
 218.229 -3.47E-04 -24457.4203    546.2080   3.771E-05    707.2650     17.4711 
 223.971 -1.65E-04 -21056.1461    620.8617   2.642E-05    698.8067      8.5277 
 229.714 -4.33E-05 -17365.8300    651.9274   1.689E-05    689.6297      2.2912 
 235.457  2.90E-05 -13593.5198    653.9806   9.218E-06    680.2488     -1.5762 
 241.200  6.26E-05  -9868.1595    639.4634   3.401E-06    670.9846     -3.4796 
 246.943  6.81E-05  -6253.9044    618.3534  -5.961E-07    661.9967     -3.8722 
 252.686  5.58E-05  -2765.0395    597.9216  -2.832E-06    653.3206     -3.2434 
 258.429  3.56E-05    617.8810    436.4699  -3.365E-06    647.9811    -52.9836 
 264.171  1.71E-05   2253.1522    157.7108  -2.653E-06    652.0477    -44.0967 
 269.914  5.11E-06   2433.2631    -62.2961  -1.491E-06    652.4956    -32.5227 
 275.657  1.46E-08   1539.8626   -176.2162  -5.057E-07    650.2739     -7.1510 
 281.400 -6.97E-07    410.0490   -140.7160  -2.224E-08    647.4643     19.5143 
 287.143 -2.41E-07    -76.3282    -42.9295   6.051E-08    646.6344     14.5408 
 292.886 -1.99E-09    -83.1171      6.5802   2.097E-08    646.6512      2.7014 
 298.629  1.19E-10      -.7809      7.2402   1.729E-10    646.4465     -2.4716 
 304.371  4.78E-15     .041809     .067985  -1.037E-11    646.4447    -.026212 
 310.114 -5.83E-17   1.718E-06    -.003640  -4.158E-16    646.4446     .001268 
 315.857 -2.45E-21  -2.048E-08  -1.496E-07   5.078E-18    646.4446   5.333E-08 
 321.600  2.86E-23  -8.817E-13   1.783E-09   2.136E-22    646.4446  -6.209E-10 
 327.343     0.000   1.003E-14   7.676E-14  -2.487E-24    646.4446  -2.734E-14 
 333.086     0.000   4.516E-19  -8.733E-16      0.0000    646.4446   3.041E-16 



 338.829     0.000  -4.913E-21  -3.932E-20      0.0000    646.4446   1.399E-20 
 344.571     0.000  -2.308E-25   4.277E-22      0.0000    646.4446  -1.489E-22 
 350.314     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 356.057     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 361.800     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 367.543     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 373.286     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 379.029     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 384.771     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 390.514     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 396.257     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 402.000     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 
Output Verification: 
 
Computed forces and moments are within specified convergence limits. 
 
 
Output Summary for Load Case No.  5: 
 
Pile-head deflection             =      .50000000 in 
Computed slope at pile head      =     -.00677967 
Maximum bending moment           =     784097.064 lbs-in 
Maximum shear force              =      20811.959 lbs 
Depth of maximum bending moment  =         68.914 in 
Depth of maximum shear force     =          0.000 in 
Number of iterations             =             11 
Number of zero deflection points =              9 
 
 
 
 
------------------------------------------------------------------------------ 
             Computed Values of Load Distribution and Deflection 
                 for Lateral Loading for Load Case Number  6 
------------------------------------------------------------------------------ 
 
Pile-head boundary conditions are Displacement and Moment (BC Type 4) 
Specified deflection at pile head     =         .600000 in 
Specified bending moment at pile head =            .000 in-lbs 
Specified axial load at pile head     =      130000.000 lbs 
 
  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 
    X         y          M           V           S        Stress        p 
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 
-------- --------- ----------- ----------- ----------- ----------- ----------- 
   0.000   .600000      0.0000  22756.5756    -.007917    646.4446   -268.9072 
   5.743   .554535   1.322E+05  21174.2333    -.007884    975.1081   -282.1573 
  11.486   .509447   2.550E+05  19518.8917    -.007788   1280.5087   -294.3299 
  17.229   .465085   3.680E+05  17796.8842    -.007634   1561.5351   -305.3742 
  22.971   .421771   4.708E+05  16014.8397    -.007426   1817.1773   -315.2383 
  28.714   .379797   5.630E+05  14179.6904    -.007169   2046.5317   -323.8685 
  34.457   .339427   6.443E+05  12298.6799    -.006870   2248.8057   -331.2099 
  40.200   .300892   7.145E+05  10379.3723    -.006533   2423.3221   -337.2057 
  45.943   .264391   7.733E+05   8429.6650    -.006164   2569.5247   -341.7969 
  51.686   .230093   8.206E+05   6457.8035    -.005769   2686.9828   -344.9211 
  57.429   .198132   8.561E+05   4472.4041    -.005353   2775.3967   -346.5116 



  63.171   .168608   8.799E+05   2482.4836    -.004923   2834.6031   -346.4955 
  68.914   .141590   8.920E+05    497.5033    -.004483   2864.5816   -344.7911 
  74.657   .117113   8.923E+05  -1472.5675    -.004041   2865.4607   -341.3032 
  80.400   .095176   8.811E+05  -3279.3588    -.003601   2837.5262   -287.9277 
  86.143   .075749   8.600E+05  -4917.5663    -.003170   2785.1661   -282.5924 
  91.886   .058770   8.293E+05  -6507.8731    -.002751   2708.8373   -271.2458 
  97.629   .044154   7.894E+05  -8015.4156    -.002349   2609.4987   -253.7690 
 103.371   .031785   7.408E+05  -9404.7426    -.001970   2488.6204   -230.0762 
 109.114   .021526   6.843E+05 -10639.7050    -.001617   2348.1903   -200.0102 
 114.857   .013216   6.210E+05 -11682.2878    -.001293   2190.7264   -163.0783 
 120.600   .006675   5.521E+05 -12488.2486    -.001002   2019.3158   -117.6046 
 126.343   .001705   4.791E+05 -12971.4276  -7.466E-04   1837.7516    -50.6667 
 132.086  -.001900   4.042E+05 -12947.7035  -5.276E-04   1651.5909     58.9288 
 137.829  -.004355   3.311E+05 -12374.5944  -3.453E-04   1469.8912    140.6615 
 143.571  -.005866   2.626E+05 -11404.8536  -1.981E-04   1299.4230    197.0592 
 149.314  -.006630   2.004E+05 -10174.9173  -8.327E-05   1144.8750    231.2768 
 155.057  -.006822   1.458E+05  -8802.1015   2.586E-06   1009.1106    246.8183 
 160.800  -.006600  99329.0419  -7383.2861   6.337E-05    893.4549    247.2965 
 166.543  -.006095  60940.1569  -5994.8586   1.031E-04    797.9899    236.2354 
 172.286  -.005416  30319.8520  -4693.6632   1.257E-04    721.8436    216.9172 
 178.029  -.004650   6842.3406  -3518.6984   1.350E-04    663.4600    192.2745 
 183.771  -.003866 -10296.4120  -2493.3173   1.341E-04    672.0496    164.8234 
 189.514  -.003110 -21995.4112  -1627.7089   1.261E-04    701.1425    136.6323 
 195.257  -.002417 -29180.0780   -921.4696   1.134E-04    719.0092    109.3217 
 201.000  -.001808 -32748.4686   -366.1134   9.804E-05    727.8831     84.0859 
 206.743  -.001291 -33531.5467     52.5955   8.161E-05    729.8304     61.7331 
 212.486 -8.70E-04 -32266.2294    352.5653   6.530E-05    726.6839     42.7340 
 218.229 -5.41E-04 -29579.5812    553.5982   4.996E-05    720.0027     27.2774 
 223.971 -2.96E-04 -25982.3616    675.9252   3.619E-05    711.0572     15.3240 
 229.714 -1.26E-04 -21870.1303    739.0441   2.432E-05    700.8310      6.6577 
 235.457 -1.71E-05 -17530.2297    760.8307   1.455E-05    690.0385       .9297 
 241.200  4.15E-05 -13153.1775    756.8812   6.947E-06    679.1537     -2.3052 
 246.943  6.27E-05  -8847.2808    740.0341   1.492E-06    668.4459     -3.5620 
 252.686  5.86E-05  -4655.5849    720.0185  -1.856E-06    658.0220     -3.4086 
 258.429  4.13E-05   -574.5828    552.6765  -3.153E-06    647.8734    -54.8697 
 264.171  2.24E-05   1697.0074    260.0819  -2.875E-06    650.6647    -47.0289 
 269.914  8.32E-06   2416.9359     19.7047  -1.855E-06    652.4550    -36.6845 
 275.657  1.11E-06   1926.0989   -150.6431  -7.778E-07    651.2344    -22.6406 
 281.400 -6.15E-07    687.8539   -164.4585  -1.297E-07    648.1551     17.8292 
 287.143 -3.81E-07     37.3687    -69.0959   5.012E-08    646.5375     15.3817 
 292.886 -3.95E-08   -105.8371     -4.4675   3.315E-08    646.7077      7.1257 
 298.629  1.94E-10    -13.9937      9.2203   3.438E-09    646.4794     -2.3588 
 304.371  1.23E-11     .059506      1.2187  -1.690E-11    646.4447      -.4278 
 310.114 -7.09E-17     .004335    -.005181  -1.075E-12    646.4446     .001541 
 315.857 -6.05E-18  -2.066E-08  -3.774E-04   6.175E-18    646.4446   1.314E-04 
 321.600  2.29E-23  -2.124E-09   1.799E-09   5.265E-19    646.4446  -4.976E-10 
 327.343  2.96E-24   5.959E-15   1.849E-10  -1.993E-24    646.4446  -6.439E-11 
 333.086     0.000   1.040E-15  -5.188E-16  -2.579E-25    646.4446   1.176E-16 
 338.829     0.000  -8.806E-22  -9.058E-17      0.0000    646.4446   3.154E-17 
 344.571     0.000  -5.096E-22   7.669E-23      0.0000    646.4446   4.199E-24 
 350.314     0.000      0.0000   4.437E-23      0.0000    646.4446  -1.545E-23 
 356.057     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 361.800     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 367.543     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 373.286     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 379.029     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 384.771     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 



 390.514     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 396.257     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 402.000     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 
Output Verification: 
 
Computed forces and moments are within specified convergence limits. 
 
 
Output Summary for Load Case No.  6: 
 
Pile-head deflection             =      .60000000 in 
Computed slope at pile head      =     -.00791672 
Maximum bending moment           =     892321.851 lbs-in 
Maximum shear force              =      22756.576 lbs 
Depth of maximum bending moment  =         74.657 in 
Depth of maximum shear force     =          0.000 in 
Number of iterations             =             10 
Number of zero deflection points =              8 
 
 
 
 
------------------------------------------------------------------------------ 
             Computed Values of Load Distribution and Deflection 
                 for Lateral Loading for Load Case Number  7 
------------------------------------------------------------------------------ 
 
Pile-head boundary conditions are Displacement and Moment (BC Type 4) 
Specified deflection at pile head     =         .700000 in 
Specified bending moment at pile head =            .000 in-lbs 
Specified axial load at pile head     =      130000.000 lbs 
 
  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 
    X         y          M           V           S        Stress        p 
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 
-------- --------- ----------- ----------- ----------- ----------- ----------- 
   0.000   .700000      0.0000  24573.8695    -.009033    646.4446   -279.4725 
   5.743   .648123   1.433E+05  22928.9794    -.008998   1002.7012   -293.3748 
  11.486   .596653   2.768E+05  21207.3758    -.008894   1334.7648   -306.1886 
  17.229   .545972   4.001E+05  19415.4553    -.008726   1641.4614   -317.8633 
  22.971   .496431   5.128E+05  17559.9107    -.008500   1921.7199   -328.3463 
  28.714   .448349   6.145E+05  15647.7399    -.008220   2174.5770   -337.5839 
  34.457   .402018   7.048E+05  13686.2542    -.007893   2399.1812   -345.5206 
  40.200   .357694   7.835E+05  11683.0890    -.007524   2594.7986   -352.0992 
  45.943   .315601   8.502E+05   9646.2149    -.007119   2760.8172   -357.2600 
  51.686   .275929   9.049E+05   7583.9545    -.006684   2896.7522   -360.9402 
  57.429   .238834   9.473E+05   5505.0028    -.006224   3002.2515   -363.0729 
  63.171   .204437   9.774E+05   3418.4556    -.005747   3077.1012   -363.5853 
  68.914   .172823   9.952E+05   1333.8497    -.005258   3121.2314   -362.3968 
  74.657   .144044   1.001E+06   -738.7815    -.004763   3134.7234   -359.4150 
  80.400   .118114   9.938E+05  -2713.5399    -.004269   3117.8166   -328.3118 
  86.143   .095014   9.758E+05  -4587.5426    -.003780   3073.0683   -324.3260 
  91.886   .074693   9.468E+05  -6419.8729    -.003304   3000.8220   -313.7990 
  97.629   .057068   9.070E+05  -8172.5730    -.002844   2901.9677   -296.5941 
 103.371   .042025   8.571E+05  -9807.0849    -.002407   2777.9532   -272.6389 
 109.114   .029424   7.980E+05 -11284.4004    -.001996   2630.7890   -241.8491 



 114.857   .019095   7.305E+05 -12564.4733    -.001617   2463.0549   -203.9475 
 120.600   .010847   6.561E+05 -13603.6750    -.001274   2277.9214   -157.9636 
 126.343   .004467   5.762E+05 -14345.0998  -9.681E-04   2079.2285   -100.2440 
 132.086 -2.73E-04   4.927E+05 -14608.6552  -7.031E-04   1871.7836      8.4586 
 137.829  -.003609   4.094E+05 -14249.6254  -4.794E-04   1664.5788    116.5767 
 143.571  -.005779   3.298E+05 -13357.3971  -2.962E-04   1466.5582    194.1496 
 149.314  -.007011   2.564E+05 -12097.6494  -1.508E-04   1284.1572    244.5685 
 155.057  -.007512   1.911E+05 -10615.0789  -3.985E-05   1121.5785    271.7495 
 160.800  -.007468   1.346E+05  -9031.2353   4.089E-05    981.1115    279.8378 
 166.543  -.007042  87272.0029  -7443.9185   9.589E-05    863.4716    272.9592 
 172.286  -.006367  48936.0513  -5927.8527   1.297E-04    768.1382    255.0240 
 178.029  -.005553  18992.7773  -4536.3396   1.465E-04    693.6756    229.5826 
 183.771  -.004684  -3385.8007  -3303.5974   1.504E-04    654.8643    199.7306 
 189.514  -.003826 -19175.9271  -2247.5182   1.448E-04    694.1310    168.0581 
 195.257  -.003021 -29416.3294  -1372.6114   1.327E-04    719.5968    136.6358 
 201.000  -.002301 -35139.5361   -672.9366   1.167E-04    733.8292    107.0320 
 206.743  -.001681 -37319.7754   -134.8814   9.876E-05    739.2510     80.3505 
 212.486  -.001167 -36836.2079    260.3262   8.037E-05    738.0484     57.2840 
 218.229 -7.58E-04 -34449.7535    534.4305   6.270E-05    732.1138     38.1752 
 223.971 -4.47E-04 -30791.5115    710.3189   4.652E-05    723.0165     23.0795 
 229.714 -2.23E-04 -26360.6995    810.5453   3.235E-05    711.9981     11.8252 
 235.457 -7.50E-05 -21530.1281    856.1804   2.048E-05    699.9854      4.0676 
 241.200  1.20E-05 -16557.4352    865.9458   1.104E-05    687.6194      -.6667 
 246.943  5.18E-05 -11600.6004    855.5750   4.055E-06    675.2928     -2.9450 
 252.686  5.86E-05  -6736.5995    837.3401  -4.920E-07    663.1971     -3.4054 
 258.429  4.62E-05  -1982.4168    665.6689  -2.654E-06    651.3744    -56.3806 
 264.171  2.81E-05    913.0458    361.0343  -2.919E-06    648.7151    -49.7111 
 269.914  1.26E-05   2168.6781    101.8137  -2.155E-06    651.8376    -40.5647 
 275.657  3.34E-06   2085.6660    -97.5829  -1.100E-06    651.6312    -28.8769 
 281.400 -8.44E-09   1049.5114   -162.0144  -3.227E-07    649.0545      6.4380 
 287.143 -3.67E-07    225.2969    -97.4552  -6.589E-09    647.0048     16.0453 
 292.886 -8.41E-08    -69.8213    -22.1824   3.196E-08    646.6182     10.1691 
 298.629  4.99E-12    -29.5311      6.0783   7.326E-09    646.5180      -.3271 
 304.371  2.93E-11    -.018791      2.5720  -4.345E-13    646.4446      -.8940 
 310.114  5.49E-17     .010271     .001636  -2.547E-12    646.4446    -.001193 
 315.857 -1.43E-17   2.933E-08  -8.943E-04  -4.777E-18    646.4446   3.114E-04 
 321.600 -5.50E-23  -5.032E-09  -2.553E-09   1.248E-18    646.4446   1.194E-09 
 327.343  7.02E-24  -2.423E-14   4.381E-10   4.785E-24    646.4446  -1.526E-10 
 333.086     0.000   2.465E-15   2.109E-15  -6.111E-25    646.4446  -8.840E-16 
 338.829     0.000   1.670E-20  -2.146E-16      0.0000    646.4446   7.474E-17 
 344.571     0.000  -1.207E-21  -1.454E-21      0.0000    646.4446   5.795E-22 
 350.314     0.000      0.0000   1.051E-22      0.0000    646.4446  -3.661E-23 
 356.057     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 361.800     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 367.543     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 373.286     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 379.029     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 384.771     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 390.514     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 396.257     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 402.000     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 
Output Verification: 
 
Computed forces and moments are within specified convergence limits. 
 
 



Output Summary for Load Case No.  7: 
 
Pile-head deflection             =      .70000000 in 
Computed slope at pile head      =     -.00903337 
Maximum bending moment           =    1000599.114 lbs-in 
Maximum shear force              =      24573.870 lbs 
Depth of maximum bending moment  =         74.657 in 
Depth of maximum shear force     =          0.000 in 
Number of iterations             =             11 
Number of zero deflection points =              8 
 
 
 
 
------------------------------------------------------------------------------ 
             Computed Values of Load Distribution and Deflection 
                 for Lateral Loading for Load Case Number  8 
------------------------------------------------------------------------------ 
 
Pile-head boundary conditions are Displacement and Moment (BC Type 4) 
Specified deflection at pile head     =         .800000 in 
Specified bending moment at pile head =            .000 in-lbs 
Specified axial load at pile head     =      130000.000 lbs 
 
  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 
    X         y          M           V           S        Stress        p 
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 
-------- --------- ----------- ----------- ----------- ----------- ----------- 
   0.000   .800000      0.0000  26293.9959    -.010134    646.4446   -288.9596 
   5.743   .741799   1.538E+05  24592.9475    -.010096   1028.9220   -303.4453 
  11.486   .684037   2.975E+05  22811.8652    -.009984   1386.3708   -316.8321 
  17.229   .627121   4.307E+05  20957.2068    -.009804   1717.5605   -329.0689 
  22.971   .571432   5.529E+05  19035.7276    -.009560   2021.3650   -340.1030 
  28.714   .517318   6.636E+05  17054.4901    -.009258   2296.7668   -349.8802 
  34.457   .465093   7.626E+05  15020.8735    -.008905   2542.8621   -358.3445 
  40.200   .415041   8.495E+05  12942.5836    -.008505   2758.8656   -365.4381 
  45.943   .367407   9.240E+05  10827.6656    -.008065   2944.1156   -371.1005 
  51.686   .322404   9.859E+05   8684.5201    -.007592   3098.0790   -375.2685 
  57.429   .280209   1.035E+06   6521.9236    -.007091   3220.3571   -377.8745 
  63.171   .240962   1.071E+06   4349.0558    -.006569   3310.6907   -378.8456 
  68.914   .204765   1.095E+06   2175.5367    -.006031   3368.9669   -378.1013 
  74.657   .171686   1.105E+06     11.4777    -.005486   3395.2251   -375.5510 
  80.400   .141755   1.103E+06  -2120.2328    -.004938   3389.6648   -366.8357 
  86.143   .114966   1.088E+06  -4219.3072    -.004395   3353.0027   -364.1852 
  91.886   .091275   1.061E+06  -6282.9346    -.003862   3285.4699   -354.4910 
  97.629   .070607   1.022E+06  -8270.2008    -.003346   3187.8864   -337.5918 
 103.371   .052849   9.712E+05 -10139.5161    -.002851   3061.6743   -313.4135 
 109.114   .037857   9.098E+05 -11848.9418    -.002385   2908.8634   -281.9089 
 114.857   .025456   8.387E+05 -13355.9517    -.001951   2732.0941   -242.9204 
 120.600   .015443   7.593E+05 -14615.8011    -.001555   2534.6295   -195.8331 
 126.343   .007593   6.731E+05 -15575.5998    -.001200   2320.4045   -138.4251 
 132.086   .001659   5.822E+05 -16120.8259  -8.889E-04   2094.2069    -51.4546 
 137.829  -.002616   4.893E+05 -16025.9070  -6.232E-04   1863.2532     84.5110 
 143.571  -.005499   3.990E+05 -15252.8401  -4.029E-04   1638.7802    184.7163 
 149.314  -.007244   3.147E+05 -13996.7524  -2.260E-04   1429.0894    252.7272 
 155.057  -.008094   2.386E+05 -12430.2356  -8.878E-05   1239.8364    292.8259 
 160.800  -.008264   1.721E+05 -10700.2439   1.304E-05   1074.3799    309.6587 



 166.543  -.007944   1.157E+05  -8926.8651   8.440E-05    934.1617    307.9359 
 172.286  -.007295  69426.0517  -7203.6487   1.303E-04    819.0925    292.1892 
 178.029  -.006448  32764.6594  -5599.1547   1.556E-04    727.9233    266.5898 
 183.771  -.005507   4883.3777  -4159.3844   1.650E-04    658.5885    234.8228 
 189.514  -.004553 -15255.1615  -2910.7804   1.624E-04    684.3809    200.0144 
 195.257  -.003642 -28791.4952  -1863.5162   1.515E-04    718.0429    164.7044 
 201.000  -.002813 -36885.1502  -1014.8406   1.352E-04    738.1701    130.8542 
 206.743  -.002089 -40649.5244   -352.2937   1.160E-04    747.5313     99.8835 
 212.486  -.001481 -41104.6516    143.3414   9.570E-05    748.6631     72.7258 
 218.229 -9.90E-04 -39146.0359    495.4386   7.580E-05    743.7925     49.8951 
 223.971 -6.11E-04 -35527.3666    729.3225   5.729E-05    734.7936     31.5570 
 229.714 -3.32E-04 -30854.7818    870.4667   4.083E-05    723.1739     17.5977 
 235.457 -1.42E-04 -25590.3959    943.0704   2.683E-05    710.0825      7.6872 
 241.200 -2.40E-05 -20063.0094    968.9719   1.551E-05    696.3370      1.3332 
 246.943  3.65E-05 -14484.2245    966.8376   6.948E-06    682.4638     -2.0766 
 252.686  5.58E-05  -8968.5631    951.5586   1.133E-06    668.7475     -3.2445 
 258.429  4.95E-05  -3556.5857    778.0049  -1.973E-06    655.2890    -57.1971 
 264.171  3.31E-05    -29.6751    465.5108  -2.862E-06    646.5184    -51.6317 
 269.914  1.67E-05   1794.4112    192.8718  -2.424E-06    650.9069    -43.3172 
 275.657  5.30E-06   2189.2148    -24.2180  -1.437E-06    651.8887    -32.2862 
 281.400  1.62E-07   1518.3954   -153.6756  -5.175E-07    650.2205    -12.7985 
 287.143 -6.48E-07    424.9129   -137.0486  -3.565E-08    647.5012     18.5890 
 292.886 -2.48E-07    -55.6528    -44.1918   5.591E-08    646.5830     13.7491 
 298.629 -5.96E-09    -82.7455      4.6526   2.159E-08    646.6503      3.2614 
 304.371  2.20E-10     -2.2462      7.2110   5.187E-10    646.4501     -2.3704 
 310.114  2.68E-13     .076925       .1956  -1.912E-11    646.4447    -.072767 
 315.857 -1.07E-16   9.431E-05    -.006697  -2.336E-14    646.4446     .002327 
 321.600 -1.32E-19  -3.750E-08  -8.211E-06   9.320E-18    646.4446   2.862E-06 
 327.343  5.22E-23  -4.627E-11   3.265E-09   1.146E-20    646.4446  -1.134E-09 
 333.086     0.000   1.828E-14   4.029E-12  -4.543E-24    646.4446  -1.404E-12 
 338.829     0.000   2.270E-17  -1.591E-15      0.0000    646.4446   5.529E-16 
 344.571     0.000  -8.910E-21  -1.977E-18      0.0000    646.4446   6.889E-19 
 350.314     0.000  -2.903E-24   7.756E-22      0.0000    646.4446  -2.701E-22 
 356.057     0.000  -2.374E-24      0.0000      0.0000    646.4446      0.0000 
 361.800     0.000  -1.868E-24      0.0000      0.0000    646.4446      0.0000 
 367.543     0.000  -1.403E-24      0.0000      0.0000    646.4446      0.0000 
 373.286     0.000  -9.919E-25      0.0000      0.0000    646.4446      0.0000 
 379.029     0.000  -6.447E-25      0.0000      0.0000    646.4446      0.0000 
 384.771     0.000  -3.678E-25      0.0000      0.0000    646.4446      0.0000 
 390.514     0.000  -1.657E-25      0.0000      0.0000    646.4446      0.0000 
 396.257     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 402.000     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 
Output Verification: 
 
Computed forces and moments are within specified convergence limits. 
 
 
Output Summary for Load Case No.  8: 
 
Pile-head deflection             =      .80000000 in 
Computed slope at pile head      =     -.01013446 
Maximum bending moment           =    1105353.394 lbs-in 
Maximum shear force              =      26293.996 lbs 
Depth of maximum bending moment  =         74.657 in 
Depth of maximum shear force     =          0.000 in 
Number of iterations             =             10 



Number of zero deflection points =              8 
 
 
 
 
------------------------------------------------------------------------------ 
             Computed Values of Load Distribution and Deflection 
                 for Lateral Loading for Load Case Number  9 
------------------------------------------------------------------------------ 
 
Pile-head boundary conditions are Displacement and Moment (BC Type 4) 
Specified deflection at pile head     =         .900000 in 
Specified bending moment at pile head =            .000 in-lbs 
Specified axial load at pile head     =      130000.000 lbs 
 
  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 
    X         y          M           V           S        Stress        p 
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 
-------- --------- ----------- ----------- ----------- ----------- ----------- 
   0.000   .900000      0.0000  27934.1780    -.011222    646.4446   -297.5947 
   5.743   .835555   1.639E+05  26182.0201    -.011181   1054.0106   -312.6095 
  11.486   .771576   3.174E+05  24346.8197    -.011062   1435.7870   -326.5150 
  17.229   .708501   4.601E+05  22435.0941    -.010869   1790.4920   -339.2601 
  22.971   .646736   5.913E+05  20453.6600    -.010608   2116.9489   -350.7916 
  28.714   .586656   7.108E+05  18409.6436    -.010286   2414.0911   -361.0549 
  34.457   .528599   8.181E+05  16310.4908    -.009906   2680.9669   -369.9934 
  40.200   .472872   9.129E+05  14163.9772    -.009477   2916.7444   -377.5486 
  45.943   .419746   9.950E+05  11978.2222    -.009004   3120.7166   -383.6596 
  51.686   .369452   1.064E+06   9761.7041    -.008494   3292.3069   -388.2621 
  57.429   .322189   1.120E+06   7523.2810    -.007952   3431.0742   -391.2882 
  63.171   .278114   1.162E+06   5272.2171    -.007387   3536.7190   -392.6644 
  68.914   .237349   1.191E+06   3018.2181    -.006803   3609.0893   -392.3104 
  74.657   .199977   1.207E+06    771.4780    -.006208   3648.1874   -390.1364 
  80.400   .166042   1.209E+06  -1508.3968    -.005609   3654.1770   -403.8498 
  86.143   .135552   1.198E+06  -3823.8811    -.005012   3625.9312   -402.5377 
  91.886   .108473   1.173E+06  -6110.2432    -.004424   3563.5682   -393.7078 
  97.629   .084735   1.135E+06  -8323.7703    -.003852   3467.8352   -377.1723 
 103.371   .064228   1.083E+06 -10419.9735    -.003302   3340.1237   -352.8487 
 109.114   .046806   1.020E+06 -12354.0500    -.002781   3182.4761   -320.7102 
 114.857   .032288   9.455E+05 -14080.8884    -.002294   2997.5864   -280.6763 
 120.600   .020462   8.615E+05 -15554.0063    -.001846   2788.8065   -232.3498 
 126.343   .011090   7.696E+05 -16721.5113    -.001441   2560.1773   -174.2440 
 132.086   .003909   6.716E+05 -17509.7231    -.001084   2316.5490   -100.2576 
 137.829  -.001359   5.701E+05 -17671.5223  -7.760E-04   2064.0797     43.9097 
 143.571  -.005004   4.698E+05 -17062.7171  -5.182E-04   1814.6868    168.1120 
 149.314  -.007311   3.749E+05 -15847.5984  -3.088E-04   1578.6492    255.0637 
 155.057  -.008551   2.882E+05 -14226.9033  -1.444E-04   1363.1856    309.3575 
 160.800  -.008970   2.117E+05 -12373.5170  -2.045E-05   1172.8288    336.1005 
 166.543  -.008786   1.461E+05 -10430.5331   6.826E-05   1009.8424    340.5606 
 172.286  -.008186  91768.1951  -8511.1623   1.272E-04    874.6527    327.8770 
 178.029  -.007324  48184.5787  -6700.1107   1.619E-04    766.2694    302.8375 
 183.771  -.006326  14570.8278  -5056.0497   1.775E-04    682.6791    269.7210 
 189.514  -.005286 -10152.8069  -3614.8165   1.786E-04    671.6924    232.2010 
 195.257  -.004274 -27214.6006  -2393.0199   1.693E-04    714.1215    193.3004 
 201.000  -.003341 -37891.1945  -1391.7766   1.532E-04    740.6720    155.3914 
 206.743  -.002515 -43428.8905   -600.3555   1.330E-04    754.4430    120.2279 
 212.486  -.001813 -44985.3430       .4350   1.111E-04    758.3136     89.0026 



 218.229  -.001239 -43589.7989    435.2292   8.915E-05    754.8432     62.4182 
 223.971 -7.89E-04 -40119.5387    731.5152   6.840E-05    746.2134     40.7660 
 229.714 -4.53E-04 -35289.9482    917.4959   4.970E-05    734.2032     24.0035 
 235.457 -2.18E-04 -29655.6492   1020.3813   3.360E-05    720.1919     11.8272 
 241.200 -6.72E-05 -23620.3041   1065.0684   2.039E-05    705.1833      3.7354 
 246.943  1.62E-05 -17453.0181   1073.1478   1.020E-05    689.8465      -.9217 
 252.686  5.00E-05 -11309.6694   1062.1607   3.072E-06    674.5693     -2.9046 
 258.429  5.15E-05  -5257.9303    887.8188  -1.036E-06    659.5199    -57.8114 
 264.171  3.81E-05  -1110.8888    568.1115  -2.615E-06    649.2071    -53.5294 
 269.914  2.15E-05   1271.1413    281.6207  -2.575E-06    649.6056    -46.2435 
 275.657  8.47E-06   2127.5721     44.2400  -1.733E-06    651.7354    -36.4264 
 281.400  1.55E-06   1781.8571   -127.4745  -7.635E-07    650.8757    -23.3747 
 287.143 -2.94E-07    664.5761   -149.5939  -1.569E-07    648.0972     15.6714 
 292.886 -2.49E-07     63.8987    -64.1228   2.370E-08    646.6035     14.0946 
 298.629 -2.21E-08    -71.9558     -6.2404   2.170E-08    646.6235      6.0634 
 304.371  5.37E-11     -7.8089      6.2666   1.927E-09    646.4640     -1.7078 
 310.114  1.93E-12     .017499       .6799  -4.675E-12    646.4446      -.2378 
 315.857 -2.25E-17   6.780E-04    -.001524  -1.681E-13    646.4446   4.895E-04 
 321.600 -9.46E-19  -7.244E-09  -5.903E-05   1.961E-18    646.4446   2.056E-05 
 327.343  9.18E-24  -3.321E-10   6.307E-10   8.235E-20    646.4446  -1.995E-10 
 333.086  4.63E-25   2.898E-15   2.892E-11  -7.992E-25    646.4446  -1.007E-11 
 338.829     0.000   1.627E-16  -2.523E-16      0.0000    646.4446   7.800E-17 
 344.571     0.000  -1.101E-21  -1.417E-17      0.0000    646.4446   4.934E-18 
 350.314     0.000  -2.078E-23   9.436E-23      0.0000    646.4446  -3.263E-23 
 356.057     0.000  -1.699E-23   6.484E-25      0.0000    646.4446      0.0000 
 361.800     0.000  -1.337E-23   6.076E-25      0.0000    646.4446      0.0000 
 367.543     0.000  -1.004E-23   5.474E-25      0.0000    646.4446      0.0000 
 373.286     0.000  -7.100E-24   4.734E-25      0.0000    646.4446      0.0000 
 379.029     0.000  -4.615E-24   3.896E-25      0.0000    646.4446      0.0000 
 384.771     0.000  -2.633E-24   2.989E-25      0.0000    646.4446      0.0000 
 390.514     0.000  -1.186E-24   2.032E-25      0.0000    646.4446      0.0000 
 396.257     0.000  -3.013E-25   1.034E-25      0.0000    646.4446      0.0000 
 402.000     0.000      0.0000      0.0000      0.0000    646.4446      0.0000 
 
Output Verification: 
 
Computed forces and moments are within specified convergence limits. 
 
 
Output Summary for Load Case No.  9: 
 
Pile-head deflection             =      .90000000 in 
Computed slope at pile head      =     -.01122184 
Maximum bending moment           =    1209484.404 lbs-in 
Maximum shear force              =      27934.178 lbs 
Depth of maximum bending moment  =         80.400 in 
Depth of maximum shear force     =          0.000 in 
Number of iterations             =             11 
Number of zero deflection points =              8 
 
 
 
 
------------------------------------------------------------------------------ 
             Computed Values of Load Distribution and Deflection 
                 for Lateral Loading for Load Case Number 10 
------------------------------------------------------------------------------ 



 
Pile-head boundary conditions are Displacement and Moment (BC Type 4) 
Specified deflection at pile head     =        1.000000 in 
Specified bending moment at pile head =            .000 in-lbs 
Specified axial load at pile head     =      130000.000 lbs 
 
  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 
    X         y          M           V           S        Stress        p 
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 
-------- --------- ----------- ----------- ----------- ----------- ----------- 
   0.000     1.000      0.0000  29508.2823    -.012298    646.4446   -305.5376 
   5.743   .929377   1.736E+05  27709.1154    -.012254   1078.1622   -321.0380 
  11.486   .859248   3.366E+05  25824.1449    -.012128   1483.3900   -335.4194 
  17.229   .790078   4.883E+05  23859.9453    -.011923   1860.7985   -348.6303 
  22.971   .722299   6.284E+05  21823.3919    -.011647   2209.1643   -360.6172 
  28.714   .656309   7.564E+05  19721.6719    -.011303   2527.3755   -371.3251 
  34.457   .592472   8.718E+05  17562.2948    -.010900   2814.4360   -380.6968 
  40.200   .531119   9.744E+05  15353.1038    -.010442   3069.4709   -388.6732 
  45.943   .472540   1.064E+06  13102.2887    -.009937   3291.7317   -395.1927 
  51.686   .416991   1.140E+06  10818.4026    -.009390   3480.6013   -400.1905 
  57.429   .364687   1.202E+06   8510.3818    -.008810   3635.5999   -403.5978 
  63.171   .315806   1.251E+06   6187.5720    -.008202   3756.3907   -405.3409 
  68.914   .270487   1.285E+06   3859.7617    -.007573   3842.7860   -405.3393 
  74.657   .228828   1.306E+06   1537.2260    -.006930   3894.7540   -403.5040 
  80.400   .190888   1.313E+06   -883.6371    -.006281   3912.4259   -439.5827 
  86.143   .156689   1.305E+06  -3408.1822    -.005631   3892.8362   -439.6121 
  91.886   .126208   1.283E+06  -5910.0199    -.004990   3835.9898   -431.6747 
  97.629   .099378   1.245E+06  -8342.7795    -.004363   3742.5586   -415.5550 
 103.371   .076095   1.193E+06 -10659.1989    -.003759   3613.8993   -391.1582 
 109.114   .056209   1.128E+06 -12811.6958    -.003183   3452.0605   -358.4677 
 114.857   .039537   1.051E+06 -14752.5596    -.002643   3259.7832   -317.4551 
 120.600   .025857   9.627E+05 -16433.2779    -.002143   3040.5023   -267.8697 
 126.343   .014918   8.653E+05 -17801.6256    -.001690   2798.3656   -208.6693 
 132.086   .006444   7.608E+05 -18790.9220    -.001287   2538.3182   -135.8618 
 137.829  1.37E-04   6.514E+05 -19193.7291  -9.368E-04   2266.4277     -4.4193 
 143.571  -.004316   5.417E+05 -18790.1294  -6.410E-04   1993.5749    144.9764 
 149.314  -.007225   4.366E+05 -17650.0629  -3.984E-04   1732.1138    252.0617 
 155.057  -.008892   3.396E+05 -16002.5794  -2.060E-04   1490.9236    321.6887 
 160.800  -.009591   2.531E+05 -14046.9187  -5.905E-05   1275.8042    359.3872 
 166.543  -.009570   1.783E+05 -11949.7876   4.792E-05   1089.9271    370.9570 
 172.286  -.009041   1.158E+05  -9844.7796   1.208E-04    934.3099    362.1303 
 178.029  -.008182  65080.6703  -7833.5252   1.657E-04    808.2864    338.3065 
 183.771  -.007138  25536.8668  -5988.1508   1.881E-04    709.9494    304.3612 
 189.514  -.006021  -3978.4351  -4354.6410   1.935E-04    656.3381    264.5228 
 195.257  -.004916 -24768.1926  -2956.7331   1.864E-04    708.0378    222.3107 
 201.000  -.003881 -38216.8825  -1800.0261   1.707E-04    741.4819    180.5226 
 206.743  -.002955 -45697.7160   -876.0425   1.499E-04    760.0851    141.2628 
 212.486  -.002159 -48502.7283   -166.0476   1.266E-04    767.0606    105.9991 
 218.229  -.001501 -47793.8897    355.5125   1.027E-04    765.2979     75.6387 
 223.971 -9.79E-04 -44572.7620    718.0339   7.980E-05    757.2876     50.6125 
 229.714 -5.84E-04 -39665.9106    952.2704   5.891E-05    745.0853     30.9623 
 235.457 -3.03E-04 -33723.2242   1088.3305   4.072E-05    730.3071     16.4218 
 241.200 -1.17E-04 -27226.4555   1154.1160   2.561E-05    714.1510      6.4886 
 246.943 -8.50E-06 -20505.6121   1174.1345   1.377E-05    697.4377       .4831 
 252.686  4.14E-05 -13761.2454   1168.6102   5.276E-06    680.6659     -2.4070 
 258.429  5.21E-05  -7091.1665    995.2007   1.058E-07    664.0788    -57.9844 
 264.171  4.26E-05  -2330.8121    670.4550  -2.230E-06    652.2408    -55.1111 



 269.914  2.65E-05    612.8178    371.9555  -2.656E-06    647.9685    -48.8439 
 275.657  1.21E-05   1945.3291    116.7931  -2.022E-06    651.2822    -40.0186 
 281.400  3.26E-06   1957.2893    -80.3547  -1.054E-06    651.3119    -28.6398 
 287.143 -5.67E-09   1023.9722   -151.3106  -3.151E-07    648.9910      3.9288 
 292.886 -3.57E-07    219.8499    -94.9930  -6.752E-09    646.9913     15.6843 
 298.629 -8.32E-08    -67.0796    -21.6808   3.113E-08    646.6114      9.8473 
 304.371  9.36E-12    -29.2160      5.8388   7.250E-09    646.5172      -.2634 
 310.114  4.46E-11    -.028019      2.5450  -8.148E-13    646.4446      -.8837 
 315.857  8.28E-17     .015653     .002439  -3.881E-12    646.4446    -.001799 
 321.600 -2.18E-17   4.439E-08    -.001363  -7.205E-18    646.4446   4.746E-04 
 327.343 -8.33E-23  -7.668E-09  -3.865E-09   1.901E-18    646.4446   1.811E-09 
 333.086  1.07E-23  -3.677E-14   6.676E-10   7.255E-24    646.4446  -2.325E-10 
 338.829     0.000   3.756E-15   3.201E-15  -9.313E-25    646.4446  -1.343E-15 
 344.571     0.000   2.537E-20  -3.270E-16      0.0000    646.4446   1.139E-16 
 350.314     0.000  -4.797E-22  -2.243E-21      0.0000    646.4446   7.865E-22 
 356.057     0.000  -3.923E-22   1.497E-23      0.0000    646.4446  -1.194E-25 
 361.800     0.000  -3.087E-22   1.403E-23      0.0000    646.4446  -2.091E-25 
 367.543     0.000  -2.318E-22   1.264E-23      0.0000    646.4446  -2.745E-25 
 373.286     0.000  -1.639E-22   1.093E-23      0.0000    646.4446  -3.207E-25 
 379.029     0.000  -1.065E-22   8.993E-24      0.0000    646.4446  -3.530E-25 
 384.771     0.000  -6.077E-23   6.900E-24      0.0000    646.4446  -3.759E-25 
 390.514     0.000  -2.738E-23   4.691E-24      0.0000    646.4446  -3.934E-25 
 396.257     0.000  -6.955E-24   2.388E-24      0.0000    646.4446  -4.085E-25 
 402.000     0.000      0.0000      0.0000      0.0000    646.4446  -4.232E-25 
 
Output Verification: 
 
Computed forces and moments are within specified convergence limits. 
 
 
Output Summary for Load Case No. 10: 
 
Pile-head deflection             =     1.00000000 in 
Computed slope at pile head      =     -.01229754 
Maximum bending moment           =    1313332.752 lbs-in 
Maximum shear force              =      29508.282 lbs 
Depth of maximum bending moment  =         80.400 in 
Depth of maximum shear force     =          0.000 in 
Number of iterations             =             11 
Number of zero deflection points =              8 
 
 
 
 
 
------------------------------------------------------------------------------ 
                        Summary of Pile-head Response 
------------------------------------------------------------------------------ 
 
Definition of symbols for pile-head boundary conditions: 
 
y = pile-head displacment, in 
M = pile-head moment, lbs-in 
V = pile-head shear force, lbs 
S = pile-head slope, radians 
R = rotational stiffness of pile-head, in-lbs/rad 
 



 BC    Boundary     Boundary       Axial    Pile Head    Maximum     Maximum  
Type  Condition    Condition       Load     Deflection    Moment      Shear 
          1            2            lbs         in        in-lbs       lbs 
---- ------------ ------------ ----------- ----------- ----------- ----------- 
  4  y=   .100000 M=     0.000   1.300E+05     .100000   2.737E+05   9929.7973 
  4  y=   .200000 M=     0.000   1.300E+05       .2000   4.239E+05  13561.6520 
  4  y=   .300000 M=     0.000   1.300E+05       .3000   5.526E+05  16333.3715 
  4  y=   .400000 M=     0.000   1.300E+05       .4000   6.702E+05  18696.6344 
  4  y=   .500000 M=     0.000   1.300E+05       .5000   7.841E+05  20811.9592 
  4  y=   .600000 M=     0.000   1.300E+05       .6000   8.923E+05  22756.5756 
  4  y=   .700000 M=     0.000   1.300E+05       .7000   1.001E+06  24573.8695 
  4  y=   .800000 M=     0.000   1.300E+05       .8000   1.105E+06  26293.9959 
  4  y=   .900000 M=     0.000   1.300E+05       .9000   1.209E+06  27934.1780 
  4  y=     1.000 M=     0.000   1.300E+05      1.0000   1.313E+06  29508.2823 
 
 
------------------------------------------------------------------------------ 
                     Pile-head Deflection vs. Pile Length 
------------------------------------------------------------------------------ 
 
Boundary Condition Type 4, Deflection and Moment 
 
Deflection =          .10000  in 
Moment     =              0. in-lbs 
Axial Load =         130000. lbs 
 
 
 
   Pile       Pile Head       Maximum      Maximum 
  Length      Deflection      Moment        Shear  
    in           in           in-lbs         lbs 
-----------  ------------  ------------  ------------ 
   402.000     .10000000    273696.900      9929.797 
   381.900     .10000000    274698.532      9949.974 
   361.800     .10000000    271561.444      9893.356 
   341.700     .10000000    272230.358      9906.464 
   321.600     .10000000    271994.275      9907.965 
   301.500     .10000000    271923.198      9901.142 
   281.400     .10000000    274351.201      9942.167 
   261.300     .10000000    272906.856      9917.660 
   241.200     .10000000    273591.690      9931.358 
   221.100     .10000000    273487.827      9929.527 
 
The analysis ended normally.  
 



APPENDIXAPPENDIXAPPENDIXAPPENDIXH Slope Stability Results 

 X:\ROUTE 84 - ISABEL AVENUE\GEOTECH\REPORTS\ARROYO_MOCHO\ARROYO MOCHO ACCESS_REV1.DOC\14-DEC-09\\ H-1 

 



CHECKED BY

Stephen Huang

Date

December 2, 2009

FIGURE

H-1

ROUTE 84 WIDENING
LIVERMORE, CA

SLOPE STABILITY ANALYSIS 

ARROYO MOCHO ACCESS BRIDGE

ABUTMENT 1

CALCULATED BY

M. Thummaluru

PROJECT No

28649640

55 South Market Street, 
Suite 1500
San Jose, CA 95113
PHONE: (408) 297-9585
FAX: (408) 297-6962

Abutment 1

Clayey Gravel; Unit Weight: 140 pcf; Cohesion: 0 psf; Friction Angle: 40 deg.

Surcharge Load 250 psf

Lean Clay; Unit Weight: 125 pcf; Cohesion: 1,000 psf; Friction Angle: 0 deg.

Clayey Gravel; Unit Weight: 140 pcf; Cohesion: 0 psf; Friction Angle: 38 deg.

Clayey Sand

Unit Weight: 130 pcf

Cohesion: 0 psf

Friction Angle: 34 deg.

Lean Clay; Unit Weight: 130 pcf; Cohesion: 2,000 psf; Friction Angle: 0 deg.

Engineering Fill

Unit Weight: 140 pcf

Cohesion: 0 psf

Friction Angle: 38 deg.

FOS = 2.0

Clayey Gravel; Unit Weight: 140 pcf; Cohesion: 0 psf; Friction Angle: 38 deg.
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Unit Weight: 140 pcf

Cohesion: 0 psf

Friction Angle: 38 deg.

Clayey Sand
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Friction Angle: 36 deg.
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Lean Clay; Unit Weight: 140 pcf; Cohesion: 4,500 psf; Friction Angle: 0 deg.

FOS = 1.6

Distance (ft)

0 10 20 30 40 50 60 70 80 90
380

390

400

410

420

430

440
E

le
v
a

ti
o

n
 (

ft
)

380

390

400

410

420

430

440



FOR CONTRACT NO. 297614 

ROUTE: 04-Ala-84-25.5/27.1       11/17/2011 

MATERIALS INFORMATION 
 

ARROYO MOCHO BRIDGE FOUNDATION REPORT 
 DATED 10/19/2010 

  



0 4 - A L A - 8 4 ,  P M 2 2 . 9 / 2 7 . 1

O C T O B E R  1 9 ,  2 0 1 0

FOUNDATION REPORT 
 
ARROYO MOCHO BRIDGE (WIDEN) 
(BRIDGE NO. 33-0713) 
LIVERMORE, CALIFORNIA 
 

Prepared for 
Alameda County Transportation Improvement Authority (ACTIA) 
1333 Broadway, Suite 300 
Oakland, CA  94612 

 

 
 
100 West San Fernando Street, Suite 200 
San Jose, California 95113 

 
 
 
 
 
 
 

 





TABLE OF CONTENTSTABLE OF CONTENTSTABLE OF CONTENTSTABLE OF CONTENTS 

 X:\ROUTE 84 - ISABEL AVENUE\GEOTECH\REPORTS\ARROYO_MOCHO\ARROYO MOCHO WIDEN_REV 09 01 10.DOC i 

Section 1 Introduction..................................................................................................................... 1-1 

1.1 General ..................................................................................................... 1-1 

1.2 Scope of Investigation.............................................................................. 1-2 

1.3 Caltrans Review Comments..................................................................... 1-2 

Section 2 Available Information ..................................................................................................... 2-1 

2.1 Project Description................................................................................... 2-1 

Section 3 Site Geology and Subsurface Conditions .................................................................... 3-1 

3.1 Geologic Setting....................................................................................... 3-1 

3.1.1 Regional Geology ........................................................................ 3-1 

3.1.2 Regional Tectonic Setting and Seismicity ................................... 3-1 

3.1.3 Local Geology.............................................................................. 3-4 

3.2 Site and Subsurface Conditions ............................................................... 3-4 

3.2.1 Site Topography........................................................................... 3-4 

3.2.2 Field Exploration ......................................................................... 3-5 

3.2.3 Laboratory Testing....................................................................... 3-5 

3.2.4 Soil Conditions............................................................................. 3-6 

3.2.5 Groundwater ................................................................................ 3-6 

3.3 Geologic Hazards..................................................................................... 3-7 

3.3.1 Surface Fault Displacement and Ground Shaking ....................... 3-7 

3.3.2 Landslide and Slope Failure......................................................... 3-7 

3.3.3 Scour ............................................................................................ 3-7 

3.3.4 Flooding ....................................................................................... 3-7 

3.3.5 Subsidence and Seismic Compaction .......................................... 3-7 

3.3.6 Liquefaction Potential .................................................................. 3-8 

3.4 Geological Profiles and Engineering Parameters .................................... 3-9 

Section 4 Corrosion and Scour Evaluation................................................................................... 4-1 

4.1 Corrosion Evaluation ............................................................................... 4-1 

4.2 Summary.................................................................................................. 4-1 

4.3 Conclusions.............................................................................................. 4-2 

4.4 Recommendations.................................................................................... 4-2 

4.4.1 Buried Reinforced Concrete Structures ....................................... 4-2 

4.4.2 Steel Piles..................................................................................... 4-3 

Section 5 Seismic Data and Evaluation......................................................................................... 5-1 

5.1 Seismic Design Methodology and Resources.......................................... 5-1 

5.2 Peak Bedrock Acceleration...................................................................... 5-1 

5.3 Fault Type, Near-Field, and Spectral Acceleration Increases.................. 5-1 

5.4 Soil Profile Type and Depth to Rock-Like Materials .............................. 5-2 

5.5 Design Acceleration Response Spectra ................................................... 5-2 



TABLE OF CONTENTSTABLE OF CONTENTSTABLE OF CONTENTSTABLE OF CONTENTS 

 X:\ROUTE 84 - ISABEL AVENUE\GEOTECH\REPORTS\ARROYO_MOCHO\ARROYO MOCHO WIDEN_REV 09 01 10.DOC ii 

Section 6 As-Built Plans ................................................................................................................. 6-1 

6.1 As-Built Foundation Data ........................................................................ 6-1 

Section 7 Discussion and Recommendations .............................................................................. 7-1 

7.1 Discussion ................................................................................................ 7-1 

7.2 Pile Design Capacity and Tip Elevatioin ................................................. 7-1 

7.2.1 Axial Pile Capacity Analysis ....................................................... 7-1 

7.2.2 Lateral Load Capacity.................................................................. 7-3 

7.3 Pile Installation ........................................................................................ 7-3 

7.4 Approach Embankment Settlement ......................................................... 7-3 

7.5 Slope Stability.......................................................................................... 7-4 

7.6 Approach Fill Earthwork ......................................................................... 7-4 

7.7 Approach Fills and Abutment Excavation............................................... 7-4 

Section 8 Construction Considerations ........................................................................................ 8-1 

8.1 Temporary Construction Excavation ....................................................... 8-1 

8.2 Construction Dewatering ......................................................................... 8-1 

8.3 Pile Cut-Off.............................................................................................. 8-1 

8.4 Effects of Construction Work on Adjacent Structures ............................ 8-1 

Section 9 Limitations ...................................................................................................................... 9-1 

Section 10 References .................................................................................................................... 10-1 

LIST OF FIGURES 

Figure 1-1:   Project Vicinity Map 

Figure 2-1:   General Plan  

Figure 2-2:   Foundation Plan 

Figure 3-1:   Site and Geologic Map  

Figure 3-2:   Regional Fault Map  

Figure 3-3:   Site and Boring Location Plan 

Figure 3-4a:  Soil Legend 

Figure 3-4b:  Soil Legend 

Figure 3-4c:  Log of Test Borings, R-08-023 and R-07-024 

Figure 3-4d:  Log of Test Borings, As-Built Borings B-18, B-19, and B-20 

Figure 3-5:   Generalized Soil Profile 

Figure 7-1:   Typical Structure Backfill at Abutments 

 

 



TABLE OF CONTENTSTABLE OF CONTENTSTABLE OF CONTENTSTABLE OF CONTENTS 

 X:\ROUTE 84 - ISABEL AVENUE\GEOTECH\REPORTS\ARROYO_MOCHO\ARROYO MOCHO WIDEN_REV 09 01 10.DOC iii 

LIST OF TABLES 

Table 1-1:   Summary of Planned Retaining Walls 

Table 4-1:   Soil Corrosion Results Summary 

Table 5-1:   Seismic Source Parameters 

Table 5-2:   Spectral Acceleration Increase for Near-Field Effects 

Table 5-3:   Spectral Acceleration Values 

Table 6-1:   As-Built Pile Data Table, Arroyo Mocho Bridge 

Table 7-1:   Foundation Design Data for Arroyo Mocho Bridge (Widen) 

Table 7-2:   Foundation Design Loads for Arroyo Mocho Bridge (Widen) 

Table 7-3:   Pile Data Table for Arroyo Mocho Bridge (Widen) 

 

LIST OF APPENDICES 

Appendix A:   Caltrans Review Comments 

Appendix B:   Field Exploration and Laboratory Testing 

Appendix C:   Bridge Design Hydraulic Study Report 

Appendix D:   Soil Corrosion Investigation Report 

Appendix E:   As-Built Plans for Arroyo Mocho Bridge 

Appendix F:   Axial Pile Capacity Analysis 

Appendix G:   Laterally Loaded Pile Analysis, LPILE Output 

 



SECTIONSECTIONSECTIONSECTIONONE Introduction 

 X:\ROUTE 84 - ISABEL AVENUE\GEOTECH\REPORTS\ARROYO_MOCHO\ARROYO MOCHO WIDEN_REV 09 01 10.DOC 1-1 

1. Section 1 ONE Introduction 

1.1 GENERAL 

The project proposes to widen and upgrade State Route (SR) 84 to expressway standards (55 

mph) from Ruby Hill Drive in Pleasanton to Jack London Boulevard in Livermore for the 

purpose of 1) reducing congestion along SR 84 and improving local traffic circulation, 2) 

reducing impacts of regional traffic diverting to local streets, and 3) improving safety and 

operations on SR 84.  In addition, the project also proposes to improve pedestrian and bicycle 

access along this section of SR 84 by connecting multi-use trails. 

SR 84 will be widened from two to four lanes between Ruby Hill Drive and Stanley Boulevard, 

and to six lanes between Stanley Boulevard and Jack London Boulevard.  The widening would 

generally conform to the existing roadway alignment, with some alternative potential changes in 

roadway curvature at the southern limit in the section between Ruby Hill Drive and Vallecitos 

Road.  As an expressway, access on to SR 84 would be limited to intersections to improve traffic 

flow and safety.  Signalized intersections at Ruby Hill Drive, Vallecitos Road, Vineyard Avenue, 

Concannon Boulevard, Discovery Drive (proposed) and Jack London Boulevard would be 

widened and upgraded to accommodate future traffic movements.  At the intersection of SR 

84/Stanley Boulevard the northbound ramp will be widened.  A multi-use trail located on the east 

side of SR 84 between Jack London Boulevard and Concannon Boulevard would remain. 

Improvements to SR 84 would include widening of two existing bridge structures, two new 

bridge structures and constructing retaining walls.  The bridge structures include: 

• Arroyo Del Valle Bridge, 33-0710 

• Arroyo Del Valle Trail Bridge (new structure) 

• Arroyo Mocho Bridge, 33-0713 

• Arroyo Mocho Access Bridge (new structure) 

 

Retaining Walls are planned at the following locations: 

Table 1-1:  Summary of Planned Retaining Walls 

Wall No. 
Approximate Beginning 

Station 
Length (ft)* 

RW236 ‘A1’ Line Sta. 235+60 440 

RW245 ‘A1” Line Sta. 245+00 1,505 

RW246 ‘A1’ Line Sta. 246+00 1,154 

RW314 ‘A1’ Line Sta. 314+40 429  

RW317 ‘A1’ Line Sta. 316+66 192  

RW320 ‘A1’ Line Sta. 320+36 161  

RW391 ‘A1’ Line Sta. 391+05 920  

RW400N ‘A3’ Line Sta. 400+00 1,180  

RW400S ‘A3’ Line Sta. 400+10 247  
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Wall No. 
Approximate Beginning 

Station 
Length (ft)* 

RW403 ‘A3’ Line Sta. 402+98 882  

RW437 ‘A2’ Line Sta. 435+85 1,120  

RW109 ‘V’ Line Sta. 109+05 396  

RW110 ‘V’ Line Sta. 110+30 546  

                          * Length measured along retaining wall layout line 

 

The subject of this Foundation Report (FR) is widening of the Arroyo Mocho Bridge (Bridge No. 

33-0713) located at PM 26.6 in Livermore, California.  Figure 1-1 shows the location of this 

structure. 

1.2 SCOPE OF INVESTIGATION 

The geotechnical services performed for the Arroyo Mocho Bridge (widen) were as follows: 

• Reviewed existing subsurface information and as-built plans, including as-built LOTBs of 

three borings, B-18, B-19 and B-20 

• Geotechnical field investigation including two exploratory borings, NB23 and NB24 

• Laboratory testing to estimate pertinent engineering properties 

• Design recommendations and opinions were developed for the following topics: 

− Driven pile design recommendations 

− Resistance to lateral loads 

− Approach fill settlement, if any 

− Abutment grading and approach fill construction 

− Earthquake information consistent with Caltrans Response Spectra Design Techniques 

− Assessment of the potential for earthquake induced liquefaction, settlement, and lateral 

spreading 

− Corrosion testing and analysis 

− Address construction issues, including: 

▪Earthwork for abutments and new bridge approaches 

▪Construction dewatering 

 

Review related to environmental and hazardous waste issues was performed by Baseline 

Environmental and the findings are presented in a separate report.   

1.3 CALTRANS REVIEW COMMENTS 

We reviewed comments prepared by Caltrans (dated June 2, 2008) for the Arroyo Mocho Bridge 

Foundation Report dated April 11, 2008, and for the Foundation Report (65% submittal) dated 

March 23, 2009.  Our responses to these comments are incorporated into this report.  Our 

responses to these comments are incorporated into this report.  We also reviewed comments 

prepared by Caltrans (dated April 27, 2010) for the 95% PS&E submittal dated March 16, 2010.  

The Log of Test Boring sheet (Figures 3-4c) is revised to show the new boring identification 
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numbers consistent with Caltrans Logging, Classification, and Presentation Manual, dated June 

2007.  The following table shows the new boring identification numbers that correspond to the 

boring numbers referenced in this report.   

Boring Number 

(Old) 

Boring Number 

(New)* 

NB23 R-08-023 

NB24 R-07-024 

                                                            * As described in Caltrans Logging, Classification, and Presentation Manual, dated June 2007 

Copies of the review comments and our responses are presented in Appendix A.    
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2. Section 2 Available Informat ion 

2.1 PROJECT DESCRIPTION 

SR 84 is to be widened to the east between Vineyard Avenue and Concannon Boulevard, and to 

the west for the remainder of the alignment, which will require widening of two existing bridges 

at Arroyo Del Valle and Arroyo Mocho.  The location of Arroyo Mocho Bridge is shown on 

Figure 1-1.  The existing bridge is approximately 124 feet long and 61 feet wide and is located 

between ‘A3’ line Stations 413+91 and 415+14.  The existing three-span bridge at Arroyo 

Mocho is to be widened approximately 71 feet to the west, and a new, separate single span 

access bridge across Arroyo Mocho is to be constructed just west of the roadway widening.  The 

71 feet widening would include a 26 feet wide median, three 12 feet wide (each) travel lanes and 

a 10 feet wide shoulder.  The Arroyo Mocho Bridge (widen), the subject of this foundation 

report, is to be a cast-in-place reinforced concrete slab bridge, supported on two abutments and 

two piers; driven steel H-piles (HP 10x57) are the planned foundation type.  The bridge is to 

have a deck at about Elevation 421 feet and soffit at about Elevation 417 feet.  Based on the 

project hydraulic report (Wreco, 2008), the 100-year water surface is estimated at about 

Elevation 415 feet.  The abutment piles will have a design service load of 75 kips (based on 

LRFD Service-1 Limit State) and nominal resistance in compression of 150 kips.  Piles at the 

piers will have a maximum nominal resistance in compression (based on a strength limit state 

condition) of 290 kips.  There is no tension demand on pier piles.  Bottom of pilecap is planned 

to be at Elevation 411.46 feet for both Abutments 1 and 4; bottom of pilecap is planned to be at 

Elevation 385.86 feet for both piers 2 and 3.  Excavations at the piers are about 18 feet in depth 

to match the existing pilecap elevation.  

The portion of the channel located beneath the existing and proposed bridge is concrete lined, 

with side slopes between the abutments and center piers inclined at about 2.5:1 

(horizontal:vertical).  Finish grade for the concrete slab between the center piers is at about 

Elevation 404.5 feet.  Concrete lining is approximately 8 inches thick at the channel bottom and 

6 inches thick along side slopes with reinforcement.  Flow in the channel passes primarily 

between the center piers. 

The plan and elevation sections for the proposed widen bridge are shown on the General Plan, 

Figure 2-1.  The Foundation Plan for the proposed bridge is presented as Figure 2-2. 
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3. Section 3 TW O Site Geolog y and Sub surf ace Cond ition s 

3.1 GEOLOGIC SETTING 

3.1.1 Regional Geology 

The SR 84 alignment lies within the Livermore Valley within the central portion of the Coast 

Ranges geomorphic province of California.  Northwest-southeast-trending valleys and ridges 

characterize the regional morphology of the Coast Ranges province.  These topographic features 

are controlled by folds and faults that resulted from the collision of the Farallon and North 

American plates and subsequent predominantly strike-slip faulting along the San Andreas fault 

system between the Pacific and North American plates.  Regional geologic mapping shows the 

project alignment to be underlain by Holocene alluvium and channel sand and gravel deposits 

along the active channel of Arroyo Del Valle (Dibblee, 1980; Gramer et al., 1996).  More recent 

mapping by Witter and others (2006) subdivide the alluvium into latest Holocene alluvial fan 

deposits extending from about Jack London Boulevard south to Stanley Boulevard, Holocene 

alluvial fan deposits extending from about Stanley Boulevard to just north of Concannon 

Boulevard, and historic stream channel deposits within the active channels of Arroyo Mocho and 

Arroyo Del Valle.  The geologic map (Figure 3-1) shows the aerial extent of these various 

geologic units.  Witter (2006) also maps a small area of stream terrace deposits and Pleistocene 

alluvial fan deposits, mostly east of SR 84 and north of Arroyo Del Valle in the vicinity of 

Concannon Boulevard South of Arroyo Del Valle the road alignment crosses through Holocene 

alluvium deposits and alluvial fan deposits as it enters the mouth of a canyon at the south end of 

the alignment.  The surrounding low hills south of the intersection of Vallecitos Road are 

mapped as older alluvium deposits and the Pleistocene Livermore Gravels Formation.  The 

project alignment does not cross into these older formations. 

In this portion of southeastern Alameda County, the underlying “bedrock” is the non-marine 

sedimentary Livermore Gravels Formation (Graymer, et al.1996; Dibblee, 1980).  The 

Livermore Gravels Formation is up to about 4,000 feet thick and lies as much as 400 feet below 

the alluvium in the central Livermore Valley (Hall, 1958).  It contains poorly to moderately 

consolidated cobble conglomerate, conglomeratic sandstone, and coarse-grained sandstone with 

some siltstone and claystone (Graymer et al., 1996).  The Livermore Gravels may have been 

encountered at depth in some of the deeper borings completed near the southern portion of the 

project alignment, however it is difficult to distinguish between the gravelly alluvium soils and 

the older Livermore Gravels in the borings.  

3.1.2 Regional Tectonic Setting and Seismicity 

The project alignment lies between known active and potentially active geologic faults.  In 

general, earthquakes occur as a result of movement along active faults.  For the purpose of 

activity classification, faults are generally grouped into the following categories by the California 

Division of Mines and Geology (renamed the California Geological Survey, CGS) (Jennings, 

1994):  

• Holocene: displacement has occurred within the last 10,000 to 11,000 years.  

• Late Quaternary: displacement has occurred within the last 700,000 years, but evidence of 

Holocene activity is lacking.  
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• Quaternary: evidence of displacement within the last 1.6 million years, but evidence of 

Holocene activity is lacking.  

• Pre-quaternary: no recognized evidence of displacement in the last 1.6 million years.  

 

Generally, faults with Holocene movement are considered to be “active” while faults with late 

Quaternary to Quaternary movement are considered to be “potentially active”.  

The closest active faults to the project alignment are the Greenville, Calaveras, and Verona 

Williams faults (Mualchin, 1996).  The California Geological Survey (2000) has produced maps 

showing Alquist-Priolo Earthquake Fault Zones along faults with known Holocene activity that 

pose a potential surface faulting hazard.  All three of these faults are included as Alquist-Priolo 

(A-P) zoned faults.  The Greenville fault is located about 5.2 miles (8.3 km) east of the project 

alignment.  The Calaveras fault is located about 4.5 miles (7.3 km) west of the alignment and the 

Verona Williams fault is located about 1.7 miles (2.8 km) southwest of the southern end of the 

project alignment.  More distant active faults include the Hayward fault located 10.5 miles 

(16.9 km) southwest of the southern end of the project alignment, and the San Andreas fault 

located 29 miles (46.7 km) southwest of the southern end of the project alignment.  Figure 3-2 

shows active faults within the site region relative to the project.  The project alignment does not 

cross any mapped A-P zoned faults. 

Other nearby mapped faults include the southwest extension of the Las Positas fault, located 

about 1 mile (1.6 km) southeast of the southern end of the project alignment, and the Livermore 

fault, located about 1,000 feet northeast of the intersection of SR 84 and Jack London Boulevard 

(Dibblee, 1980).  The geologic map (Figure 3-1) shows the location of the Livermore fault as 

mapped by Dibblee (1980) and on the Seismic Safety Element of the Alameda County General 

Plan (1982).  The California Geological Survey (2000) includes a portion of the Las Positas fault 

as an A-P zoned fault south of the Lawrence Livermore complex, but does not extend the A-P 

zone as far west as Dibblee (1980) and Wagner et al. (1990) map the fault.  Both Dibblee and 

Wagner also map the Livermore fault as a concealed fault trending northwesterly.  The Seismic 

Safety Element of the Alameda County General Plan (1982) also shows this fault on hazard 

maps, indicating its location is based on a groundwater barrier.  They classify the fault as 

“potentially uncertain”, meaning the activity of the fault is insufficient to give it an activity 

classification.  Wagner et al. (1990) map the Livermore fault as an early Quaternary fault 

(2,000,000 to 700,000 years old).  The project alignment does not cross either the Los Positas 

fault or the Livermore fault. 

The following is a brief description of the nearby active faults. 

3.1.2.1 Calaveras Fault  

The Calaveras fault is a dextral strike-slip fault that is part of the larger San Andreas fault system 

and is located along the eastern side of the East Bay Hills.  The fault is located about 4.5 miles 

(7.3 km) west of the project alignment and is predominantly a vertical fault with a slip rate of 12 

to 18 mm/year (WGCEP, 2003).  Active seismicity, including a moderate magnitude earthquake 

in 1856, has been recorded along the Calaveras fault resulting in surface ruptures and large 

earthquakes (Kelson and others, 1996; Simpson and others, 1999).  In addition to seismic events, 

fault creep continues to be present along the Calaveras fault as indicated by a seismic surficial 

fault rupture in numerous localities.  
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3.1.2.2 Greenville Fault  

The Greenville fault lies 5.2 miles (8.3 km) east of the project alignment.  Recent investigations 

of the Greenville fault and Mount Diablo thrust indicate that these two structures are 

geometrically linked, with the Mount Diablo thrust acting to transfer strain from the Greenville 

fault to the Concord-Green Valley fault (Unruh and Sawyer, 1997).  This suggests that the 

Greenville fault does not continue to the north as previously mapped, but dies out near Morgan 

Territory Road.  Two earthquakes during January 1980 on this fault measured Richter 

magnitudes of 5.9 and 5.8.  

Available data on the late Quaternary slip rate of the Greenville fault are sparse and have 

significant uncertainties.  The Working Group on California Earthquake Probabilities estimates 

the slip rate on the Greenville fault to be about 2 mm/yr (WGCEP, 2003).  Based on correlation 

of terraces south of Livermore Valley offset by the Greenville fault, Wright et al. (1982) 

documented approximately 90 m of Pleistocene displacement.  The deformed terraces were 

estimated to be 125,000 to 180,000 years old, based on soil profile development, thus implying a 

slip rate of 0.5 to 0.7 mm/yr (Wright et al., 1982).  Paleoseismic trench investigations across one 

of the strands of the northern Greenville fault documented evidence for Holocene surface-

rupturing events.  Wright et al. (1982) estimated a horizontal slip rate of approximately 0.1 to 0.3 

mm/yr with a recurrence interval estimated to be on the order of 550 years.  Recent 

investigations by Unruh and Sawyer (1998) and Sawyer and Unruh (2002) indicate a 70-km 

length for the active Greenville fault. Preliminary Holocene slip rate estimates from a site at the 

northern end of the Livermore Valley are 4.1 ± 1.8 mm/yr (Sawyer and Unruh, 2002).  However, 

Unruh cites strong geomorphic and structural evidence to support a more limited rupture length 

for a MCE on the Greenville fault.  Detailed geomorphic and preliminary paleoseismic 

investigations support a maximum rupture length of 43 km along the northern part of the 

Greenville fault, equivalent to rupture of the Livermore and Arroyo Mocho sections investigated 

by Unruh and Sawyer (1998).  A rupture of this length would generate a MCE of M 7. 

3.1.2.3 Verona Williams Fault  

The Verona Williams fault is located about 1.7 miles (2.8 km) southwest of the southern end of 

the project alignment.  This fault is shown as an uncertain trace over a curving length of about 4 

miles (6½ km) along the base of the hills on the north side of the Vallecitos Valley (CGS, 2000).  

Because the CGS believes that there is insufficient evidence to indicate that this fault is inactive 

and that there is sufficient evidence to indicate that this fault is potentially active, it is included 

within an Alquist-Priolo Earthquake Fault Zone (Hart, 1975; CDMG, 1982a).  

3.1.2.4 Las Positas Fault  

The Las Positas fault was originally mapped in 1975 and 1977 by Herd as a northeast-trending, 

15-km long zone of left-lateral strike slip faults.  Herd showed the southwest end of the fault (the 

end closest to the project alignment) covered by alluvium and landslides.  Herd cites geomorphic 

features including scarps and several drainages that have been deflected as evidence for recent 

movement along the fault.  Radiometric dating of buried charcoal from a faulted stream terrace 

indicated that faulting had occurred 17,400 ± 250 years ago (Carpenter et al., 1980).  Bonilla et 

al. (1980) described several en echelon fractures that they attributed to tectonic movement along 
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the Las Positas fault following the two 1980 Livermore earthquakes on the Greenville fault.  An 

analysis of seismicity in the Livermore Valley area following these two earthquakes showed that 

the movement along the Las Positas fault was left-lateral and that this fault is “probably 

seismically active”, although the analysis of the limited data set compiled for this study could not 

prove seismic activity (Ellsworth and Marks, 1980).  

California Division of Mines and Geology Fault Evaluation Report 112 by Smith (1981) 

summarizes the exploratory work and mapping that were performed by numerous authors to 

evaluate the activity of the Las Positas fault and this document was used to justify the delineation 

of the Earthquake Fault Zone along a portion of this fault.  The Alquist-Priolo Earthquake Fault 

Zone delineated along the Las Positas fault is located about 3.5 miles (5.6 km) northeast end of 

the project alignment (CGS, 2000).  

3.1.3 Local Geology 

Based on a review of the borings completed along the project alignment, the soil profile typically 

consists of road base/fill overlying alluvium.  The road base, where encountered, ranged from 

about 6 inches thick to as much as 18 inches thick.  Alluvium was encountered in all of the 

borings underlying the road base.  The alluvium consists of complexly interbedded sand, silt and 

clay with gravel and extensive channel deposits of sandy gravel, clayey gravel and poorly graded 

sand/gravel mixtures.  More recent mapping by Witter and others (2006) shows that the subject 

site to be predominantly underlain by historic stream channel deposits and latest holocene 

alluvian fan deposits.  In general the alluvium encountered below 50 feet consists primarily of 

silty clay to lean clay interbedded with thin sand/gravel deposits.  The uncorrected N-values 

from borings were nearly all above 40 blows per foot and most were well above 50 blows per 

foot in cohesionless soils, even in the silts and clays located below Elevation 350 feet.  Silts and 

clays encountered at shallow depths typically have N-values in the range of 10 to 28 blows per 

foot.   

3.2 SITE AND SUBSURFACE CONDITIONS 

3.2.1 Site Topography 

The SR 84 alignment between Jack London Boulevard and Ruby Hill Drive crosses the relatively 

flat Livermore Valley.  The topography along the existing roadway ranges in elevation from 

approximately 410 to 420 feet between Jack London Boulevard at Station 448+00 to the drainage 

crossing of Arroyo Del Valle at Station 320+00.  The incised Arroyo Del Valle and Arroyo 

Mocho drainage crossings are at about Elevation 400 feet in the channel bottom.  South of 

Arroyo Del Valle crossing the road alignment gradually climbs a gentle alluvial fan, rising to 

about Elevation 590 feet south of Ruby Hill Drive at Station 227+00.  South of the intersection 

with Vallecitos Road, the road alignment is surrounded by low rolling hills as it enters the mouth 

of a canyon.  

Development along the project is mixed, including agricultural, scattered commercial and 

industrial (mainly at the north end), residential communities and gravel quarries.  The gravel 

quarries are extensive and extend between about Station 314+00 north of Vineyard Avenue to 
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Station 415+00 at the Arroyo Mocho bridge crossing.  The majority of the gravel quarries are 

located along the west side of SR 84.  

3.2.2 Field Exploration 

Subsurface exploration for the existing Arroyo Mocho Bridge was performed in November 1996 

by others and included three rotary wash borings, B-18, B-19, and B-20, which extended to a 

maximum depth of 100 feet.  These borings reportedly encountered alluvial deposits consisting 

of dense to very dense sands and gravels and stiff to hard clays and silts to the maximum depth 

of each boring.  Free groundwater was reportedly observed at a depth of about 88 feet (Elevation 

332 feet) in Boring B-20.  Groundwater levels were not recorded in either of the other borings 

due to the rotary wash drilling method used.   

To supplement available data, a subsurface investigation for design of the bridge widening and 

adjacent new Zone 7 access bridge was performed between December 26, 2007 and January 2, 

2008, and included two borings, NB23 and NB24, which extended to terminal depths of 101.5 

feet.  The borings were initially drilled with a 4-inch solid flight auger so that the depth to 

groundwater could be measured.  Thereafter, the drilling method was switched to 4⅞ inch rotary 

wash.  Please refer to Figure 3-3 for relative location of recent borings performed for this study, 

as well as those completed by others in 1996. 

A representative of URS supervised the drilling operations and soil sampling.  Visual 

classifications of the soils encountered were made from cuttings and soil samples.  The soil 

samples collected from the borings were sealed immediately to preserve their natural moisture 

content.  At completion of the exploration, samples were delivered to the laboratory for further 

examination and testing.  All borings were backfilled with a mixture of cement and bentonite in 

accordance with the requirements of the Alameda County Flood Control and Water Conservation 

District, also known as Zone 7 Water Agency.  For details of field exploration refer to Appendix 

B. 

The Unified Soil Classification System and the guidelines summarizing soil consistency and 

relative density are presented on the Log of Test Borings (LOTBs) legend in Figures 3-4a and 3-

4b.  Descriptions of the soils encountered in the current borings by URS and previous borings by 

others are presented on Figures 3-4c and 3-4d, respectively.  The logging method used in 

preparing the LOTBs is consistent with Caltrans Soil and Rock Logging, Classification and 

Presentation Manual, dated June 2007.  These logs also illustrate the notation used for the size of 

samplers and the methods of advancing them. 

3.2.3 Laboratory Testing 

The water content, dry density, plasticity index (PI) and grain size distribution (PA), and 

unconfined compressive strength (UC) were determined for selected samples to estimate the 

strength and compressibility of the underlying soils.  The locations of these tests, together with 

the resistance to penetration of the samplers are shown at the corresponding locations on the 

LOTBs.  One consolidation test was performed on a sample as part of the study performed by 

others in 1996.  The laboratory test results are provided in tabular form and/or graphically in 

Appendix B. 
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3.2.4 Soil Conditions 

3.2.4.1 Fill 

Embankment fills at the site consists of about 6 inches of aggregate base at Borings NB23 and 

NB24. 

3.2.4.2 Native 

Native soils were encountered below the aggregate base fill in Borings NB23 and NB24 and 

beginning at ground surface in the borings performed in 1996.  Borings B-18 through B-20 

encountered mostly silty sand to sandy silt in the upper 3 to 6 feet of the borings; NB23 

encountered primarily clayey sand.  Underlying the surficial loose to medium dense sand and silt 

layer were dense to very dense clayey gravel, silty gravel, clayey sand, silty sand and poorly 

graded sand deposits; these sand and gravel deposits extended to the terminal depths of the 

borings.  Scattered cobbles were encountered in Borings NB23 (at depth of 3 feet), NB24 

(between depths of 3 and 8 feet), B-18 (depths between 25 and 30 feet, at depth of 97 feet) and 

B-20 (between depths of 20 and 33 feet).  Numerous interbedded layers of very stiff to hard, 

sandy clay and clayey silt ranged in thickness from 3 to 24 feet in the 1996 and current borings. 

3.2.5 Groundwater 

Free groundwater was reportedly encountered at a depth of approximately 88 feet (Elevation 

332 feet) in Boring B-20 drilled in 1996.  Free groundwater levels were not recorded in either of 

the other two borings (B-18 and B-19) due to the rotary wash drilling method used.  

Groundwater was reportedly measured by others at a depth of about 91 feet (Elevation 334 feet), 

and 66 feet (Elevation 358 feet) in November 1996 and February 1997, respectively in a 

monitoring well (Alameda County Flood Control and Water Conservation District, Zone 7, well 

No. 32/SE 7N1) located near the site of Abutment 4.  Groundwater was reportedly measured at a 

depth of about 42 feet (Elevation 376 feet) in February 1997 in a nearby piezometer that was 

installed as part of the 1996 study and located just south of Stanley Boulevard.  Groundwater 

levels measured in February 1997 were taken following two months of heavy rains.  These water 

levels indicate that groundwater recharge responds rapidly to rainfall infiltration.   

Free groundwater was not encountered in either of the two borings drilled at Arroyo Mocho for 

this investigation above a depth of 8 feet where the drilling method was switched to rotary wash, 

thereby precluding a reliable groundwater measurement.  However, drilling fluid was measured 

at depth of 42.5 feet (Elevation 375 feet), five days after temporarily stopped drilling NB23, 

prior to resuming drilling on January 2, 2008.  Wet soils were noted at a depth of about 24½ feet 

in a nearby hollow stem auger boring, NB22A, drilled near Station 408+00 for proposed 

retaining wall structures; however, at the completion of drilling to a depth of 30 feet, the boring 

was noted to be dry.  

None of the shallow “RB” borings completed for pavement design and completed using hollow 

stem auger methods encountered groundwater.  These borings were generally 10 to 15 feet in 

depth.  No groundwater springs or seeps were observed on or near the project alignment, and the 

stream channels crossed by the alignment flow only during the rainy season and shortly 

afterwards. 
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In our opinion, a design groundwater level at Elevation 376 feet would be appropriate for the 

site. 

3.3 GEOLOGIC HAZARDS 

3.3.1 Surface Fault Displacement and Ground Shaking 

The project alignment does not cross any Alquist-Priolo Earthquake Fault Zones; surface rupture 

due to faulting along the alignment, therefore, is not expected to occur.  However, the short 

distance to the Earthquake Fault Zones along the Calaveras, Verona Williams, Greenville and 

Hayward faults does create a high risk for ground shaking from fault movement.  The intensity 

of the ground shaking is dependent upon the size of the earthquake, the distance of the epicenter 

from the site, the direction that the earthquake propagates along the fault, and the site geologic 

conditions.   

3.3.2 Landslide and Slope Failure 

No landslides were noted in the vicinity of the Arroyo Del Valle creek crossing and a review of 

the U.S. Geological Survey landslide map for the Livermore quadrangle (Nilsen, 1975) does not 

show any other landslides. 

3.3.3 Scour 

The channel bottom and side slopes beneath the existing and proposed SR 84 bridge widening 

over Arroyo Mocho are reportedly lined with concrete based on the as-built plans for 

construction of the existing bridge.  The portion of the channel at the proposed access bridge 

crossing, however, is unlined.  Based on the project hydraulic analysis (Wreco 2008), we 

understand that total scour to a depth of 1.1 feet bgs is anticipated at the access bridge abutments.  

No potential scour is anticipated at the Arroyo Mocho Bridge widening as the channel bottom 

and slopes are concrete-lined.  We understand that recommendations for scour mitigation are 

provided in the project hydraulic report.  The executive summary section of Hydraulic Study 

Report by Wreco, dated May 2009 is attached to this report in Appendix C.  

3.3.4 Flooding 

With the exception of the active channels of Arroyo Del Valle and Arroyo Mocho, the project 

alignment is located outside of the 100-year flood zone as shown on the FEMA flood hazard 

zone maps (ABAG, 2007). 

3.3.5 Subsidence and Seismic Compaction 

Subsidence typically occurs as a result of subsurface fluid extraction (e.g. groundwater, 

petroleum) or compression of soft, geologically young sediments.  Groundwater extraction for 

high volume municipal and agricultural use has the potential to cause future ground subsidence 

in the region.  However, we are not aware of subsidence in the area and no active petroleum 

wells are present within many miles of the site (California Division of Oil, Gas, and Geothermal 

Resources, 2001).  
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Compaction settlement, or seismic densification, occurs when loose granular soils above the 

groundwater table increase in density as a result of earthquake shaking.  This soil densification 

can result in differential settlement because of variations in soil composition, thickness, and 

initial density.  With the exception of some loose to medium dense cohesionless soils 

encountered in the upper 20 feet in B-19, B-20, and NB24, the cohesionless materials are dense 

to very dense at the Arroyo Mocho crossing.  For design, we estimated the potential post-

earthquake settlement at borings NB23 and NB24, using the computer program LIQUEFY PRO.  

In our analyses we used a peak ground acceleration (PGA) of 0.5g and design earthquake 

moment magnitude (Mw) of 7.5.  The results of these studies indicated that the magnitude of 

seismic compaction settlement at abutments will be less than ¼ inch.  We believe that 

compaction settlement of the native soils due to seismic densification during strong ground 

shaking at bents to be nil. 

3.3.6 Liquefaction Potential 

Liquefaction is a phenomenon whereby sediments temporarily lose shear strength and collapse.  

This condition is caused by cyclic loading during earthquake shaking that generates high pore 

water pressures within the sediments.  The soil type most susceptible to liquefaction is loose, 

cohesionless, granular soil below the water table and within about 50 feet of the ground surface.  

Liquefaction can result in loss of foundation support and settlement of overlying structures, 

ground subsidence and translation due to lateral spreading, lurch cracking, and differential 

settlement of affected deposits.  Lateral spreading occurs when a layer liquefies at depth and 

causes horizontal movement or displacement of the overburden mass toward a free face such as a 

stream bank or excavation, or toward an open body of water. 

In a regional study of the nine-county San Francisco Bay region for the U.S. Geological Survey, 

Witter et al. (2006) mapped the liquefaction susceptibility of the soils along the project 

alignment.  The alluvium between Jack London Boulevard and Stanley Boulevard (Station 

401+00) is mapped as having “high” liquefaction susceptibility.  Between Stanley Boulevard and 

Arroyo Del Valle (Station 321+00) the alluvium is mapped as having “moderate” liquefaction 

susceptibility.  From Arroyo Del Valle extending south about 1,500 feet to Station 304+00, the 

alluvium is mapped as having “high” liquefaction susceptibility and south of this point to the 

southern end of the project alignment the soils are mapped as having “moderate” liquefaction 

susceptibility.  The historic channel deposits at both Arroyo Del Valle and Arroyo Mocho are 

mapped as having “very high” liquefaction susceptibility.  

Based on a review of the borings completed at Arroyo Mocho, several relatively thin 

discontinuous strata of loose to medium dense clayey and silty sand and sandy silt were 

encountered in the upper 20 feet in current Boring NB24 and in previous borings B-19 and B-20.  

These upper granular soils could be subject to liquefaction if saturated, however the depth to 

groundwater is likely at least 25 feet or greater based on the borings drilled in this area.  The 

granular soils encountered below a depth of 25 feet are mostly dense to very dense, and therefore 

the potential for liquefaction and lateral spreading of these materials to occur is considered to be 

low. 
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3.4 GEOLOGICAL PROFILES AND ENGINEERING PARAMETERS 

A generalized soil profile is presented as Figure 3-5 illustrating the layering of the various soil 

strata and summarizing the corresponding geotechnical parameters.  It should be noted that this 

profile was developed based on extrapolation of available data from the borings drilled for this 

investigation and, therefore, may differ from actual conditions.  Engineering soil parameters 

presented on the profile were selected from laboratory test results as well as engineering 

judgment and local experience. 

The undrained shear strength, relative density, dry unit weight and moisture content are the 

engineering soil parameters used in our foundation design and analysis.  Atterberg limits tests 

and particle analyses were performed for classification of soils.  In general, unconfined 

compression tests were performed on cohesive soil samples to estimate the undrained shear 

strength.  Some disturbance may occur while sampling cohesive soils; therefore unconfined 

compressive strengths in localized areas can be lower than the insitu field conditions.  

Consequently, engineering judgment and local experience were applied in our interpretation of 

the laboratory test results.  The relative density of cohesionless soils was estimated from vertical 

effective stress and Standard Penetration Resistance, N blows per 1 foot based on correlations 

developed by Gibbs and Holtz (DM7.1 – 87, 1986).  Where non-standard sampler sizes were 

used, such as the modified California sampler (2½ inch outside diameter), a correction factor was 

applied to the observed blows per 1 foot to estimate the Standard Penetration Resistance, N 

values. 
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4. Section 4 THR EE Corrosion and Scour Evalu ation 

4.1 CORROSION EVALUATION 

An assessment of the potential for corrosion of various buried foundation and pipe structures was 

performed by V& A Consulting Engineers (V&A).  The results of their investigation are 

presented in Appendix D.  The following paragraphs include their summary, conclusions, and 

recommendations. 

4.2 SUMMARY 

The objective of this investigation is to measure various soil parameters and evaluate the results 

with respect to possible levels of corrosion at proposed Arroyo Mocho Bridge (Widen) site.  

Corrosivity was determined for materials of the proposed project structure to depths ranging 

from 0 to 20 feet below grade. 

The California Department of Transportation, Division of Engineering Services, Materials 

Engineering and Testing Services, Corrosion Technology Branch has published “Corrosion 

Guidelines” (Guidelines) to define corrosive soil.  The Guidelines consider soil to be corrosive to 

structural elements (steel reinforced concrete) if one or more of the following conditions exist for 

water or soil samples: 

1) The chloride concentration is 500 ppm (mg/kg) or greater,  

2) The sulfate concentration is 2,000 mg/kg or greater, or  

3) The pH is 5.5 or less. 

A wide variety of soluble salts is typically found in soils.  Two soils having the same resistivity 

may have significantly different corrosion characteristics, depending on the specific ions 

available.  The major constituents that accelerate corrosion are chlorides, sulfates and the acidity 

(pH) of the soil.  Chloride ions tend to break down otherwise protective surface deposits, and can 

result in corrosion of reinforcing steel in concrete structures.  Sulfates in soil can be highly 

aggressive to portland cement concrete by combining chemically with certain constituents of the 

concrete, principally tricalcium aluminate.  This reaction is accompanied by expansion and 

eventual disruption of the concrete matrix.  High concentrations of bicarbonates tend to decrease 

soil resistivities.  Although bicarbonates are not aggressive to concrete, lower resistivity 

environments can promote corrosion activity. 

Acidity, as indicated by the pH value, is another important factor of soil.  The lower the pH (the 

more acidic the environment), the higher will be the corrosivity with respect to buried metallic 

and concrete structures.  As pH increases above 7 (the neutral value), conditions become 

increasingly more alkaline and passive to buried structures. 

Evaluation of the in-situ soil environment was made in terms of potential damage to structures 

due to corrosion.  Soil resistivity measurements were conducted in the field during the initial 

stages of the work.  In addition, soil samples collected by URS during the geotechnical 

investigation were forwarded to Cooper Testing Laboratory in Palo Alto, California for chemical 

analysis.  The soil samples were analyzed for minimum resistivity, pH, water soluble chloride 

ion concentration, and water soluble sulfate ion concentration in accordance with the Guidelines. 
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The results are summarized in the following table. 

Table 4-1:  Soil Corrosion Test Results Summary 

Sample ID Minimum 

Resisitivity 

(ohm-cm) 

pH Chloride 

Content (mg/kg) 

Sulfate Content 

(mg/kg) 

NB23, 2-4 5,347 8.4 2 <5 

NB23, 13-3 6,052 7.9 3 <5 

NB24, 2-X 14,478 9.1 <2 <5 

NB24, 13-4 1,978 7.8 7 <5 

 

As shown above, the pH of the soil samples analyzed ranged from 7.8 to 9.1.  The water soluble 

chloride ion concentration of the soil samples analyzed ranges from less than 2 milligrams per 

kilogram (mg/kg) to 7 mg/kg.  The water soluble sulfate ion concentration of the soil samples 

was below the minimum detection level of 5 mg/kg.  In addition, the minimum (saturated) 

resistivity of the four samples selected from the borings ranged from 1,978 ohm-cm to 14,478 

ohm-cm. 

No water was sampled at the Arroyo Mocho Bridge (widen) site since the streambed was dry at 

the time field resistivity readings were taken (May 2008).  The bridge structure is not located 

within 1,000 feet (300 meters) of salt or brackish water. 

4.3 CONCLUSIONS 

Soil samples were obtained for corrosion analysis at Boring Locations NB23 and NB24.  As 

shown in the preceding Table 4-1, the soil boring chemical analyses resulted in pH values higher 

than 5.5, soluble chloride concentrations less than 500 mg/kg and soluble sulfate concentrations 

less than 2,000 mg/kg.  Therefore, according to the Guidelines, the soil at the site is considered 

non-corrosive.  According to the Guidelines, no corrosion mitigation for steel piles is required 

for non-corrosive soil conditions.   

4.4 RECOMMENDATIONS 

4.4.1 Buried Reinforced Concrete Structures 

Buried concrete structures should be constructed of durable concrete as described in ACI 

Standards 201.2R and 222R.  These recommendations include, but are not limited to, the 

following: 

• The water/cement ratio should not exceed 0.50. 

• A concrete cover of a minimum of 2 inches should be applied over all steel reinforcement. 

• Sand and water used in concrete mixtures should contain a maximum of 100 ppm of water-

soluble chloride ions and water-soluble sulfate ions.  They should have a pH in the range of 

6.5 to 8.0.  Potable water should be used in concrete mixtures. 

• Type I-P (MS) modified or Type II modified cement should be used.  

• The concrete should be allowed to cure according to the manufacturer’s recommendations. 
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4.4.2 Steel Piles 

Based on the results of the corrosion analyses, the site is considered non-corrosive to steel piles 

and corrosion mitigation is not required.  Fill materials should be tested for corrosivity, and if 

they are found to be corrosive, then the recommendations in the Guidelines for steel piles in 

corrosive soil should be followed. 
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5. Section 5 FOUR  Seismic Dat a and Evaluation 

5.1 SEISMIC DESIGN METHODOLOGY AND RESOURCES 

The seismic design methodology adopted for this project is based on the following current 

Caltrans standards: 

• Seismic Design Criteria (SDC), v 1.4, June 2006 

• Guidelines for Foundation Investigations and Reports, v 2.0, dated March 2006 

• California Seismic Hazard Map (Mualchin, 1996) 

 

5.2 PEAK BEDROCK ACCELERATION 

The active faults close to the SR 84 alignment between Ruby Hill Drive and Jack London 

Boulevard are the Greenville, Calaveras, and Verona Williams faults.  The Greenville fault, 

Calaveras fault, and Verona Williams fault are designated with Maximum Credible Earthquake 

(MCE) magnitudes of 7.25, 7.5 and 6.0, respectively, by the California Seismic Hazard Map 

(Mualchin, 1996).  The locations of these faults and associated peak bedrock acceleration (PBA) 

contours were obtained from the California Seismic Hazard Map and transferred to a 

topographical map showing the SR 84 structure.  Three faults contribute the same level of 

ground shaking at the site (0.5g) even though the Verona Williams fault is closest to the site.  

The MCE, nevertheless, is the earthquake on the Calaveras fault since it potentially releases the 

highest energy (M=7.5).  The SR 84 alignment is roughly parallel to the Calaveras fault, and the 

distance from the site to the Calaveras fault is approximately 4.5 miles. 

Table 5-1:  Seismic Source Parameters 

Fault Type MCE 
Distance 

(miles) 

Near Field 

Effects? 

Design 

PBA (g) 

Calaveras strike-slip 7.5 4.5 Y 0.5 

Greenville strike-slip 7.25 5.2 Y 0.5 

Verona 

Williams 
Unknown 6 1.7 Y 0.5 

 

5.3 FAULT TYPE, NEAR-FIELD, AND SPECTRAL ACCELERATION INCREASES 

The technical report that accompanies the California Seismic Hazard Map (Mualchin, 1996) 

indicates that the controlling fault (Calaveras) has strike-slip displacement.  Therefore, in 

accordance with Caltrans design procedures referenced above, an increase in design spectral 

accelerations is not required for fault type.  However, since the project alignment is less than 

9.5 miles from the nearest active fault, design spectral accelerations should be modified to 

account for near-fault effects as follows: 
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Table 5-2:  Spectral Acceleration Increase for Near Field Effects 

Period (sec) Increase in Spectral Acceleration (%) 

< 0.5 0 

0.5 – 1.0 0 – 20 (determined by linear interpolation) 

 >1 20 

At the time of this study, no bridge structures with fundamental period of vibration greater than 

1.5 seconds are anticipated, and therefore no adjustments are required for long period effects. 

5.4 SOIL PROFILE TYPE AND DEPTH TO ROCK-LIKE MATERIALS 

Borings performed during this study for SR 84 between Ruby Hill Drive and Jack London 

Boulevard indicate a soil profile consisting of dense to very dense and stiff to hard alluvial 

deposits that extend to a depth of at least 100 feet.  Recorded SPT blow counts over the depth of 

exploration in the vicinity of the Arroyo Mocho creek crossing generally range from about 30 to 

over 100 blows per foot or more (uncorrected).  Although the maximum depth of our recent 

exploration did not extend much beyond 100 feet, the regional geology suggests the soils become 

stiffer and denser with increasing depth.   

The standard penetration resistance was used to classify the soil profile based on the guidelines 

given in SDC Table B.1.  No potentially liquefiable soils were identified based on the current 

information.  Accordingly, the project site is classified as Soil Profile Type D. 

5.5 DESIGN ACCELERATION RESPONSE SPECTRA 

Based on Caltrans SDC (Version 1.4), the design seismic response spectrum for the site can be 

estimated with spectral acceleration values generated by: 

• Soil Profile Type D 

• Maximum Credible Earthquake (MCE) Magnitude 7.25 ± 0.25  

• Peak bedrock acceleration 0.5 g 

• No ARS increase for fault-type or long period structure 

• ARS increase for near-field effect  

 

The Design Acceleration Response Spectrum (ARS) corresponding to Soil Profile Type D, 

magnitude of controlling event 7.25 + 0.25, and a PBA of 0.5 g were obtained from SDC 

Figure B.8 and modified to account for near field effects as described above.  Spectral values are 

provided in Table 5-3. 
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Table 5-3: Spectral Acceleration Values 

(PBA = 0.5 g, M = 7.5, Soil Type D) 

Soil Type D 
Period 

Sa (g) Sa* (g) 

0.010 0.50 0.50 

0.020 0.50 0.50 

0.030 0.50 0.50 

0.050 0.50 0.50 

0.075 0.72 0.72 

0.100 0.92 0.92 

0.120 1.04 1.04 

0.150 1.16 1.16 

0.170 1.21 1.21 

0.200 1.26 1.26 

0.240 1.27 1.27 

0.300 1.25 1.25 

0.400 1.19 1.19 

0.500 1.12 1.12 

0.750 0.94 1.04 

1.000 0.77 0.93 

1.500 0.48 0.58 

2.000 0.32 0.39 

3.000 0.17 0.20 

4.000 0.11 0.13 

*Modified for near-field effects  
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6. Section 6 F IVE As-Built 

6.1 AS-BUILT FOUNDATION DATA 

Based on as-built plans from Caltrans dated May 1999 and approved in October 2002, the Isabel 

Avenue Bridge over Arroyo Mocho is a three-span reinforced concrete slab bridge supported at 

abutments on the south and north ends (Abut 1 and Abut 4) and two middle piers (Pier 2 and 

Pier 3).  The abutments and piers are supported on driven steel H-piles.  The table below presents 

a summary of the design capacities and bottom of pile cap elevations: 

Table 6-1:   As-built Pile Data Table, Arroyo Mocho Bridge 

Location Pile Type 

Bottom 

of Pile 

Cap 

(feet)* 

Design 

Loading 

(Service) 

(tons) 

Nominal 

Resistance 

Compression 

(tons) 

Nominal 

Resistance 

Tension 

(tons) 

Design 

Tip 

Elevation 

(feet)* 

Specified 

Tip 

Elevation 

(feet)* 

Abut 1 HP 10x57 411.4 40 80 0 
380.0 (1) 

401.0 (2) 
380.0 

Pier 2 HP 10x57 385.8 70 140 0 
327.5 (1) 

375.0 (2) 
327.5 

Pier 3 HP 10x57 385.8 70 140 0 
327.5 (1) 

375.0 (2) 
327.5 

Abut 4 HP 10x57 411.4 40 80 0 
380.0 (1) 

401.0 (2) 
380.0 

Design tip elevation is controlled by the following demands: 

(1) Compression, (2) Tension 

* Elevation converted from NGVD29 datum shown on as-built plans to NGVD88 datum 

 

Based on the as-built plans, piles were driven to an average tip elevation, converted to NGVD88 

datum, of 378.2 feet at Abutment 1 and 378.4 feet at Abutment 4; average tip elevations were not 

provided on the as-built plans for piles at Piers 2 or 3. 

The as-built plans also indicate that the channel beneath the bridge is lined with reinforced 

concrete having side slopes between each abutment and outside of adjacent pier of 2.5:1 

(horizontal:vertical) and finish grade at Elevation 404.5 feet (converted to NGVD88 datum).  

Concrete lining is approximately 8 inches thick at the channel bottom and 6 inches thick along 

slope with reinforcement.  Available as-built plans for the bridge and channel lining details are 

provided in Appendix E.    

The geotechnical design report prepared by others for the existing bridge indicates a design scour 

depth to Elevation 386.0 feet, assuming that the channel bottom was unlined.  The bottom of pile 

cap elevations presented in the table above appear to be based on the presumption that the 

channel bottom would not be protected from scour.  
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7. Section 7 SIX Discussion  and R eco mmend ations 

7.1 DISCUSSION 

The proposed bridge is underlain predominantly by very dense sands and gravels embedded with 

occasional lenses of silty and clayey deposits. 

The principal geotechnical issues at the site are: 

• Selection of the type and depth of foundation that will be compatible with the underlying 

soils; and 

• Settlement of underlying soils due to new structural dead and live loads. 

 

Based on the available subsurface data, an H-pile foundation system is appropriate for the 

proposed bridge widening.  Furthermore, we believe that installation of H-piles in gravel and 

cobbles will be less problematic than that for larger diameter steel pipe or CISS piles. 

The following sections present the geotechnical design parameters for driven steel H-piles that 

are consistent with the LRFD design procedure adopted by Caltrans. 

7.2 PILE DESIGN CAPACITY AND TIP ELEVATIOIN 

7.2.1 Axial Pile Capacity Analysis 

We understand that the Structural Engineer has elected to use 10x57 steel H-piles for support of 

the proposed bridge widening to match the existing bridge foundations.  Current Caltrans 

practice is to design abutments in accordance with Working Stress Design (WSD) methodology 

and piers in accordance with the Load and Resistant Factor Design (LRFD).  Table 7-1 presents 

a summary of the foundation design data provided by the Structural Engineer.  

Table 7-1:  Foundation Design Data for Arroyo Mocho Bridge (Widen) 

Location 
Design 

Method 

Pile 

Type 

Finished 

Grade 

Elevation 

(ft) 

Cut-off 

Elevation 

(ft) 

Pile Cap 

Size (ft) 

Permissible 

Settlement 

under 

Service 

Load (in) 

No. of 

Piles per 

Support 

Abut 1 WSD HP 

10x57 

416.00 411.87 2.5 70.58 1 13 

Pier 2 LRFD HP 

10x57 

406.00 386.27 2.5 70.58 1 16 

Pier 3 LRFD HP 

10x57 

404.00 386.27 2.5 70.58 1 16 

Abut 4 WSD HP 

10x57 

417.00 411.87 2.5 70.58 1 13 
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Based on the Foundation design data provided above, bottom of pile cap elevations are to match 

those of the existing bridge pile caps as shown in Table 6-1.  The design loading conditions and 

nominal resistance are developed in accordance with the LRFD approach.  Loads from LRFD 

Service-I Limit State are used as design loads for WSD at abutments.  Table 7-2 presents the 

design loads.  

Table 7-2:  Foundation Design Loads for Arroyo Mocho Bridge (Widen) 

Service Limit State (kips) 
Strength Limit State 

(Controlling Group, kips) 

Extreme Limit State 

(Controlling Group, kips) 

Total Load Compression Tension Compression Tension 
Location 

Per 

Support 

Max 

per 

Pile 

Per 

Support 

Per 

Support 

Max 

per 

Pile 

Per 

Support 

Max 

per 

Pile 

Per 

Support 

Max 

per 

Pile 

Per 

Support 

Max 

per 

Pile 

Abut 1 950 75 650 N/A N/A N/A  N/A N/A N/A N/A N/A 

Pier 2 2,010 135 1,615 2,715 200 0 0 1,615 101 0 0 

Pier 3 2,010 135 1,615 2,715 200 0 0 1,615 101 0 0 

Abut 4 950 75 650 N/A N/A N/A N/A N/A N/A N/A N/A 

 

The specified tip elevations presented in the following “Pile Data Table” (Table 7-3) are based 

on frictional and end-bearing resistance developed in the subgrade soils that underlie the site.   

Table 7-3:  Pile Data Table for Arroyo Mocho Bridge (Widen) 

Nominal Resistance 

(kips) 
Location Pile Type 

Compression Tension 

Design Tip 

Elevation 

(ft) 

Specified 

Tip 

Elevation 

(ft) 

Nominal 

Driving 

Resistance 

(kips) 

Abut 1 HP 10x57 150 0 
377.0 (a) 

390.0 (b) 
377.0 150 

Pier 2 HP 10x57 290 0  
331.0 (a) 

360.0 (b) 
331.0 290 

Pier 3 HP 10x57 290 0  
331.0 (a) 

360.0 (b) 
331.0 290 

Abut 4 HP 10x57 150 0 
377.0 (a) 

390.0 (b) 
377.0 150 

Design tip elevation is based on the following demands: 

(a) Compression, (b) Lateral 

 

The results of our axial pile capacity analysis, which form the basis for the design tip elevations 

provided above, are presented in Appendix F.  No group reduction factor needs to be applied to 

single pile compression load capacities presented above, provided a center-to-center spacing of 

at least three pile diameters is used.  
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7.2.2 Lateral Load Capacity 

The driven pile foundations are capable of resisting lateral loads.  Resistance to lateral loads can 

be developed by bending of the pile and by pile-soil interaction.  The magnitude of the lateral 

load resistance that can develop depends upon several factors such as the pile size, the physical 

properties of the surrounding soils, the structural design of the pile, and the direction of loading 

(strong or weak axis).  We used LPILE 4.0 (Reese et al., October 2000) to assist in estimating the 

lateral load resistance of HP 10x57 steel piles.   

Output files for laterally loaded piles at the abutments and bents are presented in Appendix G 

and include deflection versus depth, bending moment versus depth, shear versus depth, and total 

stress versus depth.  Charts showing load versus deflection for free and fixed head condition and 

bending across the weak axis for piles at the abutments and piers are presented in Appendix G as 

Figures G-1 and G-2.   

Based on the foundation plan provided, it appears that piles will be installed in single row; 

therefore, no reduction would be required to the group efficiency provided that a minimum three 

pile widths spacing is used between piles.   

If additional lateral capacity is needed beyond the lateral load capacity of the piles, passive 

resistance against the abutment walls can be utilized.  For abutments, Caltrans limits the soil 

resistance at the back wall to a 5.5 feet wall height and a maximum uniform soil pressure of 

5,000 pounds per square foot.  For wall heights less than 5.5 feet, the average unit pressure 

should be reduced linearly in proportion to the height.  The recommended values presented 

above are ultimate values, and should be used with an appropriate factor of safety.   

7.3 PILE INSTALLATION 

All piles should be installed under the direct observation of the Geotechnical Engineer and in 

accordance with Section 49 of the Caltrans Standard Specifications, Piling.  Specific additions 

and modifications to these requirements are discussed below. 

The Contractor should submit evidence of compatibility of the proposed pile hammer with the 

pile type (10x57 steel H-piles) and soil conditions at the site.  The Contractor’s hammer 

submittal should include, as a minimum, a dynamic analysis of the pile driving system that is 

based on wave equation analysis using computer programs such as WEAP.  Acceptance criteria 

for driven piles should follow Caltrans Standard Specifications Section 49-1.08, Bearing Value 

and Penetration.  Driven piles reaching refusal within 5 feet of the specified tip elevation and 

meeting the acceptance criteria may be cut-off above the tip elevation required by the 

compression loads.  This assumes that the design lateral load tip elevations have been reached 

(see Pile Data Table 7-3). Preliminarily, we recommend that the refusal criteria be two times the 

minimum required blowcount.  However, refusal criteria will be defined later based on the pile 

driving system proposed by the Contractor.   

7.4 APPROACH EMBANKMENT SETTLEMENT 

Based on the plans provided it appears that new fill at the access bridge approach will be less 

than 2 feet; we estimate the corresponding settlement to be less than ⅛ inch.  The settlement will 
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predominantly be immediate and should occur during fill placement; long-term consolidation 

settlement should be negligible. 

7.5 SLOPE STABILITY 

Based on the as-built plans and consistent with Caltrans standards, the inclination of concrete 

slope paving along the channel slopes at the Arroyo Mocho Bridge are flatter than 2:1 

(horizontal:vertical).  The embankment soils consist primarily of medium dense to very dense 

silty and clayey sands and gravels with interbeds of very stiff lean clay, which in our opinion, are 

sufficiently strong to support the embankment slopes at this inclination.  Based on our analyses, 

the computed minimum (critical) factor of safety at both abutments is slightly higher than 2.  In 

addition, because liquefaction potential at this location is considered to be low, we believe that 

potential for lateral spreading at this site is also low.    

7.6 APPROACH FILL EARTHWORK 

All earthwork should be completed in accordance with the applicable sections of the Caltrans 

Standard Specifications and as described in URS’ companion Geotechnical Design and Materials 

Report for the SR 84 Expressway Widening project. 

7.7 APPROACH FILLS AND ABUTMENT EXCAVATION 

Expansive soil materials should not be placed as part of the embankment within the limits of the 

abutments for the full width of the embankment.  Expansive soil materials for this requirement 

are defined as having either an Expansion Index (EI) greater than 50 (EI to be determined in 

accordance with ASTM D 4829), or a Sand Equivalent (SE) less than 20 (SE to be determined in 

accordance with California Test 217).  This requirement is exclusive of the structure backfill and 

pervious backfill requirements as shown on the plans and set forth under Sections 19-3.06 and 

19-3.065, respectively, in the Standard Specifications (Caltrans, 2006).  Refer to Figure 7-1 for 

the minimum limits for non-expansive soils within an embankment near a bridge. 

Footing/pile cap areas should be excavated as required to bring those areas to their finish 

subgrade elevations.  All loose soil should be removed prior to footing construction.  We do not 

anticipate that groundwater will be encountered in abutment and center piers pilecap footing 

excavations; therefore, we recommend all excavations be classified as Structure Excavations 

(Bridge) in accordance with Section 11 of Bridge Design Aids, March 2005. 
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8. Section 8 SEVEN  Constru ction Con sid eration s 

8.1 TEMPORARY CONSTRUCTION EXCAVATION 

We anticipate that excavation into the native soils for construction of the abutments and bents 

will result in temporary near vertical unsupported soil faces as high as about 6 to 18 feet.  Safety 

standards set by OSHA limit the height of unshored vertical excavations to 5 feet if construction 

personnel will be working in the excavations.  The set of guidelines published by OSHA 

(Department of Labor, Occupational Safety and Health Administration, 1989), classifies soils in 

detail as Type A, B, or C.  In general, Type A soils are stronger and more cohesive, Type B soils 

are intermediate, and Type C soils are weaker or more granular.  Based on the soil type, depth, 

duration the excavation is open, and sequence of soils exposed in the excavation, OSHA 

recommends maximum allowable slopes.  For example, for excavations 20 feet or less in depth 

through homogeneous soils, they state that maximum allowable slopes (horizontal to vertical) 

should be ¾:1, 1:1, and 1½:1 for Type A, B, and C soils, respectively.  Based on the granular 

nature of the soils encountered in our recent borings, the soils at the abutments and bents are 

considered to be OSHA Type C.   

The guidelines provided by OSHA are for trench excavations; they state that there is uncertainty 

as to when and to what degree an employer must slope, shore, or otherwise protect employees in 

a “non-trench” excavation.  In consideration of these factors, we recommend that temporary cut 

slopes in the existing embankment and at piers not exceed 1½:1 during construction.   

For locations where excavation with sloping sides is not viable because of space limitations or in 

areas where temporary slopes steeper than 1½:1 are planned, shoring will be required.  The 

Contractor should retain an experienced Registered Civil Engineer to design the shoring system.   

8.2 CONSTRUCTION DEWATERING 

The bottom of pile cap for the center piers is planned at Elevation 385.86 feet.  Free groundwater 

was reportedly measured in a nearby piezometer in 1997 following prolonged rains at Elevation 

376 feet.  Assuming that construction is performed during periods of low flow in the channel, it 

appears unlikely that free groundwater will be encountered in excavations for the center piers or 

abutment pile caps.  We anticipate that any water that accumulates in the excavations could be 

removed using standard sumping methods. 

8.3  PILE CUT-OFF 

When driven piles develop the required compressive capacities before reaching the specified tip 

elevation, the Contractor may be given the option, with the Geotechnical Engineer’s approval, to 

stop driving and cut-off the piles.  Pile cut-off should be approved only if the piles have satisfied 

the lateral demand requirements and the structural capacity has not been compromised.  

8.4 EFFECTS OF CONSTRUCTION WORK ON ADJACENT STRUCTURES 

Efforts should be made to minimize effects of construction work on adjacent structures.  These 

situations may result from pile-driving vibration and settlement due to dewatering of excavation. 

A monitoring program may be required for pile driving at, or adjacent to, existing structures that 



SECTIONSECTIONSECTIONSECTIONEIGHT Construction Considerations 

 X:\ROUTE 84 - ISABEL AVENUE\GEOTECH\REPORTS\ARROYO_MOCHO\ARROYO MOCHO WIDEN_REV 09 01 10.DOC 8-2 

are susceptible to damage or sensitive to noise and/or vibration to assure a presumptive threshold 

will not be exceeded.  
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9. Section 9 EIGHT  Limit ations 

The opinions, conclusions and recommendations presented in this Foundation Report are based 

on information obtained from new and previous explorations made at widely separated locations, 

site reconnaissance, review of available historic data, and upon local experience and engineering 

judgment.  

The recommendations presented in this report are based on the assumption that the soil and 

geologic conditions do not deviate substantially from those encountered in the exploratory 

borings.  If any variations are encountered during construction, URS should be contacted so that 

supplementary recommendations can be made. 

If the planned construction is changed from that presently conceived, URS should be retained to 

review the changes and make modifications to the original recommendations represented in this 

report in order to meet the project needs. 

The Geotechnical Engineer should review the final specifications and drawings to verify that 

these documents are consistent with the intent of the geotechnical recommendations.  

Geotechnical issues may arise which are not apparent at this time.  URS should be retained 

during construction to review the soil conditions encountered and the construction procedures.  

All earthwork, pile installation and testing should be completed under the direct observation of a 

representative of our firm. 

Specific review and investigation for environmental issues and subsurface environmental 

contamination were beyond the scope of our services.  

The elevations shown on the new LOTBs are based on interpolation from spot and contour 

elevations shown on available topographic maps. 

The opinions and recommendations presented in this Foundation Report were developed with the 

standard of care commonly used as state of the practice in the profession.  No other warranties 

are included, either express or implied, as to the professional advice provided in this report. 
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SOIL LEGEND

Weak

Moderate

Strong

Criteria

CEMENTATION

Description

Will not crumble or break with finger 

pressure.

Crumbles or breaks with considerable 

finger pressure.

Crumbles or breaks with handling or 

little finger pressure.

CONSISTENCY OF COHESIVE SOILS

Field Approximation

Readily indented by thumbnail

1 to 2

2 to 4

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

< 0.25

0.25 to 0.50

0.50 to 1.0

> 4.0

1 to 2

2 to 4

< 0.25

0.25 to 0.50

0.50 to 1.0

> 4.0

< 0.12

0.12 to 0.25

0.25 to 0.50

> 2.0

0.50 to 1.0

1.0 to 2.0

Description

Unconfined

Compressive

Strength (tsf)

Pocket

Penetrometer

Measurement (tsf)

Torvane

Measurement (tsf)

Readily indented by thumb but 

penetrated only with great effort

Indented by thumbnail with 

difficulty

Easily penetrated several inches 

by fist

Easily penetrated several inches 

by thumb

Penetrated several inches by 

thumb with moderate effort

Size

Size

S
iz

e
S

iz
e

PLASTICITY OF FINE-GRAINED SOILS

A 1/8-inch thread cannot be rolled at any water content.Nonplastic

Low

Medium

High

CriteriaDescription

The thread can barely be rolled and the lump cannot be formed when drier than the 

plastic limit.

The thread is easy to roll and not much time is required to reach the plastic limit. 

The thread cannot be rerolled after reaching the plastic limit. The lump crumbles 

when drier than the plastic limit.

It takes considerable time rolling and kneading to reach the plastic limit. The thread 

can be rerolled several times after reaching the plastic limit. The lump can be formed 

without crumbling when drier than the plastic limit.

UUM UW

i

ROTARY BORING

Description of material

Hole I.D.

3"

Field & Lab Tests

Material change

Estimated material change

Soil/Rock boundary

SPT N-Value

(per ASTM 1586-99),

P = push sample,

or as noted

Casing driven

Top Hole El.

L
o
c
a
ti

o
n
 

16 1.4

Date measured

Elev.       GWS

Boring Date

Hammer Energy Ratio (ER ) =   %

Top Hole El.

P

60

500

(S)

(S)

Date measured

30

P

GWS Elev. 

L
o
c
a
ti

o
n
 

Hole I.D.

1"

Pulled Pipe

Ground water
surface

materials

Sample

taken

Description of 

Refusal

Boring Date

HAND BORING

GWS

NC

P

2

4

4

6

10

37

17

56

91

58

65

60

43

113

154

L
o
c
a
ti

o
n
 

Top Hole El.

Elev.

100

180/
0-
9

200

Date measured

Hole I.D.

DYNAMIC CONE PENETRATION BORING

Pushed

Boring Date

No count recorded

CONE PENETRATION TEST (CPT) SOUNDING

2

on tip element

Hole I.D.

L
o
c
a
ti

o
n
 

Top Hole El.

Boring Date

Friction Ratio (%) Tip Bearing (MPa)

0246 302010

2

Pressure measured

along sleeve friction

element (34.88 in

area) divided by 

pressure measured

on tip element.

Pressure measured

(2.33 in  area)

Dynamic Cone Penetration Boring

Auger Boring

Rotary drilled boring 

Rotary percussion boring (air)

Rotary drilled diamond core

Other

Cone Penetration Test (ASTM D 5778-95)

Hand driven (1-inch soil tube)

Hand Auger

Note: Size in inches.

Symbol Description

R 

P

A 

D

R

CPT

HD 

HA

O

Hole

Type

BOREHOLE IDENTIFICATION

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

Terminated at Elev
Terminated at Elev

Blows per 12"

(Using 28 lb hand 

hammer with a 12"

drop or as noted) Driving rate in

seconds per 12"

(using a Stanley

MB 156 percussion

hammer and a 2.2"

cone, or as noted)

Size of Sampler 

(inches)
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REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

SOIL LEGEND

ORGANIC SOIL

ORGANIC SOIL with SAND

ORGANIC SOIL with GRAVEL

SANDY ORGANIC SOIL

SANDY ORGANIC SOIL with GRAVEL

GRAVELLY ORGANIC SOIL

GRAVELLY ORGANIC SOIL with SAND

SILTY CLAY

SILTY CLAY with SAND

SILTY CLAY with GRAVEL

SANDY SILTY CLAY

SANDY SILTY CLAY with GRAVEL

GRAVELLY SILTY CLAY

GRAVELLY SILTY CLAY with SAND

SILT with SAND

SILT with GRAVEL

SANDY SILT

SANDY SILT with GRAVEL

Group Names Group Names

GROUP SYMBOLS AND NAMES

GRAVELLY SILT

GRAVELLY SILT with SAND

SILT

ORGANIC SILT with SAND

ORGANIC SILT with GRAVEL

SANDY ORGANIC SILT

SANDY ORGANIC SILT with GRAVEL

GRAVELLY ORGANIC SILT

GRAVELLY ORGANIC SILT with SAND

ORGANIC SILT

COBBLES and BOULDERS

BOULDERS

SAND (or SILTY CLAY and SAND)

(or SILTY CLAY and SAND)

SILTY GRAVEL

CLAYEY GRAVEL

SILTY, CLAYEY GRAVEL

SILTY SAND

CLAYEY SAND

PEAT

SILTY, CLAYEY SAND

(or SILTY CLAY)

(or SILTY CLAY)

SILTY, CLAYEY SAND with GRAVEL

CLAYEY SAND with GRAVEL

SILTY SAND with GRAVEL

GRAVEL (or SILTY CLAY and GRAVEL)

(or SILTY CLAY)

(or SILTY CLAY and GRAVEL)

COBBLES

SILTY, CLAYEY GRAVEL with SAND

CLAYEY GRAVEL with SAND

SILTY GRAVEL with SAND

(or SILTY CLAY)

SM

SC

GW

GW-GM

PT

SC-SM

GW-GC

GP-GM

GP-GC

GM

GC

GP

GC-GM

SP-SC

SW

SP

SW-SM

SW-SC

SP-SM

Graphic/Symbol

OL

OL

CH

MH

OH

OL/OH

OH

CL

CL-ML

ML

Graphic/Symbol

SANDY lean CLAY with GRAVEL

SANDY lean CLAY

GRAVELLY lean CLAY with SAND

SANDY ORGANIC lean CLAY with GRAVEL

GRAVELLY ORGANIC lean CLAY

GRAVELLY ORGANIC lean CLAY with SAND

GRAVELLY lean CLAY

ORGANIC lean CLAY

ORGANIC lean CLAY with SAND

ORGANIC lean CLAY with GRAVEL

SANDY ORGANIC lean CLAY

SANDY ORGANIC fat CLAY

SANDY ORGANIC fat CLAY with GRAVEL

GRAVELLY ORGANIC fat CLAY

GRAVELLY ORGANIC fat CLAY with SAND

SANDY fat CLAY

SANDY fat CLAY with GRAVEL

GRAVELLY fat CLAY

GRAVELLY fat CLAY with SAND

ORGANIC fat CLAY

ORGANIC fat CLAY with SAND

ORGANIC fat CLAY with GRAVEL

ORGANIC elastic SILT with SAND

ORGANIC elastic SILT with GRAVEL

SANDY ORGANIC elastic SILT

SANDY ORGANIC elastic SILT with GRAVEL

GRAVELLY ORGANIC elastic SILT

GRAVELLY ORGANIC elastic SILT with SAND

ORGANIC elastic SILT

SANDY elastic SILT

GRAVELLY elastic SILT with SAND

SANDY elastic SILT with GRAVEL

GRAVELLY elastic SILT

Well-graded GRAVEL with CLAY and SAND

Well-graded GRAVEL with SILT and SAND

Well-graded GRAVEL with SILT

Well-graded SAND

Well-graded SAND with SILT

Well-graded GRAVEL with CLAY

Well-graded GRAVEL

Well-graded SAND with SILT and GRAVEL

Well-graded SAND with CLAY and GRAVEL

Well-graded GRAVEL with SAND

Well-graded SAND with GRAVEL

Well-graded SAND with CLAY

Poorly graded GRAVEL with SAND

Poorly graded GRAVEL with CLAY and

Poorly graded GRAVEL

Poorly graded GRAVEL with SILT and SAND

Poorly graded GRAVEL with SILT

Poorly graded SAND

Poorly graded SAND with SILT

Poorly graded SAND with CLAY

Poorly graded SAND with CLAY and

Poorly graded SAND with SILT and GRAVEL

Poorly graded SAND with GRAVEL

Poorly graded GRAVEL with CLAY

Lean CLAY

Lean CLAY with GRAVEL

Lean CLAY with SAND

Fat CLAY

Fat CLAY with SAND

Fat CLAY with GRAVEL

Elastic SILT with SAND

Elastic SILT with GRAVEL

Elastic SILT

PERCENT OR PROPORTION OF SOILS

MOISTURE

APPARENT DENSITY OF COHESIONLESS SOILS

PARTICLE SIZE

Description

Very loose

Loose

Medium Dense

Dense

Very Dense

Criteria

Damp but no visible water

Description

Dry

Moist

Wet

Absence of moisture, dusty, dry to the 

touch

Visible free water, usually soil is 

below water table

Criteria

5 to 10%

15 to 25%

30 to 45%

50 to 100%

Trace

Few

Little

Some

Mostly

Description

Particles are present but estimated to 

be less than 5%

Size

Boulder

Cobble

Gravel

Sand

Description

Coarse

Fine

Coarse

Medium

Fine

No. 10 to No. 4

No. 40 to No. 10

No. 200 to No. 40

60

0 - 4

5 - 10

11 - 30

31 - 50

   > 50

CP

C

UU

CU

CR

EI

UC

PI

Pocket PenetrometerPP

TV

M

OC

SE

UW

VS

DS

SG

PL

SL

CL

R

SW

PA

P

PM Pressure Meter

Pocket Torvane

FIELD AND LABORATORY

TESTING

Consolidation (ASTM D 2435)

Collapse Potential (ASTM D 5333)

Compaction Curve (CTM 216)

Corrosivity Testing 

(CTM 643, CTM 422, CTM 417)

Consolidated Undrained 

Triaxial (ASTM D 4767)

Direct Shear (ASTM D 3080)

Expansion Index (ASTM D 4829)

Moisture Content (ASTM D 2216)

Organic Content-% (ASTM D 2974)

Permeability (CTM 220)

Particle Size Analysis (ASTM D 422) 

Plasticity Index (AASHTO T 90) 

Liquid Limit (AASHTO T 89)

Point Load Index (ASTM D 5731)

R-Value (CTM 301)

Sand Equivalent (CTM 217)

Specific Gravity (AASHTO T 100)

Shrinkage Limit (ASTM D 427)

Swell Potential (ASTM D 4546)

Unconfined Compression-Soil

(ASTM D 2166)

Unconfined Compression-Rock

(ASTM D 2938)

Unconsolidated Undrained 

Triaxial (ASTM D 2850)

Unit Weight (ASTM D 4767)

Vane Shear (AASHTO T 223)

> 12"

No. 4 to 3/4"

SPT N   (Blows / 12 inches)

3/4" to 3"

3" to 12"

33-0713
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B19
4-7/8"

B20

Stephen Huang

C 42289
03/31/12

CLAYEY GRAVEL with SAND (GC); medium dense; grayish brown;

GRAVELLY SILT (ML); brown.
6 inches Aggregate.

CLAYEY SAND with GRAVEL (SC); dense to very dense; brown;
moist.

Cobbles.

CLAYEY SAND with GRAVEL (SC); medium dense; dark grayish
brown; moist to wet.

Lean CLAY (CL); stiff; dark brown; moist; trace fine GRAVEL.

CLAYEY SAND with GRAVEL (SC); very dense; dark brown; moist.

At 11 ft, with coarse sand.

CLAYEY SAND with GRAVEL (SC); dense; brown.

Lean CLAY (CL); stiff; light brown; moist.

SILTY, CLAYEY SAND with GRAVEL (SC-SM); very dense; grayish
brown.

At 50 ft, becomes dense.

At 52 ft, with less gravel.

At 65 ft, with sand lenses.

SILTY GRAVEL with SAND (GM); very dense; brown.

At 82 ft, with some sand.

SANDY lean CLAY with GRAVEL (CL); very stiff; reddish brown;
moist.

CLAYEY SAND with GRAVEL (SC); very dense; brown.

6 inches Aggregate.

SANDY SILT (ML); medium stiff; dark brown; moist; trace fine
GRAVEL.

cobbles up to 6 inches.

CLAYEY SAND with GRAVEL (SC); medium dense; dark brown;
moist.

moist.

At 20 ft, becomes dense.

At 25 ft, becomes very dense.

At 27 ft, with some gravel layers upto 6 inches thick.

Lean CLAY (CL); hard; dark brown; moist; trace coarse SAND.

CLAYEY SAND with GRAVEL (SC); very dense; brown with gray
mottling; moist.

At 48 ft, with decrease in gravel content.

Lean CLAY (CL); hard; dark brown; moist; trace GRAVEL.

At 55 ft, becomes very stiff.

CLAYEY GRAVEL (GC); brown.

Lean CLAY (CL); stiff; dark brown; moist.

At 65 ft, becomes hard.

At 70 ft, becomes stiff.

SILTY SAND (SM); dense; dark brown; moist.

At 72 ft, with gravel.

Lean CLAY with SAND (CL); dark brown.

Poorly graded SAND with SILT (SP-SM); very dense; dark brown;
moist; trace fine GRAVEL.

Lean CLAY (CL); stiff; dark brown; moist.

At 85 ft, becomes very stiff.

At 90 ft, becomes hard.

At 100 ft, becomes light brown.

PROFILE
HOR. 1"=50’

VER. 1"=20’

E. Garnica

M. Thummaluru
C. Rambo

FIGURE 3-4c

NOTE: 

1. This LOTB sheet was prepared in 

accordance with the Caltrans Soil and

Rock Logging, Classification, and

Presentation Manual (JUNE 2007)

2. Drilling fluid was measured at

EL. 374.5 feet in NB23, 5 days

after temporyily stopped drilling.

3. Design groundwater level at  

El. 376 feet.Sta "A3" 413+63 

94.8’ Lt

Sta "A3" 415+19 

155.2’ Lt

Groundwater level was not measured
Dry to 8 feet at time of drillling

BENCH MARK:

B.M Elev. 415.27

Northing: 2063428.6750

Easting: 6181960.7750

2 1/2 " brass disk set in concrete in well monument stamped

"+", at the intersection of Vineyard Avenue and Ruby Hill Drive

15 16

SILTY CLAY (CL-ML); stiff; light brown.

Lean CLAY (CL); stiff; brown; moist; trace GRAVEL.

Lean CLAY (CL); very stiff; brown; moist.
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2. Structure Design produced the data presented in the table below. 

   The data are the metric locations for the As-Built Test Borings 

   referenced to the proposed new structure location. This table is 

   presented on the As-Built Log of Test Boring sheet for the 

   convenience of any bidder, contractor or other interested party.

22.9/27.1

Boring Station

412+45B-18

B-19 414+00

04 84

3/9/09

ARROYO MOCHO BRIDGE (WIDEN)

B-20 415+00

11.5 ft. Lt

Notes:

Revisions made to this Log of Test Borings from the 

original ____ Log of Test Borings are the addition 

of the following table and notes:

03/31/12

1. See the plans dated May 11, 1999 for stationing. 

For example I Line Sta 136+62 (Metric) = A3 Line Sta 448+23 (English).

19.0 ft. Lt

23.0 ft. Lt

Offset from A3 Line (84)

MILE POST-TOTAL PROJECT

FIGURE 3-4d

15 15





EXPANSIVE SOIL EXCLUSION
 

ZONE IN
 

BRIDGE EMBANKMENT

NO SCALE

Low Expansion Material

EI < 50

Abutment

"d""d""H"

0

1

1

Original Ground

Finished  Grade

Finished Grade

Road Structural Section

SE > 20

 EXPANSIVE SOIL EXCLUSION ZONE DETAIL 

Structure approach 

EI = Expansion Index

SE = Sand Equivalent

08/19/09 Figure

Route 84 Expressway

Improvements

Livermore, California

1ft.

8ft. min

<16ft. 4ft.

16ft.

7-1
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Page  1 of  2 

STATE OF CALIFORNIA • DEPARTMENT OF TRANSPORTATION 
DIVISION OF ENGINEERING SERVICES • OFFICE OF SPECIAL FUNDED PROJECTS 

Comments   
 (DRAFT REVISION 01/2008) 

  

Structure: Rte 84 Express Way Widening Route: 84   

Bridge No: 33-0710, 33-0711, Arroyo Del Valle Trail 
Bridge, Arroyo Mocho Access Bridge and 
Retaining wall No. 400N, 400S AND 246. 

EA: 297601 Liaison: Overcomer Hor 

District 04 Reviewer: Mahmood 
Momenzadeh 

Reviewed 

Date: 

June 2,2008 

Review Level:  Type Selection Pack. Consultant URS Response 
Date: 

January 12, 2009 

 
 

ABBREVIATIONS: BDA Bridge Design Aids IPG OSFP Information and Procedures Guide SDC Seismic Design Criteria 
 BDD Bridge Design Details MTD Memo to Designers SDS Suctural Detailing Standards 
 GP    General Plan       

Item Comment Response Notes 
 

 Structure Type Selection Report   

1 All shallow and deep pile support foundations for bridge should be 
designed based on LRFD.  Refer to Memo to Designers 3-1 for 
deep foundations and 4-1 for spread footings. 

Will comply.  

2 Settlement calculations should be included for the shallow footing 
support abutments located within clay. 

Will comply.  

3 Lateral condition bearing capacity of shallow footing should be 
addressed. 

Will include estimate of passive resistance and discuss 
applicability in the shallow footing design. 

 

4 Do the shallow footing of bents who are within clay layer should be 
deepened? 

Bent support has been revised to deep pile foundation to 
address erosion issues and support of shallow footing in fine 
grained soils such as clays. 

 

5 In the tieback walls, looks like the soldier beam embedment depth is 
too shallow, could you please clarify. 

The planned tieback wall system uses continuous horizontal 
support elements (soldier pileless wall) based on Bridge 
Design Specifications, Section 5, Figure 5.8.1-2b.  The 
embedment depth for the continuous horizontal elements 
presented on the general plans was a minimum value; the 
required embedment depth will be based on structural 
analysis with geotechnical parameters provided in the draft 
Foundation Report.  Will include the relevant parameters in 
the updated Foundation Report for the walls. 

 

6 Typcial section for tie back walls does not show walers, could you 
please clarify. 

The planned tieback wall system uses continuous horizontal 
support elements (soldier pileless wall) based on Bridge 
Design Specifications, Section 5, Figure 5.8.1-2b.  Thus, no 
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Item Comment Response Notes 
 

walers are planned. 

7 Is ther any horizontal boring drilling program for Soil Nail Walls? Because of site access restrictions from Ruby Hill Property 
management, it is currently unfeasible to include horizontal 
borehole in the field exploration program.  Will develop an 
SSP to require Contractor to pre-drill, submit and review 
results, modify design if necessary, and seek Caltrans 
approval prior to actual soil nail installation. 

 

8 Note that soil nail wall standard special provisions (SSP) have been 
revised by Caltrans.  Use new SSp in your recommendations for the 
proposed soil nail walls. 

Will comply.  

 











 

   

Note 1: Abbreviations for Typical Documents (if Abbr. is not below, type in the document type) 

P=Structure Plans SP=Special Provisions FR=Foundation Rpt DC=Design Calcs TS=Type Sel. Report QCC=Quant. Check Calcs 

RP=Road Plans E=Estimate H=Hydraulics Rpt CC=Check Calcs QC=Quant. Calcs  

����= Comment Resolved 

(for Reviewer’s use) 

 

OSFP Rev Form 10/29/08      Page 1 of 1 

Office of Special Funded Projects 

Comment & Response Form 
.General Project Information Review Phase Reviewer Information 

 PSR/PDS (Review No.  ) 

 APS/PSR (Review No.  ) 

 APS/PR (Review No.  ) 

Type Selection 

 65% PS&E Unchecked Details  

 PS&E (Review No.  )  

 Construction Support 

 Other:      

Structure Information 
(Use when necessary to document comments by individual structure) 

Dist: 04      EA: 297601. 

 

Project  Name: Rte 84 Expressway 

                           Widening Project 
 

OSFP Liaison:  Overcomer Y. Hor 

   Phone: (916) 227-8419 

   e-mail: 

overcomer_hor@dot.ca.gov 

Structure Name: Arroyo Mocho Br (Widening) 

Br No: 33-0173 

Reviewer Name:Eduardo Ortega   

Functional Unit:Geotechnical. 

Cost Center:59-327 

     Phone Number: (510) 286-4821     

     e-mail: eduardo_ortega@dot.ca.gov     

 

Date of Review: 7-22-09     

Consultant Information (to be filled in by Consultant) 
Consultant Structure Lead (First and Last Name) 

           . 
Structure Consultant Firm 

            . 
Phone Number 

           . 
e-mail 
           . 

Response Date 
          . 

 

# 

Doc. 
(See 

Note 1) 

Page, 

Section, 

or SSP Review Comments  Consultant Responses ����
1  Table 

7-2 

Sheet 2/13 shows Pier 2 & 3 at specified tip 

elevation of 340.0 ft.   FR Table 7-2 and sheet 2/12 

shows the same tip elevation at 336.0 ft. Correct 

the discrepancy.   If it was a round up it should be 

at a lower elevation (335.0 ft). 

 

 

Specified pile tip should be El. 336 feet.  Pile data 

table on plan sheet 2/13 will be revised 

accordingly. 

 

2   Provide details and calculations for the retaining 

wall shown on “Typical Plan” Sheet 11/13. 

No retaining walls are planned at the location 

shown on sheet 11/13.  Plan will be revised 

accordingly. 

 

 



 

   

Note 1: Abbreviations for Typical Documents (if Abbr. is not below, type in the document type) 

P=Structure Plans SP=Special Provisions FR=Foundation Rpt DC=Design Calcs TS=Type Sel. Report QCC=Quant. Check Calcs 

RP=Road Plans E=Estimate H=Hydraulics Rpt CC=Check Calcs QC=Quant. Calcs  

����= Comment Resolved 

(for Reviewer’s use) 

 

OSFP Rev Form 10/29/08      Page 1 of 1 

Office of Special Funded Projects 

Comment & Response Form 
.General Project Information Review Phase Reviewer Information 

 PSR/PDS (Review No.  ) 

 APS/PSR (Review No.  ) 

 APS/PR (Review No.  ) 

Type Selection 

 65% PS&E Unchecked Details  

 PS&E (Review No.  )  

 Construction Support 

 Other:      

Structure Information 
(Use when necessary to document comments by individual structure) 

Dist: 04      EA: 297601. 

 

Project  Name: Route 84 Widening 
 

OSFP Liaison:  Overcommer Hor 

   Phone: 916-227-8419 

   e-mail: 

Overcomer_Hor@dot.ca.gov 

Structure Name: Arroyo Mocho Bridge (Widen) 

Br No: 33-0713 

Reviewer Name:Eduardo Ortega   

Functional Unit:Geotechnical. 

Cost Center:327 

     Phone Number: 510-286-4821     

     e-mail: Eduardo_Ortega@dot.ca.gov     

 

Date of Review: 03/22/10     

Consultant Information (to be filled in by Consultant) 
Consultant Structure Lead (First and Last Name) 

           . 

Structure Consultant Firm 

            . 

Phone Number 

           . 

e-mail 

           . 

Response Date 

          . 

 

# 

Doc. 
(See 

Note 1) 

Page, 

Section, 

or SSP Review Comments  Consultant Responses ����
1 Found. 

Report 

LOTB Log of Test Boring (LOTB) shall follow the requirements of 

Caltrans Logging, Classification, and Presentation Manual 

dated June 2007 or obtain an exception.    

Holes shall be identified using the following convention: 

 

HHH-YY-NNN 

HHH: Hole type according Figure 2-2 of the Manual 

YY: 2-digit year 

NNN: 3-digit number (001-199) 

Will comply to modify LOTBs..  

2 Found. 

Report 

Seismic The bridge was type selected about a year before the new 
Caltrans Seismic Design Criteria  (SDC) was implemented.  
Therefore, the seismic procedure and information used is 
based on the 1996 Seismic Hazard Map (SHM) and the 
2001 SDC.  The seismic related findings in the report are 
proper and consistent with the 2001 SDC and 1996 SHM 
and I have no further comments/questions. 

Comment noted.   
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FIELD EXPLORATION PROGRAM 

The geotechnical field investigation consisted of two geotechnical borings extending to terminal 

depths of 101.5 feet below the existing ground surface.  The explorations were performed 

between December 26, 2007 and January 2, 2008, by Pitcher Drilling of Redwood City, 

California (rotary wash boring). 

Boring locations were carefully selected to obtain subsurface information for geotechnical design 

recommendations for the proposed structure while avoiding underground utilities and subsurface 

obstructions.  Layout of the explorations was performed by representatives of URS, and 

exploration locations were checked for conflict with underground utilities by contacting 

Underground Service Alert (USA) Network.  USA, in turn, alerted the various municipalities and 

utility companies that a subsurface investigation was to be conducted near their utilities.  

After underground utility clearance, URS obtained drilling permits from the Alameda County 

Flood Control and Water Conservation District, and coordinated with appropriate personnel to 

accommodate the required inspection during and following exploration at each location. 

Rotary Wash Borings (NB23 and NB24) 

The rotary wash borings were drilled to provide the necessary information to evaluate the 

subsurface stratigraphy and to allow acquisition of high-quality soil samples for laboratory 

testing.  The borings were drilled and sampled at the locations indicated on the Site and Boring 

Location Plan, Figure 3-3.  Both borings were advanced to a depth of 101.5 feet below existing 

ground surface using a truck-mounted drill rig under the supervision of a URS representative 

who maintained a record of all field activities, classified the soils encountered using the Unified 

Soil Classification System (USCS), and prepared logs of the borings. 

The drilling operation proceeded carefully, with particular attention to potential interference with 

utilities or other buried structures.  During drilling, both disturbed and undisturbed samples were 

obtained for identification and laboratory testing.  Soil samples were generally obtained at 5-foot 

intervals and at changes in strata.  Samples were obtained using an unlined split spoon sampler 

(SPT), having an outside diameter of 2 inches, lined/unlined Modified California (MC) sampler, 

having an outside diameter of 2½ inches, and lined/unlined Standard California Sampler, having 

an outside diameter of 3 inches.  A 140-pound hammer falling through a distance of 30 inches 

was used to drive the samplers.  The blow count recorded on the boring logs adjacent to the 

sample depth is the number of blows required to drive the sampler for the final 1 foot of a 

maximum 18 inch drive. 

One of the objectives of the field investigation was to obtain high-quality undisturbed samples 

for laboratory testing.  Effort was made to minimize sample disturbance during sample handling 

and transportation.  After careful withdrawal from the ground, the sample was placed upright and 

the ends of the sample were cleaned of disturbed soil.  If possible, pocket penetrometer tests 

were performed on the bottom end of cohesive soil samples.  Both ends of the samples were 

covered with plastic caps, and carefully transported to the URS laboratory in San Jose. 
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LABORATORY TESTING PROGRAM 

A laboratory testing program was carried out to determine the index and engineering properties 

of the major subsurface strata encountered at the site.  The laboratory testing program included 

conventional tests to confirm the existing information on the engineering characteristics of the 

major strata and to refine some of the engineering parameters where it was deemed appropriate.  

These tests were performed at the URS laboratory in San Jose. 

This appendix briefly describes the testing program and procedures for the different types of 

tests, and then presents detailed test results.  

Index Tests 

Index tests were performed on both cohesive and cohesionless soil samples to aid in soil 

classification and in correlation with other engineering parameters.  Index tests included 

Atterberg Limits, gradation analyses, moisture content and dry density determinations.  Atterberg 

Limits tests were performed in accordance with ASTM D 4318.  Particle analyses were 

performed in accordance with ASTM D 422.  The moisture content tests were performed in 

accordance with ASTM D 2216.  Dry density was determined in accordance with 

ASTM D 2937.  The locations of these tests are indicated on the Logs of Test Borings adjacent 

to the appropriate sample depths.  The results are summarized in Table B-1. 

A plasticity chart graphically presenting the results of the Atterberg Limits tests is included on 

Figure B-1.  Grain size distribution curves are presented graphically on Figure B-2. 

Unconfined Compression Tests 

Unconfined compression tests were performed on select cohesive soil samples to assist in 

determining shear strength parameters.  These tests were performed in accordance with 

ASTM D 2166.  The locations of these tests are indicated on the Logs of Test Borings adjacent 

to the appropriate sample depths.  The results are summarized in Table B-1. 

 



TABLE B-1

SUMMARY OF LABORATORY TEST RESULTS
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NB23 27-Dec-07 1 4.5 143

NB23 10 6680 12 127

NB23 30 31 18 13 1960 22.4 103

NB23 35 27 18 9 2020 21 99

NB23 50 91 81 77 64 47 32 23 17 14 12 7.5 136

NB23 55 23 18 5 2860 17.5 116

NB23 60 3430 13.7 121

NB23 65 2390 13.5 125

NB23 80 5630 17.5 110

NB23 85 5590 12.1 127

NB24 26-Dec-07 1 1230 8 106

NB24 15 100 87 83 68 63 48 39 33 27 22 16 13 7.2 132

NB24 35 9640 13.2 126

NB24 50 3140 8.2 137

NB24 55 5350 25 101

NB24 60 28 18 10 3130 21.5 106

NB24 65 12830 13.8 123

NB24 70 3150 17.8 114

NB24 80 27 19 8 3740 20 108

NB24 85 6450 18.9 110

NB24 95 9890 16.3 117

NB24 100 7210 22.3 104

Sieve Analysis Results (Percent Passing) In-Place ConditionsAtterberg Limits
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Executive Summary 
 
This study represents the hydrologic and hydraulic assessment for the proposed State 
Route 84 (SR 84) Expressway Bridge widening at Arroyo del Valle, the new Trail Bridge 
over Arroyo del Valle, the proposed SR 84 Expressway Bridge widening at Arroyo 
Mocho, and the new Access Bridge over Arroyo Mocho in the City of Livermore, 
Alameda County, California.  The bridges are located on the SR 84 Expressway 
Widening Project.   
 
Hydraulic analyses were performed for the existing and proposed conditions using the 
design flows from the Zone 7 Water Agency (Zone 7).  For Arroyo del Valle and Arroyo 
Mocho, the design flood simulation in the model was controlled by the normal depth 
calculated from the average channel slope at the downstream straight channel reach.  The 
Zone 7 design criterion is 100-year plus 2 ft of freeboard.  The results from the hydraulic 
analyses for the proposed conditions are summarized in Table 1 through Table 4, below.   
 
Table 1: SR 84 Expressway at Arroyo del Valle Hydrologic & Hydraulic Summary 

Design Flow Return 
Period 

Design 
Flows 
(cfs) 

Bridge 
Soffit 

Elevation 
(ft) 

Water Surface 
Elevation (ft) 

Freeboard 
(ft) 

Average Flow 
Velocity (ft/sec) 

100-year 7,000 417.48 411.18 6.30 11.68 
50-year 5,400 417.48 410.06 7.42 10.34 

 
Table 2: Trail Bridge at Arroyo del Valle Hydrologi c & Hydraulic Summary 

Design Flow Return 
Period 

Design 
Flows 
(cfs) 

Bridge 
Soffit 

Elevation 
(ft) 

Water Surface 
Elevation (ft) 

Freeboard 
(ft) 

Average Flow 
Velocity (ft/sec) 

100-year 7,000 415.58 411.71 3.87 8.31 
50-year 5,400 415.58 410.55 5.03 7.62 

 
Table 3: SR 84 Expressway at Arroyo Mocho Hydrologic & Hydraulic Summary 

Design Flow Return 
Period 

Design 
Flows 
(cfs) 

Bridge 
Soffit 

Elevation 
(ft) 

Water Surface 
Elevation (ft) 

Freeboard 
(ft) 

Average Flow 
Velocity (ft/sec) 

100-year 4,800 416.87 415.01 1.86 6.02 
50-year 3,900 416.87 413.97 2.90 5.70 

 
Table 4: Access Bridge at Arroyo Mocho Hydrologic & Hydraulic Summary 

Design Flow Return 
Period 

Design 
Flows 
(cfs) 

Bridge 
Soffit 

Elevation 
(ft) 

Water Surface 
Elevation (ft) 

Freeboard 
(ft) 

Average Flow 
Velocity (ft/sec) 

100-year 4,800 417.02 414.66 2.36 6.31 
50-year 3,900 417.02 413.62 3.40 6.00 
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The existing Arroyo del Valle Bridge was declared scour critical by Caltrans HQ.  The 
scour analysis was conducted using the methodology recommended by the FHWA.  The 
calculated potential scour depths at the bridge structures are summarized in Table 5 
through Table 7. 
 
Table 5: SR 84 Expressway at Arroyo del Valle Scour Analysis Summary  

Location Long Term 
Scour (ft) 

Contraction 
Scour (ft) 

Local Scour  
(ft) 

Total Scour  
(ft) 

Abutment #1 Negligible 1.15 12.74 13.89 
Pier #2 Negligible 1.15 13.37 14.52 

Abutment #3 Negligible 1.15 6.31 7.46 
 
Table 6: Trail Bridge at Arroyo del Valle Scour Analysis Summary  

Location Long Term 
Scour (ft) 

Contraction 
Scour (ft) 

Local Scour  
(ft) 

Total Scour  
(ft) 

Abutment #1 Negligible 2.90 21.58 24.48 
Pier #2 Negligible 2.90 22.43 25.33 

Abutment #3 Negligible 2.90 22.09 24.99 
 
Table 7: Access Bridge at Arroyo Mocho Scour Analysis Summary  

Location Long Term 
Scour (ft) 

Contraction 
Scour (ft) 

Local Scour  
(ft) 

Total Scour  
(ft) 

Abutment #1 Negligible 1.1 - 1.1 
Abutment #2 Negligible 1.1 - 1.1 

 

Photo 1.  Aerial of SR 84 Expressway at Arroyo del Valle (maps.live.com) 
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Photo 2.  Aerial of SR 84 Expressway at Arroyo Mocho (maps.live.com) 

 
Extensive coordination has been made between Caltrans and the Design Team over the 
recommended countermeasures in scour prevention for the bridges within this Project.  
According to Caltrans, rock slope protection (RSP) alone is insufficient for scour 
protection.  Supporting the piers of the SR 84 Bridge at Arroyo del Valle and the Trail 
Bridge at Arroyo del Valle on piles, as well as piles for the abutments of the new Trail 
Bridge, are the primary scour countermeasures proposed.  The piers for the widened SR 
84 Expressway bridge at Arroyo del Valle and the Trail Bridge at Arroyo del Valle 
should have piles as deep as the estimated total scour.  The Access Bridge at Arroyo 
Mocho should have spread footings located as deep as the estimated total scour.  RSP 
shall also be placed along the proposed embankments for the existing SR 84 Expressway 
bridge at Arroyo del Valle.  RSP generally consists of rock on channel and structure 
boundaries to limit the effects of erosion.  It is the most common type of countermeasure 
due to its general availability, ease of installation, and relatively low cost.   
 
Per Caltrans recommendation, the existing RSP at the Arroyo del Valle bridge appears to 
be substandard and will be removed and replaced with new RSP meeting the current 
standards in HEC-23.  The rock size at the toe of embankment was determined using the 
Isbash Formula per HEC-23.  For the Trail Bridge, just upstream of the Trail Bridge, in 
between the bridges, and on the upstream face of the SR 84 Bridge, at least ¼-Ton rock 
with a thickness of 3.3 feet and Backing Class Number 1 or 2 with a minimum thickness 
of 1.8 feet and 1.25 feet, respectively, would be required.  For the downstream face of the 
SR 84 Bridge and just downstream of the SR 84 Bridge, at least 1-Ton rock with a 
thickness of 5.4 feet and Light rock (inner layer) with a minimum thickness of 2.5 ft 
would be required.  ¼-Ton rock would also be required for the Access Bridge.   
 
The proposed embankment will only fill up to the edge of the low flow channel.  There 
will be no fill in the low flow channel.  Permitting agencies may require mitigation for 
any impacted areas in the channel and/or habitats, which would prohibit certain 
countermeasures.   
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INTRODUCTION 

 

V&A was retained by URS Corporation to perform a corrosion survey on State Highway 84, from Ruby Hill 

Drive to Jack London Boulevard, in Livermore, California. The objective of the investigation was to 

measure various soil parameters and evaluate the results with respect to possible levels of corrosion at 

the site.  The soil was tested at depths ranging from 0 to 19 meters below existing grade. This report 

provides recommendations for corrosion control of structural foundation materials under consideration for 

the existing Arroyo Mocho Bridge widening on Highway 84 (Isabel Avenue). The materials being 

considered as part of this investigation include buried reinforced concrete, prestressed concrete piles and 

steel piles. 

 

The investigation was conducted in accordance with California Department of Transportation’s Division of 

Engineering Services, Materials Engineering and Testing Services, Corrosion Technology Branch 

“Corrosion Guidelines” (Guidelines) dated September 2003.  These Guidelines consider representative 

soil or water samples to be corrosive to structural elements if one or more of the following conditions exist: 

 

1) The chloride concentration is 500 ppm or greater, 

2) The sulfate concentration is 2000 ppm or greater, 

3) The pH is 5.5 or less. 

 

Evaluation of the soil environment was made in terms of potential corrosion damage to concrete and metal 

structures.  Soil resistivity measurements were conducted in the field during the initial stages of the work.  In 

addition, soil samples taken during a geotechnical investigation were provided to V&A for laboratory testing.  

The soil samples were analyzed for minimum (saturated) resistivity, as well as for pH, chloride and sulfate ion 

concentrations.  All of these affect the corrosion rate of buried structures. 

 

The minimum (saturated) resistivity of four soil samples selected from two borings at the Arroyo Mocho 

Bridge ranged from 1,978 ohm-cm to 14,478 ohm-cm. The soil pH analyses ranged from 7.8 to 9.1 and the 

water-soluble chloride concentrations were from below the detection limit of 2 mg/kg to 7 mg/kg.  The water-

soluble sulfate concentrations were below the detection limit of 5 mg/kg.  The pH, chloride and sulfate ion 

concentrations all indicate the sampled soils are non-corrosive, as defined by the Guidelines. 

 

No water was sampled was at the Arroyo Mocho Bridge site because the streambed was dry at the time field 

resistivity readings were taken (May 14, 2008). 

 

CONCLUSIONS 

 

• The soil boring chemical analyses and the stream water analysis all gave pH values higher than 5.5, 

soluble chloride concentrations less than 500 mg/kg and soluble sulfate concentrations less than 

2,000 mg/kg.  According to the Guidelines, the soils and water are considered non-corrosive. 

• No corrosion mitigation for steel piles is required by the Guidelines for non-corrosive soil conditions. 

• This structure is not within 300 meters (1,000 feet) of salt or brackish water. 
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RECOMMENDATIONS 

 

The test data and a review of the project requirements were used to make recommendations for each 

structural foundation material alternative listed below. 

 

Buried Reinforced Concrete Structures and Cast in Place Piles 

Buried concrete structures should be constructed of durable concrete as described in ACI Standards 

201.2R and 222R. These recommendations include, but are not limited to, the following for installations in 

non-corrosive soil: 

• The water/cement ratio should not exceed 0.50. 
• A minimum concrete cover of 5.1 centimeters should be applied over all steel reinforcement. 

• Sand and water used in concrete mixtures should contain a maximum of 100 ppm of water-soluble 
chloride ions and water-soluble sulfate ions.  They should have a pH in the range of 6.5 to 8.0. Potable 
water should be used in concrete mixtures. 

• Type I-P (MS) modified or Type II modified cement should be used. 
 

Prestressed Concrete Piles 

Prestressed concrete piles should be constructed of durable concrete as described in ACI Standards 

201.2R and 222R. These recommendations include, but are not limited to, the following: 
 

• The water/cement ratio should not exceed 0.50. 
• A minimum concrete cover of 5.1 centimeters should be applied over all steel reinforcement. 

• Sand and water used in concrete mixtures should contain a maximum of 100 ppm of water-soluble 
chloride ions and water-soluble sulfate ions. They should have a pH in the range of 6.5 to 8.0.  Potable 
water should be used in concrete mixtures. 

• Type I-P (MS) modified or Type II modified cement should be used. 
 

Steel Piles 

No corrosion mitigation is required for non-corrosive soils 

 
TEST METHODS 

 

When predicting potential corrosion problems associated with a particular type of structure prior to 

installation, it is necessary to investigate the soil conditions the structure will encounter. Since corrosion is 

an electrochemical process accompanied by current flow, the electrochemical characteristics of a soil are 

of primary importance. Test methods utilized during this investigation reflect the most practical methods of 

evaluating corrosivity.  

 

Resistivity is a measure of the ability of a soil to conduct an electric current. The higher the resistivity the 
more difficult it is for the soil to conduct current. Resistivity is primarily dependent on the soluble chemical 
and moisture content of the soil. Soils with high dissolved ion contents generally have low resistivity. As 
moisture is added to a soil, its resistivity will decrease as more ions are taken into solution.  The soil 
resistivity decreases until the maximum solubility of the dissolved ions is reached. Increasing the moisture 
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content beyond this point increases the soil resistivity by diluting the solution.  Since corrosion rate 
depends on current flow through the soil, corrosivity normally increases as soil resistivity decreases. 
 

Soils can contain a wide variety of soluble salts.  Therefore, soils with similar resistivities can have 

significantly different corrosion characteristics, depending on the ions present.  In most soils, the principle 

agents of corrosion are the chloride and sulfate ions, as well as pH.  Chloride ions break down the protective 

surface films on metals and can corrode reinforcing steel in concrete structures.  Sulfates attack the Portland 

cement in concretes.  This is an expansive reaction that disrupts the concrete matrix and softens the surface. 

 A high bicarbonate ion concentration lowers soil resistivity and facilitates other forms of corrosion; however, 

bicarbonate is not corrosive to metals.  Soil pH is another measure of corrosivity.  Acid (low pH) soils are 

corrosive to buried metallic and concrete structures.  Neutral (pH 7) and alkaline (pH greater than 7) soils are 

passive to metal surfaces; therefore, corrosion rates become negligible. 

 

Field Soil Resistivity 

 

Field (in-situ) soil resistivity was measured at 17 locations along the Highway 84 project alignment.  The 

same testing configuration was used at each location.  At the Arroyo Mocho Bridge crossing, one 

resistivity station was set up at the northwest end of the existing bridge.  Figure 1 is a vicinity and project 

location map. Figure 2 shows the soil resistivity test site and the soil boring locations. 

 

 

 

Figure 1. Vicinity Map for Arroyo Mocho Bridge Foundation Investigation, Livermore, CA. 

 

Highway 84 Widening Project Alignment 

Arroyo Mocho Bridge site 

Livermore 
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Figure 2. In-Situ Soil Resistivity Testing and Soil Boring Locations 

 

In-situ soil resistivity measurements were conducted by the Wenner Electrode Method using an AEMC 

Soil Resistance Meter, Model 4500. The Wenner Electrode Method uses four equally spaced metal pins, 

driven into the ground in a straight line, as electrodes (see Figure 3). 

P2

C2

P1

C1

Nilsson Soil
Resistance Meter

Equally Spaced Steel Pins in Straight Line
 

 

Figure 3. Wenner Electrode Method for Soil Resistivity Measurement 
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An alternating current from the Soil Resistance Meter causes a current to flow through the soil between 

the outside electrodes, C1 and C2. The current flowing through the soil creates a voltage gradient, which 

is proportional to the average resistance of the soil mass to a depth equal to the distance between 

electrodes. The voltage drop is measured across electrodes P1 and P2. Resistivity of the soil is then 

computed from the instrument reading according to the following formula: 
 

ρ = 2πAR 

   

  where:  ρ = soil resistivity in ohm-cm 

    A = the distance between probes in cm 

    R = soil resistance in ohms (instrument reading) 

  π = 3.1416 
     

Soil resistivity measurements were conducted at rod spacings of 1.5, 3.0, 4.5 and 6.0 meters. Another 

method of calculating the soil resistivity using the data from the Wenner Electrode Method is the Barnes-

Layer Resistivity calculation. The Barnes-Layer calculation is used to determine the resistivity for each soil 

layer. While the Wenner Electrode Method with 6.0 meter electrode spacings will consider the entire six 

meters below the surface, the Barnes-Layer method will calculate the resistivity of layers 0 to 1.5 meters, 

1.5 to 3.0 meters, 3.0 to 4.5 meters and 4.5 to 6.0 meters below the surface. This method assumes the 

soil layers have a uniform thickness and are parallel to the surface.  This may not always be true. 

  

The Barnes-Layer method uses the following parameters to calculate layer resistivities: 

 

  abab KR −− =ρ  

and 

baab RRR

111 −=
−  

 
Where: 

 
 

 

 

 

 

 

Soil resistivities measured at the Arroyo Mocho Bridge and Barnes-Layer resistivities calculated from this 

data are listed in Table 1. 

 

 

 

ρb-a = Soil resistivity of layer depth b-a (ohm-cm) 

a = Soil depth to top of layer (cm) 

b = Soil depth to bottom of layer (cm) 

Ra = Soil resistance read at depth a (ohms) 

Rb = Soil resistance read at depth b (ohms) 

Rb-a = Resistance of soil layer from a to b (ohms) 

K = Layer constant (cm) 

 = 2 π (b-a) 
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Laboratory Soil Analysis 

 

To supplement the field resistivity test data, soil samples were obtained from soil borings NB23 and NB24 

for laboratory soil resistivity analysis.  A Soil Box was used in accordance with California Test Method 643. 

This apparatus is shown in Figure 4. 

 
 

 

 

 

Figure 4. Soil Resistivity Measurement Using the Soil Box Method 

 

This apparatus consists of a small plastic box with metal end plates for passing current through a tightly 

packed soil sample. Current is passed through the sample, causing a voltage drop across the sample. 

The soil resistivity is measured with a Soil Resistance Meter, similar to the AEMC Model 4500. 

 

Soil resistivity is first measured in the "as-received" state. Distilled water is then added to the soil sample 

in 10-mL increments.  The resistivity is measured after each addition. As the soil sample becomes more 

saturated, the soil resistivity decreases until the minimum soil resistivity is reached.  

 

Soil boring samples from this study were forwarded to Cooper Testing Labs, Inc., in Palo Alto, CA., for 

minimum resistivity measurement, pH analysis, and analysis of water soluble chloride and sulfate ion 

concentrations.  The analytical procedures followed California Test Methods 417, 422 and 643. 

 

TEST RESULTS 

 
Table 1 lists the field soil resistivity measurements from the Arroyo Mocho Bridge site and the calculated 
Barnes-Layer resistivities.  Table 2 lists minimum resistivities and chemical analyses for the soil samples. 
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Table 1.  Field Soil Resistivity Data 

Site Survey 
Station 

Depth 
(meters) 

Resistivity 
(ohm-cm) 

Layer (meters) 
Layer 

Resistivity 
(ohm-cm) 

1.5 11,481 0 - 1.5 11,481 

3.0 11,223 1.5 – 3.0 10,975 

4.5 15,541 3.0 - 4.5 67,460 
15 416+00 

6.0 16,968 4.5 – 6.0 23,417 
 

 

 

Table 2.  Laboratory Soil Resistivity and Chemical Data 

Chemical Data 
Item 
No. 

Boring 
No. 

Sample 
No. 

Depth 
(meters) 

Minimum 
Soil 

Resistivity 
(ohm-cm) 

pH Sulfate 
(mg/kg) 

Chloride 
(mg/kg) 

1 NB23 2-4 1.5 - 2.0 5,347 8.4 <5 2 

2 NB23 13-3 18.3 - 18.7 6,052 7.9 <5 3 

3 NB24 2-X 1.5 - 2.0 14,478 9.1 <5 <2 

4 NB24 13-4 18.3 - 18.7 1,978 7.8 <5 7 

 

Based on the Guidelines, the analyzed soil samples are considered non-corrosive to buried metallic 

objects and reinforced concrete structures in regard to chloride and sulfate contents, pH and minimum soil 

resistivity. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix 1.  Soil Sample Minimum Resistivities and Chemical Analyses 
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CTL # 632-005 & 006 Date: 6/13/2008 Tested By: PJ Checked: PJ

Client: V&A Project: URS-Caltrans Hwy 84 Widening Proj. No: 08-0216

Remarks:

Chloride pH ORP Moisture

Boring Sample, No. Depth, ft. As Rec. Minimum Saturated mg/kg mg/kg % (Redox) As Received Sample Description 

Dry Wt. Dry Wt. Dry Wt. mv %

ASTM G57 Cal 643 ASTM G57 Cal 422-mod. Cal 417-mod. Cal 417-mod. Cal 643 SM 2580B ASTM D2216

NB03-2-3 - 5 - 6.5 - 3,302 - 6 <5 <0.0005 7.5 - 2.7 Brown Clayey SAND, trace Gravel

NB05-2-3 - 5-6.5 - 7,312 - <2 <5 <0.0005 8.4 - 1.6 Reddish Brown SAND w/ Gravel, trace Clay

NB07-3-3 - 5 - 6.5 - 1,510 - 20 <5 <0.0005 7.1 - 3.0 Brown Sandy CLAY

NB11-5-3 - 20 - 21.5 - 7,255 - <2 <5 <0.0005 7.4 - 1.6 Brown GRAVEL w/ Clay & Sand

NB12-2-X - 5 - 6.5 - 10,028 - <2 <5 <0.0005 8.6 - 0.9 Brown SAND w/ Clay & Gravel

NB13-6-3 - 25-26.5 - 7,992 - <2 <5 <0.0005 8.3 - 1.2 Brown GRAVEL w/ Sand, trace Silt

NB14-2-3 - 5 - 6.5 - 10,586 - <2 <5 <0.0005 8.5 - 0.7 Brown GRAVEL w/ Sand

NB20-2-3 - 3.5 - 5 - 5,340 - <2 7 0.0007 8.2 - 2.0 Brown Clayey SAND

NB22A-1-4 - 3.5 - 5 - 5,386 - 9 <5 <0.0005 8.6 - 1.3 Brown SAND w/ Clay & Gravel

NB23-2-4 - 5 - 6.5 - 5,347 - 2 <5 <0.0005 8.4 - 1.1 Brown SAND w/ Clay & Gravel

NB23-13-3 - 60 - 61.5 - 6,052 - 3 <5 <0.0005 7.9 - 1.9 Reddish Brown Silty SAND w/ Gravel (slightly plastic)

NB24-2-X - 5 - 6.5 - 14,478 - <2 <5 <0.0005 9.1 - 0.6 Grayish Brown SAND w/ Clay & Gravel

NB24-13-4 - 60 - 61.5 - 1,978 - 7 <5 <0.0005 7.8 - 2.1 Reddish Brown Sandy SILT

NB25A-2-4 - 8.5 - 10 - 23,278 - <2 <5 <0.0005 8.3 - 0.5 Brown GRAVEL w/ Silt & Sand

 water - 1,686 - 63.7* 19.9* - 8.3 - - Water sampled at existing Arroyo del Valle bridge

Note: The Chloride and Sulfate results for the water sample are in units of mg/L.

Arroyo del Valle

Sample Location or ID Resistivity @ 15.5 oC (Ohm-cm) Sulfate

Corrosivity Test Summary
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Route 84 Arroyo Mocho 12/9/2009

Pile Design Spreadsheet abutment widen 

NAVFAC Design Method For a Single Pile

Nominal axial compress. Capacity (ult.) 75 ton

Project Name: Isabel Road Rt 84 Nominal axial compress. Capacity (ult.) 668 kN

Project Number:  Pile Width 10 inch Pile Shape Square (Square, Circular or Octogonal)

Bridge Name: Arryo Mocho Pile Width 254 mm Pile Surface Area 1.47 sq. m/m Pile Tip Area 0.01 sq. m

Boring Surface El. (m) 126.2 Pile Width 0.83 ft Pile Surface Area 4.83 sq. ft/ft Pile Tip Area 0.12 sq. ft.

Boring Surface El. (ft) 414.0 Crit depth ratio 20 -

Design GWS El. (ft) 376.0 Crit depth 16.7 ft

Unit Weight of Water (pcf) 62.4 Crit. Depth. Elev 397.3 ft

Depth with no strength Crit. Depth. Elev 121.1 m

Convert. Factor 3.281 Crit. Eff. Vert. Str. 2160 psf

Bottom of Pile Cap El. (m) 125.4 Skin Resistance (Friction) of Pile in Granular Material:

Bottom of Pile Cap El. (ft) 411.46 Type (Steel=S,Concrete=C,Timber=T) s

Bottom of Fill El. (ft) 411.46 Earth Press. Coefficient * (Comp.) 0.92

Earth Press. Coefficient * (Tens) 0.5

Minimum Adhesion 500 psf

* Note: adhesion values based on FHWA correlations for steel piles (1997); side friction in sand based on Norlund Internal Design Nq z/B Nc Soil Bearing Include Elevation

Layer Lateral Adhesion Adhesion Layer Depth to Effective Effective (granular) (cohesive) Type Capacity B.C.? to

No. Resists? Ratio Thickness Layer Top Vert. StressVert. Stress Cohesive G= gran. (B.C.) midlayer

c c ca/c ca φ φ φ φ δ δ δ δ (Bot. Lay.) (Bot. Lay.) (comp) (tensile) C=cohes.

(-) (m) (feet) (m) (feet) (kPa) (psf) (psf) (deg) (deg) (feet) (feet) (psf) (psf) (ton) (ton) (ton) (-) (-) (-) (ton) (ft) (ton) (kN) (ton) (kN) (ton) (kN) (ton) (kN) (ton) (kN)

126.18 414.0 0 0 0.0 6.25 g 0 n 414.0 0 0 0 0 75 668 0 0 38 334

1 126.18 414.0 125.27 411.0 n 0 0 0.00 0 36 27 3.0 0.0 1755 405 0.0 0.0 0.0 62 1.8 8.32 g 1 n 412.5 0.0 0 0.0 0 75 668 0.0 0 38 334

2 125.27 411.0 123.74 406.0 y 0 0 0.00 0 36 27 5.0 3.0 2835 1080 0.0 3.7 2.0 62 6.6 9.00 g 4 n 408.5 3.7 33 3.7 33 75 668 2.0 18 38 334

3 123.74 406.0 122.83 403.0 Y 48 1000 0.96 960 0 0 3.0 8.0 3510 1485 7.0 0.0 0.0 0 11.4 9.00 c 1 n 404.5 10.7 95 10.7 95 75 668 9.0 80 38 334

4 122.83 403.0 117.95 387.0 Y 0 0 0.00 0 41 30.75 16.0 11.0 5493 2160 0.0 33.1 18.0 145 22.8 9.00 g 18 n 395.0 43.8 390 43.8 390 75 668 27.0 240 38 334

5 117.95 387.0 116.73 383.0 Y 96 2000 0.76 1520 0 0 4.0 27.0 6364 2160 14.7 0.0 0.0 0 34.8 9.00 c 1 n 385.0 58.5 521 58.5 521 75 668 41.7 371 38 334

6 116.73 383.0 108.81 357.0 Y 0 0 0.00 0 44 33 26.0 31.0 6800 2160 0.0 68.0 36.9 145 52.8 9.00 g 18 n 370.0 126.5 1126 126.5 1126 75 668 78.6 699 38 334

7 108.81 357.0 107.89 354.0 Y 96 2000 0.76 1520 0 0 3.0 57.0 6800 2160 11.0 0.0 0.0 0 70.2 9.00 c 1 n 355.5 137.5 1224 137.5 1224 75 668 89.6 797 38 334

8 107.89 354.0 105.76 347.0 Y 0 0 0.00 0 44 33 7.0 60.0 7526 2160 0.0 18.3 9.9 145 76.2 9.00 g 18 n 350.5 155.8 1386 155.8 1386 75 668 99.6 886 38 334

9 105.76 347.0 103.63 340.0 Y 192 4000 0.41 1640 0 0 7.0 67.0 8324 2160 27.7 0.0 0.0 0 84.6 9.00 c 2 n 343.5 183.5 1633 183.5 1633 75 668 127.3 1132 38 334

10 103.63 340.0 96.01 315.0 Y 192 4000 0.41 1640 0 0 25.0 74.0 8978 2160 99.0 0.0 0.0 0 103.8 9.00 c 2 n 327.5 282.5 2514 282.5 2514 75 668 226.3 2013 38 334

Bottom 96.01 315.0

Top
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Route 84 Arroyo Mocho 12/9/2009

Pile Design Spreadsheet abutment  

NAVFAC Design Method For a Single Pile

Nominal axial compress. Capacity (ult.) 75 ton

Project Name: Isabel Road Rt 84 Nominal axial compress. Capacity (ult.) 668 kN

Project Number:  Pile Width 10 inch Pile Shape Square (Square, Circular or Octogonal)

Bridge Name: Arryo Mocho Pile Width 254 mm Pile Surface Area 1.47 sq. m/m Pile Tip Area 0.01 sq. m

Boring Surface El. (m) 126.2 Pile Width 0.83 ft Pile Surface Area 4.83 sq. ft/ft Pile Tip Area 0.12 sq. ft.

Boring Surface El. (ft) 414.0 Crit depth ratio 20 -

Design GWS El. (ft) 376.0 Crit depth 16.7 ft

Unit Weight of Water (pcf) 62.4 Crit. Depth. Elev 397.3 ft

Depth with no strength Crit. Depth. Elev 121.1 m

Convert. Factor 3.281 Crit. Eff. Vert. Str. 2160 psf

Bottom of Pile Cap El. (m) 125.4 Skin Resistance (Friction) of Pile in Granular Material:

Bottom of Pile Cap El. (ft) 411.46 Type (Steel=S,Concrete=C,Timber=T) s

Bottom of Fill El. (ft) 411.46 Earth Press. Coefficient * (Comp.) 0.92

Earth Press. Coefficient * (Tens) 0.5

Minimum Adhesion 500 psf

* Note: adhesion values based on FHWA correlations for steel piles (1997); side friction in sand based on Norlund Internal Design Nq z/B Nc Soil Bearing Include Elevation

Layer Lateral Adhesion Adhesion Layer Depth to Effective Effective (granular) (cohesive) Type Capacity B.C.? to

No. Resists? Ratio Thickness Layer Top Vert. StressVert. Stress Cohesive G= gran. (B.C.) midlayer

c c ca/c ca φ φ φ φ δ δ δ δ (Bot. Lay.) (Bot. Lay.) (comp) (tensile) C=cohes.

(-) (m) (feet) (m) (feet) (kPa) (psf) (psf) (deg) (deg) (feet) (feet) (psf) (psf) (ton) (ton) (ton) (-) (-) (-) (ton) (ft) (ton) (kN) (ton) (kN) (ton) (kN) (ton) (kN) (ton) (kN)

126.18 414.0 0 0 0.0 6.25 c 0 n 414.0 0 0 0 0 75 668 0 0 38 334

1 126.18 414.0 125.27 411.0 n 48 1000 0.96 0 0 0 3.0 0.0 1890 405 0.0 0.0 0.0 0 1.8 8.32 c 0 n 412.5 0.0 0 0.0 0 75 668 0.0 0 38 334

2 125.27 411.0 123.74 406.0 y 0 0 0.00 0 32 24 5.0 3.0 2835 1080 0.0 3.4 1.8 29 6.6 9.00 g 2 n 408.5 3.4 30 3.4 30 75 668 1.8 16 38 334

3 123.74 406.0 122.83 403.0 Y 48 1000 0.96 960 0 0 3.0 8.0 3510 1485 7.0 0.0 0.0 0 11.4 9.00 c 1 n 404.5 10.3 92 10.3 92 75 668 8.8 78 38 334

4 122.83 403.0 113.68 373.0 Y 0 0 0.00 0 40 30 30.0 11.0 5493 2160 0.0 60.7 33.0 145 31.2 9.00 g 18 y 388.0 71.0 632 89.4 795 75 668 41.8 372 38 334

5 113.68 373.0 109.72 360.0 Y 96 2000 0.76 1520 0 0 13.0 41.0 6364 2160 47.7 0.0 0.0 0 57.0 9.00 c 1 n 366.5 118.8 1057 118.8 1057 75 668 89.5 796 38 334

6 109.72 360.0 105.76 347.0 Y 192 4000 0.41 1640 0 0 13.0 54.0 6800 2160 51.5 0.0 0.0 0 72.6 9.00 c 2 n 353.5 170.3 1515 170.3 1515 75 668 141.0 1254 38 334

7 105.76 347.0 104.85 344.0 Y 0 0 0.00 0 41 30.75 3.0 67.0 6800 2160 0.0 7.4 4.0 145 82.2 9.00 g 18 y 345.5 177.6 1581 195.9 1744 75 668 145.0 1290 38 334

8 104.85 344.0 101.8 334.0 Y 96 2000 0.76 1520 0 0 10.0 70.0 7526 2160 36.7 0.0 0.0 0 90.0 9.00 c 1 y 339.0 214.3 1908 215.4 1917 75 668 181.7 1616 38 334

9 101.8 334.0 99.97 328.0 Y 0 0 0.00 0 41 30.75 6.0 80.0 8324 2160 0.0 14.7 8.0 145 99.6 9.00 g 18 y 331.0 229.0 2039 247.4 2202 75 668 189.7 1688 38 334

10 99.97 328.0 97.84 321.0 Y 96 2000 0.76 1520 0 0 7.0 86.0 8978 2160 25.7 0.0 0.0 0 107.4 9.00 c 1 y 324.5 254.7 2267 255.8 2277 75 668 215.4 1916 38 334

Bottom 97.84 321.0
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Route 84 Arroyo Mocho 9/13/2010

Pile Design Spreadsheet abut widen 

NAVFAC Design Method For a Single Pile

Nominal axial compress. Capacity (ult.) 75 ton

Project Name: Isabel Road Rt 84 Nominal axial compress. Capacity (ult.) 668 kN

Project Number:  Pile Width 10 inch Pile Shape Square (Square, Circular or Octogonal)

Bridge Name: Arryo Mocho Pile Width 254 mm Pile Surface Area 1.47 sq. m/m Pile Tip Area 0.01 sq. m

Boring Surface El. (m) 126.2 Pile Width 0.83 ft Pile Surface Area 4.83 sq. ft/ft Pile Tip Area 0.12 sq. ft.

Boring Surface El. (ft) 414.0 Crit depth ratio 20 -

Design GWS El. (ft) 376.0 Crit depth 16.7 ft

Unit Weight of Water (pcf) 62.4 Crit. Depth. Elev 397.3 ft

Depth with no strength Crit. Depth. Elev 121.1 m

Convert. Factor 3.281 Crit. Eff. Vert. Str. 2160 psf

Bottom of Pile Cap El. (m) 125.4 Skin Resistance (Friction) of Pile in Granular Material:

Bottom of Pile Cap El. (ft) 411.46 Type (Steel=S,Concrete=C,Timber=T) s

Bottom of Fill El. (ft) 411.46 Earth Press. Coefficient * (Comp.) 0.92

Earth Press. Coefficient * (Tens) 0.5

Minimum Adhesion 500 psf

* Note: adhesion values based on FHWA correlations for steel piles (1997) Internal Design Nq z/B Nc Soil Bearing Include Elevation

Layer Lateral Adhesion Adhesion Layer Depth to Effective Effective (granular) (cohesive) Type Capacity B.C.? to

No. Resists? Ratio Thickness Layer Top Vert. StressVert. Stress Cohesive G= gran. (B.C.) midlayer

c c ca/c ca φ φ φ φ δ δ δ δ (Bot. Lay.) (Bot. Lay.) (comp) (tensile) C=cohes.

(-) (m) (feet) (m) (feet) (kPa) (psf) (psf) (deg) (deg) (feet) (feet) (psf) (psf) (ton) (ton) (ton) (-) (-) (-) (ton) (ft) (ton) (kN) (ton) (kN) (ton) (kN) (ton) (kN) (ton) (kN)

126.18 414.0 0 0 0.0 6.25 c 0 n 414.0 0 0 0 0 75 668 0 0 38 334

1 126.18 414.0 125.27 411.0 n 158 3300 0.41 0 0 0 3.0 0.0 405 405 0.0 0.0 0.0 0 1.8 8.32 c 2 n 412.5 0.0 0 0.0 0 75 668 0.0 0 38 334

2 125.27 411.0 122.83 403.0 y 158 3300 0.41 1353 0 0 8.0 3.0 810 810 26.1 0.0 0.0 0 8.4 9.00 c 2 n 407.0 26.1 233 26.1 233 75 668 26.1 233 38 334

3 122.83 403.0 118.26 388.0 Y 0 0 0.00 0 43 32.25 15.0 11.0 2835 2160 0.0 26.4 14.4 145 22.2 9.00 g 19 n 395.5 52.5 468 52.5 468 75 668 40.5 360 38 334

4 118.26 388.0 115.82 380.0 Y 48 1000 0.96 960 0 0 8.0 26.0 5493 2160 18.5 0.0 0.0 0 36.0 9.00 c 1 n 384.0 71.1 633 71.1 633 75 668 59.0 525 38 334

5 115.82 380.0 110.64 363.0 Y 0 0 0.00 0 40 30 17.0 34.0 6364 2160 0.0 40.8 22.2 145 51.0 9.00 g 19 y 371.5 111.9 996 130.7 1163 75 668 81.2 722 38 334

6 110.64 363.0 106.37 349.0 Y 67 1400 0.91 1274 0 0 14.0 51.0 6800 2160 43.1 0.0 0.0 0 69.6 9.00 c 1 n 356.0 155.0 1379 155.0 1379 75 668 124.3 1106 38 334

7 106.37 349.0 104.24 342.0 Y 0 0 0.00 0 44 33 7.0 65.0 6800 2160 0.0 18.3 9.9 145 82.2 9.00 g 19 y 345.5 173.3 1542 192.1 1709 75 668 134.2 1194 38 334

8 104.24 342.0 99.66 327.0 Y 134 2800 0.50 1400 0 0 15.0 72.0 7526 2160 50.7 0.0 0.0 0 95.4 9.00 c 2 n 334.5 224.0 1993 224.0 1993 75 668 184.9 1645 38 334

9 99.66 327.0 96.62 317.0 Y 0 0 0.00 0 44 33 10.0 87.0 8324 2160 0.0 26.1 14.2 145 110.4 9.00 g 19 y 322.0 250.1 2226 268.9 2393 75 668 199.1 1772 38 334

10 96.62 317.0 91.44 300.0 Y 192 4000 0.41 1640 0 0 17.0 97.0 8978 2160 67.3 0.0 0.0 0 126.6 9.00 c 2 y 308.5 317.4 2825 319.6 2844 75 668 266.5 2371 38 334
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Route 84 Arroyo Mocho 9/13/2010

Pile Design Spreadsheet abutment  

NAVFAC Design Method For a Single Pile

Nominal axial compress. Capacity (ult.) 75 ton

Project Name: Isabel Road Rt 84 Nominal axial compress. Capacity (ult.) 668 kN

Project Number:  Pile Width 10 inch Pile Shape Square (Square, Circular or Octogonal)

Bridge Name: Arryo Mocho Pile Width 254 mm Pile Surface Area 1.47 sq. m/m Pile Tip Area 0.01 sq. m

Boring Surface El. (m) 126.2 Pile Width 0.83 ft Pile Surface Area 4.83 sq. ft/ft Pile Tip Area 0.12 sq. ft.

Boring Surface El. (ft) 414.0 Crit depth ratio 20 -

Design GWS El. (ft) 376.0 Crit depth 16.7 ft

Unit Weight of Water (pcf) 62.4 Crit. Depth. Elev 397.3 ft

Depth with no strength Crit. Depth. Elev 121.1 m

Convert. Factor 3.281 Crit. Eff. Vert. Str. 2160 psf

Bottom of Pile Cap El. (m) 125.4 Skin Resistance (Friction) of Pile in Granular Material:

Bottom of Pile Cap El. (ft) 411.46 Type (Steel=S,Concrete=C,Timber=T) s

Bottom of Fill El. (ft) 411.46 Earth Press. Coefficient * (Comp.) 0.92  

Earth Press. Coefficient * (Tens) 0.5

Minimum Adhesion 500 psf

* Note: adhesion values based on FHWA correlations for steel piles (1997), friction in sand based on Norlund's method Internal Design Nq z/B Nc Soil Bearing Include Elevation

Layer Lateral Adhesion Adhesion Layer Depth to Effective Effective (granular) (cohesive) Type Capacity B.C.? to

No. Resists? Ratio Thickness Layer Top Vert. StressVert. Stress Cohesive G= gran. (B.C.) midlayer

c c ca/c ca φ φ φ φ δ δ δ δ (Bot. Lay.) (Bot. Lay.) (comp) (tensile) C=cohes.

(-) (m) (feet) (m) (feet) (kPa) (psf) (psf) (deg) (deg) (feet) (feet) (psf) (psf) (ton) (ton) (ton) (-) (-) (-) (ton) (ft) (ton) (kN) (ton) (kN) (ton) (kN) (ton) (kN) (ton) (kN)

126.18 414.0 0 0 0.0 6.25 g 0 n 414.0 0 0 0 0 75 668 0 0 38 334

1 126.18 414.0 125.27 411.0 n 0 0 0.00 0 40 30 3.0 0.0 405 405 0.0 0.0 0.0 145 1.8 8.32 g 3 n 412.5 0.0 0 0.0 0 75 668 0.0 0 38 334

2 125.27 411.0 116.43 382.0 y 0 0 0.00 0 40 30 29.0 3.0 1350 1350 0.0 28.3 15.4 145 21.0 9.00 g 11 n 396.5 28.3 252 28.3 252 75 668 15.4 137 38 334

3 116.43 382.0 115.51 379.0 y 115 2400 0.64 1536 0 0 3.0 32.0 2430 2160 11.1 0.0 0.0 0 40.2 9.00 c 1 n 380.5 39.4 351 39.4 351 75 668 26.5 236 38 334

4 115.51 379.0 112.16 368.0 Y 0 0 0.00 0 44 33 11.0 35.0 4725 2160 0.0 28.8 15.6 145 48.6 9.00 g 18 y 373.5 68.1 607 86.5 770 75 668 42.1 375 38 334

5 112.16 368.0 110.03 361.0 Y 96 2000 0.76 1520 0 0 7.0 46.0 5929 2160 25.7 0.0 0.0 0 59.4 9.00 c 1 n 364.5 93.8 835 93.8 835 75 668 67.8 603 38 334

6 110.03 361.0 107.89 354.0 Y 96 2000 0.76 1520 0 0 7.0 53.0 6437 2160 25.7 0.0 0.0 0 67.8 9.00 c 1 n 357.5 119.5 1064 119.5 1064 75 668 93.5 832 38 334

7 107.89 354.0 104.85 344.0 Y 96 2000 0.76 1520 0 0 10.0 60.0 7526 2160 36.7 0.0 0.0 0 78.0 9.00 c 1 n 349.0 156.2 1391 156.2 1391 75 668 130.2 1158 38 334

8 104.85 344.0 103.32 339.0 Y 0 0 0.00 0 44 33 5.0 70.0 8324 2160 0.0 13.1 7.1 145 87.0 9.00 g 18 n 341.5 169.3 1507 169.3 1507 75 668 137.3 1222 38 334

9 103.32 339.0 96.01 315.0 Y 96 2000 0.76 1520 0 0 24.0 75.0 8397 2160 88.1 0.0 0.0 0 104.4 9.00 c 1 y 327.0 257.4 2291 258.5 2300 75 668 225.4 2005 38 334

10 96.01 315.0 91.44 300.0 Y 96 2000 0.76 1520 0 0 15.0 99.0 8978 2160 55.1 0.0 0.0 0 127.8 9.00 c 1 y 307.5 312.5 2781 313.5 2790 75 668 280.5 2495 38 334
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route 84 Arroyo Mocho 12/9/2009

Pile Design Spreadsheet pier  

NAVFAC Design Method For a Single Pile

Nominal axial compress. Capacity (ult.) 145 ton

Project Name: Isabel Road Rt 84 Nominal axial compress. Capacity (ult.) 1291 kN

Project Number:  Pile Width 10 inch Pile Shape Square (Square, Circular or Octogonal)

Bridge Name: Arryo Mocho Pile Width 254 mm Pile Surface Area 1.47 sq. m/m Pile Tip Area 0.01 sq. m

Boring Surface El. (m) 123.1 Pile Width 0.83 ft Pile Surface Area 4.83 sq. ft/ft Pile Tip Area 0.12 sq. ft.

Boring Surface El. (ft) 404.0 Crit depth ratio 20 -

Design GWS El. (ft) 376.0 Crit depth 16.7 ft

Unit Weight of Water (pcf) 62.4 Crit. Depth. Elev 387.3 ft

Depth with no strength Crit. Depth. Elev 118.1 m

Convert. Factor 3.281 Crit. Eff. Vert. Str. 2160 psf

Bottom of Pile Cap El. (m) 117.6 Skin Resistance (Friction) of Pile in Granular Material:

Bottom of Pile Cap El. (ft) 385.86 Type (Steel=S,Concrete=C,Timber=T) s

Bottom of Fill El. (ft) 400 Earth Press. Coefficient * (Comp.) 0.92

Earth Press. Coefficient * (Tens) 0.5

Minimum Adhesion 500 psf

* Note: adhesion values based on FHWA correlations for steel piles (1997); side friction in sand based on Norlund Internal Design Nq z/B Nc Soil Bearing Include Elevation

Layer Lateral Adhesion Adhesion Layer Depth to Effective Effective (granular) (cohesive) Type Capacity B.C.? to

No. Resists? Ratio Thickness Layer Top Vert. StressVert. Stress Cohesive G= gran. (B.C.) midlayer

c c ca/c ca φ φ φ φ δ δ δ δ (Bot. Lay.) (Bot. Lay.) (comp) (tensile) C=cohes.

(-) (m) (feet) (m) (feet) (kPa) (psf) (psf) (deg) (deg) (feet) (feet) (psf) (psf) (ton) (ton) (ton) (-) (-) (-) (ton) (ft) (ton) (kN) (ton) (kN) (ton) (kN) (ton) (kN) (ton) (kN)

123.13 404.0 0 0 0.0 6.25 g 0 n 404.0 0 0 0 0 145 1291 0 0 73 645

1 123.13 404.0 121.91 400.0 n 0 0 0.00 0 41 30.75 4.0 0.0 540 540 0.0 0.0 0.0 145 2.4 8.56 g 5 n 402.0 0.0 0 0.0 0 145 1291 0.0 0 73 645

2 121.91 400.0 117.65 386.0 n 0 0 0.00 0 41 30.75 14.0 4.0 2430 2160 0.0 0.0 0.0 145 13.2 9.00 g 18 n 393.0 0.0 0 0.0 0 145 1291 0.0 0 73 645

3 117.65 386.0 116.73 383.0 y 96 2000 0.76 1520 0 0 3.0 18.0 3510 2160 11.0 0.0 0.0 0 23.4 9.00 c 1 n 384.5 11.0 98 11.0 98 145 1291 11.0 98 73 645

4 116.73 383.0 108.81 357.0 Y 0 0 0.00 0 44 33 26.0 21.0 4869 2160 0.0 68.0 36.9 145 40.8 9.00 g 18 n 370.0 79.0 703 79.0 703 145 1291 47.9 427 73 645

5 108.81 357.0 107.89 354.0 Y 96 2000 0.76 1520 0 0 3.0 47.0 5740 2160 11.0 0.0 0.0 0 58.2 9.00 c 1 n 355.5 90.0 801 90.0 801 145 1291 59.0 524 73 645

6 107.89 354.0 105.76 347.0 Y 0 0 0.00 0 44 33 7.0 50.0 6176 2160 0.0 18.3 9.9 145 64.2 9.00 g 18 n 350.5 108.3 964 108.3 964 145 1291 68.9 613 73 645

7 105.76 347.0 103.63 340.0 Y 192 4000 0.41 1640 0 0 7.0 57.0 6176 2160 27.7 0.0 0.0 0 72.6 9.00 c 2 n 343.5 136.0 1210 136.0 1210 145 1291 96.6 860 73 645

8 103.63 340.0 100.58 330.0 Y 192 4000 0.41 1640 0 0 10.0 64.0 6902 2160 39.6 0.0 0.0 0 82.8 9.00 c 2 y 335.0 175.6 1563 177.7 1582 145 1291 136.2 1212 73 645

9 100.58 330.0 97.53 320.0 Y 192 4000 0.41 1640 0 0 10.0 74.0 7700 2160 39.6 0.0 0.0 0 94.8 9.00 c 2 y 325.0 215.2 1915 217.3 1934 145 1291 175.8 1564 73 645

10 97.53 320.0 92.96 305.0 Y 192 4000 0.41 1640 0 0 15.0 84.0 8354 2160 59.4 0.0 0.0 0 109.8 9.00 c 2 y 312.5 274.6 2444 276.7 2463 145 1291 235.2 2093 73 645
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Route 84 Arroyo Mocho 12/9/2009

Pile Design Spreadsheet pier  

NAVFAC Design Method For a Single Pile

Nominal axial compress. Capacity (ult.) 145 ton

Project Name: Isabel Road Rt 84 Nominal axial compress. Capacity (ult.) 1291 kN

Project Number:  Pile Width 10 inch Pile Shape Square (Square, Circular or Octogonal)

Bridge Name: Arryo Mocho Pile Width 254 mm Pile Surface Area 1.47 sq. m/m Pile Tip Area 0.01 sq. m

Boring Surface El. (m) 123.1 Pile Width 0.83 ft Pile Surface Area 4.83 sq. ft/ft Pile Tip Area 0.12 sq. ft.

Boring Surface El. (ft) 404.0 Crit depth ratio 20 -

Design GWS El. (ft) 376.0 Crit depth 16.7 ft

Unit Weight of Water (pcf) 62.4 Crit. Depth. Elev 387.3 ft

Depth with no strength Crit. Depth. Elev 118.1 m

Convert. Factor 3.281 Crit. Eff. Vert. Str. 2160 psf

Bottom of Pile Cap El. (m) 117.6 Skin Resistance (Friction) of Pile in Granular Material:

Bottom of Pile Cap El. (ft) 385.86 Type (Steel=S,Concrete=C,Timber=T) s

Bottom of Fill El. (ft) 400 Earth Press. Coefficient * (Comp.) 0.92

Earth Press. Coefficient * (Tens) 0.5

Minimum Adhesion 500 psf

* Note: adhesion values based on FHWA correlations for steel piles (1997); side friction in sand based on Norland. Internal Design Nq z/B Nc Soil Bearing Include Elevation

Layer Lateral Adhesion Adhesion Layer Depth to Effective Effective (granular) (cohesive) Type Capacity B.C.? to

No. Resists? Ratio Thickness Layer Top Vert. StressVert. Stress Cohesive G= gran. (B.C.) midlayer

c c ca/c ca φ φ φ φ δ δ δ δ (Bot. Lay.) (Bot. Lay.) (comp) (tensile) C=cohes.

(-) (m) (feet) (m) (feet) (kPa) (psf) (psf) (deg) (deg) (feet) (feet) (psf) (psf) (ton) (ton) (ton) (-) (-) (-) (ton) (ft) (ton) (kN) (ton) (kN) (ton) (kN) (ton) (kN) (ton) (kN)

123.13 404.0 0 0 0.0 6.25 c 0 n 404.0 0 0 0 0 145 1291 0 0 73 645

1 123.13 404.0 117.65 386.0 n 0 0 0.00 0 40 30 18.0 0.0 2430 2160 0.0 0.0 0.0 145 10.8 9.00 g 18 n 395.0 0.0 0 0.0 0 145 1291 0.0 0 73 645

2 117.65 386.0 113.68 373.0 y 0 0 0.00 0 40 30 13.0 18.0 2835 2160 0.0 31.2 17.0 145 29.4 9.00 g 18 n 379.5 31.2 278 31.2 278 145 1291 17.0 151 73 645

3 113.68 373.0 109.72 360.0 Y 96 2000 0.76 1520 0 0 13.0 31.0 3510 2160 47.7 0.0 0.0 0 45.0 9.00 c 1 n 366.5 78.9 702 78.9 702 145 1291 64.7 575 73 645

4 109.72 360.0 105.76 347.0 Y 192 4000 0.41 1640 0 0 13.0 44.0 4869 2160 51.5 0.0 0.0 0 60.6 9.00 c 2 n 353.5 130.4 1161 130.4 1161 145 1291 116.2 1033 73 645

5 105.76 347.0 104.85 344.0 Y 0 0 0.00 0 41 30.75 3.0 57.0 5740 2160 0.0 7.4 4.0 145 70.2 9.00 g 18 n 345.5 137.8 1226 137.8 1226 145 1291 120.2 1069 73 645

6 104.85 344.0 101.8 334.0 Y 96 2000 0.76 1520 0 0 10.0 60.0 6176 2160 36.7 0.0 0.0 0 78.0 9.00 c 1 n 339.0 174.5 1553 174.5 1553 145 1291 156.9 1396 73 645

7 101.8 334.0 99.97 328.0 Y 0 0 0.00 0 41 30.75 6.0 70.0 6176 2160 0.0 14.7 8.0 145 87.6 9.00 g 18 n 331.0 189.2 1684 189.2 1684 145 1291 164.9 1467 73 645

8 99.97 328.0 97.84 321.0 Y 96 2000 0.76 1520 0 0 7.0 76.0 6902 2160 25.7 0.0 0.0 0 95.4 9.00 c 1 y 324.5 214.9 1913 215.9 1922 145 1291 190.6 1695 73 645

9 97.84 321.0 96.01 315.0 Y 96 2000 0.76 1520 0 0 6.0 83.0 7700 2160 22.0 0.0 0.0 0 103.2 9.00 c 1 y 318.0 236.9 2109 238.0 2118 145 1291 212.6 1891 73 645

10 96.01 315.0 92.96 305.0 Y 96 2000 0.76 1520 0 0 10.0 89.0 8354 2160 36.7 0.0 0.0 0 112.8 9.00 c 1 y 310.0 273.6 2435 274.7 2445 145 1291 249.3 2218 73 645
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Route 84 Arroyo Mocho 9/13/2010

Pile Design Spreadsheet pier widen  

NAVFAC Design Method For a Single Pile

Nominal axial compress. Capacity (ult.) 145 ton

Project Name: Isabel Road Rt 84 Nominal axial compress. Capacity (ult.) 1291 kN

Project Number:  Pile Width 10 inch Pile Shape Square (Square, Circular or Octogonal)

Bridge Name: Arryo Mocho Pile Width 254 mm Pile Surface Area 1.47 sq. m/m Pile Tip Area 0.01 sq. m

Boring Surface El. (m) 123.1 Pile Width 0.83 ft Pile Surface Area 4.83 sq. ft/ft Pile Tip Area 0.12 sq. ft.

Boring Surface El. (ft) 404.0 Crit depth ratio 20 -

Design GWS El. (ft) 376.0 Crit depth 16.7 ft

Unit Weight of Water (pcf) 62.4 Crit. Depth. Elev 387.3 ft

Depth with no strength Crit. Depth. Elev 118.1 m

Convert. Factor 3.281 Crit. Eff. Vert. Str. 2160 psf

Bottom of Pile Cap El. (m) 117.6 Skin Resistance (Friction) of Pile in Granular Material:

Bottom of Pile Cap El. (ft) 385.86 Type (Steel=S,Concrete=C,Timber=T) s

Bottom of Fill El. (ft) 400 Earth Press. Coefficient * (Comp.) 0.92

Earth Press. Coefficient * (Tens) 0.5

Minimum Adhesion 500 psf

* Note: adhesion values based on FHWA correlations for steel piles (1997); side friction in sand based on Norlund Internal Design Nq z/B Nc Soil Bearing Include Elevation

Layer Lateral Adhesion Adhesion Layer Depth to Effective Effective (granular) (cohesive) Type Capacity B.C.? to

No. Resists? Ratio Thickness Layer Top Vert. StressVert. Stress Cohesive G= gran. (B.C.) midlayer

c c ca/c ca φ φ φ φ δ δ δ δ (Bot. Lay.) (Bot. Lay.) (comp) (tensile) C=cohes.

(-) (m) (feet) (m) (feet) (kPa) (psf) (psf) (deg) (deg) (feet) (feet) (psf) (psf) (ton) (ton) (ton) (-) (-) (-) (ton) (ft) (ton) (kN) (ton) (kN) (ton) (kN) (ton) (kN) (ton) (kN)

122.83 403.0 0 0 0.0 6.25 g 0 n 403.0 0 0 0 0 145 1291 0 0 73 645

1 122.83 403.0 118.26 388.0 n 0 0 0.00 0 43 32.25 15.0 1.0 405 405 0.0 0.0 0.0 145 10.2 9.00 g 3 n 395.5 0.0 0 0.0 0 145 1291 0.0 0 73 645

2 118.26 388.0 117.65 386.0 n 48 1000 0.96 0 0 0 2.0 16.0 1350 1350 0.0 0.0 0.0 0 20.4 9.00 g 0 n 387.0 0.0 0 0.0 0 145 1291 0.0 0 73 645

3 117.65 386.0 115.82 380.0 n 48 1000 0.96 0 0 0 6.0 18.0 2430 2160 0.0 0.0 0.0 0 25.2 9.00 c 1 n 383.0 0.0 0 0.0 0 145 1291 0.0 0 73 645

4 115.82 380.0 110.64 363.0 Y 0 0 0.00 0 40 30 17.0 24.0 4288 2160 0.0 40.8 22.2 145 39.0 9.00 g 18 n 371.5 40.8 363 40.8 363 145 1291 22.2 197 73 645

5 110.64 363.0 106.37 349.0 Y 67 1400 0.91 1274 0 0 14.0 41.0 5305 2160 43.1 0.0 0.0 0 57.6 9.00 c 1 n 356.0 83.9 746 83.9 746 145 1291 65.2 580 73 645

6 106.37 349.0 104.24 342.0 Y 0 0 0.00 0 44 33 7.0 55.0 5813 2160 0.0 18.3 9.9 145 70.2 9.00 g 18 n 345.5 102.2 909 102.2 909 145 1291 75.2 669 73 645

7 104.24 342.0 99.66 327.0 Y 192 4000 0.41 1640 0 0 15.0 62.0 6902 2160 59.4 0.0 0.0 0 83.4 9.00 c 2 n 334.5 161.6 1438 161.6 1438 145 1291 134.6 1197 73 645

8 99.66 327.0 96.31 316.0 Y 0 0 0.00 0 44 33 11.0 77.0 7700 2160 0.0 28.8 15.6 145 99.0 9.00 g 18 y 321.5 190.3 1694 208.6 1857 145 1291 150.2 1336 73 645

9 96.31 316.0 96.01 315.0 Y 192 4000 0.41 1640 0 0 1.0 88.0 7773 2160 4.0 0.0 0.0 0 106.2 9.00 c 2 y 315.5 194.3 1729 196.4 1748 145 1291 154.2 1372 73 645

10 96.01 315.0 91.44 300.0 Y 192 4000 0.41 1640 0 0 15.0 89.0 8354 2160 59.4 0.0 0.0 0 115.8 9.00 c 2 y 307.5 253.7 2258 255.8 2277 145 1291 213.6 1900 73 645
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Route 84 Arroyo Mocho 9/13/2010

Pile Design Spreadsheet pier  

NAVFAC Design Method For a Single Pile

Nominal axial compress. Capacity (ult.) 145 ton

Project Name: Isabel Road Rt 84 Nominal axial compress. Capacity (ult.) 1291 kN

Project Number:  Pile Width 10 inch Pile Shape Square (Square, Circular or Octogonal)

Bridge Name: Arryo Mocho Pile Width 254 mm Pile Surface Area 1.47 sq. m/m Pile Tip Area 0.01 sq. m

Boring Surface El. (m) 123.1 Pile Width 0.83 ft Pile Surface Area 4.83 sq. ft/ft Pile Tip Area 0.12 sq. ft.

Boring Surface El. (ft) 404.0 Crit depth ratio 20 -

Design GWS El. (ft) 376.0 Crit depth 16.7 ft

Unit Weight of Water (pcf) 62.4 Crit. Depth. Elev 387.3 ft

Depth with no strength Crit. Depth. Elev 118.1 m

Convert. Factor 3.281 Crit. Eff. Vert. Str. 2160 psf

Bottom of Pile Cap El. (m) 117.6 Skin Resistance (Friction) of Pile in Granular Material:

Bottom of Pile Cap El. (ft) 385.9 Type (Steel=S,Concrete=C,Timber=T) s

Bottom of Fill El. (ft) 400 Earth Press. Coefficient * (Comp.) 0.92

Earth Press. Coefficient * (Tens) 0.5

Minimum Adhesion 500 psf

* Note: adhesion values based on FHWA correlations for steel piles (1997); side friction in sand based on Norlund method Internal Design Nq z/B Nc Soil Bearing Include Elevation

Layer Lateral Adhesion Adhesion Layer Depth to Effective Effective (granular) (cohesive) Type Capacity B.C.? to

No. Resists? Ratio Thickness Layer Top Vert. StressVert. Stress Cohesive G= gran. (B.C.) midlayer

c c ca/c ca φ φ φ φ δ δ δ δ (Bot. Lay.) (Bot. Lay.) (comp) (tensile) C=cohes.

(-) (m) (feet) (m) (feet) (kPa) (psf) (psf) (deg) (deg) (feet) (feet) (psf) (psf) (ton) (ton) (ton) (-) (-) (-) (ton) (ft) (ton) (kN) (ton) (kN) (ton) (kN) (ton) (kN) (ton) (kN)

122.83 403.0 0 0 0.0 6.25 g 0 n 403.0 0 0 0 0 145 1291 0 0 73 645

1 122.83 403.0 117.65 386.0 n 0 0 0.00 0 40 30 17.0 1.0 405 405 0.0 0.0 0.0 145 11.4 9.00 g 3 n 394.5 0.0 0 0.0 0 145 1291 0.0 0 73 645

2 117.65 386.0 116.43 382.0 y 0 0 0.00 0 40 30 4.0 18.0 1350 1350 0.0 3.9 2.1 145 24.0 9.00 g 11 n 384.0 3.9 35 3.9 35 145 1291 2.1 19 73 645

3 116.43 382.0 115.51 379.0 y 115 2400 0.64 1536 0 0 3.0 22.0 2430 2160 11.1 0.0 0.0 0 28.2 9.00 c 1 n 380.5 15.0 134 15.0 134 145 1291 13.2 118 73 645

4 115.51 379.0 112.16 368.0 Y 0 0 0.00 0 44 33 11.0 25.0 4288 2160 0.0 28.8 15.6 145 36.6 9.00 g 18 n 373.5 43.8 390 43.8 390 145 1291 28.9 257 73 645

5 112.16 368.0 110.03 361.0 Y 96 2000 0.76 1520 0 0 7.0 36.0 5305 2160 25.7 0.0 0.0 0 47.4 9.00 c 1 n 364.5 69.5 618 69.5 618 145 1291 54.6 485 73 645

6 110.03 361.0 107.89 354.0 Y 96 2000 0.76 1520 0 0 7.0 43.0 5813 2160 25.7 0.0 0.0 0 55.8 9.00 c 1 n 357.5 95.2 847 95.2 847 145 1291 80.3 714 73 645

7 107.89 354.0 104.85 344.0 Y 96 2000 0.76 1520 0 0 10.0 50.0 6902 2160 36.7 0.0 0.0 0 66.0 9.00 c 1 n 349.0 131.9 1174 131.9 1174 145 1291 117.0 1041 73 645

8 104.85 344.0 103.32 339.0 Y 0 0 0.00 0 44 33 5.0 60.0 7700 2160 0.0 13.1 7.1 145 75.0 9.00 g 18 y 341.5 144.9 1290 163.3 1453 145 1291 124.1 1104 73 645

9 103.32 339.0 96.01 315.0 Y 96 2000 0.76 1520 0 0 24.0 65.0 7773 2160 88.1 0.0 0.0 0 92.4 9.00 c 1 y 327.0 233.0 2074 234.1 2083 145 1291 212.2 1888 73 645

10 96.01 315.0 91.44 300.0 Y 96 2000 0.76 1520 0 0 15.0 89.0 8354 2160 55.1 0.0 0.0 0 115.8 9.00 c 1 y 307.5 288.1 2564 289.2 2574 145 1291 267.2 2377 73 645
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APPENDIXAPPENDIXAPPENDIXAPPENDIXG Laterally Loaded Pile Analysis, LPILE Output 
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SR 84-ISABEL AVENUE 
Livermore, California Figure
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============================================================================== 
 
                    LPILE Plus for Windows, Version 4.0 
 
               Analysis of Individual Piles and Drilled Shafts 
              Subjected to Lateral Loading Using the p-y Method 
 
                   (c) Copyright ENSOFT, Inc., 1985-2001 
                             All Rights Reserved 
 
============================================================================== 
 
 
This program is licensed to:  
 
IT - San Jose 
URS Corporation 
 
Path to file locations:      X:\Route 84 - Isabel 
Avenue\geotech\Analysis\pile\lateral\ArroyoMocho\ 
Name of input data file:     ArroyoMocho_Pier_B20_Fixed.lpd 
Name of output file:         ArroyoMocho_Pier_B20_Fixed.lpo 
Name of plot output file:    ArroyoMocho_Pier_B20_Fixed.lpp 
Name of runtime file:        ArroyoMocho_Pier_B20_Fixed.lpr 
 
 
------------------------------------------------------------------------------ 
                          Time and Date of Analysis 
------------------------------------------------------------------------------ 
 
               Date:  October 29, 2009     Time:  12: 1:14 
 
 
------------------------------------------------------------------------------ 
                                Problem Title 
------------------------------------------------------------------------------ 
 
SR84 Isabel Pier - Arroyo Mocho Bridge Widen - H pile                            
 
 
------------------------------------------------------------------------------ 
                                Program Options 
------------------------------------------------------------------------------ 
 
Units Used in Computations - US Customary Units, inches, pounds 
 
Basic Program Options: 
 
Analysis Type 1:  
- Computation of Lateral Pile Response Using User-specified Constant EI 
 
Computation Options: 
- Only internally-generated p-y curves used in analysis 
- Analysis does not use p-y multipliers (individual pile or shaft action only) 
- Analysis assumes no shear resistance at pile tip 
- Analysis includes automatic computation of pile-top deflection vs. 
  pile embedment length 



- No computation of foundation stiffness matrix elements 
- Output pile response for full length of pile 
- Analysis assumes no soil movements acting on pile 
- Additional p-y curves computed at specified depths 
 
Solution Control Parameters: 
- Number of pile increments            =          100 
- Maximum number of iterations allowed =          100 
- Deflection tolerance for convergence =   1.0000E-05 in 
- Maximum allowable deflection         =   1.0000E+02 in 
 
Printing Options: 
- Values of pile-head deflection, bending moment, shear force, and  
  soil reaction are printed for full length of pile. 
- Printing Increment (spacing of output points) =  1 
 
 
------------------------------------------------------------------------------ 
                   Pile Structural Properties and Geometry 
------------------------------------------------------------------------------ 
 
Pile Length                               =     492.00 in 
Depth of ground surface below top of pile =    -216.00 in 
Slope angle of ground surface             =        .00 deg. 
 
Structural properties of pile defined using  2 points 
 
Point    Depth         Pile      Moment of       Pile      Modulus of 
           X         Diameter     Inertia        Area      Elasticity 
           in           in         in**4        Sq.in      lbs/Sq.in 
-----  ---------   -----------   ----------   ----------   ----------- 
  1       0.0000        10.000     101.0000      16.8000  29000000.000 
  2     492.0000        10.000     101.0000      16.8000  29000000.000 
 
 
------------------------------------------------------------------------------ 
                      Soil and Rock Layering Information 
------------------------------------------------------------------------------ 
 
The soil profile is modelled using  4 layers 
 
Layer  1 is sand, p-y criteria by Reese et al., 1974 
Distance from top of pile to top of layer    =     -216.000 in 
Distance from top of pile to bottom of layer =     -180.000 in 
p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3 
p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3 
 
Layer  2 is sand, p-y criteria by Reese et al., 1974 
Distance from top of pile to top of layer    =     -180.000 in 
Distance from top of pile to bottom of layer =      108.000 in 
p-y subgrade modulus k for top of soil layer =      225.000 lbs/in**3 
p-y subgrade modulus k for bottom of layer   =      225.000 lbs/in**3 
 
Layer  3 is stiff clay without free water 
Distance from top of pile to top of layer    =      108.000 in 
Distance from top of pile to bottom of layer =      120.000 in 
p-y subgrade modulus k for top of soil layer =     1000.000 lbs/in**3 



p-y subgrade modulus k for bottom of layer   =     1000.000 lbs/in**3 
 
Layer  4 is stiff clay without free water 
Distance from top of pile to top of layer    =      120.000 in 
Distance from top of pile to bottom of layer =      780.000 in 
p-y subgrade modulus k for top of soil layer =     1000.000 lbs/in**3 
p-y subgrade modulus k for bottom of layer   =     1000.000 lbs/in**3 
 
 
(Depth of lowest layer extends  288.00 in below pile tip) 
 
 
------------------------------------------------------------------------------ 
                   Effective Unit Weight of Soil vs. Depth 
------------------------------------------------------------------------------ 
 
Distribution of effective unit weight of soil with depth 
is defined using  8 points 
 
Point        Depth X    Eff. Unit Weight 
 No.           in          lbs/in**3 
-----      ----------   ---------------- 
  1          -216.00         .07230 
  2          -180.00         .07230 
  3          -180.00         .07810 
  4           108.00         .07810 
  5           108.00         .04200 
  6           120.00         .04200 
  7           120.00         .04200 
  8           780.00         .04200 
 
 
 
------------------------------------------------------------------------------ 
                           Shear Strength of Soils 
------------------------------------------------------------------------------ 
 
Distribution of shear strength parameters with depth 
defined using  8 points 
 
Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD 
 No.       in         lbs/in**2            Deg.            k_rm        % 
-----   --------     ----------     ------------------    ------    ------ 
  1     -216.000         .00000           32.00           ------    ------ 
  2     -180.000         .00000           32.00           ------    ------ 
  3     -180.000         .00000           40.00           ------    ------ 
  4      108.000         .00000           40.00           ------    ------ 
  5      108.000       20.83300             .00           .00500        .0 
  6      120.000       20.83300             .00           .00500        .0 
  7      120.000       20.83300             .00           .00500        .0 
  8      780.000       20.83300             .00           .00500        .0 
 
Notes: 
 
(1)  Cohesion = uniaxial compressive strength for rock materials. 
(2)  Values of E50 are reported for clay strata.  
(3)  Default values will be generated for E50 when input values are 0. 



(4)  RQD and k_rm are reported only for weak rock strata. 
 
Static loading criteria was used for computation of  p-y curves 
 
 
 
------------------------------------------------------------------------------ 
              Pile-head Loading and Pile-head Fixity Conditions 
------------------------------------------------------------------------------ 
 
Number of loads specified = 10 
 
Load Case Number  1 
 
Pile-head boundary conditions are Displacement and Slope (BC Type 5) 
Deflection at pile head     =            .100 in 
Slope at pile head          =            .000 in/in 
Axial load at pile head     =      200000.000 lbs 
 
Load Case Number  2 
 
Pile-head boundary conditions are Displacement and Slope (BC Type 5) 
Deflection at pile head     =            .200 in 
Slope at pile head          =            .000 in/in 
Axial load at pile head     =      200000.000 lbs 
 
Load Case Number  3 
 
Pile-head boundary conditions are Displacement and Slope (BC Type 5) 
Deflection at pile head     =            .300 in 
Slope at pile head          =            .000 in/in 
Axial load at pile head     =      200000.000 lbs 
 
Load Case Number  4 
 
Pile-head boundary conditions are Displacement and Slope (BC Type 5) 
Deflection at pile head     =            .400 in 
Slope at pile head          =            .000 in/in 
Axial load at pile head     =      200000.000 lbs 
 
Load Case Number  5 
 
Pile-head boundary conditions are Displacement and Slope (BC Type 5) 
Deflection at pile head     =            .500 in 
Slope at pile head          =            .000 in/in 
Axial load at pile head     =      200000.000 lbs 
 
Load Case Number  6 
 
Pile-head boundary conditions are Displacement and Slope (BC Type 5) 
Deflection at pile head     =            .600 in 
Slope at pile head          =            .000 in/in 
Axial load at pile head     =      200000.000 lbs 
 
Load Case Number  7 
 
Pile-head boundary conditions are Displacement and Slope (BC Type 5) 



Deflection at pile head     =            .700 in 
Slope at pile head          =            .000 in/in 
Axial load at pile head     =      200000.000 lbs 
 
Load Case Number  8 
 
Pile-head boundary conditions are Displacement and Slope (BC Type 5) 
Deflection at pile head     =            .800 in 
Slope at pile head          =            .000 in/in 
Axial load at pile head     =      200000.000 lbs 
 
Load Case Number  9 
 
Pile-head boundary conditions are Displacement and Slope (BC Type 5) 
Deflection at pile head     =            .900 in 
Slope at pile head          =            .000 in/in 
Axial load at pile head     =      200000.000 lbs 
 
Load Case Number 10 
 
Pile-head boundary conditions are Displacement and Slope (BC Type 5) 
Deflection at pile head     =           1.000 in 
Slope at pile head          =            .000 in/in 
Axial load at pile head     =      200000.000 lbs 
 
 
 
 
------------------------------------------------------------------------------ 
                   Output of p-y Curves at Specified Depths 
------------------------------------------------------------------------------ 
 
 
 
p-y curves are generated and printed for verification at  1 depths. 
 
Depth      Depth Below Pile Head      Depth Below Ground Surface 
 No.                 in                         in 
-----      ---------------------      -------------------------- 
  1                60.000                    276.000 
 
Depth of ground surface below top of pile =    -216.00 in 
 
 
p-y Curve in Sand Computed Using Reese Criteria 
 
Soil Layer Number           =            2 
Depth below pile head       =       60.000 in 
Depth below ground surface  =      276.000 in 
Equivalent Depth (see note) =      276.000 in 
Pile Diameter               =       10.000 in 
Angle of Friction           =       40.000 deg. 
Avg. Eff. Unit Weight       =       .07734 lbs/in**3 
k                           =      225.000 pci   
A (static)                  =        .8800 
B (static)                  =        .5000 
Pst                         =    28178.350 lbs/in 



Psd                         =    22232.297 lbs/in 
Ps                          =    22232.297 lbs/in 
pu                          =    19564.422 lbs/in 
Cbar                        =   33042.3027 
n                           =       1.6447 
m                           =   40551.7102 
yk                          =        .2000  in 
ym                          =        .1667  in 
yu                          =        .3750  in 
p-multiplier                =      1.00000 
y-multiplier                =      1.00000 
 
If Psd <= Pst then actual depth is used in place of equivalent depth in 
computations. 
 
        y, in             p, lbs/in 
----------------    ----------------- 
          .0000             .000 
          .0139          862.500 
          .0278         1725.000 
          .0417         2587.500 
          .0556         3450.000 
          .0694         4312.500 
          .0833         5175.000 
          .0972         6037.500 
          .1111         6900.000 
          .1250         7762.500 
          .1389         8625.000 
          .1528         9487.500 
          .1667        10350.000 
          .3750        19564.422 
        10.3750        19564.422 
        20.3750        19564.422 
        30.3750        19564.422 
 
 
 
 
 
 
 
------------------------------------------------------------------------------ 
             Computed Values of Load Distribution and Deflection 
                 for Lateral Loading for Load Case Number  1 
------------------------------------------------------------------------------ 
 
Pile-head boundary conditions are Displacement and Slope (BC Type 5) 
Specified deflection at pile head   =         .100000 in 
Specified slope at pile head        =       0.000E+00 in/in 
Specified axial load at pile head   =      200000.000 lbs 
 
  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 
    X         y          M           V           S        Stress        p 
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 
-------- --------- ----------- ----------- ----------- ----------- ----------- 
   0.000   .100000  -1.207E+06   1.098E+05      0.0000  71642.3950  -4860.0000 
   4.920   .095014  -7.242E+05  86241.4338    -.001622  47757.9071  -4722.8450 



   9.840   .084042  -3.549E+05  64117.7790    -.002528  29473.7164  -4270.5107 
  14.760   .070137 -88339.3243  44653.9813    -.002900  16277.9958  -3641.6022 
  19.680   .055503  90210.1666  28455.3810    -.002899  16370.6117  -2943.1947 
  24.600   .041613   1.974E+05  15673.3687    -.002657  21675.3759  -2252.7453 
  29.520   .029355   2.497E+05   6142.3535    -.002282  24264.4433  -1621.6512 
  34.440   .019161   2.623E+05   -502.9322    -.001852  24889.7977  -1079.6845 
  39.360   .011134   2.484E+05  -4732.6076    -.001423  24199.8639   -639.6958 
  44.280   .005159   2.185E+05  -7049.5211    -.001031  22723.0369   -302.1390 
  49.200  9.91E-04   1.810E+05  -7938.2166  -6.952E-04  20866.2644    -59.1193 
  54.120  -.001682   1.418E+05  -7832.2274  -4.241E-04  18923.8347    102.2044 
  59.040  -.003182   1.048E+05  -7096.3539  -2.170E-04  17092.2787    196.9311 
  63.960  -.003817  72384.2003  -6020.4466  -6.819E-05  15488.1382    240.4296 
  68.880  -.003853  45680.8527  -4821.3972   3.097E-05  14166.1903    246.9889 
  73.800  -.003512  24880.7123  -3650.4341   9.023E-05  13136.4803    229.0124 
  78.720  -.002965   9583.0124  -2603.3162   1.192E-04  12379.1685    196.6453 
  83.640  -.002340   -970.4520  -1731.5570   1.264E-04  11952.8041    157.7283 
  88.560  -.001722  -7704.2772  -1053.3264   1.191E-04  12286.1618    117.9751 
  93.480  -.001167 -11569.6148   -563.1403   1.029E-04  12477.5151     81.2875 
  98.400 -7.09E-04 -13448.1515   -239.8370   8.192E-05  12570.5120     50.1366 
 103.320 -3.61E-04 -14090.8327    -52.6504   5.879E-05  12602.3279     25.9555 
 108.240 -1.30E-04 -14081.9344    411.7313   3.513E-05  12601.8874    162.8175 
 113.160 -1.56E-05 -10108.5341   1016.3522   1.481E-05  12405.1844     82.9633 
 118.080  1.55E-05  -4110.1822    957.7931   2.872E-06  12108.2363   -106.7678 
 123.000  1.27E-05   -689.5013    474.4877  -1.159E-06  11938.8956    -89.6978 
 127.920  4.13E-06    561.0590    114.7538  -1.267E-06  11932.5371    -56.5355 
 132.840  2.12E-07    442.1700    -53.2937  -4.247E-07  11926.6515    -11.7764 
 137.760 -5.04E-08     37.4849    -45.4818  -2.189E-08  11906.6176     14.9520 
 142.680 -3.16E-09     -5.3280     -3.8477   5.120E-09  11905.0257      1.9724 
 147.600  1.53E-11      -.3862       .5417   3.213E-10  11904.7810      -.1882 
 152.520  1.99E-13     .001797     .039247  -1.550E-12  11904.7620    -.016100 
 157.440 -5.86E-17   2.415E-05  -1.827E-04  -2.027E-14  11904.7619   7.226E-05 
 162.360 -4.25E-20  -7.076E-09  -2.454E-06   5.951E-18  11904.7619   9.983E-07 
 167.280  5.85E-24  -5.144E-12   7.191E-10   4.319E-21  11904.7619  -2.919E-10 
 172.200     0.000   7.073E-16   5.228E-13  -5.949E-25  11904.7619  -2.126E-13 
 177.120     0.000   5.160E-19  -7.188E-17      0.0000  11904.7619   2.918E-17 
 182.040     0.000  -7.071E-23  -5.244E-20      0.0000  11904.7619   2.132E-20 
 186.960     0.000      0.0000   7.186E-24      0.0000  11904.7619  -2.917E-24 
 191.880     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 196.800     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 201.720     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 206.640     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 211.560     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 216.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 221.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 226.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 231.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 236.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 241.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 246.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 250.920     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 255.840     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 260.760     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 265.680     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 270.600     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 275.520     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 280.440     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 285.360     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 



 290.280     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 295.200     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 300.120     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 305.040     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 309.960     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 314.880     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 319.800     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 324.720     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 329.640     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 334.560     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 339.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 344.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 349.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 354.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 359.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 364.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 369.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 373.920     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 378.840     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 383.760     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 388.680     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 393.600     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 398.520     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 403.440     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 408.360     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 413.280     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 418.200     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 423.120     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 428.040     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 432.960     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 437.880     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 442.800     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 447.720     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 452.640     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 457.560     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 462.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 467.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 472.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 477.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 482.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 487.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 492.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 
Output Verification: 
 
Computed forces and moments are within specified convergence limits. 
 
 
Output Summary for Load Case No.  1: 
 
Pile-head deflection             =      .10000000 in 
Computed slope at pile head      =          0.000 
Maximum bending moment           =   -1206700.188 lbs-in 
Maximum shear force              =     109815.232 lbs 
Depth of maximum bending moment  =          0.000 in 
Depth of maximum shear force     =          0.000 in 
Number of iterations             =              5 



Number of zero deflection points =             39 
 
 
 
 
------------------------------------------------------------------------------ 
             Computed Values of Load Distribution and Deflection 
                 for Lateral Loading for Load Case Number  2 
------------------------------------------------------------------------------ 
 
Pile-head boundary conditions are Displacement and Slope (BC Type 5) 
Specified deflection at pile head   =         .200000 in 
Specified slope at pile head        =       0.000E+00 in/in 
Specified axial load at pile head   =      200000.000 lbs 
 
  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 
    X         y          M           V           S        Stress        p 
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 
-------- --------- ----------- ----------- ----------- ----------- ----------- 
   0.000   .200000  -2.413E+06   2.196E+05      0.0000   1.314E+05  -9720.0000 
   4.920   .190028  -1.448E+06   1.725E+05    -.003243  83609.4035  -9445.6985 
   9.840   .168085  -7.098E+05   1.282E+05    -.005056  47041.4704  -8541.0530 
  14.760   .140276  -1.767E+05  89305.8221    -.005801  20650.5174  -7283.2705 
  19.680   .111007   1.804E+05  56908.1926    -.005797  20836.6053  -5886.4976 
  24.600   .083230   3.947E+05  31343.5244    -.005314  31445.4352  -4505.6439 
  29.520   .058714   4.993E+05  12280.6364    -.004563  36622.6885  -3243.4975 
  34.440   .038325   5.245E+05  -1010.9687    -.003704  37872.2843  -2159.5940 
  39.360   .022271   4.966E+05  -9471.4426    -.002846  36491.0382  -1279.6230 
  44.280   .010322   4.369E+05 -14106.3299    -.002062  33535.7349   -604.4775 
  49.200   .001983   3.619E+05 -15884.4840    -.001391  29820.3108   -118.3494 
  54.120  -.003364   2.834E+05 -15672.6370  -8.489E-04  25933.4520    204.4661 
  59.040  -.006370   2.093E+05 -14199.9398  -4.351E-04  22268.4247    394.1913 
  63.960  -.007645   1.445E+05 -12045.5197  -1.379E-04  19058.6413    481.5892 
  68.880  -.007727  91089.4285  -9642.4691   5.999E-05  16414.1396    495.2606 
  73.800  -.007055  49508.4091  -7292.4648   1.781E-04  14355.6732    460.0257 
  78.720  -.005974  18981.1237  -5186.2189   2.356E-04  12844.4215    396.1719 
  83.640  -.004737  -1987.6400  -3426.0360   2.499E-04  12003.1599    319.3496 
  88.560  -.003516 -15222.8145  -2047.7901   2.354E-04  12658.3666    240.9130 
  93.480  -.002420 -22601.1920  -1040.5530   2.036E-04  13023.6328    168.5330 
  98.400  -.001512 -25862.6342   -362.8863   1.629E-04  13185.0903    106.9412 
 103.320 -8.17E-04 -26492.6665     44.5773   1.190E-04  13216.2800     58.6944 
 108.240 -3.41E-04 -25658.1301    706.3953   7.517E-05  13174.9664    210.3373 
 113.160 -7.72E-05 -19689.6746   1567.3681   3.709E-05  12879.4983    139.6516 
 118.080  2.39E-05 -10308.2116   1620.1985   1.189E-05  12415.0694   -118.1758 
 123.000  3.98E-05  -3770.3215   1032.6759   6.633E-08  12091.4115   -120.6545 
 127.920  2.45E-05   -146.8111    493.5960  -3.224E-06  11912.0298    -98.4836 
 132.840  8.04E-06   1093.0074     96.3037  -2.429E-06  11958.8712    -63.0173 
 137.760  6.03E-07    805.5969    -99.9248  -8.343E-07  11944.6429    -16.7503 
 142.680 -1.73E-07    111.3894    -83.3165  -6.414E-08  11910.2762     23.5017 
 147.600 -2.79E-08    -14.1115    -11.6645   1.756E-08  11905.4605      5.6252 
 152.520  2.27E-10     -3.4237      1.4370   2.833E-09  11904.9314      -.2994 
 157.440  1.68E-11     .023438       .3481  -2.311E-11  11904.7631      -.1433 
 162.360 -1.26E-14     .002041    -.002382  -1.712E-12  11904.7620   7.996E-04 
 167.280 -9.85E-17  -1.505E-06  -2.075E-04   1.284E-15  11904.7619   8.446E-05 
 172.200  4.42E-21  -1.192E-08   1.530E-07   1.001E-17  11904.7619  -6.120E-08 
 177.120  9.88E-24   5.320E-13   1.211E-09  -4.488E-22  11904.7619  -4.925E-10 
 182.040     0.000   1.195E-15  -5.406E-14  -1.004E-24  11904.7619   2.188E-14 



 186.960     0.000  -5.286E-20  -1.215E-16      0.0000  11904.7619   4.939E-17 
 191.880     0.000  -1.199E-22   5.372E-21      0.0000  11904.7619  -2.174E-21 
 196.800     0.000      0.0000   1.218E-23      0.0000  11904.7619  -4.952E-24 
 201.720     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 206.640     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 211.560     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 216.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 221.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 226.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 231.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 236.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 241.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 246.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 250.920     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 255.840     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 260.760     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 265.680     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 270.600     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 275.520     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 280.440     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 285.360     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 290.280     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 295.200     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 300.120     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 305.040     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 309.960     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 314.880     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 319.800     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 324.720     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 329.640     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 334.560     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 339.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 344.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 349.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 354.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 359.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 364.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 369.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 373.920     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 378.840     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 383.760     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 388.680     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 393.600     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 398.520     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 403.440     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 408.360     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 413.280     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 418.200     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 423.120     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 428.040     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 432.960     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 437.880     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 442.800     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 447.720     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 452.640     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 457.560     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 462.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 



 467.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 472.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 477.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 482.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 487.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 492.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 
Output Verification: 
 
Computed forces and moments are within specified convergence limits. 
 
 
Output Summary for Load Case No.  2: 
 
Pile-head deflection             =      .20000000 in 
Computed slope at pile head      =          0.000 
Maximum bending moment           =   -2413358.280 lbs-in 
Maximum shear force              =     219628.685 lbs 
Depth of maximum bending moment  =          0.000 in 
Depth of maximum shear force     =          0.000 in 
Number of iterations             =              5 
Number of zero deflection points =             39 
 
 
 
 
------------------------------------------------------------------------------ 
             Computed Values of Load Distribution and Deflection 
                 for Lateral Loading for Load Case Number  3 
------------------------------------------------------------------------------ 
 
Pile-head boundary conditions are Displacement and Slope (BC Type 5) 
Specified deflection at pile head   =         .300000 in 
Specified slope at pile head        =       0.000E+00 in/in 
Specified axial load at pile head   =      200000.000 lbs 
 
  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 
    X         y          M           V           S        Stress        p 
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 
-------- --------- ----------- ----------- ----------- ----------- ----------- 
   0.000   .300000  -3.560E+06   3.140E+05      0.0000   1.881E+05 -12895.9432 
   4.920   .285290  -2.168E+06   2.510E+05    -.004811   1.192E+05 -12717.0650 
   9.840   .252665  -1.080E+06   1.904E+05    -.007538  65375.5550 -11923.5240 
  14.760   .211113  -2.792E+05   1.346E+05    -.008680  25728.1609 -10780.2836 
  19.680   .167253   2.612E+05  86233.8858    -.008695  24833.1968  -8869.0914 
  24.600   .125552   5.864E+05  47695.9530    -.007983  40935.5043  -6796.7349 
  29.520   .088697   7.462E+05  18922.5341    -.006864  48845.0511  -4899.7769 
  34.440   .058008   7.861E+05  -1171.9610    -.005577  50821.9580  -3268.7171 
  39.360   .033817   7.456E+05 -13992.7787    -.004291  48817.5162  -1942.9975 
  44.280   .015788   6.569E+05 -21047.0626    -.003113  44423.6970   -924.5976 
  49.200   .003188   5.447E+05 -23789.4993    -.002104  38868.1487   -190.2140 
  54.120  -.004911   4.269E+05 -23523.1353    -.001288  33040.0929    298.4921 
  59.040  -.009482   3.157E+05 -21345.3632  -6.638E-04  27534.7969    586.7812 
  63.960  -.011443   2.182E+05 -18128.6446  -2.154E-04  22706.8277    720.8280 
  68.880  -.011601   1.378E+05 -14526.0796   8.357E-05  18724.7986    743.6293 
  73.800  -.010621  75100.6343 -10993.0986   2.624E-04  15622.6151    692.5419 
  78.720  -.009020  29076.3402  -7818.0543   3.498E-04  13344.1847    598.1265 



  83.640  -.007178  -2517.5235  -5156.1075   3.722E-04  12029.3918    483.9657 
  88.560  -.005358 -22392.1596  -3062.3540   3.512E-04  13013.2847    367.1536 
  93.480  -.003722 -33342.3164  -1521.5316   3.044E-04  13555.3716    259.1969 
  98.400  -.002362 -37963.1380   -472.8122   2.445E-04  13784.1252    167.1118 
 103.320  -.001316 -38476.0362    170.8932   1.803E-04  13809.5162     94.5571 
 108.240 -5.88E-04 -36636.4516   1000.6342   1.173E-04  13718.4476    242.7360 
 113.160 -1.62E-04 -28860.5469   2023.6683   6.224E-05  13333.5018    173.1315 
 118.080  2.46E-05 -16846.0488   2164.2842   2.385E-05  12738.7247   -115.9706 
 123.000  7.24E-05  -7610.9358   1535.2142   3.314E-06  12281.5409   -139.7490 
 127.920  5.72E-05  -1746.0625    883.5217  -4.545E-06  11991.2006   -125.1666 
 132.840  2.77E-05   1091.8630    341.4695  -5.095E-06  11958.8145    -95.1798 
 137.760  7.12E-06   1624.0235    -26.7554  -2.814E-06  11985.1591    -54.5051 
 142.680 -1.58E-08    834.1276   -159.4239  -7.491E-07  11946.0553       .5748 
 147.600 -2.55E-07     56.7661    -87.2987  -8.421E-10  11907.5721     28.7444 
 152.520 -2.41E-08    -24.8903     -6.0755   2.593E-08  11905.9941      4.2732 
 157.440  6.41E-10     -3.0674      2.5375   2.449E-09  11904.9138      -.7719 
 162.360  1.32E-11     .074345       .3119  -6.514E-11  11904.7656      -.1328 
 167.280 -6.77E-14     .001612    -.007557  -1.340E-12  11904.7620     .002938 
 172.200 -5.54E-17  -8.180E-06  -1.638E-04   6.882E-15  11904.7619   6.728E-05 
 177.120  3.90E-20  -6.718E-09   8.313E-07   5.634E-18  11904.7619  -3.374E-07 
 182.040  5.57E-24   4.716E-12   6.827E-10  -3.962E-21  11904.7619  -2.779E-10 
 186.960     0.000   6.754E-16  -4.793E-13  -5.665E-25  11904.7619   1.948E-13 
 191.880     0.000  -4.726E-19  -6.864E-17      0.0000  11904.7619   2.794E-17 
 196.800     0.000  -6.791E-23   4.803E-20      0.0000  11904.7619  -1.952E-20 
 201.720     0.000      0.0000   6.901E-24      0.0000  11904.7619  -2.809E-24 
 206.640     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 211.560     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 216.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 221.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 226.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 231.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 236.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 241.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 246.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 250.920     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 255.840     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 260.760     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 265.680     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 270.600     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 275.520     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 280.440     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 285.360     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 290.280     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 295.200     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 300.120     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 305.040     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 309.960     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 314.880     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 319.800     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 324.720     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 329.640     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 334.560     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 339.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 344.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 349.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 354.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 359.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 



 364.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 369.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 373.920     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 378.840     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 383.760     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 388.680     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 393.600     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 398.520     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 403.440     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 408.360     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 413.280     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 418.200     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 423.120     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 428.040     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 432.960     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 437.880     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 442.800     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 447.720     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 452.640     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 457.560     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 462.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 467.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 472.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 477.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 482.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 487.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 492.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 
Output Verification: 
 
Computed forces and moments are within specified convergence limits. 
 
 
Output Summary for Load Case No.  3: 
 
Pile-head deflection             =      .30000000 in 
Computed slope at pile head      =          0.000 
Maximum bending moment           =   -3559796.555 lbs-in 
Maximum shear force              =     314046.564 lbs 
Depth of maximum bending moment  =          0.000 in 
Depth of maximum shear force     =          0.000 in 
Number of iterations             =              5 
Number of zero deflection points =             38 
 
 
 
 
------------------------------------------------------------------------------ 
             Computed Values of Load Distribution and Deflection 
                 for Lateral Loading for Load Case Number  4 
------------------------------------------------------------------------------ 
 
Pile-head boundary conditions are Displacement and Slope (BC Type 5) 
Specified deflection at pile head   =         .400000 in 
Specified slope at pile head        =       0.000E+00 in/in 
Specified axial load at pile head   =      200000.000 lbs 
 



  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 
    X         y          M           V           S        Stress        p 
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 
-------- --------- ----------- ----------- ----------- ----------- ----------- 
   0.000   .400000  -4.630E+06   3.971E+05      0.0000   2.411E+05 -15269.6852 
   4.920   .380870  -2.857E+06   3.212E+05    -.006288   1.533E+05 -15621.8532 
   9.840   .338131  -1.457E+06   2.464E+05    -.009911  84038.4470 -14753.2929 
  14.760   .283350  -4.123E+05   1.776E+05    -.011481  32314.7948 -13224.7812 
  19.680   .225162   3.131E+05   1.168E+05    -.011564  27404.3767 -11498.5067 
  24.600   .169562   7.596E+05  65915.0319    -.010663  49509.3237  -9179.2144 
  29.520   .120239   9.827E+05  26994.2802    -.009200  60552.3260  -6642.2294 
  34.440   .079037   1.043E+06   -301.6285    -.007498  63555.2931  -4453.6685 
  39.360   .046458   9.945E+05 -17824.1458    -.005787  61135.8941  -2669.3061 
  44.280   .022098   8.793E+05 -27574.1845    -.004213  55436.3947  -1294.1243 
  49.200   .005005   7.314E+05 -31492.3917    -.002860  48114.1463   -298.6428 
  54.120  -.006043   5.751E+05 -31323.5030    -.001763  40374.1736    367.2968 
  59.040  -.012339   4.267E+05 -28541.5440  -9.212E-04  33027.2896    763.5809 
  63.960  -.015108   2.960E+05 -24321.9925  -3.142E-04  26560.5195    951.6839 
  68.880  -.015431   1.880E+05 -19547.6801   9.228E-05  21209.9630    989.0934 
  73.800  -.014200   1.035E+05 -14836.7301   3.371E-04  17029.2931    925.9269 
  78.720  -.012114  41308.2539 -10582.8171   4.587E-04  13949.7250    803.3061 
  83.640  -.009686  -1522.1506  -7000.1801   4.921E-04  11980.1159    653.0504 
  88.560  -.007271 -28542.0399  -4167.9022   4.669E-04  13317.7342    498.2821 
  93.480  -.005092 -43453.1372  -2069.8316   4.064E-04  14055.9073    354.5921 
  98.400  -.003272 -49709.0129   -628.0911   3.282E-04  14365.6041    231.4813 
 103.320  -.001863 -50279.3974    270.6404   2.442E-04  14393.8410    133.8567 
 108.240 -8.69E-04 -47526.4870   1264.1252   1.620E-04  14257.5583    269.9989 
 113.160 -2.69E-04 -38159.3192   2422.3462   9.008E-05  13793.8371    200.8226 
 118.080  1.70E-05 -23867.8861   2671.9133   3.799E-05  13086.3404    -99.3726 
 123.000  1.05E-04 -11942.4548   2043.2502   7.913E-06  12495.9725   -156.1815 
 127.920  9.49E-05  -3777.8762   1291.3243  -5.290E-06  12091.7855   -149.4794 
 132.840  5.32E-05    774.5879    616.3873  -7.813E-06  11943.1078   -124.8852 
 137.760  1.80E-05   2302.7503     93.6394  -5.228E-06  12018.7594    -87.6139 
 142.680  1.80E-06   1706.2886   -205.7565  -1.861E-06  11989.2316    -34.0917 
 147.600 -3.04E-07    281.7688   -175.1828  -1.913E-07  11918.7109     46.5200 
 152.520 -8.15E-08    -17.1339    -29.6286   3.093E-08  11905.6101     12.6484 
 157.440 -8.45E-11     -9.8373      1.7417   8.281E-09  11905.2489       .1038 
 162.360  6.30E-12    -.011751       .9998   8.590E-12  11904.7625      -.4054 
 167.280  1.31E-15   7.617E-04     .001194  -6.400E-13  11904.7619  -5.483E-04 
 172.200 -6.31E-19   1.585E-07  -7.741E-05  -1.330E-16  11904.7619   3.146E-05 
 177.120 -1.31E-22  -7.631E-11  -1.611E-08   6.411E-20  11904.7619   6.555E-09 
 182.040     0.000  -1.592E-14   7.755E-12   1.336E-23  11904.7619  -3.151E-12 
 186.960     0.000   7.644E-18   1.618E-15      0.0000  11904.7619  -6.585E-16 
 191.880     0.000   1.600E-21  -7.768E-19      0.0000  11904.7619   3.157E-19 
 196.800     0.000  -7.657E-25  -1.626E-22      0.0000  11904.7619   6.614E-23 
 201.720     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 206.640     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 211.560     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 216.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 221.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 226.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 231.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 236.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 241.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 246.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 250.920     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 255.840     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 



 260.760     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 265.680     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 270.600     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 275.520     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 280.440     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 285.360     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 290.280     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 295.200     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 300.120     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 305.040     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 309.960     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 314.880     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 319.800     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 324.720     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 329.640     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 334.560     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 339.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 344.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 349.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 354.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 359.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 364.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 369.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 373.920     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 378.840     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 383.760     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 388.680     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 393.600     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 398.520     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 403.440     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 408.360     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 413.280     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 418.200     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 423.120     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 428.040     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 432.960     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 437.880     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 442.800     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 447.720     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 452.640     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 457.560     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 462.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 467.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 472.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 477.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 482.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 487.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 492.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 
Output Verification: 
 
Computed forces and moments are within specified convergence limits. 
 
 
Output Summary for Load Case No.  4: 
 
Pile-head deflection             =      .40000000 in 



Computed slope at pile head      =          0.000 
Maximum bending moment           =   -4629594.545 lbs-in 
Maximum shear force              =     397143.620 lbs 
Depth of maximum bending moment  =          0.000 in 
Depth of maximum shear force     =          0.000 in 
Number of iterations             =              6 
Number of zero deflection points =             38 
 
 
 
 
------------------------------------------------------------------------------ 
             Computed Values of Load Distribution and Deflection 
                 for Lateral Loading for Load Case Number  5 
------------------------------------------------------------------------------ 
 
Pile-head boundary conditions are Displacement and Slope (BC Type 5) 
Specified deflection at pile head   =         .500000 in 
Specified slope at pile head        =       0.000E+00 in/in 
Specified axial load at pile head   =      200000.000 lbs 
 
  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 
    X         y          M           V           S        Stress        p 
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 
-------- --------- ----------- ----------- ----------- ----------- ----------- 
   0.000   .500000  -5.564E+06   4.513E+05      0.0000   2.874E+05 -15269.6852 
   4.920   .477008  -3.524E+06   3.753E+05    -.007633   1.864E+05 -15621.8533 
   9.840   .424892  -1.856E+06   2.976E+05    -.012152   1.038E+05 -15974.0211 
  14.760   .357435  -5.722E+05   2.196E+05    -.014191  40231.1397 -15731.8109 
  19.680   .285250   3.321E+05   1.475E+05    -.014393  28343.1729 -13575.7168 
  24.600   .215808   9.071E+05  85992.1555    -.013352  56812.5122 -11411.1092 
  29.520   .153863   1.204E+06  37011.4994    -.011579  71533.2743  -8499.7266 
  34.440   .101873   1.294E+06   1980.6467    -.009480  75969.9439  -5740.4574 
  39.360   .060578   1.243E+06 -20703.1025    -.007350  73421.7212  -3480.5788 
  44.280   .029553   1.105E+06 -33522.8391    -.005378  66600.9134  -1730.6962 
  49.200   .007658   9.234E+05 -38904.5003    -.003675  57615.7427   -456.9709 
  54.120  -.006605   7.293E+05 -39041.1115    -.002287  48007.4124    401.4380 
  59.040  -.014841   5.437E+05 -35794.1845    -.001217  38820.4666    918.4511 
  63.960  -.018585   3.795E+05 -30654.9701  -4.421E-04  30689.6460   1170.6604 
  68.880  -.019192   2.429E+05 -24748.9811   8.063E-05  23930.6216   1230.1481 
  73.800  -.017791   1.358E+05 -18869.0346   3.987E-04  18625.8514   1160.0740 
  78.720  -.015269  56466.4629 -13524.5132   5.601E-04  14700.1314   1012.4956 
  83.640  -.012279   1582.4593  -8997.2123   6.089E-04  11983.1015    827.8706 
  88.560  -.009277 -33264.3935  -5396.7517   5.823E-04  13551.5141    635.7313 
  93.480  -.006550 -52667.4984  -2710.8767   5.101E-04  14512.0638    456.0878 
  98.400  -.004258 -60943.3064   -847.9571   4.147E-04  14921.7573    301.1966 
 103.320  -.002469 -61827.4970    329.4328   3.116E-04  14965.5291    177.4171 
 108.240  -.001192 -58314.8639   1485.0665   2.107E-04  14791.6364    292.3526 
 113.160 -3.96E-04 -47629.0384   2749.7541   1.217E-04  14262.6351    221.7480 
 118.080  5.50E-06 -31496.7662   3126.3472   5.523E-05  13464.0078    -68.6614 
 123.000  1.47E-04 -16974.4795   2539.3053   1.452E-05  12745.0827   -169.9735 
 127.920  1.48E-04  -6538.5830   1707.5720  -5.225E-06  12228.4541   -168.1294 
 132.840  9.57E-05   -161.6869    932.5027  -1.085E-05  11912.7662   -146.9394 
 137.760  4.16E-05   2658.6019    291.7032  -8.756E-06  12036.3759   -113.5482 
 142.680  9.52E-06   2725.9040   -159.4627  -4.233E-06  12039.7076    -69.8526 
 147.600 -4.91E-08   1097.8201   -265.0589  -1.022E-06  11959.1094     26.9273 
 152.520 -5.41E-07    119.7352   -117.1583   6.386E-10  11910.6894     33.1949 



 157.440 -4.28E-08    -55.0191    -12.6934   5.499E-08  11907.4856      9.2705 
 162.360  4.03E-10     -5.2765      5.5970   4.351E-09  11905.0231     -1.8354 
 167.280  7.64E-12     .046856       .5363  -4.091E-11  11904.7642      -.2218 
 172.200 -1.07E-15   9.250E-04    -.004762  -7.766E-13  11904.7620     .001859 
 177.120 -7.67E-19  -1.296E-07  -9.400E-05   1.090E-16  11904.7619   3.822E-05 
 182.040  1.07E-22  -9.279E-11   1.317E-08   7.791E-20  11904.7619  -5.347E-09 
 186.960     0.000   1.296E-14   9.430E-12  -1.090E-23  11904.7619  -3.834E-12 
 191.880     0.000   9.308E-18  -1.317E-15      0.0000  11904.7619   5.345E-16 
 196.800     0.000  -1.295E-21  -9.459E-19      0.0000  11904.7619   3.846E-19 
 201.720     0.000  -9.337E-25   1.316E-22      0.0000  11904.7619  -5.344E-23 
 206.640     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 211.560     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 216.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 221.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 226.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 231.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 236.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 241.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 246.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 250.920     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 255.840     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 260.760     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 265.680     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 270.600     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 275.520     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 280.440     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 285.360     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 290.280     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 295.200     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 300.120     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 305.040     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 309.960     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 314.880     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 319.800     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 324.720     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 329.640     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 334.560     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 339.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 344.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 349.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 354.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 359.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 364.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 369.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 373.920     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 378.840     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 383.760     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 388.680     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 393.600     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 398.520     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 403.440     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 408.360     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 413.280     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 418.200     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 423.120     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 428.040     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 432.960     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 



 437.880     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 442.800     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 447.720     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 452.640     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 457.560     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 462.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 467.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 472.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 477.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 482.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 487.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 492.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 
Output Verification: 
 
Computed forces and moments are within specified convergence limits. 
 
 
Output Summary for Load Case No.  5: 
 
Pile-head deflection             =      .50000000 in 
Computed slope at pile head      =          0.000 
Maximum bending moment           =   -5564067.895 lbs-in 
Maximum shear force              =     451271.648 lbs 
Depth of maximum bending moment  =          0.000 in 
Depth of maximum shear force     =          0.000 in 
Number of iterations             =              6 
Number of zero deflection points =             38 
 
 
 
 
------------------------------------------------------------------------------ 
             Computed Values of Load Distribution and Deflection 
                 for Lateral Loading for Load Case Number  6 
------------------------------------------------------------------------------ 
 
Pile-head boundary conditions are Displacement and Slope (BC Type 5) 
Specified deflection at pile head   =         .600000 in 
Specified slope at pile head        =       0.000E+00 in/in 
Specified axial load at pile head   =      200000.000 lbs 
 
  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 
    X         y          M           V           S        Stress        p 
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 
-------- --------- ----------- ----------- ----------- ----------- ----------- 
   0.000   .600000  -6.371E+06   4.914E+05      0.0000   3.273E+05 -15269.6852 
   4.920   .573675  -4.133E+06   4.154E+05    -.008821   2.165E+05 -15621.8534 
   9.840   .513197  -2.266E+06   3.376E+05    -.014196   1.241E+05 -15974.0215 
  14.760   .433991  -7.823E+05   2.582E+05    -.016756  50632.1999 -16326.1892 
  19.680   .348320   3.075E+05   1.793E+05    -.017154  27128.2636 -15756.0561 
  24.600   .265191   1.015E+06   1.081E+05    -.016043  62172.9815 -13154.3119 
  29.520   .190454   1.403E+06  49902.5840    -.014012  81371.3184 -10521.0336 
  34.440   .127313   1.534E+06   6372.9352    -.011545  87847.0954  -7173.9456 
  39.360   .076850   1.489E+06 -22137.0595    -.009006  85600.5473  -4415.4832 
  44.280   .038690   1.334E+06 -38572.9825    -.006636  77940.9537  -2265.7863 
  49.200   .011554   1.122E+06 -45842.7719    -.004573  67457.0356   -689.4126 



  54.120  -.006308   8.918E+05 -46595.5675    -.002881  56055.1480    383.3981 
  59.040  -.016800   6.693E+05 -43094.8944    -.001570  45039.7252   1039.6397 
  63.960  -.021760   4.709E+05 -37165.5323  -6.126E-04  35215.3727   1370.6701 
  68.880  -.022828   3.048E+05 -30194.1005   3.884E-05  26995.0148   1463.2452 
  73.800  -.021378   1.737E+05 -23165.4666   4.407E-04  20503.1749   1393.9230 
  78.720  -.018491  76007.5500 -16719.9566   6.504E-04  15667.5119   1226.2030 
  83.640  -.014977   7883.4868 -11219.5283   7.209E-04  12295.0335   1009.7435 
  88.560  -.011398 -35811.3524  -6814.2041   6.975E-04  13677.6011    781.0387 
  93.480  -.008114 -60540.8648  -3502.9058   6.165E-04  14901.8344    565.0176 
  98.400  -.005331 -71493.2696  -1185.2465   5.056E-04  15444.0327    377.1204 
 103.320  -.003139 -73198.7782    297.2291   3.841E-04  15528.4638    225.5120 
 108.240  -.001551 -69324.4648   1620.9664   2.644E-04  15336.6661    312.5926 
 113.160 -5.37E-04 -57768.8251   2979.2868   1.577E-04  14764.6047    239.5702 
 118.080  3.98E-09 -40318.5688   3565.9312   7.528E-05  13900.7307     -1.0969 
 123.000  2.04E-04 -22828.2220   3103.6077   2.225E-05  13034.8719   -186.8395 
 127.920  2.19E-04  -9822.8550   2178.8063  -5.174E-06  12391.0419   -189.0960 
 132.840  1.53E-04  -1378.5856   1292.8769  -1.458E-05  11973.0087   -171.0379 
 137.760  7.54E-05   2927.7509    526.8616  -1.328E-05  12049.7001   -140.3504 
 142.680  2.22E-05   3831.8690    -59.1373  -7.603E-06  12094.4584    -97.8605 
 147.600  6.32E-07   2360.8029   -349.7147  -2.402E-06  12021.6333    -20.2604 
 152.520 -1.43E-06    395.4045   -251.9281  -8.743E-08  11924.3364     60.0110 
 157.440 -2.28E-07   -117.9975    -42.9695   1.456E-07  11910.6034     24.9315 
 162.360  4.36E-10    -27.7023     12.0004   2.319E-08  11906.1333     -2.5860 
 167.280  4.88E-11     .040938      2.8159  -4.429E-11  11904.7639     -1.1476 
 172.200 -3.41E-16     .005900    -.004161  -4.955E-12  11904.7622     .001204 
 177.120 -4.89E-18  -4.004E-08  -5.996E-04   3.462E-17  11904.7619   2.437E-04 
 182.040  3.22E-23  -5.915E-10   4.069E-09   4.968E-19  11904.7619  -1.605E-09 
 186.960  4.90E-25   3.777E-15   6.012E-11  -3.272E-24  11904.7619  -2.444E-11 
 191.880     0.000   5.931E-17  -3.838E-16      0.0000  11904.7619   1.511E-16 
 196.800     0.000  -3.549E-22  -6.027E-18      0.0000  11904.7619   2.450E-18 
 201.720     0.000  -5.946E-24   3.607E-23      0.0000  11904.7619  -1.417E-23 
 206.640     0.000      0.0000   6.043E-25      0.0000  11904.7619  -2.457E-25 
 211.560     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 216.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 221.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 226.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 231.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 236.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 241.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 246.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 250.920     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 255.840     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 260.760     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 265.680     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 270.600     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 275.520     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 280.440     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 285.360     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 290.280     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 295.200     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 300.120     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 305.040     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 309.960     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 314.880     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 319.800     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 324.720     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 329.640     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 



 334.560     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 339.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 344.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 349.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 354.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 359.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 364.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 369.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 373.920     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 378.840     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 383.760     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 388.680     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 393.600     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 398.520     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 403.440     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 408.360     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 413.280     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 418.200     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 423.120     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 428.040     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 432.960     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 437.880     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 442.800     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 447.720     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 452.640     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 457.560     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 462.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 467.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 472.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 477.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 482.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 487.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 492.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 
Output Verification: 
 
Computed forces and moments are within specified convergence limits. 
 
 
Output Summary for Load Case No.  6: 
 
Pile-head deflection             =      .60000000 in 
Computed slope at pile head      =          0.000 
Maximum bending moment           =   -6370611.181 lbs-in 
Maximum shear force              =     491363.318 lbs 
Depth of maximum bending moment  =          0.000 in 
Depth of maximum shear force     =          0.000 in 
Number of iterations             =              7 
Number of zero deflection points =             37 
 
 
 
 
------------------------------------------------------------------------------ 
             Computed Values of Load Distribution and Deflection 
                 for Lateral Loading for Load Case Number  7 
------------------------------------------------------------------------------ 



 
Pile-head boundary conditions are Displacement and Slope (BC Type 5) 
Specified deflection at pile head   =         .700000 in 
Specified slope at pile head        =       0.000E+00 in/in 
Specified axial load at pile head   =      200000.000 lbs 
 
  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 
    X         y          M           V           S        Stress        p 
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 
-------- --------- ----------- ----------- ----------- ----------- ----------- 
   0.000   .700000  -7.090E+06   5.240E+05      0.0000   3.629E+05 -15269.6852 
   4.920   .670705  -4.691E+06   4.480E+05    -.009894   2.441E+05 -15621.8542 
   9.840   .602645  -2.662E+06   3.703E+05    -.016069   1.437E+05 -15974.0241 
  14.760   .512586  -1.016E+06   2.908E+05    -.019158  62184.2544 -16326.1948 
  19.680   .414134   2.371E+05   2.096E+05    -.019812  23644.3485 -16678.3659 
  24.600   .317641   1.086E+06   1.317E+05    -.018700  65657.7265 -15005.7656 
  29.520   .230121   1.569E+06  64822.6690    -.016470  89600.2988 -12162.7807 
  34.440   .155573   1.756E+06  13336.9821    -.013677  98839.3442  -8766.3603 
  39.360   .095537   1.728E+06 -21731.5973    -.010751  97429.6466  -5489.1598 
  44.280   .049778   1.563E+06 -42406.2685    -.007987  89300.7255  -2915.1781 
  49.200   .016941   1.326E+06 -52064.3119    -.005561  77550.5137  -1010.8559 
  54.120  -.004938   1.062E+06 -53812.7294    -.003555  64480.4518    300.1171 
  59.040  -.018040   8.035E+05 -50328.1652    -.001988  51683.1299   1116.3724 
  63.960  -.024501   5.707E+05 -43785.2842  -8.339E-04  40157.8493   1543.3353 
  68.880  -.026245   3.743E+05 -35850.2730  -4.020E-05  30435.3050   1682.2790 
  73.800  -.024896   2.180E+05 -27718.3679   4.573E-04  22698.0685   1623.3735 
  78.720  -.021746   1.007E+05 -20177.5553   7.250E-04  16888.3399   1441.9975 
  83.640  -.017763  18050.9338 -13684.2546   8.247E-04  12798.3725   1197.5556 
  88.560  -.013631 -35607.7335  -8440.4477   8.099E-04  13667.5210    934.0732 
  93.480  -.009793 -66596.9961  -4465.0701   7.241E-04  15201.6429    681.9340 
  98.400  -.006506 -80969.0159  -1655.3412   6.001E-04  15913.1290    460.2323 
 103.320  -.003888 -84066.6378    163.9809   4.615E-04  16066.4766    279.3296 
 108.240  -.001964 -80263.7439   1666.9749   3.235E-04  15878.2146    331.6436 
 113.160 -7.04E-04 -68300.2867   3113.7438   1.987E-04  15285.9642    256.4738 
 118.080 -8.85E-06 -50015.6290   3958.1677   9.937E-05  14380.7831     86.7879 
 123.000  2.73E-04 -29547.4779   3676.0914   3.255E-05  13367.5083   -201.4531 
 127.920  3.11E-04 -13906.9434   2670.6983  -3.949E-06  12593.2244   -207.2433 
 132.840  2.35E-04  -3260.0356   1689.4883  -1.837E-05  12066.1498   -191.6226 
 137.760  1.31E-04   2753.7675    816.5412  -1.879E-05  12041.0870   -163.2340 
 142.680  4.96E-05   4811.7127    109.6495  -1.244E-05  12142.9655   -124.1204 
 147.600  8.30E-06   3857.1963   -369.7816  -5.157E-06  12095.7122    -70.7703 
 152.520 -1.14E-06   1183.2114   -386.9803  -9.239E-07  11963.3367     63.7789 
 157.440 -7.93E-07     51.1288   -129.3073   1.128E-07  11907.2930     40.9662 
 162.360 -2.70E-08    -89.3949     -5.5248   8.068E-08  11909.1874      9.3519 
 167.280  5.13E-10     -3.3944      9.0917   2.747E-09  11904.9299     -3.4102 
 172.200  9.47E-13     .061880       .3450  -5.216E-11  11904.7650      -.1453 
 177.120 -7.12E-17   1.146E-04    -.006289  -9.622E-14  11904.7619     .002547 
 182.040 -9.50E-20  -8.589E-09  -1.164E-05   7.233E-18  11904.7619   4.734E-06 
 186.960  7.10E-24  -1.149E-11   8.729E-10   9.650E-21  11904.7619  -3.539E-10 
 191.880     0.000   8.566E-16   1.168E-12  -7.213E-25  11904.7619  -4.748E-13 
 196.800     0.000   1.152E-18  -8.705E-17      0.0000  11904.7619   3.529E-17 
 201.720     0.000  -8.541E-23  -1.171E-19      0.0000  11904.7619   4.762E-20 
 206.640     0.000  -1.156E-25   8.680E-24      0.0000  11904.7619  -3.519E-24 
 211.560     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 216.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 221.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 226.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 



 231.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 236.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 241.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 246.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 250.920     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 255.840     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 260.760     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 265.680     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 270.600     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 275.520     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 280.440     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 285.360     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 290.280     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 295.200     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 300.120     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 305.040     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 309.960     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 314.880     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 319.800     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 324.720     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 329.640     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 334.560     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 339.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 344.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 349.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 354.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 359.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 364.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 369.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 373.920     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 378.840     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 383.760     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 388.680     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 393.600     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 398.520     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 403.440     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 408.360     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 413.280     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 418.200     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 423.120     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 428.040     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 432.960     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 437.880     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 442.800     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 447.720     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 452.640     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 457.560     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 462.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 467.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 472.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 477.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 482.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 487.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 492.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 
Output Verification: 
 



Computed forces and moments are within specified convergence limits. 
 
 
Output Summary for Load Case No.  7: 
 
Pile-head deflection             =      .70000000 in 
Computed slope at pile head      =          0.000 
Maximum bending moment           =   -7089504.385 lbs-in 
Maximum shear force              =     523969.062 lbs 
Depth of maximum bending moment  =          0.000 in 
Depth of maximum shear force     =          0.000 in 
Number of iterations             =              7 
Number of zero deflection points =             37 
 
 
 
 
------------------------------------------------------------------------------ 
             Computed Values of Load Distribution and Deflection 
                 for Lateral Loading for Load Case Number  8 
------------------------------------------------------------------------------ 
 
Pile-head boundary conditions are Displacement and Slope (BC Type 5) 
Specified deflection at pile head   =         .800000 in 
Specified slope at pile head        =       0.000E+00 in/in 
Specified axial load at pile head   =      200000.000 lbs 
 
  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 
    X         y          M           V           S        Stress        p 
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 
-------- --------- ----------- ----------- ----------- ----------- ----------- 
   0.000   .800000  -7.765E+06   5.531E+05      0.0000   3.963E+05 -15269.6852 
   4.920   .767912  -5.223E+06   4.771E+05    -.010908   2.704E+05 -15621.8540 
   9.840   .692662  -3.049E+06   3.994E+05    -.017856   1.629E+05 -15974.0236 
  14.760   .592211  -1.258E+06   3.199E+05    -.021473  74164.1822 -16326.1937 
  19.680   .481367   1.409E+05   2.387E+05    -.022411  18880.3878 -16678.3642 
  24.600   .371687   1.135E+06   1.561E+05    -.021339  68117.6093 -16913.5892 
  29.520   .271392   1.719E+06  80901.0894    -.018942  96993.7442 -13649.7342 
  34.440   .185301   1.969E+06  21636.5872    -.015845   1.094E+05 -10441.5269 
  39.360   .115482   1.963E+06 -20371.9423    -.012542   1.091E+05  -6635.1112 
  44.280   .061884   1.793E+06 -45609.6666    -.009388   1.007E+05  -3624.1264 
  49.200   .023105   1.533E+06 -57916.6273    -.006595  87774.0485  -1378.7032 
  54.120  -.003008   1.236E+06 -60858.5621    -.004269  73100.0927    182.7947 
  59.040  -.018905   9.421E+05 -57530.9315    -.002440  58544.0381   1169.9006 
  63.960  -.027016   6.748E+05 -50466.6580    -.001082  45312.8292   1701.7553 
  68.880  -.029550   4.477E+05 -41620.8966  -1.391E-04  34065.6766   1894.0827 
  73.800  -.028384   2.656E+05 -32408.5081   4.600E-04  25051.6434   1850.7906 
  78.720  -.025024   1.278E+05 -23773.4892   7.904E-04  18233.7501   1659.3797 
  83.640  -.020607  30080.4142 -16273.7465   9.230E-04  13393.8913   1389.2962 
  88.560  -.015941 -34104.5928 -10168.7776   9.196E-04  13593.1081   1092.3984 
  93.480  -.011558 -71790.1956  -5501.6756   8.307E-04  15458.7320    804.7975 
  98.400  -.007767 -89875.8883  -2170.1991   6.949E-04  16354.0633    549.4613 
 103.320  -.004720 -94512.5475     15.6591   5.401E-04  16583.6009    339.0990 
 108.240  -.002453 -90784.6239   1713.0076   3.844E-04  16399.0502    350.8801 
 113.160 -9.37E-04 -78413.1004   3255.3409   2.423E-04  15786.5986    276.0847 
 118.080 -6.88E-05 -59228.9535   4298.5996   1.267E-04  14836.8883    148.0042 
 123.000  3.10E-04 -36364.2595   4153.9471   4.643E-05  13704.9728   -206.8060 



 127.920  3.88E-04 -18445.4893   3107.6745   3.970E-07  12817.9049   -218.5080 
 132.840  3.14E-04  -5785.5241   2063.1048  -1.995E-05  12191.1740   -206.1138 
 137.760  1.92E-04   1894.7316   1112.2838  -2.322E-05  11998.5605   -180.3988 
 142.680  8.53E-05   5205.0493    313.0054  -1.726E-05  12162.4376   -144.5111 
 147.600  2.19E-05   5008.6706   -285.3027  -8.681E-06  12152.7159    -98.7036 
 152.520 -1.19E-07   2414.7544   -462.5924  -2.446E-06  12024.3042     26.6346 
 157.440 -2.17E-06    461.5748   -261.9250  -3.015E-08  11927.6121     54.9375 
 162.360 -4.16E-07   -162.5280    -51.9773   2.210E-07  11912.8078     30.4071 
 167.280  2.53E-10    -50.3166     16.5243   4.224E-08  11907.2528     -2.5609 
 172.200  1.79E-10    -.012543      5.1157  -2.575E-11  11904.7625     -2.0767 
 177.120  4.87E-16     .021601     .001271  -1.814E-11  11904.7630    -.002301 
 182.040 -1.79E-17   6.320E-08    -.002195  -4.944E-17  11904.7619   8.924E-04 
 186.960 -5.60E-23  -2.166E-09  -6.422E-09   1.819E-18  11904.7619   2.790E-09 
 191.880  1.79E-24  -7.204E-15   2.201E-10   5.686E-24  11904.7619  -8.947E-11 
 196.800     0.000   2.171E-16   7.321E-16  -1.824E-25  11904.7619  -3.156E-16 
 201.720     0.000   8.093E-22  -2.207E-17      0.0000  11904.7619   8.970E-18 
 206.640     0.000  -2.177E-23  -8.225E-23      0.0000  11904.7619   3.523E-23 
 211.560     0.000      0.0000   2.212E-24      0.0000  11904.7619  -8.993E-25 
 216.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 221.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 226.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 231.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 236.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 241.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 246.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 250.920     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 255.840     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 260.760     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 265.680     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 270.600     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 275.520     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 280.440     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 285.360     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 290.280     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 295.200     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 300.120     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 305.040     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 309.960     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 314.880     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 319.800     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 324.720     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 329.640     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 334.560     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 339.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 344.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 349.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 354.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 359.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 364.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 369.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 373.920     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 378.840     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 383.760     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 388.680     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 393.600     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 398.520     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 403.440     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 



 408.360     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 413.280     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 418.200     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 423.120     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 428.040     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 432.960     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 437.880     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 442.800     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 447.720     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 452.640     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 457.560     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 462.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 467.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 472.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 477.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 482.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 487.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 492.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 
Output Verification: 
 
Computed forces and moments are within specified convergence limits. 
 
 
Output Summary for Load Case No.  8: 
 
Pile-head deflection             =      .80000000 in 
Computed slope at pile head      =          0.000 
Maximum bending moment           =   -7765426.485 lbs-in 
Maximum shear force              =     553091.863 lbs 
Depth of maximum bending moment  =          0.000 in 
Depth of maximum shear force     =          0.000 in 
Number of iterations             =              7 
Number of zero deflection points =             37 
 
 
 
 
------------------------------------------------------------------------------ 
             Computed Values of Load Distribution and Deflection 
                 for Lateral Loading for Load Case Number  9 
------------------------------------------------------------------------------ 
 
Pile-head boundary conditions are Displacement and Slope (BC Type 5) 
Specified deflection at pile head   =         .900000 in 
Specified slope at pile head        =       0.000E+00 in/in 
Specified axial load at pile head   =      200000.000 lbs 
 
  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 
    X         y          M           V           S        Stress        p 
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 
-------- --------- ----------- ----------- ----------- ----------- ----------- 
   0.000   .900000  -8.362E+06   5.766E+05      0.0000   4.259E+05 -15269.6852 
   4.920   .865447  -5.703E+06   5.006E+05    -.011813   2.942E+05 -15621.8546 
   9.840   .783764  -3.412E+06   4.229E+05    -.019468   1.808E+05 -15974.0257 
  14.760   .673879  -1.503E+06   3.434E+05    -.023597  86316.5823 -16326.1987 
  19.680   .551572  13489.4189   2.623E+05    -.024848  12572.5549 -16678.3738 



  24.600   .429376   1.126E+06   1.793E+05    -.023891  67664.7582 -17030.5516 
  29.520   .316489   1.825E+06  99858.4528    -.021412   1.023E+05 -15274.5920 
  34.440   .218686   2.151E+06  32790.4164    -.018072   1.184E+05 -11988.8374 
  39.360   .138660   2.183E+06 -16300.5133    -.014432   1.200E+05  -7966.8251 
  44.280   .076677   2.019E+06 -46945.4160    -.010902   1.119E+05  -4490.4524 
  49.200   .031382   1.743E+06 -62598.3848    -.007743  98184.0056  -1872.5431 
  54.120  4.90E-04   1.418E+06 -67278.0300    -.005088  82121.1645    -29.7517 
  59.040  -.018681   1.091E+06 -64507.3802    -.002980  65906.6116   1156.0321 
  63.960  -.028836   7.895E+05 -57195.2264    -.001401  50988.1159   1816.3881 
  68.880  -.032466   5.308E+05 -47607.6184  -2.921E-04  38181.6646   2081.0135 
  73.800  -.031710   3.216E+05 -37401.9237   4.238E-04  27825.5355   2067.6429 
  78.720  -.028296   1.619E+05 -27699.6956   8.299E-04  19920.8235   1876.3523 
  83.640  -.023544  47401.3550 -19179.1542     .001006  14251.3636   1587.2824 
  88.560  -.018400 -28777.6905 -12172.7575     .001021  13329.4001   1260.8464 
  93.480  -.013493 -74388.6187  -6759.7030   9.347E-04  15587.3668    939.5823 
  98.400  -.009202 -97132.6865  -2847.0052   7.907E-04  16713.3107    650.9452 
 103.320  -.005713  -1.040E+05   -235.8951   6.218E-04  17051.2552    410.4817 
 108.240  -.003084  -1.007E+05   1689.1468   4.499E-04  16888.7980    372.0557 
 113.160  -.001286 -88223.3555   3341.9038   2.912E-04  16272.2548    299.7968 
 118.080 -2.18E-04 -68366.3597   4563.9538   1.597E-04  15289.2352    196.9715 
 123.000  2.85E-04 -43628.3911   4555.4635   6.566E-05  14064.5832   -200.4229 
 127.920  4.28E-04 -23669.8261   3512.8851   9.142E-06  13076.5355   -223.3895 
 132.840  3.75E-04  -9079.5934   2432.2560  -1.836E-05  12354.2467   -215.8906 
 137.760  2.47E-04    299.7118   1425.0088  -2.574E-05  11919.5991   -193.5594 
 142.680  1.22E-04   4993.1443    554.3327  -2.129E-05  12151.9473   -160.3739 
 147.600  3.80E-05   5796.2489   -125.6203  -1.223E-05  12191.7049   -116.0298 
 152.520  1.76E-06   3781.1102   -500.0899  -4.187E-06  12091.9456    -36.1937 
 157.440 -3.22E-06    883.6034   -402.0718  -2.688E-07  11948.5046     76.0384 
 162.360 -8.86E-07   -174.7472   -100.5897   3.266E-07  11913.4128     46.5152 
 167.280 -1.39E-09   -106.8424     17.7510   9.009E-08  11910.0511      1.5908 
 172.200  3.57E-10      -.2545     10.8624   1.412E-10  11904.7745     -4.3910 
 177.120  1.36E-14     .043179     .025856  -3.627E-11  11904.7640    -.014078 
 182.040 -3.58E-17   1.658E-06    -.004388  -1.385E-15  11904.7619     .001784 
 186.960 -1.38E-21  -4.328E-09  -1.685E-07   3.636E-18  11904.7619   6.884E-08 
 191.880  3.59E-24  -1.679E-13   4.399E-10   1.403E-22  11904.7619  -1.788E-10 
 196.800     0.000   4.339E-16   1.707E-14  -3.644E-25  11904.7619  -6.973E-15 
 201.720     0.000   1.701E-20  -4.409E-17      0.0000  11904.7619   1.792E-17 
 206.640     0.000  -4.349E-23  -1.729E-21      0.0000  11904.7619   7.063E-22 
 211.560     0.000      0.0000   4.420E-24      0.0000  11904.7619  -1.797E-24 
 216.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 221.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 226.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 231.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 236.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 241.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 246.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 250.920     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 255.840     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 260.760     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 265.680     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 270.600     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 275.520     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 280.440     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 285.360     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 290.280     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 295.200     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 300.120     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 



 305.040     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 309.960     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 314.880     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 319.800     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 324.720     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 329.640     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 334.560     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 339.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 344.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 349.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 354.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 359.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 364.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 369.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 373.920     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 378.840     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 383.760     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 388.680     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 393.600     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 398.520     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 403.440     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 408.360     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 413.280     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 418.200     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 423.120     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 428.040     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 432.960     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 437.880     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 442.800     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 447.720     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 452.640     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 457.560     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 462.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 467.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 472.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 477.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 482.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 487.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 492.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 
Output Verification: 
 
Computed forces and moments are within specified convergence limits. 
 
 
Output Summary for Load Case No.  9: 
 
Pile-head deflection             =      .90000000 in 
Computed slope at pile head      =          0.000 
Maximum bending moment           =   -8361874.866 lbs-in 
Maximum shear force              =     576621.916 lbs 
Depth of maximum bending moment  =          0.000 in 
Depth of maximum shear force     =          0.000 in 
Number of iterations             =              8 
Number of zero deflection points =             37 
 
 



 
 
------------------------------------------------------------------------------ 
             Computed Values of Load Distribution and Deflection 
                 for Lateral Loading for Load Case Number 10 
------------------------------------------------------------------------------ 
 
Pile-head boundary conditions are Displacement and Slope (BC Type 5) 
Specified deflection at pile head   =        1.000000 in 
Specified slope at pile head        =       0.000E+00 in/in 
Specified axial load at pile head   =      200000.000 lbs 
 
  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 
    X         y          M           V           S        Stress        p 
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 
-------- --------- ----------- ----------- ----------- ----------- ----------- 
   0.000     1.000  -8.944E+06   5.993E+05      0.0000   4.547E+05 -15269.6852 
   4.920   .963042  -6.173E+06   5.233E+05    -.012696   3.175E+05 -15621.8537 
   9.840   .875067  -3.770E+06   4.456E+05    -.021047   1.985E+05 -15974.0227 
  14.760   .755936  -1.747E+06   3.661E+05    -.025681  98406.2124 -16326.1922 
  19.680   .622364  -1.170E+05   2.849E+05    -.027247  17697.6299 -16678.3624 
  24.600   .487825   1.110E+06   2.020E+05    -.026413  66843.7586 -17030.5338 
  29.520   .362458   1.922E+06   1.184E+05    -.023867   1.071E+05 -16930.8174 
  34.440   .252979   2.322E+06  44193.7744    -.020302   1.269E+05 -13249.4294 
  39.360   .162691   2.397E+06 -11394.8483    -.016338   1.306E+05  -9347.5717 
  44.280   .092215   2.242E+06 -47674.8488    -.012441   1.229E+05  -5400.3960 
  49.200   .040270   1.953E+06 -66870.9327    -.008918   1.086E+05  -2402.8901 
  54.120   .004462   1.602E+06 -73449.1083    -.005933  91198.1798   -271.1650 
  59.040  -.018109   1.242E+06 -71359.3454    -.003545  73369.5939   1120.6621 
  63.960  -.030419   9.065E+05 -63888.8826    -.001741  56782.3447   1916.1113 
  68.880  -.035237   6.163E+05 -53619.0955  -4.616E-04  42417.0647   2258.5989 
  73.800  -.034961   3.798E+05 -42455.0884   3.751E-04  30707.9133   2279.6154 
  78.720  -.031546   1.979E+05 -31701.2416   8.603E-04  21699.4293   2091.8670 
  83.640  -.026496  66190.4497 -22160.9032     .001082  15181.5168   1786.3193 
  88.560  -.020899 -22340.4281 -14243.5785     .001119  13010.7237   1432.1054 
  93.480  -.015486 -76168.2639  -8067.8436     .001036  15675.4680   1078.3559 
  98.400  -.010703  -1.038E+05  -3552.4915   8.850E-04  17041.7464    757.1531 
 103.320  -.006778  -1.129E+05   -491.9372   7.030E-04  17492.2098    486.9747 
 108.240  -.003785  -1.100E+05   1669.3629   5.159E-04  17349.8782    391.6026 
 113.160  -.001702 -97455.1576   3423.2460   3.416E-04  16729.2747    321.3580 
 118.080 -4.24E-04 -76978.9657   4779.0608   1.951E-04  15715.6018    229.7863 
 123.000  2.18E-04 -50813.2387   4887.1388   8.781E-05  14420.2688   -185.8521 
 127.920  4.41E-04 -29062.3345   3876.4701   2.073E-05  13343.4913   -224.9888 
 132.840  4.22E-04 -12709.5629   2774.9128  -1.436E-05  12533.9482   -222.7987 
 137.760  2.99E-04  -1728.9392   1725.3414  -2.648E-05  11990.3530   -203.8563 
 142.680  1.62E-04   4319.9148    796.7024  -2.431E-05  12118.6191   -173.6392 
 147.600  6.01E-05   6158.4486     41.8132  -1.551E-05  12209.6356   -133.2263 
 152.520  9.24E-06   4761.8734   -474.4804  -6.335E-06  12140.4982    -76.6491 
 157.440 -2.25E-06   1502.0282   -479.7104  -1.074E-06  11979.1197     74.5231 
 162.360 -1.33E-06     43.6366   -167.8483   2.243E-07  11906.9221     52.2501 
 167.280 -4.35E-08   -150.0408     -4.9516   1.349E-07  11912.1897     13.9681 
 172.200  3.46E-10     -5.3526     15.2532   4.425E-09  11905.0269     -5.7548 
 177.120  4.00E-13     .041778       .5440  -3.517E-11  11904.7640      -.2246 
 182.040 -3.45E-17   4.843E-05    -.004246  -4.067E-14  11904.7619     .001722 
 186.960 -4.01E-20  -4.169E-09  -4.922E-06   3.510E-18  11904.7619   2.001E-06 
 191.880  3.45E-24  -4.857E-12   4.237E-10   4.079E-21  11904.7619  -1.718E-10 
 196.800     0.000   4.161E-16   4.936E-13  -3.503E-25  11904.7619  -2.007E-13 



 201.720     0.000   4.872E-19  -4.228E-17      0.0000  11904.7619   1.715E-17 
 206.640     0.000  -4.152E-23  -4.951E-20      0.0000  11904.7619   2.013E-20 
 211.560     0.000      0.0000   4.219E-24      0.0000  11904.7619  -1.711E-24 
 216.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 221.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 226.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 231.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 236.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 241.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 246.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 250.920     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 255.840     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 260.760     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 265.680     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 270.600     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 275.520     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 280.440     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 285.360     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 290.280     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 295.200     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 300.120     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 305.040     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 309.960     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 314.880     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 319.800     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 324.720     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 329.640     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 334.560     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 339.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 344.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 349.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 354.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 359.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 364.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 369.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 373.920     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 378.840     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 383.760     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 388.680     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 393.600     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 398.520     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 403.440     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 408.360     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 413.280     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 418.200     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 423.120     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 428.040     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 432.960     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 437.880     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 442.800     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 447.720     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 452.640     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 457.560     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 462.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 467.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 472.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 477.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 



 482.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 487.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 492.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 
 
Output Verification: 
 
Computed forces and moments are within specified convergence limits. 
 
 
Output Summary for Load Case No. 10: 
 
Pile-head deflection             =     1.00000000 in 
Computed slope at pile head      =          0.000 
Maximum bending moment           =   -8944030.266 lbs-in 
Maximum shear force              =     599274.765 lbs 
Depth of maximum bending moment  =          0.000 in 
Depth of maximum shear force     =          0.000 in 
Number of iterations             =              9 
Number of zero deflection points =             37 
 
 
 
 
 
------------------------------------------------------------------------------ 
                        Summary of Pile-head Response 
------------------------------------------------------------------------------ 
 
Definition of symbols for pile-head boundary conditions: 
 
y = pile-head displacment, in 
M = pile-head moment, lbs-in 
V = pile-head shear force, lbs 
S = pile-head slope, radians 
R = rotational stiffness of pile-head, in-lbs/rad 
 
 BC    Boundary     Boundary       Axial    Pile Head    Maximum     Maximum  
Type  Condition    Condition       Load     Deflection    Moment      Shear 
          1            2            lbs         in        in-lbs       lbs 
---- ------------ ------------ ----------- ----------- ----------- ----------- 
  5  y=   .100000 S=     0.000   2.000E+05     .100000  -1.207E+06   1.098E+05 
  5  y=   .200000 S=     0.000   2.000E+05       .2000  -2.413E+06   2.196E+05 
  5  y=   .300000 S=     0.000   2.000E+05       .3000  -3.560E+06   3.140E+05 
  5  y=   .400000 S=     0.000   2.000E+05       .4000  -4.630E+06   3.971E+05 
  5  y=   .500000 S=     0.000   2.000E+05       .5000  -5.564E+06   4.513E+05 
  5  y=   .600000 S=     0.000   2.000E+05       .6000  -6.371E+06   4.914E+05 
  5  y=   .700000 S=     0.000   2.000E+05       .7000  -7.090E+06   5.240E+05 
  5  y=   .800000 S=     0.000   2.000E+05       .8000  -7.765E+06   5.531E+05 
  5  y=   .900000 S=     0.000   2.000E+05       .9000  -8.362E+06   5.766E+05 
  5  y=     1.000 S=     0.000   2.000E+05      1.0000  -8.944E+06   5.993E+05 
 
 
------------------------------------------------------------------------------ 
                     Pile-head Deflection vs. Pile Length 
------------------------------------------------------------------------------ 
 
 Boundary Condition Type 5, Deflection and Slope 



 
Deflection =          .10000  in 
Slope      =          .00000 
Axial Load =         200000. lbs 
 
 
 
   Pile       Pile Head       Maximum      Maximum 
  Length      Deflection      Moment        Shear  
    in           in           in-lbs         lbs 
-----------  ------------  ------------  ------------ 
   492.000     .10000000  -1206700.188    109815.232 
   467.400     .10000000  -1209599.154    109951.115 
   442.800     .10000000  -1212398.785    110082.594 
   418.200     .10000000  -1215058.746    110207.951 
   393.600     .10000000  -1217543.774    110325.459 
   369.000     .10000000  -1219890.852    110436.750 
   344.400     .10000000  -1222098.990    110541.641 
   319.800     .10000000  -1224167.674    110640.090 
   295.200     .10000000  -1226068.587    110730.887 
   270.600     .10000000  -1227833.848    110815.283 
 
The analysis ended normally.  
 



Route 84 Arroyo Mocho 12/9/2009

Pile Design Spreadsheet pier  

NAVFAC Design Method For a Single Pile

Nominal axial compress. Capacity (ult.) 145 ton

Project Name: Isabel Road Rt 84 Nominal axial compress. Capacity (ult.) 1291 kN

Project Number:  Pile Width 10 inch Pile Shape Square (Square, Circular or Octogonal)

Bridge Name: Arryo Mocho Pile Width 254 mm Pile Surface Area 1.47 sq. m/m Pile Tip Area 0.01 sq. m

Boring Surface El. (m) 123.1 Pile Width 0.83 ft Pile Surface Area 4.83 sq. ft/ft Pile Tip Area 0.12 sq. ft.

Boring Surface El. (ft) 404.0 Crit depth ratio 20 -

Design GWS El. (ft) 376.0 Crit depth 16.7 ft

Unit Weight of Water (pcf) 62.4 Crit. Depth. Elev 387.3 ft

Depth with no strength Crit. Depth. Elev 118.1 m

Convert. Factor 3.281 Crit. Eff. Vert. Str. 2160 psf

Bottom of Pile Cap El. (m) 117.6 Skin Resistance (Friction) of Pile in Granular Material:

Bottom of Pile Cap El. (ft) 385.9 Type (Steel=S,Concrete=C,Timber=T) s

Bottom of Fill El. (ft) 400 Earth Press. Coefficient * (Comp.) 0.92

Earth Press. Coefficient * (Tens) 0.5

Minimum Adhesion 500 psf

* Note: adhesion values based on FHWA correlations for steel piles (1997); side friction in sand based on Norlund method Internal Design Nq z/B Nc Soil Bearing Include Elevation

Layer Lateral Adhesion Adhesion Layer Depth to Effective Effective (granular) (cohesive) Type Capacity B.C.? to

No. Resists? Ratio Thickness Layer Top Vert. StressVert. Stress Cohesive G= gran. (B.C.) midlayer

c c ca/c ca φ φ φ φ δ δ δ δ (Bot. Lay.) (Bot. Lay.) (comp) (tensile) C=cohes.

(-) (m) (feet) (m) (feet) (kPa) (psf) (psf) (deg) (deg) (feet) (feet) (psf) (psf) (ton) (ton) (ton) (-) (-) (-) (ton) (ft) (ton) (kN) (ton) (kN) (ton) (kN) (ton) (kN) (ton) (kN)

122.83 403.0 0 0 0.0 6.25 g 0 n 403.0 0 0 0 0 145 1291 0 0 73 645

1 122.83 403.0 117.65 386.0 n 0 0 0.00 0 40 30 17.0 1.0 405 405 0.0 0.0 0.0 145 11.4 9.00 g 3 n 394.5 0.0 0 0.0 0 145 1291 0.0 0 73 645

2 117.65 386.0 116.43 382.0 y 0 0 0.00 0 40 30 4.0 18.0 1350 1350 0.0 3.9 2.1 145 24.0 9.00 g 11 n 384.0 3.9 35 3.9 35 145 1291 2.1 19 73 645

3 116.43 382.0 115.51 379.0 y 115 2400 0.64 1536 0 0 3.0 22.0 2430 2160 11.1 0.0 0.0 0 28.2 9.00 c 1 n 380.5 15.0 134 15.0 134 145 1291 13.2 118 73 645

4 115.51 379.0 112.16 368.0 Y 0 0 0.00 0 44 33 11.0 25.0 4288 2160 0.0 28.8 15.6 145 36.6 9.00 g 18 n 373.5 43.8 390 43.8 390 145 1291 28.9 257 73 645

5 112.16 368.0 110.03 361.0 Y 96 2000 0.76 1520 0 0 7.0 36.0 5305 2160 25.7 0.0 0.0 0 47.4 9.00 c 1 n 364.5 69.5 618 69.5 618 145 1291 54.6 485 73 645

6 110.03 361.0 107.89 354.0 Y 96 2000 0.76 1520 0 0 7.0 43.0 5813 2160 25.7 0.0 0.0 0 55.8 9.00 c 1 n 357.5 95.2 847 95.2 847 145 1291 80.3 714 73 645

7 107.89 354.0 104.85 344.0 Y 96 2000 0.76 1520 0 0 10.0 50.0 6902 2160 36.7 0.0 0.0 0 66.0 9.00 c 1 n 349.0 131.9 1174 131.9 1174 145 1291 117.0 1041 73 645

8 104.85 344.0 103.32 339.0 Y 0 0 0.00 0 44 33 5.0 60.0 7700 2160 0.0 13.1 7.1 145 75.0 9.00 g 18 y 341.5 144.9 1290 163.3 1453 145 1291 124.1 1104 73 645

9 103.32 339.0 96.01 315.0 Y 96 2000 0.76 1520 0 0 24.0 65.0 7773 2160 88.1 0.0 0.0 0 92.4 9.00 c 1 y 327.0 233.0 2074 234.1 2083 145 1291 212.2 1888 73 645

10 96.01 315.0 91.44 300.0 Y 96 2000 0.76 1520 0 0 15.0 89.0 8354 2160 55.1 0.0 0.0 0 115.8 9.00 c 1 y 307.5 288.1 2564 289.2 2574 145 1291 267.2 2377 73 645
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============================================================================== 

 

                    LPILE Plus for Windows, Version 4.0 

 

               Analysis of Individual Piles and Drilled Shafts 

              Subjected to Lateral Loading Using the p-y Method 

 

                   (c) Copyright ENSOFT, Inc., 1985-2001 

                             All Rights Reserved 

 

============================================================================== 

 

 

This program is licensed to:  

 

IT - San Jose 

URS Corporation 

 

Path to file locations:      X:\Route 84 - Isabel 

Avenue\geotech\Analysis\pile\lateral\ArroyoMocho\ 

Name of input data file:     ArroyoMocho_Pier_B19_Fixed.lpd 

Name of output file:         ArroyoMocho_Pier_B19_Fixed.lpo 

Name of plot output file:    ArroyoMocho_Pier_B19_Fixed.lpp 

Name of runtime file:        ArroyoMocho_Pier_B19_Fixed.lpr 

 

 

------------------------------------------------------------------------------ 

                          Time and Date of Analysis 

------------------------------------------------------------------------------ 

 

               Date:  October 29, 2009     Time:  11:54:51 

 

 

------------------------------------------------------------------------------ 

                                Problem Title 

------------------------------------------------------------------------------ 

 

SR84 Isabel Pier - Arroyo Mocho Bridge Widen - H pile                            

 

 

------------------------------------------------------------------------------ 

                                Program Options 

------------------------------------------------------------------------------ 

 

Units Used in Computations - US Customary Units, inches, pounds 

 

Basic Program Options: 

 

Analysis Type 1:  

- Computation of Lateral Pile Response Using User-specified Constant EI 

 

Computation Options: 

- Only internally-generated p-y curves used in analysis 

- Analysis does not use p-y multipliers (individual pile or shaft action only) 

- Analysis assumes no shear resistance at pile tip 

- Analysis includes automatic computation of pile-top deflection vs. 

  pile embedment length 



- No computation of foundation stiffness matrix elements 

- Output pile response for full length of pile 

- Analysis assumes no soil movements acting on pile 

- Additional p-y curves computed at specified depths 

 

Solution Control Parameters: 

- Number of pile increments            =          100 

- Maximum number of iterations allowed =          100 

- Deflection tolerance for convergence =   1.0000E-05 in 

- Maximum allowable deflection         =   1.0000E+02 in 

 

Printing Options: 

- Values of pile-head deflection, bending moment, shear force, and  

  soil reaction are printed for full length of pile. 

- Printing Increment (spacing of output points) =  1 

 

 

------------------------------------------------------------------------------ 

                   Pile Structural Properties and Geometry 

------------------------------------------------------------------------------ 

 

Pile Length                               =     492.00 in 

Depth of ground surface below top of pile =    -216.00 in 

Slope angle of ground surface             =        .00 deg. 

 

Structural properties of pile defined using  2 points 

 

Point    Depth         Pile      Moment of       Pile      Modulus of 

           X         Diameter     Inertia        Area      Elasticity 

           in           in         in**4        Sq.in      lbs/Sq.in 

-----  ---------   -----------   ----------   ----------   ----------- 

  1       0.0000        10.000     101.0000      16.8000  29000000.000 

  2     492.0000        10.000     101.0000      16.8000  29000000.000 

 

 

------------------------------------------------------------------------------ 

                      Soil and Rock Layering Information 

------------------------------------------------------------------------------ 

 

The soil profile is modelled using  4 layers 

 

Layer  1 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =     -216.000 in 

Distance from top of pile to bottom of layer =     -180.000 in 

p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3 

 

Layer  2 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =     -180.000 in 

Distance from top of pile to bottom of layer =      108.000 in 

p-y subgrade modulus k for top of soil layer =      225.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =      225.000 lbs/in**3 

 

Layer  3 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      108.000 in 

Distance from top of pile to bottom of layer =      420.000 in 

p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3 



p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3 

 

Layer  4 is stiff clay without free water 

Distance from top of pile to top of layer    =      420.000 in 

Distance from top of pile to bottom of layer =      780.000 in 

p-y subgrade modulus k for top of soil layer =     1000.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =     1000.000 lbs/in**3 

 

 

(Depth of lowest layer extends  288.00 in below pile tip) 

 

 

------------------------------------------------------------------------------ 

                   Effective Unit Weight of Soil vs. Depth 

------------------------------------------------------------------------------ 

 

Distribution of effective unit weight of soil with depth 

is defined using  8 points 

 

Point        Depth X    Eff. Unit Weight 

 No.           in          lbs/in**3 

-----      ----------   ---------------- 

  1          -216.00         .07230 

  2          -180.00         .07230 

  3          -180.00         .07810 

  4           108.00         .07810 

  5           108.00         .04200 

  6           420.00         .04200 

  7           420.00         .04200 

  8           780.00         .04200 

 

 

 

------------------------------------------------------------------------------ 

                           Shear Strength of Soils 

------------------------------------------------------------------------------ 

 

Distribution of shear strength parameters with depth 

defined using  8 points 

 

Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD 

 No.       in         lbs/in**2            Deg.            k_rm        % 

-----   --------     ----------     ------------------    ------    ------ 

  1     -216.000         .00000           35.00           ------    ------ 

  2     -180.000         .00000           35.00           ------    ------ 

  3     -180.000         .00000           40.00           ------    ------ 

  4      108.000         .00000           40.00           ------    ------ 

  5      108.000         .00000           40.00           ------    ------ 

  6      420.000         .00000           40.00           ------    ------ 

  7      420.000       27.77800             .00           .00500        .0 

  8      780.000       27.77800             .00           .00500        .0 

 

Notes: 

 

(1)  Cohesion = uniaxial compressive strength for rock materials. 

(2)  Values of E50 are reported for clay strata.  

(3)  Default values will be generated for E50 when input values are 0. 



(4)  RQD and k_rm are reported only for weak rock strata. 

 

Static loading criteria was used for computation of  p-y curves 

 

 

 

------------------------------------------------------------------------------ 

              Pile-head Loading and Pile-head Fixity Conditions 

------------------------------------------------------------------------------ 

 

Number of loads specified = 10 

 

Load Case Number  1 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =            .100 in 

Slope at pile head          =            .000 in/in 

Axial load at pile head     =      200000.000 lbs 

 

Load Case Number  2 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =            .200 in 

Slope at pile head          =            .000 in/in 

Axial load at pile head     =      200000.000 lbs 

 

Load Case Number  3 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =            .300 in 

Slope at pile head          =            .000 in/in 

Axial load at pile head     =      200000.000 lbs 

 

Load Case Number  4 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =            .400 in 

Slope at pile head          =            .000 in/in 

Axial load at pile head     =      200000.000 lbs 

 

Load Case Number  5 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =            .500 in 

Slope at pile head          =            .000 in/in 

Axial load at pile head     =      200000.000 lbs 

 

Load Case Number  6 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =            .600 in 

Slope at pile head          =            .000 in/in 

Axial load at pile head     =      200000.000 lbs 

 

Load Case Number  7 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 



Deflection at pile head     =            .700 in 

Slope at pile head          =            .000 in/in 

Axial load at pile head     =      200000.000 lbs 

 

Load Case Number  8 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =            .800 in 

Slope at pile head          =            .000 in/in 

Axial load at pile head     =      200000.000 lbs 

 

Load Case Number  9 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =            .900 in 

Slope at pile head          =            .000 in/in 

Axial load at pile head     =      200000.000 lbs 

 

Load Case Number 10 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           1.000 in 

Slope at pile head          =            .000 in/in 

Axial load at pile head     =      200000.000 lbs 

 

 

 

 

------------------------------------------------------------------------------ 

                   Output of p-y Curves at Specified Depths 

------------------------------------------------------------------------------ 

 

 

 

p-y curves are generated and printed for verification at  1 depths. 

 

Depth      Depth Below Pile Head      Depth Below Ground Surface 

 No.                 in                         in 

-----      ---------------------      -------------------------- 

  1                60.000                    276.000 

 

Depth of ground surface below top of pile =    -216.00 in 

 

 

p-y Curve in Sand Computed Using Reese Criteria 

 

Soil Layer Number           =            2 

Depth below pile head       =       60.000 in 

Depth below ground surface  =      276.000 in 

Equivalent Depth (see note) =      276.000 in 

Pile Diameter               =       10.000 in 

Angle of Friction           =       40.000 deg. 

Avg. Eff. Unit Weight       =       .07734 lbs/in**3 

k                           =      225.000 pci   

A (static)                  =        .8800 

B (static)                  =        .5000 

Pst                         =    28178.350 lbs/in 



Psd                         =    22232.297 lbs/in 

Ps                          =    22232.297 lbs/in 

pu                          =    19564.422 lbs/in 

Cbar                        =   33042.3027 

n                           =       1.6447 

m                           =   40551.7102 

yk                          =        .2000  in 

ym                          =        .1667  in 

yu                          =        .3750  in 

p-multiplier                =      1.00000 

y-multiplier                =      1.00000 

 

If Psd <= Pst then actual depth is used in place of equivalent depth in 

computations. 

 

        y, in             p, lbs/in 

----------------    ----------------- 

          .0000             .000 

          .0139          862.500 

          .0278         1725.000 

          .0417         2587.500 

          .0556         3450.000 

          .0694         4312.500 

          .0833         5175.000 

          .0972         6037.500 

          .1111         6900.000 

          .1250         7762.500 

          .1389         8625.000 

          .1528         9487.500 

          .1667        10350.000 

          .3750        19564.422 

        10.3750        19564.422 

        20.3750        19564.422 

        30.3750        19564.422 

 

 

 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  1 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Specified deflection at pile head   =         .100000 in 

Specified slope at pile head        =       0.000E+00 in/in 

Specified axial load at pile head   =      200000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .100000  -1.207E+06   1.098E+05      0.0000  71638.7917  -4860.0000 

   4.920   .095014  -7.242E+05  86237.7679    -.001622  47755.1907  -4722.8599 



   9.840   .084043  -3.549E+05  64113.9444    -.002528  29471.9094  -4270.5643 

  14.760   .070139 -88322.5485  44649.7453    -.002900  16277.1653  -3641.7118 

  19.680   .055506  90204.5356  28450.4441    -.002899  16370.3330  -2943.3700 

  24.600   .041618   1.973E+05  15667.4076    -.002657  21673.7783  -2252.9864 

  29.520   .029361   2.496E+05   6135.0744    -.002282  24261.2406  -1621.9459 

  34.440   .019166   2.622E+05   -511.7238    -.001852  24884.6420  -1080.0046 

  39.360   .011139   2.482E+05  -4742.9172    -.001423  24192.3802   -639.9927 

  44.280   .005163   2.183E+05  -7061.0514    -.001031  22712.8817   -302.3383 

  49.200  9.91E-04   1.808E+05  -7950.2292  -6.961E-04  20853.2157    -59.1161 

  54.120  -.001687   1.415E+05  -7843.3810  -4.255E-04  18907.9180    102.5503 

  59.040  -.003196   1.044E+05  -7104.5274  -2.190E-04  17073.9347    197.7966 

  63.960  -.003842  71986.1848  -6022.5639  -7.084E-05  15468.4344    242.0259 

  68.880  -.003893  45294.6702  -4813.2821   2.766E-05  14147.0723    249.5521 

  73.800  -.003570  24569.0465  -3626.7380   8.634E-05  13121.0513    232.7829 

  78.720  -.003044   9437.6497  -2557.5816   1.149E-04  12371.9723    201.8335 

  83.640  -.002439   -823.6839  -1656.4986   1.221E-04  11945.5383    164.4604 

  88.560  -.001842  -7102.6626   -941.4354   1.155E-04  12256.3789    126.2157 

  93.480  -.001303 -10314.6725   -407.7350   1.009E-04  12415.3893     90.7356 

  98.400 -8.49E-04 -11313.2503    -36.6970   8.269E-05  12464.8238     60.0928 

 103.320 -4.89E-04 -10838.4983    197.6329   6.408E-05  12441.3212     35.1632 

 108.240 -2.19E-04  -9494.6560    305.9618   4.700E-05  12374.7944      8.8729 

 113.160 -2.69E-05  -7920.3389    330.5113   3.238E-05  12296.8579      1.1065 

 118.080  9.97E-05  -6306.1451    322.9934   2.043E-05  12216.9473     -4.1626 

 123.000  1.74E-04  -4782.2889    294.6014   1.112E-05  12141.5089     -7.3789 

 127.920  2.09E-04  -3429.1453    254.3393   4.220E-06  12074.5216     -8.9878 

 132.840  2.16E-04  -2287.8954    209.0959  -5.815E-07  12018.0241     -9.4038 

 137.760  2.03E-04  -1370.4968    163.8425  -3.654E-06  11972.6083     -8.9919 

 142.680  1.80E-04   -668.4943    121.9022  -5.367E-06  11937.8557     -8.0570 

 147.600  1.51E-04   -160.4175     85.2509  -6.063E-06  11912.7034     -6.8419 

 152.520  1.20E-04    182.3066     54.8164  -6.044E-06  11913.7870     -5.5299 

 157.440  9.11E-05    390.8710     30.7562  -5.563E-06  11924.1120     -4.2507 

 162.360  6.53E-05    495.8959     12.7016  -4.818E-06  11929.3112     -3.0886 

 167.280  4.36E-05    525.3373    -.040648  -3.961E-06  11930.7687     -2.0912 

 172.200  2.63E-05    503.2903     -8.3284  -3.097E-06  11929.6773     -1.2778 

 177.120  1.32E-05    449.4799    -13.0648  -2.296E-06  11927.0134      -.6475 

 182.040  3.74E-06    379.2518    -15.1151  -1.600E-06  11923.5367      -.1859 

 186.960 -2.57E-06    303.8964    -15.2540  -1.027E-06  11919.8063       .1295 

 191.880 -6.37E-06    231.1724    -14.1372  -5.772E-07  11916.2061       .3245 

 196.800 -8.25E-06    165.9220    -12.2917  -2.437E-07  11912.9759       .4257 

 201.720 -8.76E-06    110.7019    -10.1188  -1.138E-08  11910.2422       .4576 

 206.640 -8.36E-06     66.3751     -7.9065   1.373E-07  11908.0478       .4418 

 211.560 -7.41E-06     32.6319     -5.8453   2.205E-07  11906.3773       .3961 

 216.480 -6.19E-06      8.4236     -4.0473   2.550E-07  11905.1789       .3347 

 221.400 -4.90E-06     -7.6955     -2.5644   2.556E-07  11905.1429       .2681 

 226.320 -3.68E-06    -17.3131     -1.4048   2.346E-07  11905.6190       .2033 

 231.240 -2.59E-06    -21.9807      -.5479   2.016E-07  11905.8501       .1450 

 236.160 -1.69E-06    -23.1009     .044411   1.637E-07  11905.9055     .095720 

 241.080 -9.83E-07    -21.8659       .4181   1.260E-07  11905.8444     .056192 

 246.000 -4.54E-07    -19.2346       .6209   9.144E-08  11905.7141     .026227 

 250.920 -8.38E-08    -15.9365       .6974   6.190E-08  11905.5508     .004889 

 255.840  1.55E-07    -12.4938       .6870   3.802E-08  11905.3804    -.009136 

 260.760  2.90E-07     -9.2516       .6219   1.975E-08  11905.2199    -.017302 

 265.680  3.49E-07     -6.4129       .5276   6.598E-09  11905.0794    -.021031 

 270.600  3.55E-07     -4.0727       .4227  -2.208E-09  11904.9635    -.021609 

 275.520  3.28E-07     -2.2489       .3201  -7.518E-09  11904.8732    -.020126 

 280.440  2.81E-07      -.9085       .2276  -1.017E-08  11904.8069    -.017455 

 285.360  2.27E-07     .010916       .1496  -1.092E-08  11904.7624    -.014257 



 290.280  1.74E-07       .5852     .087478  -1.042E-08  11904.7909    -.010999 

 295.200  1.25E-07       .8922     .040781  -9.182E-09  11904.8061    -.007984 

 300.120  8.35E-08      1.0045     .007897  -7.589E-09  11904.8116    -.005384 

 305.040  5.03E-08       .9849    -.013401  -5.918E-09  11904.8107    -.003274 

 309.960  2.52E-08       .8843    -.025533  -4.348E-09  11904.8057    -.001658 

 314.880  7.48E-09       .7422    -.030833  -2.982E-09  11904.7986  -4.964E-04 

 319.800 -4.12E-09       .5868    -.031375  -1.866E-09  11904.7910   2.762E-04 

 324.720 -1.09E-08       .4371    -.028887  -1.006E-09  11904.7835   7.353E-04 

 329.640 -1.40E-08       .3045    -.024725  -3.831E-10  11904.7770   9.564E-04 

 334.560 -1.46E-08       .1946    -.019892   3.609E-11  11904.7715     .001008 

 339.480 -1.37E-08       .1087    -.015078   2.908E-10  11904.7673   9.490E-04 

 344.400 -1.18E-08     .045625    -.010712   4.204E-10  11904.7642   8.257E-04 

 349.320 -9.53E-09     .002463    -.007024   4.608E-10  11904.7620   6.735E-04 

 354.240 -7.25E-09    -.024401    -.004096   4.424E-10  11904.7631   5.170E-04 

 359.160 -5.18E-09    -.038710    -.001908   3.894E-10  11904.7638   3.722E-04 

 364.080 -3.42E-09    -.043945  -3.823E-04   3.199E-10  11904.7641   2.481E-04 

 369.000 -2.03E-09    -.043102   5.930E-04   2.468E-10  11904.7640   1.484E-04 

 373.920 -9.93E-10    -.038595     .001138   1.782E-10  11904.7638   7.320E-05 

 378.840 -2.75E-10    -.032253     .001369   1.187E-10  11904.7635   2.048E-05 

 383.760  1.75E-10    -.025362     .001387   7.033E-11  11904.7632  -1.315E-05 

 388.680  4.17E-10    -.018748     .001277   3.328E-11  11904.7628  -3.149E-05 

 393.600  5.03E-10    -.012865     .001105   6.730E-12  11904.7625  -3.832E-05 

 398.520  4.83E-10    -.007888   9.195E-04  -1.070E-11  11904.7623  -3.709E-05 

 403.440  3.98E-10    -.003796   7.525E-04  -2.051E-11  11904.7621  -3.079E-05 

 408.360  2.81E-10  -4.432E-04   6.228E-04  -2.407E-11  11904.7619  -2.193E-05 

 413.280  1.61E-10     .002379   5.377E-04  -2.245E-11  11904.7620  -1.265E-05 

 418.200  6.02E-11     .004892   4.949E-04  -1.634E-11  11904.7621  -4.770E-06 

 423.120  6.00E-18     .007281  -4.984E-04  -6.115E-12  11904.7623  -3.990E-04 

 428.040 -4.52E-18   1.821E-09  -7.399E-04  -6.099E-19  11904.7619   3.008E-04 

 432.960 -1.81E-24  -5.475E-10  -1.850E-10   4.598E-19  11904.7619   1.204E-10 

 437.880  3.40E-25  -3.015E-16   5.564E-11   1.841E-25  11904.7619  -2.262E-11 

 442.800     0.000   4.117E-17   3.064E-17      0.0000  11904.7619  -1.586E-17 

 447.720     0.000   3.505E-23  -4.184E-18      0.0000  11904.7619   1.701E-18 

 452.640     0.000  -3.095E-24  -3.561E-24      0.0000  11904.7619   1.703E-24 

 457.560     0.000      0.0000   3.146E-25      0.0000  11904.7619  -1.279E-25 

 462.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 467.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 472.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 477.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 482.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 487.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 492.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  1: 

 

Pile-head deflection             =      .10000000 in 

Computed slope at pile head      =          0.000 

Maximum bending moment           =   -1206627.403 lbs-in 

Maximum shear force              =     109811.603 lbs 

Depth of maximum bending moment  =          0.000 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              5 



Number of zero deflection points =             14 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  2 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Specified deflection at pile head   =         .200000 in 

Specified slope at pile head        =       0.000E+00 in/in 

Specified axial load at pile head   =      200000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .200000  -2.413E+06   2.196E+05      0.0000   1.314E+05  -9720.0000 

   4.920   .190028  -1.448E+06   1.725E+05    -.003243  83605.6196  -9445.7198 

   9.840   .168086  -7.097E+05   1.282E+05    -.005056  47039.0569  -8541.1286 

  14.760   .140279  -1.766E+05  89299.4905    -.005800  20649.5687  -7283.4236 

  19.680   .111012   1.804E+05  56900.8882    -.005797  20835.9040  -5886.7399 

  24.600   .083236   3.947E+05  31334.8152    -.005314  31442.7948  -4505.9727 

  29.520   .058721   4.992E+05  12270.1487    -.004563  36617.7194  -3243.8917 

  34.440   .038333   5.244E+05  -1023.4476    -.003704  37864.5222  -2160.0092 

  39.360   .022278   4.964E+05  -9485.8343    -.002846  36479.9985  -1279.9854 

  44.280   .010325   4.366E+05 -14122.1028    -.002063  33521.0016   -604.6766 

  49.200   .001981   3.615E+05 -15900.4585    -.001392  29801.6695   -118.2322 

  54.120  -.003375   2.829E+05 -15686.7619  -8.510E-04  25911.0740    205.1007 

  59.040  -.006392   2.088E+05 -14209.0548  -4.380E-04  22243.1075    395.5933 

  63.960  -.007684   1.440E+05 -12045.1278  -1.417E-04  19032.1069    484.0518 

  68.880  -.007787  90589.3404  -9626.5641   5.533E-05  16389.3827    499.1042 

  73.800  -.007140  49138.0931  -7253.4759   1.727E-04  14337.3408    465.5658 

  78.720  -.006087  18875.2994  -5115.1631   2.298E-04  12839.1827    403.6670 

  83.640  -.004879  -1647.3678  -3312.9973   2.443E-04  11986.3148    328.9207 

  88.560  -.003684 -14205.3251  -1882.8708   2.310E-04  12607.9958    252.4315 

  93.480  -.002606 -20629.3449   -815.4699   2.017E-04  12926.0166    181.4713 

  98.400  -.001699 -22626.5005    -73.3940   1.654E-04  13024.8857    120.1856 

 103.320 -9.79E-04 -21676.9966    395.2657   1.282E-04  12977.8805     70.3265 

 108.240 -4.38E-04 -18989.3121    611.9237   9.401E-05  12844.8269     17.7458 

 113.160 -5.38E-05 -15840.6777    661.0226   6.476E-05  12688.9539      2.2131 

 118.080  1.99E-04 -12612.2903    645.9869   4.086E-05  12529.1327     -8.3251 

 123.000  3.48E-04  -9564.5779    589.2027   2.223E-05  12378.2559    -14.7578 

 127.920  4.18E-04  -6858.2906    508.6786   8.440E-06  12244.2812    -17.9755 

 132.840  4.31E-04  -4575.7907    418.1919  -1.163E-06  12131.2862    -18.8077 

 137.760  4.07E-04  -2740.9936    327.6849  -7.308E-06  12040.4547    -17.9838 

 142.680  3.59E-04  -1336.9886    243.8044  -1.073E-05  11970.9495    -16.1140 

 147.600  3.01E-04   -320.8350    170.5019  -1.213E-05  11920.6448    -13.6838 

 152.520  2.40E-04    364.6132    109.6328  -1.209E-05  11922.8121    -11.0598 

 157.440  1.82E-04    781.7421     61.5125  -1.113E-05  11943.4620     -8.5013 

 162.360  1.31E-04    991.7918     25.4033  -9.636E-06  11953.8605     -6.1772 

 167.280  8.73E-05   1050.6747    -.081295  -7.921E-06  11956.7755     -4.1824 

 172.200  5.27E-05   1006.5806    -16.6568  -6.193E-06  11954.5926     -2.5556 

 177.120  2.64E-05    898.9598    -26.1296  -4.593E-06  11949.2649     -1.2951 

 182.040  7.47E-06    758.5035    -30.2303  -3.201E-06  11942.3116      -.3718 



 186.960 -5.14E-06    607.7929    -30.5081  -2.053E-06  11934.8507       .2589 

 191.880 -1.27E-05    462.3448    -28.2745  -1.154E-06  11927.6503       .6491 

 196.800 -1.65E-05    331.8440    -24.5834  -4.874E-07  11921.1898       .8514 

 201.720 -1.75E-05    221.4038    -20.2377  -2.276E-08  11915.7225       .9152 

 206.640 -1.67E-05    132.7502    -15.8129   2.747E-07  11911.3337       .8835 

 211.560 -1.48E-05     65.2639    -11.6906   4.410E-07  11907.9928       .7923 

 216.480 -1.24E-05     16.8473     -8.0946   5.100E-07  11905.5959       .6695 

 221.400 -9.81E-06    -15.3911     -5.1288   5.112E-07  11905.5238       .5361 

 226.320 -7.35E-06    -34.6263     -2.8097   4.692E-07  11906.4761       .4066 

 231.240 -5.19E-06    -43.9615     -1.0957   4.032E-07  11906.9382       .2901 

 236.160 -3.39E-06    -46.2019     .088823   3.274E-07  11907.0491       .1914 

 241.080 -1.97E-06    -43.7319       .8362   2.519E-07  11906.9268       .1124 

 246.000 -9.08E-07    -38.4691      1.2417   1.829E-07  11906.6663     .052455 

 250.920 -1.68E-07    -31.8731      1.3948   1.238E-07  11906.3398     .009779 

 255.840  3.10E-07    -24.9877      1.3739   7.604E-08  11905.9989    -.018273 

 260.760  5.81E-07    -18.5032      1.2439   3.951E-08  11905.6779    -.034604 

 265.680  6.99E-07    -12.8259      1.0553   1.320E-08  11905.3968    -.042062 

 270.600  7.11E-07     -8.1455       .8455  -4.416E-09  11905.1651    -.043217 

 275.520  6.55E-07     -4.4978       .6401  -1.504E-08  11904.9846    -.040251 

 280.440  5.63E-07     -1.8169       .4552  -2.034E-08  11904.8519    -.034910 

 285.360  4.55E-07     .021833       .2992  -2.185E-08  11904.7630    -.028515 

 290.280  3.48E-07      1.1703       .1750  -2.085E-08  11904.8198    -.021998 

 295.200  2.50E-07      1.7844     .081562  -1.836E-08  11904.8502    -.015967 

 300.120  1.67E-07      2.0090     .015794  -1.518E-08  11904.8614    -.010768 

 305.040  1.01E-07      1.9697    -.026802  -1.184E-08  11904.8594    -.006548 

 309.960  5.04E-08      1.7686    -.051066  -8.696E-09  11904.8495    -.003316 

 314.880  1.50E-08      1.4843    -.061666  -5.964E-09  11904.8354  -9.929E-04 

 319.800 -8.25E-09      1.1736    -.062750  -3.732E-09  11904.8200   5.524E-04 

 324.720 -2.18E-08       .8742    -.057773  -2.012E-09  11904.8052     .001471 

 329.640 -2.80E-08       .6090    -.049450  -7.661E-10  11904.7921     .001913 

 334.560 -2.93E-08       .3891    -.039785   7.218E-11  11904.7812     .002016 

 339.480 -2.73E-08       .2174    -.030156   5.816E-10  11904.7727     .001898 

 344.400 -2.36E-08     .091250    -.021424   8.408E-10  11904.7664     .001651 

 349.320 -1.91E-08     .004926    -.014049   9.216E-10  11904.7621     .001347 

 354.240 -1.45E-08    -.048802    -.008192   8.847E-10  11904.7643     .001034 

 359.160 -1.04E-08    -.077420    -.003817   7.787E-10  11904.7657   7.445E-04 

 364.080 -6.84E-09    -.087890  -7.646E-04   6.399E-10  11904.7663   4.962E-04 

 369.000 -4.06E-09    -.086203     .001186   4.937E-10  11904.7662   2.968E-04 

 373.920 -1.99E-09    -.077191     .002276   3.564E-10  11904.7657   1.464E-04 

 378.840 -5.51E-10    -.064507     .002737   2.374E-10  11904.7651   4.095E-05 

 383.760  3.51E-10    -.050725     .002773   1.407E-10  11904.7644  -2.631E-05 

 388.680  8.33E-10    -.037496     .002553   6.656E-11  11904.7638  -6.299E-05 

 393.600  1.01E-09    -.025729     .002210   1.346E-11  11904.7632  -7.665E-05 

 398.520  9.66E-10    -.015776     .001839  -2.140E-11  11904.7627  -7.419E-05 

 403.440  7.95E-10    -.007592     .001505  -4.102E-11  11904.7623  -6.158E-05 

 408.360  5.62E-10  -8.863E-04     .001246  -4.815E-11  11904.7619  -4.387E-05 

 413.280  3.22E-10     .004759     .001075  -4.489E-11  11904.7621  -2.529E-05 

 418.200  1.20E-10     .009784   9.897E-04  -3.268E-11  11904.7624  -9.541E-06 

 423.120  1.20E-17     .014562  -9.968E-04  -1.223E-11  11904.7626  -7.980E-04 

 428.040 -9.05E-18   3.642E-09    -.001480  -1.220E-18  11904.7619   6.016E-04 

 432.960 -3.62E-24  -1.095E-09  -3.700E-10   9.196E-19  11904.7619   2.409E-10 

 437.880  6.80E-25  -6.031E-16   1.113E-10   3.682E-25  11904.7619  -4.523E-11 

 442.800     0.000   8.233E-17   6.127E-17      0.0000  11904.7619  -3.171E-17 

 447.720     0.000   7.010E-23  -8.367E-18      0.0000  11904.7619   3.401E-18 

 452.640     0.000  -6.191E-24  -7.123E-24      0.0000  11904.7619   3.407E-24 

 457.560     0.000      0.0000   6.291E-25      0.0000  11904.7619  -2.557E-25 

 462.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 



 467.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 472.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 477.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 482.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 487.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 492.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  2: 

 

Pile-head deflection             =      .20000000 in 

Computed slope at pile head      =          0.000 

Maximum bending moment           =   -2413254.805 lbs-in 

Maximum shear force              =     219623.207 lbs 

Depth of maximum bending moment  =          0.000 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              5 

Number of zero deflection points =             14 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  3 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Specified deflection at pile head   =         .300000 in 

Specified slope at pile head        =       0.000E+00 in/in 

Specified axial load at pile head   =      200000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .300000  -3.560E+06   3.140E+05      0.0000   1.881E+05 -12895.9432 

   4.920   .285291  -2.168E+06   2.510E+05    -.004810   1.192E+05 -12717.0821 

   9.840   .252666  -1.080E+06   1.904E+05    -.007538  65372.8700 -11923.5843 

  14.760   .211116  -2.792E+05   1.346E+05    -.008680  25727.3527 -10780.4047 

  19.680   .167258   2.611E+05  86224.9536    -.008695  24831.9815  -8869.3760 

  24.600   .125559   5.863E+05  47685.3861    -.007983  40931.9266  -6797.1148 

  29.520   .088705   7.461E+05  18909.9355    -.006864  48838.6616  -4900.2228 

  34.440   .058016   7.859E+05  -1186.7739    -.005577  50812.2329  -3269.1712 

  39.360   .033824   7.454E+05 -14009.6168    -.004291  48803.9272  -1943.3665 

  44.280   .015791   6.565E+05 -21065.1716    -.003114  44405.8244   -924.7452 

  49.200   .003183   5.442E+05 -23807.3298    -.002105  38845.8452   -189.9533 

  54.120  -.004926   4.264E+05 -23538.0847    -.001290  33013.7078    299.4025 

  59.040  -.009512   3.151E+05 -21353.5062  -6.674E-04  27505.4648    588.6375 

  63.960  -.011493   2.176E+05 -18124.4870  -2.200E-04  22676.8217    723.9719 

  68.880  -.011676   1.372E+05 -14502.3884   7.805E-05  18697.9357    748.4259 

  73.800  -.010725  74738.5001 -10940.8872   2.561E-04  15604.6877    699.3388 

  78.720  -.009157  29059.8306  -7726.8328   3.433E-04  13343.3674    607.1874 



  83.640  -.007348  -1969.0512  -5014.5385   3.660E-04  12002.2397    495.3713 

  88.560  -.005555 -21003.5229  -2859.4880   3.467E-04  12944.5403    380.6655 

  93.480  -.003936 -30788.7366  -1248.8192   3.032E-04  13428.9568    274.0779 

  98.400  -.002571 -33888.6211   -127.0999   2.489E-04  13582.4164    181.9056 

 103.320  -.001487 -32529.2124    583.2001   1.931E-04  13515.1190    106.8342 

 108.240 -6.71E-04 -28529.9647    912.9439   1.418E-04  13317.1364     27.2080 

 113.160 -9.14E-05 -23824.9539    989.1289   9.785E-05  13084.2151      3.7616 

 118.080  2.92E-04 -18989.5092    968.4305   6.189E-05  12844.8366    -12.1756 

 123.000  5.18E-04 -14417.4041    884.5219   3.384E-05  12618.4948    -21.9336 

 127.920  6.25E-04 -10352.4022    764.5207   1.303E-05  12417.2571    -26.8474 

 132.840  6.46E-04  -6920.1669    629.1980  -1.475E-06  12247.3444    -28.1619 

 137.760  6.10E-04  -4158.1917    493.5643  -1.078E-05  12110.6130    -26.9737 

 142.680  5.40E-04  -2042.2802    367.6753  -1.599E-05  12005.8649    -24.2007 

 147.600  4.53E-04   -508.8047    257.5291  -1.813E-05  11929.9503    -20.5742 

 152.520  3.61E-04    527.4850    165.9654  -1.811E-05  11930.8750    -16.6468 

 157.440  2.74E-04   1159.9430     93.4999  -1.670E-05  11962.1848    -12.8107 

 162.360  1.97E-04   1480.3831     39.0560  -1.448E-05  11978.0482     -9.3210 

 167.280  1.32E-04   1572.7489       .5736  -1.191E-05  11982.6208     -6.3223 

 172.200  7.98E-05   1509.4754    -24.5098  -9.326E-06  11979.4884     -3.8742 

 177.120  4.02E-05   1349.9262    -38.8990  -6.925E-06  11971.5899     -1.9750 

 182.040  1.17E-05   1140.3372    -45.1897  -4.833E-06  11961.2142      -.5822 

 186.960 -7.37E-06    914.7707    -45.7092  -3.107E-06  11950.0476       .3710 

 191.880 -1.89E-05    696.6732    -42.4295  -1.754E-06  11939.2507       .9622 

 196.800 -2.46E-05    500.7161    -36.9370  -7.480E-07  11929.5498      1.2705 

 201.720 -2.62E-05    334.6854    -30.4420  -4.637E-08  11921.3305      1.3698 

 206.640 -2.51E-05    201.2583    -23.8132   4.038E-07  11914.7252      1.3249 

 211.560 -2.23E-05     99.5692    -17.6273   6.564E-07  11909.6911      1.1897 

 216.480 -1.86E-05     26.5137    -12.2246   7.623E-07  11906.0745      1.0065 

 221.400 -1.48E-05    -22.2208     -7.7634   7.659E-07  11905.8619       .8069 

 226.320 -1.11E-05    -51.3853     -4.2709   7.041E-07  11907.3057       .6128 

 231.240 -7.83E-06    -65.6323     -1.6866   6.058E-07  11908.0110       .4378 

 236.160 -5.12E-06    -69.1738       .1024   4.926E-07  11908.1864       .2895 

 241.080 -2.98E-06    -65.5943      1.2338   3.794E-07  11908.0091       .1705 

 246.000 -1.39E-06    -57.7800      1.8503   2.758E-07  11907.6223     .080157 

 250.920 -2.70E-07    -47.9298      2.0863   1.870E-07  11907.1347     .015753 

 255.840  4.52E-07    -37.6191      2.0594   1.151E-07  11906.6242    -.026664 

 260.760  8.63E-07    -27.8917      1.8673   6.013E-08  11906.1427    -.051441 

 265.680  1.04E-06    -19.3633      1.5861   2.044E-08  11905.7205    -.062845 

 270.600  1.06E-06    -12.3242      1.2723  -6.173E-09  11905.3720    -.064737 

 275.520  9.83E-07     -6.8318       .9645  -2.226E-08  11905.1001    -.060396 

 280.440  8.45E-07     -2.7900       .6869  -3.034E-08  11904.9000    -.052452 

 285.360  6.84E-07    -.013361       .4523  -3.270E-08  11904.7626    -.042893 

 290.280  5.24E-07      1.7251       .2653  -3.126E-08  11904.8473    -.033130 

 295.200  3.77E-07      2.6587       .1246  -2.758E-08  11904.8935    -.024080 

 300.120  2.52E-07      3.0050     .025306  -2.282E-08  11904.9107    -.016267 

 305.040  1.52E-07      2.9526    -.039106  -1.782E-08  11904.9081    -.009917 

 309.960  7.68E-08      2.6552    -.075925  -1.311E-08  11904.8934    -.005050 

 314.880  2.33E-08      2.2313    -.092149  -9.004E-09  11904.8724    -.001545 

 319.800 -1.18E-08      1.7662    -.094008  -5.647E-09  11904.8493   7.897E-04 

 324.720 -3.23E-08      1.3173    -.086699  -3.057E-09  11904.8271     .002181 

 329.640 -4.19E-08       .9191    -.074308  -1.178E-09  11904.8074     .002856 

 334.560 -4.39E-08       .5885    -.059856   8.779E-11  11904.7910     .003019 

 339.480 -4.10E-08       .3299    -.045425   8.592E-10  11904.7782     .002847 

 344.400 -3.54E-08       .1398    -.032318   1.254E-09  11904.7688     .002481 

 349.320 -2.87E-08     .009465    -.021232   1.379E-09  11904.7624     .002026 

 354.240 -2.18E-08    -.071841    -.012418   1.327E-09  11904.7655     .001557 

 359.160 -1.56E-08      -.1153    -.005825   1.169E-09  11904.7676     .001123 



 364.080 -1.03E-08      -.1315    -.001220   9.622E-10  11904.7684   7.496E-04 

 369.000 -6.15E-09      -.1292     .001730   7.432E-10  11904.7683   4.495E-04 

 373.920 -3.02E-09      -.1159     .003385   5.373E-10  11904.7676   2.230E-04 

 378.840 -8.60E-10    -.096982     .004091   3.585E-10  11904.7667   6.394E-05 

 383.760  5.03E-10    -.076354     .004155   2.130E-10  11904.7657  -3.773E-05 

 388.680  1.24E-09    -.056514     .003833   1.014E-10  11904.7647  -9.339E-05 

 393.600  1.50E-09    -.038841     .003322   2.128E-11  11904.7638  -1.144E-04 

 398.520  1.44E-09    -.023871     .002767  -3.139E-11  11904.7631  -1.110E-04 

 403.440  1.19E-09    -.011549     .002267  -6.114E-11  11904.7625  -9.228E-05 

 408.360  8.43E-10    -.001441     .001878  -7.205E-11  11904.7620  -6.581E-05 

 413.280  4.83E-10     .007076     .001623  -6.732E-11  11904.7623  -3.797E-05 

 418.200  1.81E-10     .014662     .001494  -4.906E-11  11904.7626  -1.433E-05 

 423.120  1.81E-17     .021877    -.001494  -1.837E-11  11904.7630    -.001200 

 428.040 -1.36E-17   5.475E-09    -.002223  -1.835E-18  11904.7619   9.038E-04 

 432.960 -5.44E-24  -1.645E-09  -5.561E-10   1.382E-18  11904.7619   3.620E-10 

 437.880  1.02E-24  -9.062E-16   1.672E-10   5.533E-25  11904.7619  -6.796E-11 

 442.800     0.000   1.237E-16   9.207E-17  -1.039E-25  11904.7619  -4.765E-17 

 447.720     0.000   1.053E-22  -1.257E-17      0.0000  11904.7619   5.110E-18 

 452.640     0.000  -9.300E-24  -1.070E-23      0.0000  11904.7619   5.119E-24 

 457.560     0.000      0.0000   9.452E-25      0.0000  11904.7619  -3.842E-25 

 462.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 467.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 472.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 477.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 482.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 487.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 492.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  3: 

 

Pile-head deflection             =      .30000000 in 

Computed slope at pile head      =          0.000 

Maximum bending moment           =   -3559670.151 lbs-in 

Maximum shear force              =     314039.309 lbs 

Depth of maximum bending moment  =          0.000 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              5 

Number of zero deflection points =             14 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  4 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Specified deflection at pile head   =         .400000 in 

Specified slope at pile head        =       0.000E+00 in/in 

Specified axial load at pile head   =      200000.000 lbs 

 



  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .400000  -4.629E+06   3.971E+05      0.0000   2.411E+05 -15269.6852 

   4.920   .380870  -2.857E+06   3.211E+05    -.006287   1.533E+05 -15621.8535 

   9.840   .338133  -1.457E+06   2.464E+05    -.009910  84035.4387 -14753.3629 

  14.760   .283354  -4.123E+05   1.776E+05    -.011480  32314.0745 -13224.9204 

  19.680   .225168   3.131E+05   1.168E+05    -.011563  27402.6410 -11498.7225 

  24.600   .169570   7.595E+05  65902.9039    -.010663  49504.8762  -9179.6487 

  29.520   .120248   9.825E+05  26979.8474    -.009200  60544.6538  -6642.7320 

  34.440   .079046   1.043E+06   -318.5309    -.007498  63543.8063  -4454.1697 

  39.360   .046465   9.941E+05 -17843.2388    -.005787  61120.0111  -2669.6953 

  44.280   .022100   8.789E+05 -27594.5232    -.004214  55415.6755  -1294.2415 

  49.200   .004999   7.309E+05 -31512.1041    -.002862  48088.4846   -298.2710 

  54.120  -.006062   5.745E+05 -31339.4981    -.001766  40344.0573    368.4361 

  59.040  -.012375   4.260E+05 -28549.2117  -9.254E-04  32994.1338    765.8267 

  63.960  -.015168   2.954E+05 -24314.9360  -3.195E-04  26527.0703    955.4236 

  68.880  -.015519   1.874E+05 -19517.5432   8.596E-05  21180.7570    994.7360 

  73.800  -.014322   1.031E+05 -14773.2123   3.300E-04  17011.1402    933.8538 

  78.720  -.012272  41357.3289 -10474.0024   4.513E-04  13952.1544    813.7925 

  83.640  -.009881   -803.5559  -6833.3440   4.854E-04  11944.5419    666.1500 

  88.560  -.007496 -26838.0201  -3930.9921   4.622E-04  13233.3768    513.6679 

  93.480  -.005333 -40394.0743  -1753.8470   4.057E-04  13904.4686    371.3505 

  98.400  -.003504 -44894.3044   -230.5906   3.341E-04  14127.2522    247.8595 

 103.320  -.002046 -43320.5438    740.7040   2.600E-04  14049.3433    146.9757 

 108.240 -9.46E-04 -38117.4265   1196.5404   1.916E-04  13791.7632     38.3236 

 113.160 -1.60E-04 -31923.6291   1307.0581   1.328E-04  13485.1396      6.6023 

 118.080  3.61E-04 -25517.2484   1286.2344   8.452E-05  13167.9920    -15.0672 

 123.000  6.71E-04 -19433.4135   1179.2027   4.676E-05  12866.8121    -28.4416 

 127.920  8.21E-04 -14005.9266   1022.4146   1.868E-05  12598.1246    -35.2934 

 132.840  8.55E-04  -9409.6152    843.8790  -9.866E-07  12370.5844    -37.2821 

 137.760  8.11E-04  -5700.2154    663.9154  -1.368E-05  12186.9508    -35.8739 

 142.680  7.20E-04  -2849.7708    496.2084  -2.086E-05  12045.8397    -32.2997 

 147.600  6.06E-04   -776.4759    348.9943  -2.390E-05  11943.2013    -27.5434 

 152.520  4.85E-04    631.3750    226.2544  -2.403E-05  11936.0181    -22.3508 

 157.440  3.70E-04   1497.1492    128.8285  -2.224E-05  11978.8782    -17.2532 

 162.360  2.66E-04   1942.8109     55.3931  -1.935E-05  12000.9407    -12.5986 

 167.280  1.79E-04   2080.2955      3.2785  -1.597E-05  12007.7468     -8.5862 

 172.200  1.09E-04   2006.5002    -30.8838  -1.254E-05  12004.0936     -5.3009 

 177.120  5.58E-05   1801.0722    -50.6753  -9.339E-06  11993.9239     -2.7444 

 182.040  1.73E-05   1526.2350    -59.5491  -6.545E-06  11980.3181      -.8628 

 186.960 -8.55E-06   1227.9893    -60.6119  -4.232E-06  11965.5535       .4308 

 191.880 -2.43E-05    938.1419    -56.5046  -2.412E-06  11951.2046      1.2388 

 196.800 -3.23E-05    676.7316    -49.3583  -1.056E-06  11938.2635      1.6662 

 201.720 -3.47E-05    454.5349    -40.8036  -1.059E-07  11927.2636      1.8113 

 206.640 -3.33E-05    275.4325    -32.0158   5.071E-07  11918.3972      1.7610 

 211.560 -2.97E-05    138.5015    -23.7791   8.548E-07  11911.6184      1.5873 

 216.480 -2.49E-05     39.7640    -16.5601   1.005E-06  11906.7304      1.3473 

 221.400 -1.98E-05    -26.4269    -10.5807   1.016E-06  11906.0702      1.0834 

 226.320 -1.49E-05    -66.3492     -5.8853   9.378E-07  11908.0465       .8253 

 231.240 -1.06E-05    -86.1842     -2.3991   8.097E-07  11909.0285       .5919 

 236.160 -6.96E-06    -91.5497     .024567   6.604E-07  11909.2941       .3934 

 241.080 -4.09E-06    -87.2422      1.5669   5.102E-07  11909.0808       .2336 

 246.000 -1.94E-06    -77.1358      2.4170   3.722E-07  11908.5805       .1120 

 250.920 -4.26E-07    -64.1917      2.7536   2.535E-07  11907.9397     .024878 

 255.840  5.56E-07    -50.5394      2.7342   1.571E-07  11907.2639    -.032775 



 260.760  1.12E-06    -37.5968      2.4893   8.311E-08  11906.6231    -.066744 

 265.680  1.37E-06    -26.2078      2.1217   2.952E-08  11906.0593    -.082699 

 270.600  1.41E-06    -16.7773      1.7072  -6.579E-09  11905.5925    -.085792 

 275.520  1.31E-06     -9.3958      1.2984  -2.856E-08  11905.2270    -.080411 

 280.440  1.13E-06     -3.9451       .9281  -3.977E-08  11904.9572    -.070086 

 285.360  9.17E-07      -.1845       .6143  -4.323E-08  11904.7710    -.057498 

 290.280  7.04E-07      2.1845       .3632  -4.155E-08  11904.8701    -.044552 

 295.200  5.09E-07      3.4716       .1737  -3.680E-08  11904.9338    -.032498 

 300.120  3.42E-07      3.9662     .039506  -3.056E-08  11904.9583    -.022054 

 305.040  2.08E-07      3.9204    -.048054  -2.393E-08  11904.9560    -.013540 

 309.960  1.06E-07      3.5405    -.098558  -1.767E-08  11904.9372    -.006991 

 314.880  3.40E-08      2.9854      -.1213  -1.219E-08  11904.9097    -.002259 

 319.800 -1.36E-08      2.3707      -.1246  -7.688E-09  11904.8793   9.099E-04 

 324.720 -4.16E-08      1.7742      -.1155  -4.207E-09  11904.8497     .002813 

 329.640 -5.50E-08      1.2428    -.099328  -1.673E-09  11904.8234     .003750 

 334.560 -5.81E-08       .8001    -.080271   4.271E-11  11904.8015     .003997 

 339.480 -5.46E-08       .4528    -.061119   1.095E-09  11904.7843     .003788 

 344.400 -4.73E-08       .1965    -.043648   1.640E-09  11904.7716     .003314 

 349.320 -3.84E-08     .020097    -.028818   1.822E-09  11904.7629     .002715 

 354.240 -2.94E-08    -.090638    -.016989   1.763E-09  11904.7664     .002094 

 359.160 -2.11E-08      -.1505    -.008112   1.560E-09  11904.7694     .001515 

 364.080 -1.40E-08      -.1735    -.001885   1.288E-09  11904.7705     .001016 

 369.000 -8.39E-09      -.1716     .002125   9.984E-10  11904.7704   6.139E-04 

 373.920 -4.19E-09      -.1546     .004395   7.244E-10  11904.7696   3.091E-04 

 378.840 -1.27E-09      -.1298     .005387   4.855E-10  11904.7683   9.417E-05 

 383.760  5.86E-10      -.1025     .005511   2.904E-10  11904.7670  -4.393E-05 

 388.680  1.59E-09    -.076154     .005107   1.403E-10  11904.7657  -1.203E-04 

 393.600  1.97E-09    -.052558     .004442   3.223E-11  11904.7645  -1.499E-04 

 398.520  1.91E-09    -.032504     .003713  -3.921E-11  11904.7635  -1.466E-04 

 403.440  1.58E-09    -.015944     .003051  -7.990E-11  11904.7627  -1.224E-04 

 408.360  1.12E-09    -.002321     .002535  -9.524E-11  11904.7620  -8.756E-05 

 413.280  6.44E-10     .009186     .002195  -8.948E-11  11904.7624  -5.064E-05 

 418.200  2.42E-10     .019453     .002023  -6.543E-11  11904.7629  -1.915E-05 

 423.120  2.42E-17     .029223    -.001982  -2.454E-11  11904.7634    -.001609 

 428.040 -1.82E-17   7.323E-09    -.002970  -2.459E-18  11904.7619     .001207 

 432.960 -7.28E-24  -2.197E-09  -7.438E-10   1.846E-18  11904.7619   4.839E-10 

 437.880  1.37E-24  -1.211E-15   2.233E-10   7.398E-25  11904.7619  -9.078E-11 

 442.800     0.000   1.652E-16   1.231E-16  -1.388E-25  11904.7619  -6.368E-17 

 447.720     0.000   1.408E-22  -1.679E-17      0.0000  11904.7619   6.826E-18 

 452.640     0.000  -1.242E-23  -1.430E-23      0.0000  11904.7619   6.840E-24 

 457.560     0.000      0.0000   1.263E-24      0.0000  11904.7619  -5.132E-25 

 462.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 467.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 472.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 477.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 482.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 487.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 492.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  4: 

 

Pile-head deflection             =      .40000000 in 



Computed slope at pile head      =          0.000 

Maximum bending moment           =   -4629445.113 lbs-in 

Maximum shear force              =     397134.653 lbs 

Depth of maximum bending moment  =          0.000 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              5 

Number of zero deflection points =             14 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  5 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Specified deflection at pile head   =         .500000 in 

Specified slope at pile head        =       0.000E+00 in/in 

Specified axial load at pile head   =      200000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .500000  -5.564E+06   4.513E+05      0.0000   2.873E+05 -15269.6852 

   4.920   .477009  -3.524E+06   3.753E+05    -.007633   1.864E+05 -15621.8557 

   9.840   .424895  -1.856E+06   2.975E+05    -.012151   1.038E+05 -15974.0294 

  14.760   .357440  -5.722E+05   2.195E+05    -.014191  40230.3870 -15731.9753 

  19.680   .285257   3.320E+05   1.474E+05    -.014393  28341.0819 -13575.9713 

  24.600   .215817   9.070E+05  85978.4984    -.013352  56807.2760 -11411.4458 

  29.520   .153874   1.204E+06  36995.5963    -.011579  71524.4982  -8500.3031 

  34.440   .101883   1.294E+06   1961.9160    -.009480  75956.9516  -5741.0304 

  39.360   .060586   1.242E+06 -20724.3353    -.007350  73403.8476  -3481.0230 

  44.280   .029555   1.104E+06 -33545.4976    -.005380  66577.6558  -1730.8316 

  49.200   .007651   9.228E+05 -38926.4655    -.003677  57586.9773   -456.5537 

  54.120  -.006626   7.286E+05 -39058.8961    -.002290  47973.6867    402.7202 

  59.040  -.014882   5.429E+05 -35802.5989    -.001222  38783.3729    920.9779 

  63.960  -.018651   3.787E+05 -30646.8236  -4.480E-04  30652.2736   1174.8657 

  68.880  -.019291   2.423E+05 -24714.8909   7.354E-05  23898.0714   1236.4891 

  73.800  -.017928   1.354E+05 -18797.4462   3.907E-04  18605.7760   1168.9762 

  78.720  -.015446  56529.0898 -13402.0738   5.519E-04  14703.2317   1024.2646 

  83.640  -.012497   2398.0171  -8809.6803   6.014E-04  12023.4756    842.5620 

  88.560  -.009529 -31341.6255  -5130.6643   5.770E-04  13456.3275    652.9729 

  93.480  -.006819 -49223.3405  -2356.2256   5.094E-04  14341.5609    474.8477 

  98.400  -.004517 -55529.3423   -402.1287   4.214E-04  14653.7392    319.5006 

 103.320  -.002673 -54009.6007    856.2294   3.294E-04  14578.5045    192.0271 

 108.240  -.001275 -47752.3041   1455.7634   2.439E-04  14268.7374     51.6860 

 113.160 -2.72E-04 -40164.9478   1610.4849   1.701E-04  13893.1257     11.2090 

 118.080  3.98E-04 -32239.8753   1597.1251   1.093E-04  13500.7953    -16.6398 

 123.000  8.03E-04 -24664.3032   1472.4943   6.149E-05  13125.7670    -34.0232 

 127.920   .001004 -17871.5423   1282.6701   2.576E-05  12789.4917    -43.1411 

 132.840   .001056 -12093.5335   1063.2217   5.973E-07  12503.4517    -46.0655 

 137.760   .001009  -7410.6158    840.0976  -1.578E-05  12271.6241    -44.6354 

 142.680  9.01E-04  -3795.9111    630.9068  -2.520E-05  12092.6783    -40.4015 

 147.600  7.61E-04  -1152.9072    446.3819  -2.935E-05  11961.8365    -34.6086 

 152.520  6.12E-04    654.2517    291.8601  -2.977E-05  11937.1506    -28.2051 



 157.440  4.69E-04   1777.5855    168.6742  -2.773E-05  11992.7612    -21.8705 

 162.360  3.39E-04   2368.5759     75.3805  -2.425E-05  12022.0181    -16.0538 

 167.280  2.30E-04   2567.0468      8.7884  -2.010E-05  12031.8434    -11.0162 

 172.200  1.42E-04   2494.6128    -35.2198  -1.585E-05  12028.2576     -6.8733 

 177.120  7.40E-05   2251.6768    -61.0703  -1.186E-05  12016.2311     -3.6350 

 182.040  2.49E-05   1917.0290    -73.0610  -8.362E-06  11999.6643     -1.2393 

 186.960 -8.31E-06   1549.2139    -75.0795  -5.451E-06  11981.4557       .4188 

 191.880 -2.87E-05   1188.9747    -70.4458  -3.151E-06  11963.6220      1.4649 

 196.800 -3.93E-05    862.2297    -61.8506  -1.429E-06  11947.4465      2.0291 

 201.720 -4.28E-05    583.1763    -51.3628  -2.147E-07  11933.6320      2.2342 

 206.640 -4.14E-05    357.2421    -40.4815   5.752E-07  11922.4472      2.1891 

 211.560 -3.71E-05    183.7067    -30.2148   1.029E-06  11913.8563      1.9844 

 216.480 -3.13E-05     57.9029    -21.1698   1.232E-06  11907.6284      1.6924 

 221.400 -2.50E-05    -27.0300    -13.6437   1.258E-06  11906.1000      1.3670 

 226.320 -1.89E-05    -78.8271     -7.7069   1.169E-06  11908.6642      1.0463 

 231.240 -1.35E-05   -105.1669     -3.2770   1.015E-06  11909.9682       .7545 

 236.160 -8.94E-06   -113.0696      -.1783   8.316E-07  11910.3594       .5051 

 241.080 -5.31E-06   -108.5581      1.8110   6.455E-07  11910.1361       .3035 

 246.000 -2.59E-06    -96.5194      2.9251   4.732E-07  11909.5401       .1493 

 250.920 -6.56E-07    -80.7064      3.3867   3.244E-07  11908.7573     .038306 

 255.840  6.06E-07    -63.8329      3.3930   2.030E-07  11907.9219    -.035749 

 260.760  1.34E-06    -47.7191      3.1084   1.093E-07  11907.1242    -.079919 

 265.680  1.68E-06    -33.4611      2.6628   4.111E-08  11906.4184      -.1012 

 270.600  1.75E-06    -21.5985      2.1525  -5.133E-09  11905.8311      -.1062 

 275.520  1.63E-06    -12.2703      1.6448  -3.358E-08  11905.3693      -.1002 

 280.440  1.42E-06     -5.3476      1.1822  -4.838E-08  11905.0266    -.087816 

 285.360  1.16E-06      -.5418       .7882  -5.332E-08  11904.7887    -.072386 

 290.280  8.90E-07      2.5127       .4715  -5.167E-08  11904.8863    -.056352 

 295.200  6.47E-07      4.1990       .2312  -4.603E-08  11904.9698    -.041319 

 300.120  4.38E-07      4.8782     .060104  -3.841E-08  11905.0034    -.028226 

 305.040  2.69E-07      4.8660    -.052385  -3.022E-08  11905.0028    -.017501 

 309.960  1.40E-07      4.4222      -.1181  -2.242E-08  11904.9808    -.009212 

 314.880  4.81E-08      3.7480      -.1486  -1.556E-08  11904.9475    -.003191 

 319.800 -1.30E-08      2.9904      -.1543  -9.900E-09  11904.9099   8.693E-04 

 324.720 -4.93E-08      2.2490      -.1440  -5.499E-09  11904.8732     .003334 

 329.640 -6.71E-08      1.5845      -.1245  -2.280E-09  11904.8403     .004576 

 334.560 -7.18E-08      1.0281      -.1011  -8.548E-11  11904.8128     .004939 

 339.480 -6.79E-08       .5896    -.077366   1.273E-09  11904.7911     .004717 

 344.400 -5.92E-08       .2643    -.055555   1.990E-09  11904.7750     .004149 

 349.320 -4.83E-08     .039061    -.036943   2.245E-09  11904.7638     .003416 

 354.240 -3.71E-08      -.1036    -.022026   2.191E-09  11904.7670     .002647 

 359.160 -2.68E-08      -.1820    -.010776   1.951E-09  11904.7709     .001926 

 364.080 -1.79E-08      -.2135    -.002839   1.619E-09  11904.7725     .001301 

 369.000 -1.09E-08      -.2131     .002314   1.261E-09  11904.7725   7.937E-04 

 373.920 -5.53E-09      -.1932     .005270   9.196E-10  11904.7715   4.079E-04 

 378.840 -1.81E-09      -.1631     .006604   6.204E-10  11904.7700   1.342E-04 

 383.760  5.73E-10      -.1294     .006828   3.748E-10  11904.7683  -4.297E-05 

 388.680  1.88E-09    -.096611     .006372   1.849E-10  11904.7667  -1.423E-04 

 393.600  2.39E-09    -.067083     .005574   4.746E-11  11904.7652  -1.823E-04 

 398.520  2.35E-09    -.041858     .004681  -4.404E-11  11904.7640  -1.805E-04 

 403.440  1.96E-09    -.020932     .003864  -9.678E-11  11904.7629  -1.517E-04 

 408.360  1.40E-09    -.003644     .003223  -1.174E-10  11904.7621  -1.090E-04 

 413.280  8.04E-10     .011010     .002799  -1.112E-10  11904.7624  -6.326E-05 

 418.200  3.02E-10     .024115     .002584  -8.173E-11  11904.7631  -2.398E-05 

 423.120  3.05E-17     .036599    -.002457  -3.074E-11  11904.7637    -.002025 

 428.040 -2.27E-17   9.190E-09    -.003719  -3.096E-18  11904.7619     .001512 

 432.960 -9.13E-24  -2.752E-09  -9.335E-10   2.311E-18  11904.7619   6.068E-10 



 437.880  1.71E-24  -1.518E-15   2.797E-10   9.277E-25  11904.7619  -1.137E-10 

 442.800     0.000   2.069E-16   1.543E-16  -1.738E-25  11904.7619  -7.981E-17 

 447.720     0.000   1.764E-22  -2.103E-17      0.0000  11904.7619   8.548E-18 

 452.640     0.000  -1.556E-23  -1.792E-23      0.0000  11904.7619   8.571E-24 

 457.560     0.000      0.0000   1.581E-24      0.0000  11904.7619  -6.428E-25 

 462.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 467.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 472.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 477.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 482.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 487.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 492.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  5: 

 

Pile-head deflection             =      .50000000 in 

Computed slope at pile head      =          0.000 

Maximum bending moment           =   -5563893.268 lbs-in 

Maximum shear force              =     451260.933 lbs 

Depth of maximum bending moment  =          0.000 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              5 

Number of zero deflection points =             14 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  6 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Specified deflection at pile head   =         .600000 in 

Specified slope at pile head        =       0.000E+00 in/in 

Specified axial load at pile head   =      200000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .600000  -6.370E+06   4.914E+05      0.0000   3.273E+05 -15269.6852 

   4.920   .573676  -4.133E+06   4.154E+05    -.008821   2.165E+05 -15621.8640 

   9.840   .513200  -2.266E+06   3.376E+05    -.014195   1.241E+05 -15974.0572 

  14.760   .433997  -7.823E+05   2.582E+05    -.016755  50631.1193 -16326.2611 

  19.680   .348329   3.075E+05   1.793E+05    -.017154  27126.2340 -15756.3737 

  24.600   .265202   1.015E+06   1.081E+05    -.016043  62167.4646 -13154.7371 

  29.520   .190466   1.403E+06  49884.5641    -.014012  81361.8137 -10521.7301 

  34.440   .127325   1.534E+06   6351.4490    -.011545  87832.7840  -7174.6581 

  39.360   .076860   1.488E+06 -22161.7532    -.009007  85580.5990  -4416.0746 

  44.280   .038694   1.333E+06 -38599.7950    -.006637  77914.6928  -2266.0562 

  49.200   .011548   1.121E+06 -45869.4474    -.004576  67424.1821   -689.0870 



  54.120  -.006329   8.910E+05 -46618.3010    -.002885  56016.1464    384.6750 

  59.040  -.016843   6.684E+05 -43107.9301    -.001575  44996.1700   1042.3051 

  63.960  -.021832   4.700E+05 -37160.7915  -6.194E-04  35170.5299   1375.2309 

  68.880  -.022937   3.040E+05 -30160.9177   3.067E-05  26954.4239   1470.2463 

  73.800  -.021530   1.731E+05 -23090.5484   4.314E-04  20475.2926   1403.8876 

  78.720  -.018692  75943.1794 -16587.7255   6.406E-04  15664.3252   1239.5363 

  83.640  -.015227   8640.8258 -11013.0590   7.116E-04  12332.5256   1026.5883 

  88.560  -.011690 -33825.8041  -6517.0098   6.905E-04  13579.3067    801.0740 

  93.480  -.008433 -56845.4057  -3101.8681   6.143E-04  14718.8909    587.1949 

  98.400  -.005645 -65557.1731   -674.9990   5.115E-04  15150.1665    399.3372 

 103.320  -.003399 -64494.0665    908.1855   4.023E-04  15097.5375    244.2338 

 108.240  -.001687 -57412.3391   1677.1593   2.999E-04  14746.9569     68.3572 

 113.160 -4.48E-04 -48581.0345   1890.6918   2.109E-04  14309.7636     18.4446 

 118.080  3.89E-04 -39222.9529   1896.1529   1.371E-04  13846.4922    -16.2247 

 123.000  9.01E-04 -30192.7816   1762.2995   7.884E-05  13399.4541    -38.1873 

 127.920   .001164 -22037.0812   1545.2278   3.497E-05  12995.7065    -50.0533 

 132.840   .001245 -15056.5668   1288.5148   3.819E-06  12650.1365    -54.3015 

 137.760   .001202  -9365.6106   1024.1915  -1.669E-05  12368.4060    -53.1470 

 142.680   .001081  -4945.6710    774.2169  -2.871E-05  12149.5971    -48.4687 

 147.600  9.19E-04  -1690.8095    552.1950  -3.429E-05  11988.4653    -41.7841 

 152.520  7.44E-04    555.4034    365.1338  -3.524E-05  11932.2571    -34.2570 

 157.440  5.73E-04   1971.4600    215.1108  -3.312E-05  12002.3589    -26.7280 

 162.360  4.18E-04   2737.2692    100.7523  -2.916E-05  12040.2703    -19.7592 

 167.280  2.86E-04   3020.2556     18.4827  -2.433E-05  12054.2795    -13.6838 

 172.200  1.78E-04   2967.0152    -36.4756  -1.930E-05  12051.6438     -8.6570 

 177.120  9.57E-05   2699.3164    -69.3418  -1.454E-05  12038.3914     -4.7033 

 182.040  3.53E-05   2313.3064    -85.2361  -1.033E-05  12019.2820     -1.7578 

 186.960 -5.94E-06   1880.9226    -88.8249  -6.807E-06  11997.8769       .2990 

 191.880 -3.17E-05   1452.6665    -84.1192  -4.008E-06  11976.6761      1.6139 

 196.800 -4.54E-05   1061.0766    -74.3899  -1.896E-06  11957.2905      2.3411 

 201.720 -5.03E-05    724.4015    -62.1681  -3.967E-07  11940.6234      2.6272 

 206.640 -4.93E-05    450.1234    -49.3016   5.897E-07  11927.0452      2.6031 

 211.560 -4.45E-05    238.1128    -37.0459   1.168E-06  11916.5497      2.3789 

 216.480 -3.78E-05     83.2937    -26.1692   1.438E-06  11908.8854      2.0425 

 221.400 -3.04E-05    -22.2215    -17.0606   1.489E-06  11905.8620      1.6602 

 226.320 -2.31E-05    -87.5132     -9.8306   1.397E-06  11909.0942      1.2789 

 231.240 -1.66E-05   -121.7033     -4.3989   1.221E-06  11910.7868       .9291 

 236.160 -1.11E-05   -133.2018      -.5680   1.007E-06  11911.3561       .6282 

 241.080 -6.71E-06   -129.2740      1.9205   7.866E-07  11911.1616       .3834 

 246.000 -3.37E-06   -115.8522      3.3430   5.807E-07  11910.4972       .1949 

 250.920 -9.96E-07    -97.5218      3.9654   4.015E-07  11909.5897     .058128 

 255.840  5.76E-07    -77.6232      4.0247   2.544E-07  11908.6046    -.034002 

 260.760  1.51E-06    -58.4193      3.7201   1.401E-07  11907.6539    -.089835 

 265.680  1.96E-06    -41.2934      3.2094   5.640E-08  11906.8061      -.1177 

 270.600  2.06E-06    -26.9494      2.6112  -9.137E-10  11906.0960      -.1254 

 275.520  1.95E-06    -15.5975      2.0084  -3.665E-08  11905.5341      -.1196 

 280.440  1.70E-06     -7.1148      1.4544  -5.572E-08  11905.1141      -.1056 

 285.360  1.40E-06     -1.1767       .9790  -6.269E-08  11904.8202    -.087628 

 290.280  1.08E-06      2.6422       .5946  -6.146E-08  11904.8927    -.068662 

 295.200  7.94E-07      4.7947       .3009  -5.521E-08  11904.9993    -.050705 

 300.120  5.42E-07      5.7118     .090209  -4.639E-08  11905.0447    -.034947 

 305.040  3.37E-07      5.7736    -.049766  -3.674E-08  11905.0477    -.021953 

 309.960  1.80E-07      5.2945      -.1329  -2.744E-08  11905.0240    -.011845 

 314.880  6.70E-08      4.5198      -.1730  -1.920E-08  11904.9857    -.004448 

 319.800 -8.77E-09      3.6300      -.1825  -1.236E-08  11904.9416   5.875E-04 

 324.720 -5.46E-08      2.7485      -.1720  -6.999E-09  11904.8980     .003688 

 329.640 -7.76E-08      1.9516      -.1499  -3.052E-09  11904.8585     .005296 



 334.560 -8.46E-08      1.2798      -.1225  -3.378E-10  11904.8253     .005822 

 339.480 -8.10E-08       .7467    -.094366   1.364E-09  11904.7989     .005622 

 344.400 -7.12E-08       .3485    -.068271   2.284E-09  11904.7792     .004986 

 349.320 -5.85E-08     .070442    -.045838   2.636E-09  11904.7654     .004133 

 354.240 -4.52E-08      -.1077    -.027738   2.605E-09  11904.7672     .003224 

 359.160 -3.29E-08      -.2076    -.013993   2.340E-09  11904.7722     .002363 

 364.080 -2.22E-08      -.2500    -.004219   1.955E-09  11904.7743     .001610 

 369.000 -1.36E-08      -.2530     .002193   1.533E-09  11904.7744   9.961E-04 

 373.920 -7.13E-09      -.2314     .005936   1.126E-09  11904.7734   5.254E-04 

 378.840 -2.54E-09      -.1968     .007693   7.665E-10  11904.7716   1.889E-04 

 383.760  4.17E-10      -.1572     .008081   4.691E-10  11904.7697  -3.126E-05 

 388.680  2.08E-09      -.1182     .007618   2.378E-10  11904.7678  -1.569E-04 

 393.600  2.76E-09    -.082750     .006716   6.903E-11  11904.7660  -2.101E-04 

 398.520  2.75E-09    -.052250     .005678  -4.435E-11  11904.7645  -2.116E-04 

 403.440  2.32E-09    -.026787     .004716  -1.107E-10  11904.7632  -1.797E-04 

 408.360  1.67E-09    -.005628     .003954  -1.380E-10  11904.7622  -1.300E-04 

 413.280  9.63E-10     .012394     .003448  -1.323E-10  11904.7625  -7.576E-05 

 418.200  3.64E-10     .028562     .003191  -9.787E-11  11904.7633  -2.882E-05 

 423.120  3.69E-17     .043985    -.002910  -3.694E-11  11904.7641    -.002451 

 428.040 -2.73E-17   1.108E-08    -.004470  -3.747E-18  11904.7619     .001817 

 432.960 -1.10E-23  -3.307E-09  -1.125E-09   2.778E-18  11904.7619   7.306E-10 

 437.880  2.06E-24  -1.827E-15   3.361E-10   1.117E-24  11904.7619  -1.366E-10 

 442.800     0.000   2.487E-16   1.856E-16  -2.089E-25  11904.7619  -9.601E-17 

 447.720     0.000   2.122E-22  -2.527E-17      0.0000  11904.7619   1.027E-17 

 452.640     0.000  -1.870E-23  -2.156E-23      0.0000  11904.7619   1.031E-23 

 457.560     0.000      0.0000   1.900E-24      0.0000  11904.7619  -7.725E-25 

 462.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 467.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 472.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 477.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 482.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 487.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 492.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  6: 

 

Pile-head deflection             =      .60000000 in 

Computed slope at pile head      =          0.000 

Maximum bending moment           =   -6370408.703 lbs-in 

Maximum shear force              =     491351.247 lbs 

Depth of maximum bending moment  =          0.000 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              5 

Number of zero deflection points =             14 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  7 

------------------------------------------------------------------------------ 



 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Specified deflection at pile head   =         .700000 in 

Specified slope at pile head        =       0.000E+00 in/in 

Specified axial load at pile head   =      200000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .700000  -7.089E+06   5.240E+05      0.0000   3.629E+05 -15269.6852 

   4.920   .670706  -4.690E+06   4.480E+05    -.009893   2.441E+05 -15621.8612 

   9.840   .602649  -2.662E+06   3.702E+05    -.016068   1.437E+05 -15974.0489 

  14.760   .512593  -1.016E+06   2.908E+05    -.019157  62182.5973 -16326.2471 

  19.680   .414144   2.371E+05   2.096E+05    -.019811  23642.2405 -16678.4550 

  24.600   .317655   1.086E+06   1.316E+05    -.018700  65651.7503 -15006.2964 

  29.520   .230138   1.569E+06  64802.7395    -.016470  89589.8283 -12163.4205 

  34.440   .155590   1.756E+06  13313.0938    -.013677  98823.6299  -8767.3298 

  39.360   .095552   1.727E+06 -21760.0217    -.010752  97407.5527  -5490.0342 

  44.280   .049788   1.563E+06 -42438.2183    -.007989  89271.2408  -2915.7368 

  49.200   .016940   1.325E+06 -52097.4811    -.005563  77513.0173  -1010.7928 

  54.120  -.004956   1.061E+06 -53843.0648    -.003559  64435.0812    301.2060 

  59.040  -.018082   8.025E+05 -50349.3750    -.001994  51631.2651   1118.9931 

  63.960  -.024576   5.696E+05 -43788.3573  -8.416E-04  40102.7164   1548.0873 

  68.880  -.026363   3.733E+05 -35823.0917  -4.969E-05  30382.6896   1689.8256 

  73.800  -.025065   2.172E+05 -27645.5438   4.462E-04  22657.1009   1634.3809 

  78.720  -.021972   1.003E+05 -20040.6670   7.129E-04  16872.2784   1457.0325 

  83.640  -.018050  18594.0724 -13462.7265   8.128E-04  12825.2605   1216.9271 

  88.560  -.013974 -33728.9978  -8113.3708   8.001E-04  13574.5143    957.6077 

  93.480  -.010177 -62816.0820  -4014.3161   7.190E-04  15014.4689    708.6747 

  98.400  -.006899 -74644.8766  -1070.3524   6.036E-04  15600.0528    488.0586 

 103.320  -.004238 -74536.1517    879.3590   4.783E-04  15594.6704    304.5071 

 108.240  -.002193 -66933.2078   1847.1177   3.594E-04  15218.2870     88.8908 

 113.160 -7.01E-04 -57067.9064   2136.7731   2.553E-04  14729.9058     28.8553 

 118.080  3.19E-04 -46409.7945   2174.9906   1.684E-04  14202.2765    -13.3198 

 123.000  9.56E-04 -35997.3965   2042.6015   9.918E-05  13686.8112    -40.4969 

 127.920   .001295 -26505.7841   1806.0361   4.669E-05  13216.9294    -55.6679 

 132.840   .001415 -18317.8800   1517.3007   9.040E-06  12811.5876    -61.7042 

 137.760   .001384 -11593.3361   1214.9708  -1.608E-05  12478.6894    -61.1941 

 142.680   .001257  -6330.9186    925.8127  -3.114E-05  12218.1737    -56.3498 

 147.600   .001077  -2422.0635    666.7226  -3.849E-05  12024.6660    -48.9713 

 152.520  8.78E-04    305.3753    446.7458  -4.027E-05  11919.8795    -40.4501 

 157.440  6.81E-04   2053.1570    269.0066  -3.828E-05  12006.4033    -31.8016 

 162.360  5.01E-04   3027.7440    132.4400  -3.402E-05  12054.6502    -23.7133 

 167.280  3.47E-04   3423.3117     33.2624  -2.860E-05  12074.2328    -16.6027 

 172.200  2.20E-04   3411.3291    -33.8395  -2.286E-05  12073.6396    -10.6745 

 177.120  1.22E-04   3135.3174    -74.7995  -1.736E-05  12059.9756     -5.9759 

 182.040  4.92E-05   2709.4674    -95.5166  -1.245E-05  12038.8940     -2.4456 

 186.960 -9.11E-07   2219.9388   -101.4199  -8.311E-06  12014.6599     .045893 

 191.880 -3.26E-05   1727.8519    -97.2145  -4.996E-06  11990.2991      1.6636 

 196.800 -5.01E-05   1273.1791    -86.7666  -2.475E-06  11967.7906      2.5835 

 201.720 -5.70E-05    878.9395    -73.0915  -6.676E-07  11948.2738      2.9755 

 206.640 -5.66E-05    555.2722    -58.4112   5.369E-07  11932.2506      2.9922 

 211.560 -5.17E-05    303.1166    -44.2531   1.258E-06  11919.7677      2.7632 

 216.480 -4.43E-05    117.3464    -31.5697   1.611E-06  11910.5711      2.3927 

 221.400 -3.58E-05    -10.6994    -20.8620   1.701E-06  11905.2916      1.9600 

 226.320 -2.75E-05    -91.2821    -12.2964   1.615E-06  11909.2808      1.5219 



 231.240 -2.00E-05   -134.8739     -5.8077   1.425E-06  11911.4388      1.1157 

 236.160 -1.35E-05   -151.2346     -1.1854   1.185E-06  11912.2488       .7633 

 241.080 -8.30E-06   -148.8699      1.8588   9.327E-07  11912.1317       .4742 

 246.000 -4.33E-06   -134.7794      3.6401   6.944E-07  11911.4342       .2499 

 250.920 -1.47E-06   -114.4176      4.4655   4.851E-07  11910.4261     .085634 

 255.840  4.47E-07    -91.7938      4.6113   3.119E-07  11909.3062    -.026352 

 260.760  1.60E-06    -69.6562      4.3116   1.763E-07  11908.2102    -.095483 

 265.680  2.18E-06    -49.7147      3.7535   7.608E-08  11907.2230      -.1314 

 270.600  2.35E-06    -32.8711      3.0786   6.715E-09  11906.3892      -.1430 

 275.520  2.25E-06    -19.4344      2.3871  -3.721E-08  11905.7240      -.1381 

 280.440  1.98E-06     -9.3089      1.7444  -6.136E-08  11905.2227      -.1232 

 285.360  1.64E-06     -2.1492      1.1879  -7.098E-08  11904.8683      -.1030 

 290.280  1.29E-06      2.5198       .7342  -7.067E-08  11904.8866    -.081395 

 295.200  9.49E-07      5.2143       .3848  -6.417E-08  11905.0200    -.060634 

 300.120  6.55E-07      6.4324       .1317  -5.439E-08  11905.0803    -.042239 

 305.040  4.14E-07      6.6175    -.038461  -4.343E-08  11905.0895    -.026943 

 309.960  2.27E-07      6.1394      -.1415  -3.272E-08  11905.0658    -.014947 

 314.880  9.18E-08      5.2894      -.1933  -2.312E-08  11905.0238    -.006089 

 319.800 -1.17E-10      4.2832      -.2082  -1.508E-08  11904.9739   7.808E-06 

 324.720 -5.66E-08      3.2702      -.1988  -8.733E-09  11904.9238     .003825 

 329.640 -8.61E-08      2.3443      -.1749  -4.018E-09  11904.8780     .005869 

 334.560 -9.61E-08      1.5566      -.1442  -7.416E-10  11904.8390     .006616 

 339.480 -9.34E-08       .9265      -.1120   1.344E-09  11904.8078     .006482 

 344.400 -8.29E-08       .4518    -.081779   2.501E-09  11904.7843     .005808 

 349.320 -6.87E-08       .1169    -.055543   2.979E-09  11904.7677     .004857 

 354.240 -5.36E-08      -.1006    -.034196   2.993E-09  11904.7669     .003820 

 359.160 -3.93E-08      -.2255    -.017849   2.719E-09  11904.7731     .002825 

 364.080 -2.68E-08      -.2816    -.006112   2.293E-09  11904.7758     .001946 

 369.000 -1.67E-08      -.2902     .001685   1.813E-09  11904.7763     .001223 

 373.920 -9.01E-09      -.2686     .006329   1.343E-09  11904.7752   6.643E-04 

 378.840 -3.51E-09      -.2305     .008605   9.240E-10  11904.7733   2.610E-04 

 383.760  8.33E-11      -.1858     .009232   5.744E-10  11904.7711  -6.246E-06 

 388.680  2.14E-09      -.1408     .008818   3.001E-10  11904.7689  -1.619E-04 

 393.600  3.04E-09    -.099574     .007851   9.821E-11  11904.7668  -2.314E-04 

 398.520  3.11E-09    -.063763     .006694  -3.898E-11  11904.7651  -2.387E-04 

 403.440  2.65E-09    -.033626     .005602  -1.208E-10  11904.7636  -2.054E-04 

 408.360  1.92E-09    -.008405     .004728  -1.561E-10  11904.7623  -1.498E-04 

 413.280  1.12E-09     .013202     .004143  -1.520E-10  11904.7626  -8.787E-05 

 418.200  4.24E-10     .032661     .003844  -1.135E-10  11904.7635  -3.358E-05 

 423.120  4.34E-17     .051254    -.003328  -4.305E-11  11904.7644    -.002882 

 428.040 -3.18E-17   1.295E-08    -.005209  -4.406E-18  11904.7619     .002117 

 432.960 -1.28E-23  -3.854E-09  -1.316E-09   3.237E-18  11904.7619   8.533E-10 

 437.880  2.39E-24  -2.133E-15   3.917E-10   1.304E-24  11904.7619  -1.592E-10 

 442.800     0.000   2.898E-16   2.167E-16  -2.434E-25  11904.7619  -1.120E-16 

 447.720     0.000   2.475E-22  -2.945E-17      0.0000  11904.7619   1.197E-17 

 452.640     0.000  -2.179E-23  -2.515E-23      0.0000  11904.7619   1.202E-23 

 457.560     0.000      0.0000   2.214E-24      0.0000  11904.7619  -9.001E-25 

 462.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 467.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 472.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 477.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 482.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 487.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 492.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 

Output Verification: 

 



Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  7: 

 

Pile-head deflection             =      .70000000 in 

Computed slope at pile head      =          0.000 

Maximum bending moment           =   -7089248.740 lbs-in 

Maximum shear force              =     523954.169 lbs 

Depth of maximum bending moment  =          0.000 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              6 

Number of zero deflection points =             14 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  8 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Specified deflection at pile head   =         .800000 in 

Specified slope at pile head        =       0.000E+00 in/in 

Specified axial load at pile head   =      200000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .800000  -7.765E+06   5.531E+05      0.0000   3.963E+05 -15269.6852 

   4.920   .767913  -5.222E+06   4.771E+05    -.010908   2.704E+05 -15621.8598 

   9.840   .692666  -3.049E+06   3.994E+05    -.017855   1.629E+05 -15974.0439 

  14.760   .592219  -1.258E+06   3.199E+05    -.021472  74162.0463 -16326.2365 

  19.680   .481379   1.409E+05   2.387E+05    -.022410  18878.4567 -16678.4364 

  24.600   .371703   1.135E+06   1.561E+05    -.021338  68111.5279 -16914.1818 

  29.520   .271411   1.719E+06  80879.5254    -.018941  96982.8125 -13650.4531 

  34.440   .185321   1.969E+06  21610.4677    -.015845   1.094E+05 -10442.6597 

  39.360   .115500   1.962E+06 -20403.4515    -.012543   1.091E+05  -6636.1692 

  44.280   .061897   1.792E+06 -45645.6194    -.009390   1.006E+05  -3624.8747 

  49.200   .023107   1.532E+06 -57954.6872    -.006598  87733.0500  -1378.8114 

  54.120  -.003024   1.235E+06 -60894.4972    -.004274  73049.9356    183.7667 

  59.040  -.018947   9.409E+05 -57558.0552    -.002446  58485.9701   1172.5105 

  63.960  -.027094   6.736E+05 -50475.2671    -.001090  45250.0738   1706.6716 

  68.880  -.029674   4.464E+05 -41597.7959  -1.495E-04  34004.2290   1902.0565 

  73.800  -.028565   2.645E+05 -32336.7574   4.476E-04  25001.1603   1862.5933 

  78.720  -.025270   1.273E+05 -23632.5670   7.767E-04  18208.4588   1675.6954 

  83.640  -.020922  30474.1901 -16040.3939   9.093E-04  13413.3852   1410.5538 

  88.560  -.016323 -32292.2374  -9818.8526   9.077E-04  13503.3875   1118.5281 

  93.480  -.011990 -67929.7521  -5013.4138   8.236E-04  15267.6209    834.9024 

  98.400  -.008219 -83245.0068  -1529.3162   6.966E-04  16025.8018    581.3975 

 103.320  -.005136 -84349.1278    808.5917   5.558E-04  16080.4613    368.9716 

 108.240  -.002749 -76382.3560   1990.3812   4.208E-04  15686.0667    111.4306 

 113.160 -9.94E-04 -65591.9990   2365.1514   3.016E-04  15151.8906     40.9150 

 118.080  2.18E-04 -53702.8221   2443.3619   2.014E-04  14563.3175     -9.1221 

 123.000  9.87E-04 -41945.6935   2317.9854   1.211E-04  13981.2814    -41.8440 



 127.920   .001410 -31132.1263   2065.9507   5.970E-05  13445.9563    -60.6091 

 132.840   .001575 -21734.2300   1747.9125   1.530E-05  12980.7139    -68.6747 

 137.760   .001560 -13962.7769   1409.2315  -1.468E-05  12595.9885    -69.0005 

 142.680   .001430  -7838.4996   1081.7185  -3.299E-05  12292.8064    -64.1348 

 147.600   .001236  -3253.7392    785.7810  -4.231E-05  12065.8381    -56.1650 

 152.520   .001014    -23.1533    532.6912  -4.506E-05  11905.9081    -46.7170 

 157.440  7.92E-04   2076.6203    326.7781  -4.334E-05  12007.5649    -36.9875 

 162.360  5.88E-04   3277.6268    167.4084  -3.884E-05  12067.0207    -27.7969 

 167.280  4.10E-04   3800.3530     50.6833  -3.289E-05  12092.8982    -19.6523 

 172.200  2.64E-04   3841.0852    -29.1827  -2.648E-05  12094.9146    -12.8135 

 177.120  1.50E-04   3565.3003    -78.7966  -2.026E-05  12081.2619     -7.3548 

 182.040  6.47E-05   3105.5898   -104.8140  -1.465E-05  12058.5040     -3.2214 

 186.960  5.49E-06   2562.7676   -113.4185  -9.892E-06  12031.6316      -.2764 

 191.880 -3.26E-05   2009.0195   -110.0105  -6.052E-06  12004.2183      1.6617 

 196.800 -5.41E-05   1492.1750    -99.0595  -3.112E-06  11978.6320      2.7899 

 201.720 -6.32E-05   1040.3975    -84.0769  -9.847E-07  11956.2667      3.3006 

 206.640 -6.38E-05    666.7958    -67.6715   4.492E-07  11937.7716      3.3683 

 211.560 -5.88E-05    373.6258    -51.6559   1.323E-06  11923.2582      3.1421 

 216.480 -5.07E-05    155.8979    -37.1787   1.768E-06  11912.4796      2.7429 

 221.400 -4.14E-05      4.3089    -24.8631   1.902E-06  11904.9752      2.2634 

 226.320 -3.20E-05    -92.4984    -14.9399   1.828E-06  11909.3410      1.7704 

 231.240 -2.34E-05   -146.2978     -7.3655   1.628E-06  11912.0044      1.3086 

 236.160 -1.60E-05   -168.1786     -1.9211   1.364E-06  11913.0876       .9046 

 241.080 -9.99E-06   -167.8853      1.7083   1.081E-06  11913.0731       .5708 

 246.000 -5.36E-06   -153.4971      3.8746   8.114E-07  11912.3608       .3098 

 250.920 -2.01E-06   -131.3561      4.9248   5.721E-07  11911.2647       .1171 

 255.840  2.65E-07   -106.1628      5.1745   3.726E-07  11910.0175    -.015638 

 260.760  1.66E-06    -81.1724      4.8927   2.153E-07  11908.7803    -.098915 

 265.680  2.38E-06    -58.4423      4.2963   9.803E-08  11907.6551      -.1435 

 270.600  2.62E-06    -39.0895      3.5506   1.612E-08  11906.6970      -.1596 

 275.520  2.54E-06    -23.5362      2.7737  -3.648E-08  11905.9271      -.1562 

 280.440  2.27E-06    -11.7248      2.0436  -6.610E-08  11905.3423      -.1406 

 285.360  1.89E-06     -3.2970      1.4061  -7.871E-08  11904.9251      -.1186 

 290.280  1.49E-06      2.2666       .8824  -7.958E-08  11904.8741    -.094349 

 295.200  1.11E-06      5.5425       .4760  -7.302E-08  11905.0363    -.070845 

 300.120  7.72E-07      7.0943       .1792  -6.241E-08  11905.1131    -.049827 

 305.040  4.95E-07      7.4283    -.022646  -5.021E-08  11905.1296    -.032213 

 309.960  2.78E-07      6.9703      -.1469  -3.812E-08  11905.1070    -.018294 

 314.880  1.20E-07      6.0579      -.2114  -2.718E-08  11905.0618    -.007931 

 319.800  1.08E-08      4.9435      -.2327  -1.794E-08  11905.0066  -7.266E-04 

 324.720 -5.70E-08      3.8034      -.2250  -1.059E-08  11904.9502     .003850 

 329.640 -9.33E-08      2.7502      -.1999  -5.085E-09  11904.8981     .006367 

 334.560 -1.07E-07      1.8465      -.1661  -1.224E-09  11904.8533     .007364 

 339.480 -1.05E-07      1.1181      -.1300   1.266E-09  11904.8173     .007318 

 344.400 -9.45E-08       .5649    -.095699   2.679E-09  11904.7899     .006623 

 349.320 -7.90E-08       .1711    -.065669   3.297E-09  11904.7704     .005585 

 354.240 -6.21E-08    -.087778    -.041042   3.367E-09  11904.7663     .004426 

 359.160 -4.59E-08      -.2394    -.022036   3.093E-09  11904.7738     .003300 

 364.080 -3.17E-08      -.3107    -.008271   2.631E-09  11904.7773     .002296 

 369.000 -2.00E-08      -.3259   9.769E-04   2.096E-09  11904.7780     .001463 

 373.920 -1.10E-08      -.3052     .006580   1.566E-09  11904.7770   8.144E-04 

 378.840 -4.60E-09      -.2643     .009424   1.088E-09  11904.7750   3.421E-04 

 383.760 -3.42E-10      -.2146     .010329   6.853E-10  11904.7725   2.567E-05 

 388.680  2.14E-09      -.1640     .009994   3.673E-10  11904.7700  -1.619E-04 

 393.600  3.27E-09      -.1170     .008982   1.313E-10  11904.7677  -2.493E-04 

 398.520  3.43E-09    -.075859     .007720  -3.066E-11  11904.7657  -2.638E-04 

 403.440  2.97E-09    -.040977     .006505  -1.288E-10  11904.7639  -2.300E-04 



 408.360  2.17E-09    -.011595     .005523  -1.729E-10  11904.7625  -1.692E-04 

 413.280  1.27E-09     .013711     .004862  -1.712E-10  11904.7626  -9.979E-05 

 418.200  4.83E-10     .036580     .004522  -1.289E-10  11904.7637  -3.830E-05 

 423.120  4.99E-17     .058461    -.003727  -4.910E-11  11904.7648    -.003315 

 428.040 -3.63E-17   1.483E-08    -.005941  -5.068E-18  11904.7619     .002415 

 432.960 -1.47E-23  -4.396E-09  -1.506E-09   3.692E-18  11904.7619   9.754E-10 

 437.880  2.73E-24  -2.436E-15   4.467E-10   1.491E-24  11904.7619  -1.816E-10 

 442.800     0.000   3.305E-16   2.475E-16  -2.776E-25  11904.7619  -1.279E-16 

 447.720     0.000   2.826E-22  -3.359E-17      0.0000  11904.7619   1.365E-17 

 452.640     0.000  -2.485E-23  -2.871E-23      0.0000  11904.7619   1.372E-23 

 457.560     0.000      0.0000   2.526E-24      0.0000  11904.7619  -1.027E-24 

 462.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 467.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 472.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 477.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 482.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 487.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 492.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  8: 

 

Pile-head deflection             =      .80000000 in 

Computed slope at pile head      =          0.000 

Maximum bending moment           =   -7765142.076 lbs-in 

Maximum shear force              =     553075.677 lbs 

Depth of maximum bending moment  =          0.000 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              6 

Number of zero deflection points =             14 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  9 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Specified deflection at pile head   =         .900000 in 

Specified slope at pile head        =       0.000E+00 in/in 

Specified axial load at pile head   =      200000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .900000  -8.362E+06   5.766E+05      0.0000   4.258E+05 -15269.6852 

   4.920   .865449  -5.703E+06   5.006E+05    -.011812   2.942E+05 -15621.8598 

   9.840   .783769  -3.412E+06   4.229E+05    -.019467   1.808E+05 -15974.0447 

  14.760   .673889  -1.503E+06   3.434E+05    -.023596  86314.0001 -16326.2398 

  19.680   .551587  13444.2265   2.622E+05    -.024847  12570.3177 -16678.4455 



  24.600   .429396   1.126E+06   1.793E+05    -.023890  67657.6193 -17030.6626 

  29.520   .316512   1.825E+06  99835.8694    -.021411   1.022E+05 -15275.4472 

  34.440   .218710   2.151E+06  32763.4170    -.018072   1.184E+05 -11989.7774 

  39.360   .138682   2.183E+06 -16333.0297    -.014432   1.200E+05  -7968.1278 

  44.280   .076694   2.018E+06 -46983.5703    -.010904   1.118E+05  -4491.4415 

  49.200   .031387   1.742E+06 -62639.7708    -.007746  98140.2770  -1872.8676 

  54.120  4.76E-04   1.417E+06 -67318.2241    -.005092  82067.3469    -28.9426 

  59.040  -.018722   1.090E+06 -64539.3350    -.002987  65843.7636   1158.5723 

  63.960  -.028915   7.881E+05 -57208.6479    -.001410  50919.3854   1821.3818 

  68.880  -.032595   5.294E+05 -47588.4183  -3.034E-04  38113.1492   2089.2807 

  73.800  -.031900   3.204E+05 -37331.8909   4.104E-04  27767.2553   2080.0394 

  78.720  -.028557   1.613E+05 -27556.5933   8.149E-04  19887.7301   1893.6588 

  83.640  -.023881  47661.6741 -18937.5235   9.904E-04  14264.2507   1610.0281 

  88.560  -.018811 -27038.4037 -11805.7837     .001008  13243.2967   1289.0531 

  93.480  -.013965 -70490.4554  -6242.5759   9.258E-04  15394.3884    972.4135 

  98.400  -.009701 -90287.3652  -2162.2527   7.908E-04  16374.4334    686.2545 

 103.320  -.006183 -93323.2907    618.8266   6.366E-04  16524.7268    444.2656 

 108.240  -.003437 -85450.8938   2054.4188   4.864E-04  16135.0042    139.3085 

 113.160  -.001397 -74065.1002   2538.5218   3.525E-04  15571.3510     57.4814 

 118.080  3.10E-05 -61165.4693   2676.7434   2.389E-04  14932.7554     -1.2937 

 123.000  9.54E-04 -48196.0555   2574.1648   1.470E-04  14290.7052    -40.4049 

 127.920   .001478 -36125.0363   2318.4915   7.621E-05  13693.1300    -63.5274 

 132.840   .001703 -25532.0758   1979.4944   2.442E-05  13168.7261    -74.2763 

 137.760   .001718 -16694.8761   1609.8833  -1.104E-05  12731.2409    -75.9721 

 142.680   .001595  -9669.0927   1247.1023  -3.318E-05  12383.4299    -71.4999 

 147.600   .001392  -4358.0822    915.6320  -4.497E-05  12120.5085    -63.2441 

 152.520   .001152   -570.7809    629.4764  -4.911E-05  11933.0184    -53.0793 

 157.440  9.08E-04   1932.6055    394.5974  -4.796E-05  12000.4354    -42.4000 

 162.360  6.80E-04   3406.4466    211.1405  -4.348E-05  12073.3979    -32.1760 

 167.280  4.80E-04   4095.7924     75.3575  -3.718E-05  12107.5239    -23.0204 

 172.200  3.15E-04   4221.1284    -18.8157  -3.019E-05  12113.7287    -15.2615 

 177.120  1.83E-04   3970.0625    -78.5300  -2.331E-05  12101.2997     -9.0126 

 182.040  8.51E-05   3494.2708   -111.1194  -1.704E-05  12077.7456     -4.2351 

 186.960  1.57E-05   2910.1879   -123.4839  -1.166E-05  12048.8306      -.7912 

 191.880 -2.97E-05   2302.1439   -121.7109  -7.286E-06  12018.7294      1.5119 

 196.800 -5.60E-05   1726.8919   -110.8847  -3.902E-06  11990.2516      2.8890 

 201.720 -6.81E-05   1218.7176    -95.0367  -1.428E-06  11965.0945      3.5533 

 206.640 -7.00E-05    794.5411    -77.1929   2.627E-07  11944.0956      3.7003 

 211.560 -6.55E-05    458.6227    -59.4829   1.315E-06  11927.4660      3.4989 

 216.480 -5.71E-05    206.6409    -43.2820   1.874E-06  11914.9917      3.0869 

 221.400 -4.70E-05     29.0395    -29.3632   2.072E-06  11906.1995      2.5712 

 226.320 -3.67E-05    -86.3700    -18.0444   2.024E-06  11909.0376      2.0299 

 231.240 -2.71E-05   -152.5000     -9.3219   1.823E-06  11912.3114      1.5158 

 236.160 -1.88E-05   -181.6854     -2.9826   1.542E-06  11913.7562      1.0612 

 241.080 -1.19E-05   -184.8838      1.3056   1.235E-06  11913.9146       .6820 

 246.000 -6.63E-06   -171.2674      3.9249   9.354E-07  11913.2405       .3827 

 250.920 -2.73E-06   -148.1037      5.2587   6.672E-07  11912.0938       .1595 

 255.840 -6.22E-08   -120.8344      5.6601   4.413E-07  11910.7438     .003668 

 260.760  1.61E-06    -93.2767      5.4331   2.615E-07  11909.3796    -.095927 

 265.680  2.51E-06    -67.8868      4.8253   1.261E-07  11908.1226      -.1512 

 270.600  2.85E-06    -46.0439      4.0269   3.042E-08  11907.0413      -.1734 

 275.520  2.81E-06    -28.3219      3.1757  -3.204E-08  11906.1640      -.1726 

 280.440  2.54E-06    -14.7321      2.3640  -6.820E-08  11905.4912      -.1573 

 285.360  2.14E-06     -4.9264      1.6472  -8.471E-08  11905.0058      -.1340 

 290.280  1.70E-06      1.6429      1.0525  -8.747E-08  11904.8432      -.1077 

 295.200  1.28E-06      5.6025       .5867  -8.138E-08  11905.0393    -.081677 

 300.120  9.01E-07      7.5757       .2427  -7.031E-08  11905.1369    -.058125 



 305.040  5.86E-07      8.1294     .005813  -5.712E-08  11905.1643    -.038187 

 309.960  3.39E-07      7.7453      -.1429  -4.379E-08  11905.1453    -.022278 

 314.880  1.55E-07      6.8091      -.2231  -3.157E-08  11905.0990    -.010313 

 319.800  2.82E-08      5.6121      -.2531  -2.113E-08  11905.0397    -.001891 

 324.720 -5.26E-08      4.3599      -.2490  -1.276E-08  11904.9777     .003552 

 329.640 -9.73E-08      3.1866      -.2240  -6.421E-09  11904.9197     .006637 

 334.560 -1.16E-07      2.1686      -.1881  -1.923E-09  11904.8693     .007965 

 339.480 -1.16E-07      1.3399      -.1486   1.023E-09  11904.8282     .008071 

 344.400 -1.06E-07       .7043      -.1105   2.740E-09  11904.7968     .007402 

 349.320 -8.93E-08       .2468    -.076816   3.539E-09  11904.7741     .006309 

 354.240 -7.08E-08    -.058508    -.048875   3.697E-09  11904.7648     .005050 

 359.160 -5.29E-08      -.2414    -.027098   3.445E-09  11904.7739     .003803 

 364.080 -3.69E-08      -.3319    -.011153   2.964E-09  11904.7783     .002679 

 369.000 -2.37E-08      -.3570  -2.947E-04   2.385E-09  11904.7796     .001735 

 373.920 -1.35E-08      -.3395     .006418   1.800E-09  11904.7787   9.935E-04 

 378.840 -6.02E-09      -.2974     .009963   1.265E-09  11904.7766   4.476E-04 

 383.760 -1.02E-09      -.2440     .011254   8.104E-10  11904.7740   7.681E-05 

 388.680  1.95E-09      -.1883     .011079   4.473E-10  11904.7712  -1.477E-04 

 393.600  3.38E-09      -.1358     .010083   1.751E-10  11904.7686  -2.574E-04 

 398.520  3.68E-09    -.089401     .008755  -1.403E-11  11904.7663  -2.825E-04 

 403.440  3.24E-09    -.049661     .007443  -1.308E-10  11904.7644  -2.508E-04 

 408.360  2.39E-09    -.015909     .006367  -1.859E-10  11904.7627  -1.866E-04 

 413.280  1.41E-09     .013353     .005635  -1.880E-10  11904.7626  -1.109E-04 

 418.200  5.40E-10     .039908     .005257  -1.433E-10  11904.7639  -4.282E-05 

 423.120  5.64E-17     .065360    -.004067  -5.489E-11  11904.7651    -.003747 

 428.040 -4.06E-17   1.665E-08    -.006642  -5.728E-18  11904.7619     .002700 

 432.960 -1.64E-23  -4.915E-09  -1.691E-09   4.128E-18  11904.7619   1.094E-09 

 437.880  3.05E-24  -2.729E-15   4.994E-10   1.672E-24  11904.7619  -2.030E-10 

 442.800     0.000   3.695E-16   2.773E-16  -3.104E-25  11904.7619  -1.433E-16 

 447.720     0.000   3.163E-22  -3.755E-17      0.0000  11904.7619   1.527E-17 

 452.640     0.000  -2.779E-23  -3.214E-23      0.0000  11904.7619   1.536E-23 

 457.560     0.000      0.0000   2.824E-24      0.0000  11904.7619  -1.148E-24 

 462.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 467.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 472.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 477.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 482.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 487.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 492.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  9: 

 

Pile-head deflection             =      .90000000 in 

Computed slope at pile head      =          0.000 

Maximum bending moment           =   -8361535.825 lbs-in 

Maximum shear force              =     576602.657 lbs 

Depth of maximum bending moment  =          0.000 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              7 

Number of zero deflection points =             14 

 

 



 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number 10 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Specified deflection at pile head   =        1.000000 in 

Specified slope at pile head        =       0.000E+00 in/in 

Specified axial load at pile head   =      200000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000     1.000  -8.944E+06   5.993E+05      0.0000   4.547E+05 -15269.6852 

   4.920   .963043  -6.173E+06   5.233E+05    -.012696   3.175E+05 -15621.8585 

   9.840   .875072  -3.770E+06   4.455E+05    -.021046   1.985E+05 -15974.0400 

  14.760   .755946  -1.747E+06   3.661E+05    -.025680  98403.4682 -16326.2292 

  19.680   .622379  -1.171E+05   2.849E+05    -.027246  17699.8683 -16678.4266 

  24.600   .487845   1.110E+06   2.020E+05    -.026412  66836.4644 -17030.6323 

  29.520   .362482   1.922E+06   1.184E+05    -.023866   1.071E+05 -16931.7052 

  34.440   .253004   2.322E+06  44165.9627    -.020302   1.268E+05 -13250.4058 

  39.360   .162715   2.397E+06 -11428.4415    -.016339   1.306E+05  -9348.9455 

  44.280   .092233   2.241E+06 -47714.4266    -.012443   1.229E+05  -5401.4549 

  49.200   .040276   1.952E+06 -66914.0569    -.008921   1.085E+05  -2403.2729 

  54.120   .004449   1.601E+06 -73491.2630    -.005938  91142.5256   -270.3881 

  59.040  -.018150   1.240E+06 -71393.3063    -.003552  73304.4199   1123.2161 

  63.960  -.030499   9.051E+05 -63904.0653    -.001750  56710.8190   1921.1908 

  68.880  -.035369   6.149E+05 -53600.9772  -4.732E-04  42345.3926   2267.0564 

  73.800  -.035156   3.786E+05 -42384.8505   3.612E-04  30646.3481   2292.3448 

  78.720  -.031815   1.971E+05 -31555.8454   8.447E-04  21663.3268   2109.6898 

  83.640  -.026844  66408.1563 -21913.8890     .001066  15192.2944   1809.8047 

  88.560  -.021325 -20607.6072 -13866.9559     .001104  12924.9405   1461.3063 

  93.480  -.015976 -72216.3440  -7535.5219     .001027  15479.8284   1112.4474 

  98.400  -.011224 -96777.3699  -2845.7472   8.846E-04  16695.7208    793.9651 

 103.320  -.007271  -1.020E+05    392.5732   7.177E-04  16952.2568    522.4253 

 108.240  -.004162 -94326.8632   2092.6707   5.528E-04  16574.4086    168.6713 

 113.160  -.001831 -82455.4939   2692.9780   4.044E-04  15986.7170     75.3561 

 118.080 -1.83E-04 -68623.7360   2897.1286   2.775E-04  15301.9766      7.6319 

 123.000  8.99E-04 -54493.8098   2822.2069   1.741E-04  14602.4753    -38.0879 

 127.920   .001530 -41195.7827   2566.6989   9.370E-05  13944.1571    -65.7772 

 132.840   .001821 -29421.8922   2209.5701   3.439E-05  13361.2912    -79.3972 

 137.760   .001868 -19521.2904   1811.0016  -6.717E-06  12871.1624    -82.6225 

 142.680   .001755 -11588.4167   1414.2140  -3.285E-05  12478.4459    -78.6732 

 147.600   .001545  -5540.7838   1047.9093  -4.723E-05  12179.0581    -70.2312 

 152.520   .001290  -1184.0366    728.9621  -5.288E-05  11963.3776    -59.4221 

 157.440   .001025   1736.2720    465.0917  -5.242E-05  11990.7160    -47.8423 

 162.360  7.74E-04   3495.6212    257.3266  -4.802E-05  12077.8125    -36.6151 

 167.280  5.52E-04   4362.8735    102.1531  -4.142E-05  12120.7457    -26.4636 

 172.200  3.67E-04   4582.3269     -6.7078  -3.391E-05  12131.6098    -17.7888 

 177.120  2.19E-04   4363.6024    -76.9049  -2.640E-05  12120.7818    -10.7466 

 182.040  1.07E-04   3877.5294   -116.4205  -1.947E-05  12096.7188     -5.3167 

 186.960  2.71E-05   3256.3496   -132.8534  -1.348E-05  12065.9673     -1.3634 

 191.880 -2.58E-05   2596.7857   -132.9698  -8.567E-06  12033.3157      1.3160 

 196.800 -5.72E-05   1964.7856   -122.4679  -4.736E-06  12002.0285      2.9531 



 201.720 -7.24E-05   1401.0209   -105.9024  -1.909E-06  11974.1194      3.7809 

 206.640 -7.60E-05    926.4619    -86.7229   4.610E-08  11950.6264      4.0157 

 211.560 -7.20E-05    547.5766    -67.3839   1.284E-06  11931.8697      3.8457 

 216.480 -6.34E-05    260.8767    -49.4954   1.963E-06  11917.6766      3.4261 

 221.400 -5.26E-05     56.6788    -33.9872   2.230E-06  11907.5678      2.8780 

 226.320 -4.14E-05    -77.9457    -21.2716   2.212E-06  11908.6206      2.2909 

 231.240 -3.09E-05   -156.9871    -11.3901   2.015E-06  11912.5335      1.7260 

 236.160 -2.16E-05   -193.9894     -4.1396   1.720E-06  11914.3653      1.2214 

 241.080 -1.39E-05   -201.1054       .8257   1.388E-06  11914.7176       .7970 

 246.000 -7.95E-06   -188.5959      3.9161   1.061E-06  11914.0983       .4592 

 250.920 -3.51E-06   -164.6589      5.5500   7.640E-07  11912.9133       .2050 

 255.840 -4.33E-07   -135.4877      6.1171   5.120E-07  11911.4692     .025565 

 260.760  1.53E-06   -105.4738      5.9564   3.096E-07  11909.9834    -.090914 

 265.680  2.61E-06    -77.4862      5.3457   1.559E-07  11908.5979      -.1573 

 270.600  3.06E-06    -53.1786      4.5009   4.618E-08  11907.3945      -.1861 

 275.520  3.07E-06    -33.2883      3.5795  -2.644E-08  11906.4098      -.1885 

 280.440  2.80E-06    -17.9046      2.6885  -6.944E-08  11905.6483      -.1737 

 285.360  2.38E-06     -6.6967      1.8936  -9.010E-08  11905.0934      -.1494 

 290.280  1.91E-06       .9058      1.2283  -9.497E-08  11904.8067      -.1211 

 295.200  1.45E-06      5.5764       .7026  -8.952E-08  11905.0380    -.092622 

 300.120  1.03E-06      7.9956       .3110  -7.812E-08  11905.1577    -.066585 

 305.040  6.81E-07      8.7899     .038083  -6.402E-08  11905.1970    -.044338 

 309.960  4.02E-07      8.4964      -.1360  -4.951E-08  11905.1825    -.026435 

 314.880  1.94E-07      7.5489      -.2327  -3.603E-08  11905.1356    -.012849 

 319.800  4.75E-08      6.2779      -.2721  -2.442E-08  11905.0727    -.003184 

 324.720 -4.66E-08      4.9195      -.2722  -1.501E-08  11905.0054     .003153 

 329.640 -1.00E-07      3.6293      -.2476  -7.833E-09  11904.9416     .006833 

 334.560 -1.24E-07      2.4985      -.2099  -2.686E-09  11904.8856     .008515 

 339.480 -1.27E-07      1.5697      -.1673   7.304E-10  11904.8396     .008792 

 344.400 -1.17E-07       .8511      -.1256   2.764E-09  11904.8040     .008163 

 349.320 -9.94E-08       .3286    -.088201   3.754E-09  11904.7782     .007026 

 354.240 -7.96E-08    -.024231    -.056961   4.010E-09  11904.7631     .005674 

 359.160 -6.00E-08      -.2397    -.032398   3.788E-09  11904.7738     .004311 

 364.080 -4.23E-08      -.3505    -.014244   3.293E-09  11904.7793     .003069 

 369.000 -2.76E-08      -.3864    -.001736   2.674E-09  11904.7810     .002016 

 373.920 -1.60E-08      -.3728     .006127   2.036E-09  11904.7804     .001181 

 378.840 -7.53E-09      -.3301     .010409   1.446E-09  11904.7782   5.601E-04 

 383.760 -1.78E-09      -.2732     .012115   9.390E-10  11904.7754   1.337E-04 

 388.680  1.71E-09      -.2127     .012127   5.308E-10  11904.7724  -1.291E-04 

 393.600  3.44E-09      -.1550     .011164   2.220E-10  11904.7696  -2.622E-04 

 398.520  3.89E-09      -.1033     .009784   5.123E-12  11904.7670  -2.990E-04 

 403.440  3.49E-09    -.058701     .008384  -1.309E-10  11904.7648  -2.703E-04 

 408.360  2.60E-09    -.020547     .007219  -1.975E-10  11904.7629  -2.032E-04 

 413.280  1.55E-09     .012720     .006419  -2.041E-10  11904.7625  -1.217E-04 

 418.200  5.96E-10     .043021     .006004  -1.573E-10  11904.7640  -4.724E-05 

 423.120  6.28E-17     .072107    -.004384  -6.056E-11  11904.7655    -.004175 

 428.040 -4.48E-17   1.844E-08    -.007328  -6.383E-18  11904.7619     .002979 

 432.960 -1.82E-23  -5.422E-09  -1.873E-09   4.554E-18  11904.7619   1.210E-09 

 437.880  3.37E-24  -3.017E-15   5.510E-10   1.849E-24  11904.7619  -2.240E-10 

 442.800     0.000   4.077E-16   3.065E-16  -3.424E-25  11904.7619  -1.583E-16 

 447.720     0.000   3.494E-22  -4.143E-17      0.0000  11904.7619   1.684E-17 

 452.640     0.000  -3.065E-23  -3.550E-23      0.0000  11904.7619   1.697E-23 

 457.560     0.000      0.0000   3.115E-24      0.0000  11904.7619  -1.266E-24 

 462.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 467.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 472.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 477.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 



 482.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 487.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 492.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No. 10: 

 

Pile-head deflection             =     1.00000000 in 

Computed slope at pile head      =          0.000 

Maximum bending moment           =   -8943677.734 lbs-in 

Maximum shear force              =     599254.814 lbs 

Depth of maximum bending moment  =          0.000 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              7 

Number of zero deflection points =             14 

 

 

 

 

 

------------------------------------------------------------------------------ 

                        Summary of Pile-head Response 

------------------------------------------------------------------------------ 

 

Definition of symbols for pile-head boundary conditions: 

 

y = pile-head displacment, in 

M = pile-head moment, lbs-in 

V = pile-head shear force, lbs 

S = pile-head slope, radians 

R = rotational stiffness of pile-head, in-lbs/rad 

 

 BC    Boundary     Boundary       Axial    Pile Head    Maximum     Maximum  

Type  Condition    Condition       Load     Deflection    Moment      Shear 

          1            2            lbs         in        in-lbs       lbs 

---- ------------ ------------ ----------- ----------- ----------- ----------- 

  5  y=   .100000 S=     0.000   2.000E+05     .100000  -1.207E+06   1.098E+05 

  5  y=   .200000 S=     0.000   2.000E+05       .2000  -2.413E+06   2.196E+05 

  5  y=   .300000 S=     0.000   2.000E+05       .3000  -3.560E+06   3.140E+05 

  5  y=   .400000 S=     0.000   2.000E+05       .4000  -4.629E+06   3.971E+05 

  5  y=   .500000 S=     0.000   2.000E+05       .5000  -5.564E+06   4.513E+05 

  5  y=   .600000 S=     0.000   2.000E+05       .6000  -6.370E+06   4.914E+05 

  5  y=   .700000 S=     0.000   2.000E+05       .7000  -7.089E+06   5.240E+05 

  5  y=   .800000 S=     0.000   2.000E+05       .8000  -7.765E+06   5.531E+05 

  5  y=   .900000 S=     0.000   2.000E+05       .9000  -8.362E+06   5.766E+05 

  5  y=     1.000 S=     0.000   2.000E+05      1.0000  -8.944E+06   5.993E+05 

 

 

------------------------------------------------------------------------------ 

                     Pile-head Deflection vs. Pile Length 

------------------------------------------------------------------------------ 

 

 Boundary Condition Type 5, Deflection and Slope 



 

Deflection =          .10000  in 

Slope      =          .00000 

Axial Load =         200000. lbs 

 

 

 

   Pile       Pile Head       Maximum      Maximum 

  Length      Deflection      Moment        Shear  

    in           in           in-lbs         lbs 

-----------  ------------  ------------  ------------ 

   492.000     .10000000  -1206627.403    109811.603 

   467.400     .10000000  -1209563.587    109949.020 

   442.800     .10000000  -1212352.060    110080.057 

   418.200     .10000000  -1214994.877    110204.654 

   393.600     .10000000  -1217495.040    110322.789 

   369.000     .10000000  -1219847.469    110434.270 

   344.400     .10000000  -1222051.706    110539.012 

   319.800     .10000000  -1224106.646    110636.915 

   295.200     .10000000  -1226014.097    110727.946 

   270.600     .10000000  -1227770.250    110811.961 

 

The analysis ended normally.  

 



============================================================================== 

 

                    LPILE Plus for Windows, Version 4.0 

 

               Analysis of Individual Piles and Drilled Shafts 

              Subjected to Lateral Loading Using the p-y Method 

 

                   (c) Copyright ENSOFT, Inc., 1985-2001 

                             All Rights Reserved 

 

============================================================================== 

 

 

This program is licensed to:  

 

IT - San Jose 

URS Corporation 

 

Path to file locations:      X:\Route 84 - Isabel 

Avenue\geotech\Analysis\pile\lateral\ArroyoMocho\ 

Name of input data file:     ArroyoMocho_Pier_B19_Free.lpd 

Name of output file:         ArroyoMocho_Pier_B19_Free.lpo 

Name of plot output file:    ArroyoMocho_Pier_B19_Free.lpp 

Name of runtime file:        ArroyoMocho_Pier_B19_Free.lpr 

 

 

------------------------------------------------------------------------------ 

                          Time and Date of Analysis 

------------------------------------------------------------------------------ 

 

               Date:  October 29, 2009     Time:  11:58: 8 

 

 

------------------------------------------------------------------------------ 

                                Problem Title 

------------------------------------------------------------------------------ 

 

SR84 Isabel Pier - Arroyo Mocho Bridge Widen - H pile                            

 

 

------------------------------------------------------------------------------ 

                                Program Options 

------------------------------------------------------------------------------ 

 

Units Used in Computations - US Customary Units, inches, pounds 

 

Basic Program Options: 

 

Analysis Type 1:  

- Computation of Lateral Pile Response Using User-specified Constant EI 

 

Computation Options: 

- Only internally-generated p-y curves used in analysis 

- Analysis does not use p-y multipliers (individual pile or shaft action only) 

- Analysis assumes no shear resistance at pile tip 

- Analysis includes automatic computation of pile-top deflection vs. 

  pile embedment length 



- No computation of foundation stiffness matrix elements 

- Output pile response for full length of pile 

- Analysis assumes no soil movements acting on pile 

- Additional p-y curves computed at specified depths 

 

Solution Control Parameters: 

- Number of pile increments            =          100 

- Maximum number of iterations allowed =          100 

- Deflection tolerance for convergence =   1.0000E-05 in 

- Maximum allowable deflection         =   1.0000E+02 in 

 

Printing Options: 

- Values of pile-head deflection, bending moment, shear force, and  

  soil reaction are printed for full length of pile. 

- Printing Increment (spacing of output points) =  1 

 

 

------------------------------------------------------------------------------ 

                   Pile Structural Properties and Geometry 

------------------------------------------------------------------------------ 

 

Pile Length                               =     492.00 in 

Depth of ground surface below top of pile =    -216.00 in 

Slope angle of ground surface             =        .00 deg. 

 

Structural properties of pile defined using  2 points 

 

Point    Depth         Pile      Moment of       Pile      Modulus of 

           X         Diameter     Inertia        Area      Elasticity 

           in           in         in**4        Sq.in      lbs/Sq.in 

-----  ---------   -----------   ----------   ----------   ----------- 

  1       0.0000        10.000     101.0000      16.8000  29000000.000 

  2     492.0000        10.000     101.0000      16.8000  29000000.000 

 

 

------------------------------------------------------------------------------ 

                      Soil and Rock Layering Information 

------------------------------------------------------------------------------ 

 

The soil profile is modelled using  4 layers 

 

Layer  1 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =     -216.000 in 

Distance from top of pile to bottom of layer =     -180.000 in 

p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3 

 

Layer  2 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =     -180.000 in 

Distance from top of pile to bottom of layer =      108.000 in 

p-y subgrade modulus k for top of soil layer =      225.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =      225.000 lbs/in**3 

 

Layer  3 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      108.000 in 

Distance from top of pile to bottom of layer =      420.000 in 

p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3 



p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3 

 

Layer  4 is stiff clay without free water 

Distance from top of pile to top of layer    =      420.000 in 

Distance from top of pile to bottom of layer =      780.000 in 

p-y subgrade modulus k for top of soil layer =     1000.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =     1000.000 lbs/in**3 

 

 

(Depth of lowest layer extends  288.00 in below pile tip) 

 

 

------------------------------------------------------------------------------ 

                   Effective Unit Weight of Soil vs. Depth 

------------------------------------------------------------------------------ 

 

Distribution of effective unit weight of soil with depth 

is defined using  8 points 

 

Point        Depth X    Eff. Unit Weight 

 No.           in          lbs/in**3 

-----      ----------   ---------------- 

  1          -216.00         .07230 

  2          -180.00         .07230 

  3          -180.00         .07810 

  4           108.00         .07810 

  5           108.00         .04200 

  6           420.00         .04200 

  7           420.00         .04200 

  8           780.00         .04200 

 

 

 

------------------------------------------------------------------------------ 

                           Shear Strength of Soils 

------------------------------------------------------------------------------ 

 

Distribution of shear strength parameters with depth 

defined using  8 points 

 

Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD 

 No.       in         lbs/in**2            Deg.            k_rm        % 

-----   --------     ----------     ------------------    ------    ------ 

  1     -216.000         .00000           35.00           ------    ------ 

  2     -180.000         .00000           35.00           ------    ------ 

  3     -180.000         .00000           40.00           ------    ------ 

  4      108.000         .00000           40.00           ------    ------ 

  5      108.000         .00000           40.00           ------    ------ 

  6      420.000         .00000           40.00           ------    ------ 

  7      420.000       27.77800             .00           .00500        .0 

  8      780.000       27.77800             .00           .00500        .0 

 

Notes: 

 

(1)  Cohesion = uniaxial compressive strength for rock materials. 

(2)  Values of E50 are reported for clay strata.  

(3)  Default values will be generated for E50 when input values are 0. 



(4)  RQD and k_rm are reported only for weak rock strata. 

 

Static loading criteria was used for computation of  p-y curves 

 

 

 

------------------------------------------------------------------------------ 

              Pile-head Loading and Pile-head Fixity Conditions 

------------------------------------------------------------------------------ 

 

Number of loads specified = 10 

 

Load Case Number  1 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =            .100 in 

Bending moment at pile head =            .000 in-lbs 

Axial load at pile head     =      200000.000 lbs 

 

Load Case Number  2 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =            .200 in 

Bending moment at pile head =            .000 in-lbs 

Axial load at pile head     =      200000.000 lbs 

 

Load Case Number  3 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =            .300 in 

Bending moment at pile head =            .000 in-lbs 

Axial load at pile head     =      200000.000 lbs 

 

Load Case Number  4 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =            .400 in 

Bending moment at pile head =            .000 in-lbs 

Axial load at pile head     =      200000.000 lbs 

 

Load Case Number  5 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =            .500 in 

Bending moment at pile head =            .000 in-lbs 

Axial load at pile head     =      200000.000 lbs 

 

Load Case Number  6 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =            .600 in 

Bending moment at pile head =            .000 in-lbs 

Axial load at pile head     =      200000.000 lbs 

 

Load Case Number  7 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 



Deflection at pile head     =            .700 in 

Bending moment at pile head =            .000 in-lbs 

Axial load at pile head     =      200000.000 lbs 

 

Load Case Number  8 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =            .800 in 

Bending moment at pile head =            .000 in-lbs 

Axial load at pile head     =      200000.000 lbs 

 

Load Case Number  9 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =            .900 in 

Bending moment at pile head =            .000 in-lbs 

Axial load at pile head     =      200000.000 lbs 

 

Load Case Number 10 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           1.000 in 

Bending moment at pile head =            .000 in-lbs 

Axial load at pile head     =      200000.000 lbs 

 

 

 

 

------------------------------------------------------------------------------ 

                   Output of p-y Curves at Specified Depths 

------------------------------------------------------------------------------ 

 

 

 

p-y curves are generated and printed for verification at  1 depths. 

 

Depth      Depth Below Pile Head      Depth Below Ground Surface 

 No.                 in                         in 

-----      ---------------------      -------------------------- 

  1                60.000                    276.000 

 

Depth of ground surface below top of pile =    -216.00 in 

 

 

p-y Curve in Sand Computed Using Reese Criteria 

 

Soil Layer Number           =            2 

Depth below pile head       =       60.000 in 

Depth below ground surface  =      276.000 in 

Equivalent Depth (see note) =      276.000 in 

Pile Diameter               =       10.000 in 

Angle of Friction           =       40.000 deg. 

Avg. Eff. Unit Weight       =       .07734 lbs/in**3 

k                           =      225.000 pci   

A (static)                  =        .8800 

B (static)                  =        .5000 

Pst                         =    28178.350 lbs/in 



Psd                         =    22232.297 lbs/in 

Ps                          =    22232.297 lbs/in 

pu                          =    19564.422 lbs/in 

Cbar                        =   33042.3027 

n                           =       1.6447 

m                           =   40551.7102 

yk                          =        .2000  in 

ym                          =        .1667  in 

yu                          =        .3750  in 

p-multiplier                =      1.00000 

y-multiplier                =      1.00000 

 

If Psd <= Pst then actual depth is used in place of equivalent depth in 

computations. 

 

        y, in             p, lbs/in 

----------------    ----------------- 

          .0000             .000 

          .0139          862.500 

          .0278         1725.000 

          .0417         2587.500 

          .0556         3450.000 

          .0694         4312.500 

          .0833         5175.000 

          .0972         6037.500 

          .1111         6900.000 

          .1250         7762.500 

          .1389         8625.000 

          .1528         9487.500 

          .1667        10350.000 

          .3750        19564.422 

        10.3750        19564.422 

        20.3750        19564.422 

        30.3750        19564.422 

 

 

 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  1 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Specified deflection at pile head     =         .100000 in 

Specified bending moment at pile head =            .000 in-lbs 

Specified axial load at pile head     =      200000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .100000      0.0000  55122.4809    -.004532  11904.7619  -4860.0000 

   4.920   .077701   2.168E+05  33665.7102    -.004350  22639.4615  -3862.2645 



   9.840   .057193   3.398E+05  17015.2388    -.003883  28728.1248  -2906.2198 

  14.760   .039494   3.919E+05   4821.4812    -.003268  31306.3515  -2050.5922 

  19.680   .025035   3.937E+05  -3488.7059    -.002608  31395.2100  -1327.5326 

  24.600   .013828   3.627E+05  -8595.9933    -.001973  29861.0222   -748.6005 

  29.520   .005620   3.130E+05 -11201.2648    -.001406  27400.0795   -310.4530 

  34.440 -1.86E-06   2.553E+05 -11964.7217  -9.282E-04  24541.4977       .1046 

  39.360  -.003514   1.971E+05 -11467.7892  -5.483E-04  21662.1544    201.9004 

  44.280  -.005397   1.435E+05 -10193.5611  -2.623E-04  19008.6280    316.0785 

  49.200  -.006095  97310.7980  -8521.3995  -6.000E-05  16722.1281    363.6620 

  54.120  -.005988  59765.6057  -6731.5687   7.192E-05  14863.4553    363.9115 

  59.040  -.005387  30930.6162  -5016.2850   1.481E-04  13435.9805    333.3583 

  63.960  -.004530  10113.9061  -3494.2063   1.826E-04  12405.4503    285.3729 

  68.880  -.003590  -3811.6710  -2226.0603   1.879E-04  12093.4585    230.1336 

  73.800  -.002682 -12160.2409  -1229.7582   1.744E-04  12506.7540    174.8672 

  78.720  -.001874 -16255.8058   -493.9214   1.506E-04  12709.5048    124.2534 

  83.640  -.001200 -17316.7738     10.7757   1.224E-04  12762.0279     80.9080 

  88.560 -6.69E-04 -16390.6274    322.6693   9.408E-05  12716.1791     45.8780 

  93.480 -2.74E-04 -14326.8486    482.5289   6.828E-05  12614.0118     19.1056 

  98.400  2.34E-06 -11776.9106    529.1211   4.635E-05  12487.7773      -.1657 

 103.320  1.82E-04  -9211.5183    496.5935   2.872E-05  12360.7777    -13.0569 

 108.240  2.85E-04  -6946.9614    436.0584   1.515E-05  12248.6709    -11.5508 

 113.160  3.31E-04  -4950.5260    374.1564   5.161E-06  12149.8374    -13.6126 

 118.080  3.36E-04  -3275.4195    306.1749  -1.748E-06  12066.9114    -14.0222 

 123.000  3.14E-04  -1934.3262    238.9848  -6.123E-06  12000.5206    -13.2908 

 127.920  2.76E-04   -911.7591    177.1506  -8.513E-06  11949.8985    -11.8450 

 132.840  2.30E-04   -174.4098    123.3535  -9.426E-06  11913.3961    -10.0237 

 137.760  1.83E-04    320.5896     78.8121  -9.303E-06  11920.6327     -8.0825 

 142.680  1.38E-04    619.4100     43.6716  -8.513E-06  11935.4258     -6.2022 

 147.600  9.90E-05    767.0730     17.3444  -7.349E-06  11942.7358     -4.4999 

 152.520  6.60E-05    804.5419     -1.2067  -6.029E-06  11944.5907     -3.0412 

 157.440  3.97E-05    767.0638    -13.2450  -4.709E-06  11942.7354     -1.8524 

 162.360  1.97E-05    683.4790    -20.0918  -3.491E-06  11938.5975      -.9309 

 167.280  5.33E-06    576.2306    -23.0103  -2.433E-06  11933.2882      -.2555 

 172.200 -4.26E-06    461.8454    -23.1308  -1.561E-06  11927.6255       .2065 

 177.120 -1.00E-05    351.6956    -21.4107  -8.777E-07  11922.1726       .4927 

 182.040 -1.29E-05    252.8918    -18.6206  -3.699E-07  11917.2813       .6414 

 186.960 -1.37E-05    169.1968    -15.3492  -1.538E-08  11913.1380       .6884 

 191.880 -1.30E-05    101.8857    -12.0198   2.123E-07  11909.8058       .6650 

 196.800 -1.16E-05     50.5038     -8.9143   3.403E-07  11907.2621       .5974 

 201.720 -9.69E-06     13.4995     -6.1993   3.940E-07  11905.4302       .5062 

 206.640 -7.70E-06    -11.2732     -3.9533   3.959E-07  11905.3200       .4068 

 211.560 -5.80E-06    -26.1799     -2.1901   3.645E-07  11906.0579       .3099 

 216.480 -4.11E-06    -33.5408      -.8805   3.143E-07  11906.4223       .2224 

 221.400 -2.71E-06    -35.4623     .030699   2.563E-07  11906.5175       .1480 

 226.320 -1.59E-06    -33.7431       .6112   1.982E-07  11906.4324     .088016 

 231.240 -7.56E-07    -29.8377       .9318   1.448E-07  11906.2390     .042270 

 236.160 -1.67E-07    -24.8597      1.0589   9.888E-08  11905.9926     .009434 

 241.080  2.17E-07    -19.6123      1.0517   6.152E-08  11905.7328    -.012388 

 246.000  4.38E-07    -14.6323       .9589   3.276E-08  11905.4863    -.025322 

 250.920  5.39E-07    -10.2411       .8192   1.187E-08  11905.2689    -.031471 

 255.840  5.55E-07     -6.5948       .6612  -2.268E-09  11905.0884    -.032752 

 260.760  5.17E-07     -3.7304       .5049  -1.094E-08  11904.9466    -.030805 

 265.680  4.48E-07     -1.6054       .3628  -1.542E-08  11904.8414    -.026954 

 270.600  3.65E-07      -.1303       .2418  -1.688E-08  11904.7684    -.022211 

 275.520  2.82E-07       .8073       .1446  -1.631E-08  11904.8019    -.017300 

 280.440  2.05E-07      1.3249     .070828  -1.452E-08  11904.8275    -.012701 

 285.360  1.39E-07      1.5329     .018200  -1.212E-08  11904.8378    -.008693 



 290.280  8.54E-08      1.5278    -.016482  -9.549E-09  11904.8375    -.005406 

 295.200  4.48E-08      1.3895    -.036814  -7.098E-09  11904.8307    -.002860 

 300.120  1.56E-08      1.1796    -.046319  -4.941E-09  11904.8203    -.001004 

 305.040 -3.87E-09       .9434    -.048171  -3.158E-09  11904.8086   2.518E-04 

 309.960 -1.55E-08       .7118    -.045044  -1.767E-09  11904.7971     .001019 

 314.880 -2.13E-08       .5036    -.039066  -7.467E-10  11904.7868     .001411 

 319.800 -2.29E-08       .3288    -.031831  -4.752E-11  11904.7782     .001530 

 324.720 -2.17E-08       .1905    -.024454   3.887E-10  11904.7713     .001468 

 329.640 -1.90E-08     .087441    -.017649   6.221E-10  11904.7662     .001298 

 334.560 -1.56E-08     .015629    -.011815   7.087E-10  11904.7627     .001074 

 339.480 -1.21E-08    -.030215    -.007115   6.964E-10  11904.7634   8.369E-04 

 344.400 -8.75E-09    -.055751    -.003548   6.242E-10  11904.7647   6.130E-04 

 349.320 -5.91E-09    -.066357    -.001013   5.217E-10  11904.7652   4.176E-04 

 354.240 -3.62E-09    -.066743   6.490E-04   4.099E-10  11904.7652   2.579E-04 

 359.160 -1.88E-09    -.060778     .001615   3.028E-10  11904.7649   1.349E-04 

 364.080 -6.38E-10    -.051446     .002061   2.085E-10  11904.7645   4.625E-05 

 369.000  1.76E-10    -.040909     .002143   1.310E-10  11904.7639  -1.284E-05 

 373.920  6.51E-10    -.030616     .001993   7.091E-11  11904.7634  -4.800E-05 

 378.840  8.73E-10    -.021434     .001716   2.719E-11  11904.7630  -6.493E-05 

 383.760  9.19E-10    -.013788     .001386  -2.390E-12  11904.7626  -6.886E-05 

 388.680  8.50E-10    -.007787     .001059  -2.051E-11  11904.7623  -6.423E-05 

 393.600  7.17E-10    -.003327   7.667E-04  -2.985E-11  11904.7621  -5.461E-05 

 398.520  5.56E-10  -1.840E-04   5.273E-04  -3.279E-11  11904.7619  -4.272E-05 

 403.440  3.94E-10     .001926   3.471E-04  -3.133E-11  11904.7620  -3.051E-05 

 408.360  2.48E-10     .003293   2.245E-04  -2.695E-11  11904.7621  -1.934E-05 

 413.280  1.29E-10     .004188   1.520E-04  -2.066E-11  11904.7621  -1.013E-05 

 418.200  4.45E-11     .004830   1.184E-04  -1.309E-11  11904.7621  -3.524E-06 

 423.120  3.68E-18     .005379  -4.917E-04  -4.517E-12  11904.7622  -2.445E-04 

 428.040 -3.34E-18   1.254E-09  -5.466E-04  -3.738E-19  11904.7619   2.222E-04 

 432.960 -1.28E-24  -4.044E-10  -1.274E-10   3.397E-19  11904.7619   8.519E-11 

 437.880  2.51E-25  -2.159E-16   4.110E-11   1.302E-25  11904.7619  -1.671E-11 

 442.800     0.000   3.041E-17   2.193E-17      0.0000  11904.7619  -1.143E-17 

 447.720     0.000   2.537E-23  -3.090E-18      0.0000  11904.7619   1.256E-18 

 452.640     0.000  -2.287E-24  -2.578E-24      0.0000  11904.7619   1.237E-24 

 457.560     0.000      0.0000   2.324E-25      0.0000  11904.7619      0.0000 

 462.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 467.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 472.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 477.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 482.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 487.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 492.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  1: 

 

Pile-head deflection             =      .10000000 in 

Computed slope at pile head      =     -.00453240 

Maximum bending moment           =     393707.052 lbs-in 

Maximum shear force              =      55122.481 lbs 

Depth of maximum bending moment  =         19.680 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              5 



Number of zero deflection points =             14 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  2 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Specified deflection at pile head     =         .200000 in 

Specified bending moment at pile head =            .000 in-lbs 

Specified axial load at pile head     =      200000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .200000      0.0000   1.102E+05    -.009065  11904.7619  -9720.0000 

   4.920   .155401   4.337E+05  67331.4205    -.008701  33374.1610  -7724.5290 

   9.840   .114387   6.797E+05  34030.4776    -.007765  45551.4877  -5812.4396 

  14.760   .078989   7.838E+05   9642.9624    -.006536  50707.9412  -4101.1844 

  19.680   .050069   7.874E+05  -6977.4118    -.005217  50885.6581  -2655.0652 

  24.600   .027657   7.254E+05 -17191.9866    -.003946  47817.2825  -1497.2009 

  29.520   .011240   6.260E+05 -22402.5296    -.002811  42895.3971   -620.9060 

  34.440 -3.71E-06   5.105E+05 -23929.4434    -.001856  37178.2336       .2093 

  39.360  -.007028   3.942E+05 -22935.5785    -.001097  31419.5469    403.8009 

  44.280  -.010794   2.870E+05 -20387.1221  -5.245E-04  26112.4940    632.1570 

  49.200  -.012189   1.946E+05 -17042.7990  -1.200E-04  21539.4944    727.3239 

  54.120  -.011975   1.195E+05 -13463.1375   1.438E-04  17822.1486    727.8231 

  59.040  -.010774  61861.2324 -10032.5700   2.962E-04  14967.1992    666.7166 

  63.960  -.009061  20227.8122  -6988.4127   3.651E-04  12906.1387    570.7458 

  68.880  -.007181  -7623.3420  -4452.1206   3.757E-04  12282.1551    460.2673 

  73.800  -.005364 -24320.4818  -2459.5164   3.489E-04  13108.7461    349.7344 

  78.720  -.003748 -32511.6117   -987.8429   3.012E-04  13514.2476    248.5069 

  83.640  -.002400 -34633.5476     21.5514   2.448E-04  13619.2940    161.8160 

  88.560  -.001339 -32781.2549    645.3385   1.882E-04  13527.5963     91.7560 

  93.480 -5.49E-04 -28653.6971    965.0579   1.366E-04  13323.2618     38.2113 

  98.400  4.69E-06 -23553.8213   1058.2423   9.270E-05  13070.7927      -.3314 

 103.320  3.63E-04 -18423.0365    993.1869   5.745E-05  12816.7934    -26.1138 

 108.240  5.70E-04 -13893.9229    872.1168   3.031E-05  12592.5799    -23.1016 

 113.160  6.62E-04  -9901.0519    748.3128   1.032E-05  12394.9130    -27.2252 

 118.080  6.72E-04  -6550.8390    612.3497  -3.495E-06  12229.0609    -28.0444 

 123.000  6.27E-04  -3868.6525    477.9695  -1.225E-05  12096.2794    -26.5817 

 127.920  5.51E-04  -1823.5181    354.3012  -1.703E-05  11995.0351    -23.6900 

 132.840  4.60E-04   -348.8196    246.7071  -1.885E-05  11922.0302    -20.0474 

 137.760  3.66E-04    641.1792    157.6243  -1.861E-05  11936.5035    -16.1651 

 142.680  2.77E-04   1238.8199     87.3433  -1.703E-05  11966.0896    -12.4044 

 147.600  1.98E-04   1534.1460     34.6888  -1.470E-05  11980.7097     -8.9998 

 152.520  1.32E-04   1609.0837     -2.4135  -1.206E-05  11984.4195     -6.0825 

 157.440  7.94E-05   1534.1276    -26.4899  -9.418E-06  11980.7088     -3.7047 

 162.360  3.94E-05   1366.9580    -40.1836  -6.982E-06  11972.4331     -1.8618 

 167.280  1.07E-05   1152.4612    -46.0206  -4.866E-06  11961.8144      -.5110 

 172.200 -8.51E-06    923.6908    -46.2616  -3.122E-06  11950.4892       .4130 

 177.120 -2.01E-05    703.3913    -42.8213  -1.755E-06  11939.5833       .9855 

 182.040 -2.58E-05    505.7836    -37.2412  -7.398E-07  11929.8007      1.2829 



 186.960 -2.73E-05    338.3936    -30.6984  -3.077E-08  11921.5141      1.3768 

 191.880 -2.61E-05    203.7715    -24.0397   4.246E-07  11914.8496      1.3300 

 196.800 -2.32E-05    101.0075    -17.8286   6.806E-07  11909.7623      1.1948 

 201.720 -1.94E-05     26.9991    -12.3987   7.881E-07  11906.0985      1.0124 

 206.640 -1.54E-05    -22.5465     -7.9066   7.918E-07  11905.8781       .8136 

 211.560 -1.16E-05    -52.3597     -4.3801   7.289E-07  11907.3540       .6199 

 216.480 -8.23E-06    -67.0815     -1.7610   6.286E-07  11908.0828       .4448 

 221.400 -5.41E-06    -70.9246     .061398   5.127E-07  11908.2730       .2960 

 226.320 -3.18E-06    -67.4863      1.2225   3.964E-07  11908.1028       .1760 

 231.240 -1.51E-06    -59.6754      1.8635   2.896E-07  11907.7161     .084540 

 236.160 -3.34E-07    -49.7194      2.1179   1.978E-07  11907.2233     .018868 

 241.080  4.34E-07    -39.2246      2.1034   1.230E-07  11906.7037    -.024777 

 246.000  8.77E-07    -29.2646      1.9178   6.553E-08  11906.2106    -.050645 

 250.920  1.08E-06    -20.4822      1.6384   2.374E-08  11905.7759    -.062942 

 255.840  1.11E-06    -13.1895      1.3224  -4.535E-09  11905.4149    -.065504 

 260.760  1.03E-06     -7.4607      1.0097  -2.188E-08  11905.1312    -.061609 

 265.680  8.95E-07     -3.2109       .7255  -3.084E-08  11904.9209    -.053908 

 270.600  7.30E-07      -.2607       .4837  -3.376E-08  11904.7748    -.044422 

 275.520  5.63E-07      1.6147       .2893  -3.262E-08  11904.8418    -.034600 

 280.440  4.09E-07      2.6498       .1417  -2.904E-08  11904.8931    -.025401 

 285.360  2.77E-07      3.0657     .036399  -2.424E-08  11904.9137    -.017386 

 290.280  1.71E-07      3.0557    -.032964  -1.910E-08  11904.9132    -.010811 

 295.200  8.95E-08      2.7789    -.073629  -1.420E-08  11904.8995    -.005719 

 300.120  3.11E-08      2.3591    -.092639  -9.881E-09  11904.8787    -.002009 

 305.040 -7.73E-09      1.8868    -.096342  -6.315E-09  11904.8553   5.036E-04 

 309.960 -3.10E-08      1.4236    -.090088  -3.535E-09  11904.8324     .002039 

 314.880 -4.25E-08      1.0073    -.078133  -1.493E-09  11904.8118     .002821 

 319.800 -4.57E-08       .6577    -.063662  -9.503E-11  11904.7945     .003061 

 324.720 -4.35E-08       .3810    -.048908   7.774E-10  11904.7808     .002937 

 329.640 -3.81E-08       .1749    -.035298   1.244E-09  11904.7706     .002595 

 334.560 -3.12E-08     .031258    -.023630   1.417E-09  11904.7635     .002148 

 339.480 -2.41E-08    -.060430    -.014230   1.393E-09  11904.7649     .001674 

 344.400 -1.75E-08      -.1115    -.007096   1.248E-09  11904.7674     .001226 

 349.320 -1.18E-08      -.1327    -.002025   1.043E-09  11904.7685   8.353E-04 

 354.240 -7.23E-09      -.1335     .001298   8.198E-10  11904.7685   5.157E-04 

 359.160 -3.75E-09      -.1216     .003230   6.056E-10  11904.7679   2.698E-04 

 364.080 -1.28E-09      -.1029     .004122   4.171E-10  11904.7670   9.251E-05 

 369.000  3.51E-10    -.081819     .004286   2.620E-10  11904.7660  -2.568E-05 

 373.920  1.30E-09    -.061232     .003987   1.418E-10  11904.7649  -9.600E-05 

 378.840  1.75E-09    -.042868     .003431   5.438E-11  11904.7640  -1.299E-04 

 383.760  1.84E-09    -.027577     .002773  -4.781E-12  11904.7633  -1.377E-04 

 388.680  1.70E-09    -.015574     .002118  -4.102E-11  11904.7627  -1.285E-04 

 393.600  1.43E-09    -.006654     .001533  -5.969E-11  11904.7622  -1.092E-04 

 398.520  1.11E-09  -3.679E-04     .001055  -6.559E-11  11904.7619  -8.543E-05 

 403.440  7.88E-10     .003851   6.943E-04  -6.266E-11  11904.7621  -6.101E-05 

 408.360  4.96E-10     .006587   4.490E-04  -5.390E-11  11904.7622  -3.868E-05 

 413.280  2.58E-10     .008375   3.040E-04  -4.133E-11  11904.7623  -2.027E-05 

 418.200  8.89E-11     .009660   2.368E-04  -2.618E-11  11904.7624  -7.048E-06 

 423.120  7.36E-18     .010757  -9.835E-04  -9.035E-12  11904.7624  -4.890E-04 

 428.040 -6.68E-18   2.508E-09    -.001093  -7.475E-19  11904.7619   4.444E-04 

 432.960 -2.56E-24  -8.089E-10  -2.547E-10   6.793E-19  11904.7619   1.704E-10 

 437.880  5.03E-25  -4.317E-16   8.220E-11   2.605E-25  11904.7619  -3.342E-11 

 442.800     0.000   6.082E-17   4.387E-17      0.0000  11904.7619  -2.286E-17 

 447.720     0.000   5.075E-23  -6.181E-18      0.0000  11904.7619   2.513E-18 

 452.640     0.000  -4.573E-24  -5.157E-24      0.0000  11904.7619   2.474E-24 

 457.560     0.000      0.0000   4.648E-25      0.0000  11904.7619  -1.889E-25 

 462.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 



 467.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 472.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 477.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 482.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 487.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 492.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  2: 

 

Pile-head deflection             =      .20000000 in 

Computed slope at pile head      =     -.00906479 

Maximum bending moment           =     787414.104 lbs-in 

Maximum shear force              =     110244.962 lbs 

Depth of maximum bending moment  =         19.680 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              5 

Number of zero deflection points =             14 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  3 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Specified deflection at pile head     =         .300000 in 

Specified bending moment at pile head =            .000 in-lbs 

Specified axial load at pile head     =      200000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .300000      0.0000   1.591E+05    -.013557  11904.7619 -12895.9432 

   4.920   .233297   6.399E+05   1.002E+05    -.013020  43582.7369 -11033.5451 

   9.840   .171883   1.012E+06  51577.6404    -.011633  61986.4507  -8734.0681 

  14.760   .118830   1.170E+06  14914.2566    -.009800  69841.0318  -6169.7465 

  19.680   .075448   1.178E+06 -10105.4029    -.007828  70206.4181  -4000.8468 

  24.600   .041799   1.086E+06 -25513.9536    -.005927  65681.0776  -2262.7917 

  29.520   .017128   9.383E+05 -33408.0010    -.004226  58355.2652   -946.1707 

  34.440  2.11E-04   7.659E+05 -35764.8172    -.002795  49818.8448    -11.8846 

  39.360  -.010377   5.919E+05 -34327.4183    -.001655  41205.5153    596.1931 

  44.280  -.016072   4.313E+05 -30545.3052  -7.954E-04  33258.1952    941.2512 

  49.200  -.018204   2.929E+05 -25557.7478  -1.872E-04  26403.5163   1086.2111 

  54.120  -.017914   1.802E+05 -20207.2628   2.102E-04  20826.5194   1088.7828 

  59.040  -.016136  93621.7933 -15072.4392   4.401E-04  16539.5041    998.5438 

  63.960  -.013583  31040.4922 -10511.1738   5.448E-04  13441.4199    855.6291 

  68.880  -.010774 -10880.4153  -6707.4005   5.618E-04  12443.3963    690.6202 

  73.800  -.008055 -36065.9090  -3716.3456   5.223E-04  13690.2029    525.2557 

  78.720  -.005635 -48477.2405  -1505.0709   4.513E-04  14304.6253    373.6365 



  83.640  -.003614 -51764.0515     13.4972   3.672E-04  14467.3387    243.6677 

  88.560  -.002022 -49066.9858    953.7312   2.825E-04  14333.8206    138.5413 

  93.480 -8.35E-04 -42935.2329   1437.5324   2.052E-04  14030.2685     58.1259 

  98.400 -2.59E-06 -35325.4954   1580.9732   1.395E-04  13653.5488       .1834 

 103.320  5.38E-04 -27652.9296   1486.4040   8.657E-05  13273.7188    -38.6262 

 108.240  8.49E-04 -20869.6575   1306.7059   4.582E-05  12937.9133    -34.4218 

 113.160  9.88E-04 -14885.1184   1121.9764   1.579E-05  12641.6490    -40.6715 

 118.080   .001005  -9860.4869    918.7145  -4.992E-06  12392.9048    -41.9553 

 123.000  9.39E-04  -5835.1430    717.5824  -1.817E-05  12193.6304    -39.8057 

 127.920  8.26E-04  -2763.7081    532.3236  -2.540E-05  12041.5791    -35.5027 

 132.840  6.89E-04   -547.0987    371.0290  -2.818E-05  11931.8460    -30.0642 

 137.760  5.49E-04    942.6700    237.3968  -2.785E-05  11951.4287    -24.2579 

 142.680  4.15E-04   1843.6845    131.8984  -2.550E-05  11996.0334    -18.6276 

 147.600  2.98E-04   2290.7441     52.8002  -2.203E-05  12018.1651    -13.5261 

 152.520  1.99E-04   2406.5982     -2.9875  -1.809E-05  12023.9004     -9.1518 

 157.440  1.20E-04   2296.9427    -39.2379  -1.414E-05  12018.4719     -5.5842 

 162.360  5.96E-05   2048.3185    -59.9050  -1.049E-05  12006.1638     -2.8171 

 167.280  1.64E-05   1728.1170    -68.7715  -7.316E-06  11990.3122      -.7872 

 172.200 -1.24E-05   1386.0042    -69.2252  -4.700E-06  11973.3760       .6028 

 177.120 -2.98E-05   1056.1912    -64.1377  -2.649E-06  11957.0486      1.4653 

 182.040 -3.85E-05    760.1024    -55.8222  -1.124E-06  11942.3907      1.9150 

 186.960 -4.09E-05    509.1117    -46.0466  -5.757E-08  11929.9655      2.0589 

 191.880 -3.91E-05    307.1173    -36.0834   6.280E-07  11919.9657      1.9912 

 196.800 -3.47E-05    152.8148    -26.7810   1.014E-06  11912.3270      1.7903 

 201.720 -2.91E-05     41.5964    -18.6423   1.178E-06  11906.8211      1.5181 

 206.640 -2.31E-05    -32.9428    -11.9045   1.185E-06  11906.3927      1.2208 

 211.560 -1.74E-05    -77.8754     -6.6115   1.092E-06  11908.6171       .9308 

 216.480 -1.24E-05   -100.1483     -2.6772   9.422E-07  11909.7197       .6685 

 221.400 -8.14E-06   -106.0733     .062788   7.690E-07  11910.0131       .4453 

 226.320 -4.80E-06   -101.0439      1.8110   5.951E-07  11909.7641       .2653 

 231.240 -2.29E-06    -89.4244      2.7785   4.351E-07  11909.1889       .1280 

 236.160 -5.18E-07    -74.5593      3.1654   2.974E-07  11908.4530     .029277 

 241.080  6.37E-07    -58.8623      3.1479   1.853E-07  11907.6759    -.036390 

 246.000  1.31E-06    -43.9489      2.8729   9.895E-08  11906.9376    -.075385 

 250.920  1.61E-06    -30.7876      2.4562   3.618E-08  11906.2860    -.094003 

 255.840  1.66E-06    -19.8509      1.9839  -6.348E-09  11905.7446    -.097989 

 260.760  1.55E-06    -11.2534      1.5159  -3.247E-08  11905.3190    -.092262 

 265.680  1.34E-06     -4.8706      1.0902  -4.601E-08  11905.0030    -.080795 

 270.600  1.10E-06      -.4356       .7275  -5.047E-08  11904.7835    -.066626 

 275.520  8.45E-07      2.3875       .4359  -4.883E-08  11904.8801    -.051932 

 280.440  6.15E-07      3.9495       .2143  -4.351E-08  11904.9574    -.038156 

 285.360  4.17E-07      4.5814     .056083  -3.634E-08  11904.9887    -.026141 

 290.280  2.57E-07      4.5729    -.048273  -2.866E-08  11904.9883    -.016280 

 295.200  1.35E-07      4.1628      -.1096  -2.132E-08  11904.9680    -.008636 

 300.120  4.75E-08      3.5367      -.1383  -1.485E-08  11904.9370    -.003063 

 305.040 -1.10E-08      2.8307      -.1441  -9.504E-09  11904.9020   7.156E-04 

 309.960 -4.61E-08      2.1373      -.1349  -5.332E-09  11904.8677     .003028 

 314.880 -6.35E-08      1.5136      -.1171  -2.265E-09  11904.8368     .004211 

 319.800 -6.83E-08       .9894    -.095488  -1.631E-10  11904.8109     .004577 

 324.720 -6.51E-08       .5743    -.073412   1.150E-09  11904.7903     .004397 

 329.640 -5.70E-08       .2648    -.053028   1.855E-09  11904.7750     .003889 

 334.560 -4.68E-08     .048907    -.035537   2.119E-09  11904.7643     .003221 

 339.480 -3.62E-08    -.089076    -.021434   2.085E-09  11904.7663     .002512 

 344.400 -2.63E-08      -.1661    -.010725   1.870E-09  11904.7701     .001841 

 349.320 -1.78E-08      -.1983    -.003106   1.564E-09  11904.7717     .001256 

 354.240 -1.09E-08      -.1998     .001893   1.230E-09  11904.7718   7.765E-04 

 359.160 -5.67E-09      -.1821     .004806   9.094E-10  11904.7709   4.074E-04 



 364.080 -1.95E-09      -.1543     .006155   6.269E-10  11904.7695   1.410E-04 

 369.000  5.02E-10      -.1228     .006412   3.943E-10  11904.7680  -3.669E-05 

 373.920  1.93E-09    -.091938     .005971   2.139E-10  11904.7665  -1.426E-04 

 378.840  2.61E-09    -.064424     .005143   8.261E-11  11904.7651  -1.938E-04 

 383.760  2.75E-09    -.041496     .004159  -6.350E-12  11904.7640  -2.060E-04 

 388.680  2.54E-09    -.023484     .003180  -6.093E-11  11904.7631  -1.923E-04 

 393.600  2.15E-09    -.010089     .002304  -8.912E-11  11904.7624  -1.636E-04 

 398.520  1.67E-09  -6.389E-04     .001586  -9.813E-11  11904.7619  -1.281E-04 

 403.440  1.18E-09     .005712     .001046  -9.387E-11  11904.7622  -9.152E-05 

 408.360  7.44E-10     .009838   6.780E-04  -8.081E-11  11904.7624  -5.805E-05 

 413.280  3.87E-10     .012543   4.604E-04  -6.201E-11  11904.7625  -3.043E-05 

 418.200  1.34E-10     .014490   3.595E-04  -3.931E-11  11904.7626  -1.059E-05 

 423.120  1.11E-17     .016157    -.001475  -1.357E-11  11904.7627  -7.353E-04 

 428.040 -1.00E-17   3.768E-09    -.001642  -1.124E-18  11904.7619   6.675E-04 

 432.960 -3.85E-24  -1.215E-09  -3.827E-10   1.020E-18  11904.7619   2.560E-10 

 437.880  7.55E-25  -6.486E-16   1.235E-10   3.913E-25  11904.7619  -5.019E-11 

 442.800     0.000   9.135E-17   6.590E-17      0.0000  11904.7619  -3.434E-17 

 447.720     0.000   7.623E-23  -9.284E-18      0.0000  11904.7619   3.774E-18 

 452.640     0.000  -6.869E-24  -7.746E-24      0.0000  11904.7619   3.716E-24 

 457.560     0.000      0.0000   6.981E-25      0.0000  11904.7619  -2.838E-25 

 462.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 467.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 472.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 477.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 482.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 487.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 492.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  3: 

 

Pile-head deflection             =      .30000000 in 

Computed slope at pile head      =     -.01355744 

Maximum bending moment           =    1177693.456 lbs-in 

Maximum shear force              =     159072.510 lbs 

Depth of maximum bending moment  =         19.680 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              5 

Number of zero deflection points =             14 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  4 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Specified deflection at pile head     =         .400000 in 

Specified bending moment at pile head =            .000 in-lbs 

Specified axial load at pile head     =      200000.000 lbs 

 



  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .400000      0.0000   2.014E+05    -.017937  11904.7619 -15269.6852 

   4.920   .311750   8.238E+05   1.305E+05    -.017245  52688.1673 -13573.8287 

   9.840   .230308   1.318E+06  69562.4750    -.015446  77138.1465 -11183.3140 

  14.760   .159757   1.539E+06  21646.4623    -.013047  88078.9280  -8294.7400 

  19.680   .101922   1.556E+06 -12054.2123    -.010448  88953.9122  -5404.7212 

  24.600   .056950   1.441E+06 -32933.9445    -.007931  83224.8681  -3082.9748 

  29.520   .023884   1.248E+06 -43763.7466    -.005673  73683.4988  -1319.3837 

  34.440   .001131   1.021E+06 -47166.2143    -.003767  62458.9510    -63.7333 

  39.360  -.013182   7.912E+05 -45459.8219    -.002245  51074.4694    757.3887 

  44.280  -.020956   5.783E+05 -40577.5974    -.001094  40532.8516   1227.2554 

  49.200  -.023951   3.941E+05 -34042.8168  -2.777E-04  31414.5803   1429.1595 

  54.120  -.023689   2.439E+05 -26985.3126   2.581E-04  23976.6757   1439.7446 

  59.040  -.021412   1.281E+05 -20183.9544   5.704E-04  18244.1165   1325.0351 

  63.960  -.018076  44119.9368 -14123.3619   7.150E-04  14088.9172   1138.6204 

  68.880  -.014376 -12326.1136  -9055.5921   7.417E-04  12514.9656    921.4487 

  73.800  -.010777 -46446.8347  -5060.1201   6.924E-04  14204.1102    702.7269 

  78.720  -.007563 -63480.2967  -2097.7409   6.001E-04  15047.3509    501.4923 

  83.640  -.004873 -68269.5097    -55.9340   4.894E-04  15284.4406    328.5105 

  88.560  -.002747 -64993.8261   1215.2618   3.775E-04  15122.2780    188.2358 

  93.480  -.001158 -57054.2045   1876.7381   2.750E-04  14729.2275     80.6570 

  98.400 -4.12E-05 -47067.8628   2082.3285   1.875E-04  14234.8541      2.9163 

 103.320  6.87E-04 -36933.1308   1968.1013   1.170E-04  13733.1347    -49.3501 

 108.240   .001110 -27931.9420   1736.0534   6.249E-05  13287.5313    -44.9782 

 113.160   .001302 -19973.3464   1493.6445   2.226E-05  12893.5414    -53.5620 

 118.080   .001329 -13278.2795   1225.3801  -5.671E-06  12562.1025    -55.4886 

 123.000   .001246  -7904.4454    958.9940  -2.346E-05  12296.0711    -52.7984 

 127.920   .001098  -3795.6055    713.0028  -3.329E-05  12092.6632    -47.1980 

 132.840  9.18E-04   -822.9857    498.3785  -3.717E-05  11945.5038    -40.0476 

 137.760  7.32E-04   1181.5853    320.2169  -3.687E-05  11963.2562    -32.3758 

 142.680  5.56E-04   2400.5026    179.2876  -3.386E-05  12023.5987    -24.9126 

 147.600  3.99E-04   3012.4076     73.3929  -2.931E-05  12053.8910    -18.1340 

 152.520  2.67E-04   3180.3743     -1.4983  -2.411E-05  12062.2062    -12.3095 

 157.440  1.62E-04   3045.1144    -50.3526  -1.888E-05  12055.5101     -7.5499 

 162.360  8.14E-05   2722.0644    -78.3985  -1.404E-05  12039.5176     -3.8508 

 167.280  2.36E-05   2301.3006    -90.6530  -9.819E-06  12018.6877     -1.1307 

 172.200 -1.52E-05   1849.3631    -91.6199  -6.333E-06  11996.3145       .7377 

 177.120 -3.87E-05   1412.2247    -85.1247  -3.594E-06  11974.6740      1.9027 

 182.040 -5.06E-05   1018.8093    -74.2549  -1.552E-06  11955.1980      2.5159 

 186.960 -5.40E-05    684.6117    -61.3753  -1.216E-07  11938.6536      2.7197 

 191.880 -5.18E-05    415.1158    -48.1926   8.021E-07  11925.3122      2.6391 

 196.800 -4.61E-05    208.8177    -35.8484   1.326E-06  11915.0994      2.3788 

 201.720 -3.87E-05     59.7574    -25.0237   1.552E-06  11907.7202      2.0215 

 206.640 -3.08E-05    -40.4694    -16.0438   1.568E-06  11906.7653      1.6289 

 211.560 -2.33E-05   -101.1992     -8.9751   1.449E-06  11909.7718      1.2445 

 216.480 -1.66E-05   -131.6357     -3.7091   1.253E-06  11911.2785       .8961 

 221.400 -1.10E-05   -140.1631    -.031370   1.025E-06  11911.7007       .5989 

 226.320 -6.49E-06   -133.9617      2.3246   7.948E-07  11911.3937       .3588 

 231.240 -3.13E-06   -118.8531      3.6382   5.825E-07  11910.6457       .1751 

 236.160 -7.58E-07    -99.3086      4.1744   3.992E-07  11909.6782     .042851 

 241.080  7.96E-07    -78.5626      4.1680   2.499E-07  11908.6511    -.045467 

 246.000  1.70E-06    -58.7873      3.8146   1.345E-07  11907.6722    -.098201 

 250.920  2.12E-06    -41.2920      3.2687   5.045E-08  11906.8061      -.1237 

 255.840  2.20E-06    -26.7226      2.6457  -6.675E-09  11906.0848      -.1296 



 260.760  2.05E-06    -15.2455      2.0259  -4.192E-08  11905.5166      -.1224 

 265.680  1.78E-06     -6.7057      1.4605  -6.036E-08  11905.0939      -.1074 

 270.600  1.46E-06      -.7554       .9778  -6.663E-08  11904.7993    -.088784 

 275.520  1.13E-06      3.0470       .5888  -6.470E-08  11904.9127    -.069350 

 280.440  8.23E-07      5.1656       .2925  -5.780E-08  11905.0176    -.051072 

 285.360  5.60E-07      6.0394     .080584  -4.839E-08  11905.0609    -.035093 

 290.280  3.47E-07      6.0538    -.059737  -3.824E-08  11905.0616    -.021949 

 295.200  1.84E-07      5.5269      -.1426  -2.851E-08  11905.0355    -.011740 

 300.120  6.63E-08      4.7066      -.1820  -1.991E-08  11904.9949    -.004277 

 305.040 -1.22E-08      3.7751      -.1906  -1.279E-08  11904.9488   7.975E-04 

 309.960 -5.96E-08      2.8566      -.1790  -7.221E-09  11904.9033     .003917 

 314.880 -8.33E-08      2.0282      -.1557  -3.119E-09  11904.8623     .005528 

 319.800 -9.03E-08      1.3303      -.1273  -2.980E-10  11904.8278     .006046 

 324.720 -8.62E-08       .7765    -.098053   1.471E-09  11904.8003     .005829 

 329.640 -7.58E-08       .3626    -.070999   2.428E-09  11904.7799     .005169 

 334.560 -6.23E-08     .073127    -.047728   2.794E-09  11904.7655     .004290 

 339.480 -4.83E-08      -.1126    -.028925   2.761E-09  11904.7675     .003353 

 344.400 -3.52E-08      -.2169    -.014614   2.484E-09  11904.7726     .002464 

 349.320 -2.38E-08      -.2613    -.004407   2.083E-09  11904.7748     .001685 

 354.240 -1.47E-08      -.2644     .002313   1.641E-09  11904.7750     .001047 

 359.160 -7.70E-09      -.2417     .006250   1.216E-09  11904.7739   5.536E-04 

 364.080 -2.72E-09      -.2053     .008096   8.406E-10  11904.7721   1.970E-04 

 369.000  5.71E-10      -.1637     .008478   5.307E-10  11904.7700  -4.176E-05 

 373.920  2.51E-09      -.1229     .007921   2.899E-10  11904.7680  -1.848E-04 

 378.840  3.42E-09    -.086357     .006840   1.142E-10  11904.7662  -2.546E-04 

 383.760  3.63E-09    -.055827     .005544  -5.240E-12  11904.7647  -2.721E-04 

 388.680  3.37E-09    -.031790     .004248  -7.883E-11  11904.7635  -2.549E-04 

 393.600  2.85E-09    -.013872     .003086  -1.172E-10  11904.7626  -2.174E-04 

 398.520  2.22E-09    -.001193     .002132  -1.298E-10  11904.7620  -1.705E-04 

 403.440  1.58E-09     .007360     .001412  -1.247E-10  11904.7623  -1.220E-04 

 408.360  9.93E-10     .012948   9.214E-04  -1.076E-10  11904.7625  -7.749E-05 

 413.280  5.17E-10     .016639   6.308E-04  -8.274E-11  11904.7627  -4.067E-05 

 418.200  1.79E-10     .019318   4.959E-04  -5.254E-11  11904.7629  -1.417E-05 

 423.120  1.48E-17     .021622    -.001967  -1.816E-11  11904.7630  -9.869E-04 

 428.040 -1.34E-17   5.048E-09    -.002197  -1.509E-18  11904.7619   8.932E-04 

 432.960 -5.16E-24  -1.626E-09  -5.127E-10   1.365E-18  11904.7619   3.428E-10 

 437.880  1.01E-24  -8.684E-16   1.652E-10   5.240E-25  11904.7619  -6.716E-11 

 442.800     0.000   1.222E-16   8.823E-17  -1.027E-25  11904.7619  -4.597E-17 

 447.720     0.000   1.020E-22  -1.242E-17      0.0000  11904.7619   5.050E-18 

 452.640     0.000  -9.192E-24  -1.037E-23      0.0000  11904.7619   4.975E-24 

 457.560     0.000      0.0000   9.341E-25      0.0000  11904.7619  -3.797E-25 

 462.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 467.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 472.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 477.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 482.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 487.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 492.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  4: 

 

Pile-head deflection             =      .40000000 in 



Computed slope at pile head      =     -.01793699 

Maximum bending moment           =    1556392.836 lbs-in 

Maximum shear force              =     201420.090 lbs 

Depth of maximum bending moment  =         19.680 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              5 

Number of zero deflection points =             14 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  5 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Specified deflection at pile head     =         .500000 in 

Specified bending moment at pile head =            .000 in-lbs 

Specified axial load at pile head     =      200000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .500000      0.0000   2.345E+05    -.022221  11904.7619 -15269.6852 

   4.920   .390672   9.906E+05   1.585E+05    -.021389  60941.9570 -15621.8575 

   9.840   .289531   1.601E+06  87693.1817    -.019212  91177.8555 -13144.1619 

  14.760   .201623   1.891E+06  29628.9647    -.016279   1.055E+05 -10459.1783 

  19.680   .129346   1.925E+06 -12973.6751    -.013074   1.072E+05  -6858.9679 

  24.600   .072977   1.789E+06 -39565.2317    -.009954   1.005E+05  -3950.6080 

  29.520   .031395   1.555E+06 -53550.2285    -.007145  88893.4111  -1734.3501 

  34.440   .002667   1.276E+06 -58186.3658    -.004767  75095.7614   -150.2585 

  39.360  -.015513   9.920E+05 -56363.3375    -.002862  61013.6043    891.3269 

  44.280  -.025495   7.275E+05 -50497.7763    -.001418  47918.3860   1493.0475 

  49.200  -.029464   4.979E+05 -42499.8972  -3.886E-04  36552.8152   1758.1228 

  54.120  -.029319   3.100E+05 -33791.4327   2.899E-04  27253.3271   1781.9034 

  59.040  -.026611   1.648E+05 -25356.8305   6.888E-04  20063.7898   1646.7967 

  63.960  -.022541  59174.3144 -17812.7646   8.769E-04  14834.1834   1419.8968 

  68.880  -.017982 -12190.9531 -11484.3243   9.163E-04  12508.2744   1152.6399 

  73.800  -.013524 -55634.8069  -6479.4560   8.594E-04  14658.9603    881.8594 

  78.720  -.009526 -77640.0623  -2756.1045   7.474E-04  15748.3293    631.6981 

  83.640  -.006170 -84225.8501   -178.9047   6.115E-04  16074.3584    415.9440 

  88.560  -.003509 -80603.9157   1435.8432   4.731E-04  15895.0548    240.4576 

  93.480  -.001515 -71028.1401   2286.8158   3.457E-04  15421.0065    105.4662 

  98.400 -1.07E-04 -58782.0061   2564.9192   2.367E-04  14814.7622      7.5839 

 103.320  8.14E-04 -46255.1327   2439.6381   1.485E-04  14194.6200    -58.5112 

 108.240   .001354 -35068.1512   2160.7304   8.017E-05  13640.8090    -54.8659 

 113.160   .001603 -25151.3123   1863.4878   2.959E-05  13149.8764    -65.9644 

 118.080   .001645 -16789.6627   1532.2388  -5.636E-06  12735.9333    -68.6896 

 123.000   .001548 -10062.9899   1201.9203  -2.819E-05  12402.9297    -65.5862 

 127.920   .001367  -4907.2900    895.9595  -4.076E-05  12147.6971    -58.7881 

 132.840   .001147  -1166.5278    628.3411  -4.586E-05  11962.5108    -49.9999 

 137.760  9.16E-04   1365.8458    405.6777  -4.570E-05  11972.3780    -40.5137 

 142.680  6.97E-04   2915.2713    229.1388  -4.210E-05  12049.0823    -31.2501 

 147.600  5.02E-04   3703.4255     96.1460  -3.654E-05  12088.0998    -22.8120 

 152.520  3.37E-04   3933.2626      1.7909  -3.013E-05  12099.4779    -15.5438 



 157.440  2.05E-04   3780.3397    -60.0397  -2.365E-05  12091.9074     -9.5906 

 162.360  1.05E-04   3389.0138    -95.8165  -1.763E-05  12072.5349     -4.9528 

 167.280  3.20E-05   2872.1978   -111.7711  -1.237E-05  12046.9499     -1.5329 

 172.200 -1.70E-05   2313.5294   -113.5132  -8.014E-06  12019.2931       .8247 

 177.120 -4.69E-05   1770.9992   -105.8195  -4.584E-06  11992.4351      2.3029 

 182.040 -6.21E-05   1281.2864    -92.5539  -2.020E-06  11968.1919      3.0896 

 186.960 -6.67E-05    864.2446    -76.6835  -2.180E-07  11947.5463      3.3617 

 191.880 -6.42E-05    527.1496    -60.3562   9.506E-07  11930.8584      3.2754 

 196.800 -5.74E-05    268.4688    -45.0142   1.619E-06  11918.0524      2.9612 

 201.720 -4.83E-05     81.0237    -31.5240   1.912E-06  11908.7730      2.5227 

 206.640 -3.86E-05    -45.4904    -20.3056   1.942E-06  11907.0139      2.0376 

 211.560 -2.92E-05   -122.6052    -11.4536   1.801E-06  11910.8315      1.5607 

 216.480 -2.08E-05   -161.7379     -4.8416   1.562E-06  11912.7687      1.1271 

 221.400 -1.38E-05   -173.3214      -.2089   1.281E-06  11913.3422       .7562 

 226.320 -8.25E-06   -166.3138      2.7728   9.955E-07  11912.9953       .4559 

 231.240 -4.03E-06   -147.9958      4.4492   7.315E-07  11912.0884       .2256 

 236.160 -1.05E-06   -123.9732      5.1497   5.031E-07  11910.8992     .059186 

 241.080  9.16E-07    -98.3130      5.1666   3.164E-07  11909.6289    -.052328 

 246.000  2.07E-06    -73.7570      4.7443   1.719E-07  11908.4132      -.1193 

 250.920  2.61E-06    -51.9677      4.0763   6.631E-08  11907.3346      -.1522 

 255.840  2.72E-06    -33.7762      3.3075  -5.707E-09  11906.4340      -.1604 

 260.760  2.55E-06    -19.4106      2.5390  -5.038E-08  11905.7228      -.1520 

 265.680  2.22E-06     -8.6932      1.8357  -7.398E-08  11905.1923      -.1339 

 270.600  1.82E-06     -1.2016      1.2336  -8.229E-08  11904.8214      -.1109 

 275.520  1.41E-06      3.6075       .7472  -8.027E-08  11904.9405    -.086839 

 280.440  1.03E-06      6.3085       .3758  -7.194E-08  11905.0742    -.064126 

 285.360  7.05E-07      7.4469       .1093  -6.039E-08  11905.1306    -.044213 

 290.280  4.39E-07      7.5027    -.067846  -4.783E-08  11905.1333    -.027791 

 295.200  2.35E-07      6.8734      -.1731  -3.576E-08  11905.1022    -.015004 

 300.120  8.73E-08      5.8696      -.2239  -2.506E-08  11905.0525    -.005630 

 305.040 -1.18E-08      4.7198      -.2358  -1.616E-08  11904.9956   7.660E-04 

 309.960 -7.18E-08      3.5807      -.2224  -9.192E-09  11904.9392     .004719 

 314.880 -1.02E-07      2.5499      -.1941  -4.043E-09  11904.8881     .006783 

 319.800 -1.12E-07      1.6791      -.1590  -4.913E-10  11904.8450     .007472 

 324.720 -1.07E-07       .9864      -.1228   1.747E-09  11904.8107     .007235 

 329.640 -9.44E-08       .4672    -.089177   2.968E-09  11904.7850     .006437 

 334.560 -7.78E-08       .1031    -.060166   3.447E-09  11904.7670     .005357 

 339.480 -6.04E-08      -.1316    -.036663   3.423E-09  11904.7684     .004197 

 344.400 -4.42E-08      -.2644    -.018729   3.091E-09  11904.7750     .003093 

 349.320 -3.00E-08      -.3220    -.005900   2.598E-09  11904.7778     .002123 

 354.240 -1.86E-08      -.3276     .002580   2.053E-09  11904.7781     .001325 

 359.160 -9.84E-09      -.3006     .007579   1.525E-09  11904.7768   7.073E-04 

 364.080 -3.58E-09      -.2560     .009957   1.058E-09  11904.7746   2.593E-04 

 369.000  5.69E-10      -.2047     .010492   6.707E-10  11904.7720  -4.164E-05 

 373.920  3.02E-09      -.1541     .009841   3.693E-10  11904.7695  -2.229E-04 

 378.840  4.20E-09      -.1086     .008524   1.487E-10  11904.7673  -3.125E-04 

 383.760  4.49E-09    -.070513     .006928  -1.793E-12  11904.7654  -3.363E-04 

 388.680  4.19E-09    -.040439     .005322  -9.498E-11  11904.7639  -3.164E-04 

 393.600  3.55E-09    -.017957     .003878  -1.440E-10  11904.7628  -2.706E-04 

 398.520  2.77E-09    -.001995     .002689  -1.608E-10  11904.7620  -2.127E-04 

 403.440  1.97E-09     .008823     .001791  -1.550E-10  11904.7623  -1.525E-04 

 408.360  1.24E-09     .015935     .001177  -1.343E-10  11904.7627  -9.700E-05 

 413.280  6.48E-10     .020673   8.134E-04  -1.035E-10  11904.7629  -5.098E-05 

 418.200  2.24E-10     .024142   6.442E-04  -6.587E-11  11904.7631  -1.778E-05 

 423.120  1.87E-17     .027142    -.002458  -2.280E-11  11904.7632    -.001243 

 428.040 -1.69E-17   6.345E-09    -.002758  -1.901E-18  11904.7619     .001121 

 432.960 -6.48E-24  -2.041E-09  -6.444E-10   1.714E-18  11904.7619   4.306E-10 



 437.880  1.27E-24  -1.091E-15   2.074E-10   6.582E-25  11904.7619  -8.431E-11 

 442.800     0.000   1.535E-16   1.108E-16  -1.289E-25  11904.7619  -5.772E-17 

 447.720     0.000   1.281E-22  -1.559E-17      0.0000  11904.7619   6.339E-18 

 452.640     0.000  -1.154E-23  -1.302E-23      0.0000  11904.7619   6.246E-24 

 457.560     0.000      0.0000   1.173E-24      0.0000  11904.7619  -4.767E-25 

 462.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 467.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 472.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 477.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 482.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 487.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 492.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  5: 

 

Pile-head deflection             =      .50000000 in 

Computed slope at pile head      =     -.02222107 

Maximum bending moment           =    1924902.463 lbs-in 

Maximum shear force              =     234450.785 lbs 

Depth of maximum bending moment  =         19.680 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              5 

Number of zero deflection points =             14 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  6 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Specified deflection at pile head     =         .600000 in 

Specified bending moment at pile head =            .000 in-lbs 

Specified axial load at pile head     =      200000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .600000      0.0000   2.578E+05    -.026253  11904.7619 -15269.6852 

   4.920   .470835   1.109E+06   1.818E+05    -.025321  66818.1776 -15621.8619 

   9.840   .350838   1.839E+06   1.060E+05    -.022846   1.029E+05 -15174.0183 

  14.760   .246034   2.197E+06  39264.5742    -.019456   1.207E+05 -11962.0382 

  19.680   .159392   2.263E+06 -10954.5101    -.015710   1.239E+05  -8452.2238 

  24.600   .091453   2.121E+06 -43925.9292    -.012028   1.169E+05  -4950.7921 

  29.520   .041039   1.855E+06 -61681.8682    -.008689   1.037E+05  -2267.0693 

  34.440   .005952   1.531E+06 -68083.9536    -.005846  87682.7457   -335.4045 

  39.360  -.016484   1.196E+06 -66579.1851    -.003556  71121.0979    947.0990 

  44.280  -.029034   8.826E+05 -60066.4734    -.001810  55596.5161   1700.3448 

  49.200  -.034291   6.087E+05 -50850.0995  -5.572E-04  42037.3027   2046.1486 



  54.120  -.034517   3.833E+05 -40655.8352   2.759E-04  30880.2588   2097.8613 

  59.040  -.031576   2.081E+05 -30688.1586   7.726E-04  22205.7946   1954.0398 

  63.960  -.026915  79813.0208 -21710.5795     .001014  15855.9015   1695.3826 

  68.880  -.021594  -7547.6304 -14134.9878     .001075  12278.4070   1384.1262 

  73.800  -.016336 -61391.0938  -8109.7515     .001017  14943.9250   1065.1569 

  78.720  -.011584 -89349.4725  -3599.7196   8.906E-04  16328.0031    768.1895 

  83.640  -.007572 -98565.0659   -454.1761   7.328E-04  16784.2206    510.4868 

  88.560  -.004374 -95260.6966   1538.9326   5.700E-04  16620.6380    299.7200 

  93.480  -.001963 -84543.7302   2612.5084   4.190E-04  16090.0951    136.6929 

  98.400 -2.51E-04 -70378.1797   2992.4493   2.889E-04  15388.8302     17.7546 

 103.320  8.79E-04 -55666.5277   2880.6889   1.830E-04  14660.5306    -63.1857 

 108.240   .001550 -42392.3636   2570.7283   1.007E-04  14003.3938    -62.8146 

 113.160   .001870 -30568.6448   2226.9430   3.937E-05  13418.0612    -76.9355 

 118.080   .001937 -20556.7323   1838.6669  -3.565E-06  12922.4219    -80.9003 

 123.000   .001835 -12469.1463   1448.3900  -3.130E-05  12522.0464    -77.7489 

 127.920   .001629  -6242.9704   1084.8263  -4.702E-05  12213.8198    -70.0413 

 132.840   .001372  -1701.9229    765.3401  -5.369E-05  11989.0155    -59.8311 

 137.760   .001101   1393.6417    498.3961  -5.395E-05  11973.7541    -48.6827 

 142.680  8.41E-04   3308.4692    285.8524  -5.000E-05  12068.5475    -37.7171 

 147.600  6.09E-04   4304.8320    124.9880  -4.361E-05  12117.8724    -27.6749 

 152.520  4.12E-04   4624.1703     10.2031  -3.611E-05  12133.6812    -18.9857 

 157.440  2.54E-04   4476.2903    -65.6242  -2.846E-05  12126.3604    -11.8384 

 162.360  1.32E-04   4034.4464   -110.1112  -2.132E-05  12104.4870     -6.2457 

 167.280  4.39E-05   3434.7473   -130.6441  -1.504E-05  12074.7989     -2.1010 

 172.200 -1.60E-05   2778.5138   -133.9065  -9.825E-06  12042.3121       .7748 

 177.120 -5.28E-05   2136.4432   -125.6147  -5.697E-06  12010.5264      2.5958 

 182.040 -7.20E-05   1553.6768   -110.4132  -2.598E-06  11981.6766      3.5837 

 186.960 -7.84E-05   1055.0896    -91.8845  -4.067E-07  11956.9941      3.9483 

 191.880 -7.60E-05    650.3337    -72.6359   1.026E-06  11936.9566      3.8763 

 196.800 -6.83E-05    338.3339    -54.4312   1.856E-06  11921.5111      3.5240 

 201.720 -5.78E-05    111.0784    -38.3423   2.233E-06  11910.2608      3.0162 

 206.640 -4.63E-05    -43.3493    -24.9029   2.290E-06  11906.9079      2.4470 

 211.560 -3.52E-05   -138.4732    -14.2517   2.138E-06  11911.6170      1.8828 

 216.480 -2.53E-05   -187.7931     -6.2577   1.864E-06  11914.0586      1.3668 

 221.400 -1.69E-05   -203.7166      -.6235   1.535E-06  11914.8469       .9235 

 226.320 -1.02E-05   -196.9490      3.0331   1.198E-06  11914.5119       .5629 

 231.240 -5.10E-06   -176.2295      5.1192   8.848E-07  11913.4861       .2851 

 236.160 -1.47E-06   -148.3176      6.0255   6.123E-07  11912.1044     .083337 

 241.080  9.25E-07   -118.1432      6.1005   3.885E-07  11910.6106    -.052848 

 246.000  2.35E-06    -89.0528      5.6370   2.144E-07  11909.1705      -.1356 

 250.920  3.04E-06    -63.0976      4.8676   8.666E-08  11907.8855      -.1771 

 255.840  3.20E-06    -41.3260      3.9674  -1.045E-09  11906.8077      -.1888 

 260.760  3.02E-06    -24.0558      3.0596  -5.596E-08  11905.9528      -.1803 

 265.680  2.65E-06    -11.1094      2.2236  -8.549E-08  11905.3119      -.1596 

 270.600  2.18E-06     -2.0070      1.5044  -9.651E-08  11904.8613      -.1328 

 275.520  1.70E-06      3.8837       .9206  -9.493E-08  11904.9542      -.1045 

 280.440  1.25E-06      7.2390       .4729  -8.559E-08  11905.1203    -.077533 

 285.360  8.58E-07      8.7055       .1499  -7.220E-08  11905.1929    -.053785 

 290.280  5.39E-07      8.8558    -.066356  -5.745E-08  11905.2003    -.034109 

 295.200  2.93E-07      8.1657      -.1963  -4.315E-08  11905.1661    -.018718 

 300.120  1.14E-07      7.0090      -.2605  -3.041E-08  11905.1089    -.007377 

 305.040 -6.31E-09      5.6622      -.2776  -1.977E-08  11905.0422   4.109E-04 

 309.960 -8.02E-08      4.3159      -.2637  -1.139E-08  11904.9756     .005271 

 314.880 -1.18E-07      3.0901      -.2314  -5.167E-09  11904.9149     .007854 

 319.800 -1.31E-07      2.0494      -.1905  -8.502E-10  11904.8634     .008774 

 324.720 -1.27E-07      1.2176      -.1478   1.894E-09  11904.8222     .008565 

 329.640 -1.12E-07       .5911      -.1079   3.413E-09  11904.7912     .007665 



 334.560 -9.31E-08       .1493    -.073265   4.035E-09  11904.7693     .006410 

 339.480 -7.27E-08      -.1377    -.045082   4.044E-09  11904.7687     .005046 

 344.400 -5.33E-08      -.3023    -.023475   3.675E-09  11904.7769     .003737 

 349.320 -3.65E-08      -.3759    -.007935   3.105E-09  11904.7805     .002580 

 354.240 -2.28E-08      -.3865     .002410   2.465E-09  11904.7810     .001625 

 359.160 -1.23E-08      -.3571     .008576   1.840E-09  11904.7796   8.817E-04 

 364.080 -4.69E-09      -.3057     .011581   1.283E-09  11904.7770   3.398E-04 

 369.000  3.65E-10      -.2457     .012351   8.204E-10  11904.7741  -2.672E-05 

 373.920  3.39E-09      -.1858     .011671   4.580E-10  11904.7711  -2.497E-04 

 378.840  4.87E-09      -.1317     .010165   1.913E-10  11904.7684  -3.623E-04 

 383.760  5.27E-09    -.086168     .008302   8.310E-12  11904.7662  -3.950E-04 

 388.680  4.95E-09    -.050039     .006409  -1.061E-10  11904.7644  -3.744E-04 

 393.600  4.23E-09    -.022891     .004696  -1.673E-10  11904.7630  -3.220E-04 

 398.520  3.31E-09    -.003498     .003279  -1.895E-10  11904.7621  -2.540E-04 

 403.440  2.36E-09     .009751     .002205  -1.843E-10  11904.7624  -1.828E-04 

 408.360  1.49E-09     .018559     .001468  -1.605E-10  11904.7628  -1.166E-04 

 413.280  7.81E-10     .024514     .001030  -1.243E-10  11904.7631  -6.146E-05 

 418.200  2.71E-10     .028941   8.262E-04  -7.940E-11  11904.7633  -2.149E-05 

 423.120  2.27E-17     .032800    -.002947  -2.755E-11  11904.7635    -.001512 

 428.040 -2.04E-17   7.685E-09    -.003333  -2.312E-18  11904.7619     .001355 

 432.960 -7.84E-24  -2.466E-09  -7.806E-10   2.071E-18  11904.7619   5.211E-10 

 437.880  1.53E-24  -1.319E-15   2.506E-10   7.966E-25  11904.7619  -1.019E-10 

 442.800     0.000   1.854E-16   1.340E-16  -1.558E-25  11904.7619  -6.981E-17 

 447.720     0.000   1.550E-22  -1.885E-17      0.0000  11904.7619   7.661E-18 

 452.640     0.000  -1.394E-23  -1.575E-23      0.0000  11904.7619   7.553E-24 

 457.560     0.000      0.0000   1.417E-24      0.0000  11904.7619  -5.761E-25 

 462.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 467.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 472.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 477.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 482.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 487.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 492.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  6: 

 

Pile-head deflection             =      .60000000 in 

Computed slope at pile head      =     -.02625300 

Maximum bending moment           =    2263172.111 lbs-in 

Maximum shear force              =     257770.344 lbs 

Depth of maximum bending moment  =         19.680 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              5 

Number of zero deflection points =             14 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  7 

------------------------------------------------------------------------------ 



 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Specified deflection at pile head     =         .700000 in 

Specified bending moment at pile head =            .000 in-lbs 

Specified axial load at pile head     =      200000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .700000      0.0000   2.773E+05    -.030137  11904.7619 -15269.6852 

   4.920   .551726   1.209E+06   2.013E+05    -.029122  71752.2292 -15621.9021 

   9.840   .413443   2.038E+06   1.235E+05    -.026395   1.128E+05 -15974.1393 

  14.760   .292000   2.476E+06  50982.1630    -.022604   1.345E+05 -13517.5281 

  19.680   .191023   2.584E+06  -7189.6712    -.018354   1.398E+05 -10129.5590 

  24.600   .111400   2.442E+06 -46943.7337    -.014133   1.328E+05  -6030.6290 

  29.520   .051957   2.150E+06 -68839.7530    -.010276   1.183E+05  -2870.1918 

  34.440   .010280   1.785E+06 -77325.3875    -.006972   1.003E+05   -579.2531 

  39.360  -.016648   1.403E+06 -76397.2454    -.004295  81338.6232    956.5466 

  44.280  -.031985   1.041E+06 -69436.2120    -.002243  63455.9586   1873.1417 

  49.200  -.038716   7.237E+05 -59145.2583  -7.602E-04  47732.7406   2310.1728 

  54.120  -.039465   4.608E+05 -47561.7030   2.347E-04  34718.6679   2398.5895 

  59.040  -.036406   2.553E+05 -36118.8510   8.361E-04  24541.2043   2252.9764 

  63.960  -.031238   1.038E+05 -25735.9654     .001138  17042.6783   1967.7088 

  68.880  -.025212   -224.7114 -16919.9933     .001225  11915.8862   1616.0196 

  73.800  -.019187 -65116.9455  -9866.8559     .001170  15128.3731   1251.1094 

  78.720  -.013701 -99616.6938  -4554.1006     .001031  16836.2814    908.5472 

  83.640  -.009038  -1.120E+05   -820.0918   8.537E-04  17447.2932    609.3426 

  88.560  -.005300  -1.094E+05   1572.4108   6.678E-04  17318.9463    363.2195 

  93.480  -.002467 -97800.9114   2888.4574   4.938E-04  16746.3912    171.7588 

  98.400 -4.41E-04 -81915.9833   3387.7378   3.429E-04  15960.0086     31.2007 

 103.320  9.08E-04 -65140.4018   3304.0929   2.194E-04  15129.5343    -65.2027 

 108.240   .001718 -49835.4729   2972.4274   1.228E-04  14371.8645    -69.6207 

 113.160   .002116 -36133.4389   2586.9723   5.062E-05  13693.5460    -87.0684 

 118.080   .002216 -24479.2921   2145.1466  -2.840E-07  13116.6080    -92.5356 

 123.000   .002113 -15024.6373   1697.2092  -3.346E-05  12648.5558    -89.5528 

 127.920   .001887  -7712.8991   1277.3892  -5.256E-05  12286.5886    -81.1058 

 132.840   .001596  -2351.6916    906.6518  -6.101E-05  12021.1823    -69.6005 

 137.760   .001286   1328.6265    595.5138  -6.187E-05  11970.5355    -56.8784 

 142.680  9.87E-04   3629.9268    346.6948  -5.771E-05  12084.4612    -44.2675 

 147.600  7.18E-04   4853.6702    157.4718  -5.058E-05  12145.0426    -32.6524 

 152.520  4.90E-04   5278.9944     21.6634  -4.207E-05  12166.0983    -22.5543 

 157.440  3.04E-04   5149.6348    -68.7800  -3.331E-05  12159.6943    -14.2113 

 162.360  1.62E-04   4667.7590   -122.5670  -2.507E-05  12135.8391     -7.6534 

 167.280  5.78E-05   3992.9079   -148.2039  -1.779E-05  12102.4306     -2.7682 

 172.200 -1.33E-05   3244.4498   -153.4301  -1.171E-05  12065.3782       .6437 

 177.120 -5.75E-05   2506.2111   -144.8961  -6.885E-06  12028.8318      2.8254 

 182.040 -8.10E-05   1832.2223   -128.0296  -3.241E-06  11995.4660      4.0309 

 186.960 -8.94E-05   1252.7788   -107.0371  -6.503E-07  11966.7807      4.5026 

 191.880 -8.74E-05    780.2574    -84.9968   1.057E-06  11943.3885      4.4568 

 196.800 -7.90E-05    414.3296    -64.0065   2.060E-06  11925.2733      4.0758 

 201.720 -6.71E-05    146.3779    -45.3561   2.531E-06  11912.0083      3.5057 

 206.640 -5.41E-05    -36.9563    -29.7039   2.623E-06  11906.5914      2.8570 

 211.560 -4.13E-05   -151.0712    -17.2424   2.465E-06  11912.2407      2.2086 

 216.480 -2.98E-05   -211.4731     -7.8434   2.161E-06  11915.2309      1.6121 

 221.400 -2.01E-05   -232.5029     -1.1793   1.788E-06  11916.2719      1.0969 

 226.320 -1.22E-05   -226.5963      3.1820   1.402E-06  11915.9795       .6760 



 231.240 -6.26E-06   -203.9522      5.7061   1.041E-06  11914.8585       .3501 

 236.160 -1.98E-06   -172.4964      6.8433   7.247E-07  11913.3013       .1122 

 241.080  8.68E-07   -138.0407      6.9971   4.638E-07  11911.5956    -.049605 

 246.000  2.58E-06   -104.5576      6.5086   2.601E-07  11909.9380      -.1490 

 250.920  3.43E-06    -74.5082      5.6500   1.097E-07  11908.4504      -.2000 

 255.840  3.66E-06    -49.1779      4.6269   5.812E-09  11907.1965      -.2158 

 260.760  3.48E-06    -28.9906      3.5851  -5.984E-08  11906.1971      -.2077 

 265.680  3.07E-06    -13.7823      2.6195  -9.576E-08  11905.4442      -.1849 

 270.600  2.54E-06     -3.0263      1.7843  -1.099E-07  11904.9117      -.1546 

 275.520  1.99E-06      3.9915      1.1033  -1.091E-07  11904.9595      -.1222 

 280.440  1.47E-06      8.0444       .5783  -9.896E-08  11905.1601    -.091163 

 285.360  1.02E-06      9.8772       .1975  -8.391E-08  11905.2509    -.063636 

 290.280  6.43E-07     10.1533    -.059170  -6.709E-08  11905.2645    -.040717 

 295.200  3.55E-07      9.4270      -.2152  -5.064E-08  11905.2286    -.022702 

 300.120  1.45E-07      8.1356      -.2940  -3.589E-08  11905.1647    -.009359 

 305.040  2.09E-09      6.6042      -.3174  -2.351E-08  11905.0888  -1.364E-04 

 309.960 -8.63E-08      5.0585      -.3038  -1.372E-08  11905.0123     .005674 

 314.880 -1.33E-07      3.6419      -.2681  -6.410E-09  11904.9422     .008818 

 319.800 -1.49E-07      2.4327      -.2218  -1.308E-09  11904.8823     .010004 

 324.720 -1.46E-07      1.4616      -.1730   1.963E-09  11904.8343     .009851 

 329.640 -1.30E-07       .7266      -.1269   3.801E-09  11904.7979     .008870 

 334.560 -1.08E-07       .2051    -.086769   4.583E-09  11904.7721     .007457 

 339.480 -8.50E-08      -.1362    -.053914   4.641E-09  11904.7686     .005899 

 344.400 -6.27E-08      -.3345    -.028601   4.246E-09  11904.7785     .004391 

 349.320 -4.32E-08      -.4260    -.010294   3.607E-09  11904.7830     .003051 

 354.240 -2.72E-08      -.4429     .001980   2.877E-09  11904.7838     .001938 

 359.160 -1.49E-08      -.4122     .009377   2.159E-09  11904.7823     .001069 

 364.080 -5.95E-09      -.3549     .013066   1.515E-09  11904.7795   4.311E-04 

 369.000  4.10E-11      -.2866     .014119   9.760E-10  11904.7761  -3.000E-06 

 373.920  3.66E-09      -.2179     .013448   5.523E-10  11904.7727  -2.698E-04 

 378.840  5.48E-09      -.1554     .011783   2.389E-10  11904.7696  -4.072E-04 

 383.760  6.01E-09      -.1024     .009673   2.237E-11  11904.7670  -4.505E-04 

 388.680  5.70E-09    -.060213     .007506  -1.142E-10  11904.7649  -4.305E-04 

 393.600  4.89E-09    -.028334     .005531  -1.886E-10  11904.7633  -3.723E-04 

 398.520  3.84E-09    -.005420     .003889  -2.169E-10  11904.7622  -2.950E-04 

 403.440  2.75E-09     .010362     .002639  -2.128E-10  11904.7624  -2.130E-04 

 408.360  1.75E-09     .020971     .001780  -1.865E-10  11904.7629  -1.363E-04 

 413.280  9.16E-10     .028246     .001268  -1.451E-10  11904.7633  -7.204E-05 

 418.200  3.19E-10     .033730     .001028  -9.308E-11  11904.7636  -2.525E-05 

 423.120  2.69E-17     .038547    -.003434  -3.237E-11  11904.7638    -.001789 

 428.040 -2.40E-17   9.053E-09    -.003917  -2.735E-18  11904.7619     .001592 

 432.960 -9.22E-24  -2.898E-09  -9.195E-10   2.434E-18  11904.7619   6.133E-10 

 437.880  1.80E-24  -1.552E-15   2.946E-10   9.375E-25  11904.7619  -1.197E-10 

 442.800     0.000   2.179E-16   1.577E-16  -1.830E-25  11904.7619  -8.211E-17 

 447.720     0.000   1.822E-22  -2.215E-17      0.0000  11904.7619   9.003E-18 

 452.640     0.000  -1.639E-23  -1.852E-23      0.0000  11904.7619   8.881E-24 

 457.560     0.000      0.0000   1.665E-24      0.0000  11904.7619  -6.770E-25 

 462.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 467.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 472.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 477.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 482.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 487.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 492.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 

Output Verification: 

 



Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  7: 

 

Pile-head deflection             =      .70000000 in 

Computed slope at pile head      =     -.03013703 

Maximum bending moment           =    2583837.917 lbs-in 

Maximum shear force              =     277251.232 lbs 

Depth of maximum bending moment  =         19.680 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              5 

Number of zero deflection points =             14 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  8 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Specified deflection at pile head     =         .800000 in 

Specified bending moment at pile head =            .000 in-lbs 

Specified axial load at pile head     =      200000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .800000      0.0000   2.935E+05    -.033865  11904.7619 -15269.6852 

   4.920   .633382   1.293E+06   2.175E+05    -.032780  75901.6966 -15621.8655 

   9.840   .477447   2.205E+06   1.398E+05    -.029842   1.211E+05 -15974.0514 

  14.760   .339738   2.727E+06  63299.6305    -.025699   1.469E+05 -15132.9293 

  19.680   .224567   2.879E+06  -2163.1742    -.020991   1.544E+05 -11477.9670 

  24.600   .133187   2.747E+06 -48135.7962    -.016266   1.479E+05  -7210.0908 

  29.520   .064512   2.437E+06 -74639.5419    -.011912   1.325E+05  -3563.7896 

  34.440   .015978   2.036E+06 -85621.2619    -.008154   1.127E+05   -900.3242 

  39.360  -.015728   1.611E+06 -85613.0426    -.005092  91633.6869    903.6653 

  44.280  -.034124   1.204E+06 -78474.0174    -.002728  71504.9835   1998.3774 

  49.200  -.042569   8.437E+05 -67309.3169    -.001008  53672.4972   2540.1187 

  54.120  -.044043   5.436E+05 -54475.7530   1.571E-04  38814.8911   2676.7772 

  59.040  -.041023   3.074E+05 -41645.7039   8.718E-04  27120.4860   2538.6899 

  63.960  -.035464   1.321E+05 -29905.1003     .001241  18443.1363   2233.9131 

  68.880  -.028813  10649.3910 -19866.3895     .001361  12431.9595   1846.8636 

  73.800  -.022074 -66088.0642 -11782.3033     .001314  15176.4483   1439.3503 

  78.720  -.015882  -1.079E+05  -5650.7888     .001168  17245.0983   1053.1352 

  83.640  -.010580  -1.240E+05  -1305.3217   9.733E-04  18042.9108    713.3148 

  88.560  -.006304  -1.226E+05   1512.0953   7.662E-04  17975.7865    431.9766 

  93.480  -.003041  -1.106E+05   3095.6466   5.703E-04  17380.9741    211.7434 

  98.400 -6.92E-04 -93295.8882   3736.9688   3.990E-04  16523.3702     48.9566 

 103.320  8.86E-04 -74633.0200   3700.8628   2.580E-04  15599.4659    -63.6339 

 108.240   .001847 -57387.1397   3360.2064   1.471E-04  14745.7094    -74.8443 

 113.160   .002333 -41858.1171   2939.9179   6.376E-05  13976.9459    -96.0046 

 118.080   .002474 -28583.8348   2449.5856   4.601E-06  13319.8032   -103.3175 

 123.000   .002379 -17763.2507   1947.4732  -3.432E-05  12784.1308   -100.7932 



 127.920   .002136  -9353.1477   1473.5941  -5.710E-05  12367.7890    -91.8406 

 132.840   .001817  -3150.7144   1052.7868  -6.760E-05  12060.7379    -79.2193 

 137.760   .001471   1139.3128    697.8757  -6.929E-05  11961.1635    -65.0535 

 142.680   .001135   3852.7456    412.6676  -6.510E-05  12095.4919    -50.8848 

 147.600  8.31E-04   5328.0730    194.6268  -5.739E-05  12168.5279    -37.7497 

 152.520  5.70E-04   5880.8100     37.1418  -4.797E-05  12195.8911    -26.2686 

 157.440  3.59E-04   5787.9584    -68.6496  -3.817E-05  12191.2945    -16.7360 

 162.360  1.95E-04   5280.4206   -132.4655  -2.888E-05  12166.1689     -9.2054 

 167.280  7.44E-05   4541.3261   -163.8778  -2.063E-05  12129.5800     -3.5639 

 172.200 -8.33E-06   3708.4566   -171.6504  -1.370E-05  12088.3489       .4043 

 177.120 -6.04E-05   2879.2446   -163.3540  -8.165E-06  12047.2988      2.9682 

 182.040 -8.87E-05   2117.1231   -145.1981  -3.969E-06  12009.5700      4.4122 

 186.960 -9.95E-05   1458.3060   -122.0203  -9.661E-07  11976.9553      5.0097 

 191.880 -9.82E-05    918.3450    -97.3818   1.030E-06  11950.2245      5.0059 

 196.800 -8.93E-05    498.0421    -73.7290   2.220E-06  11929.4175      4.6090 

 201.720 -7.63E-05    188.4838    -52.5845   2.796E-06  11914.0928      3.9863 

 206.640 -6.18E-05    -24.8926    -34.7457   2.934E-06  11905.9942      3.2653 

 211.560 -4.75E-05   -159.1872    -20.4711   2.779E-06  11912.6425      2.5374 

 216.480 -3.45E-05   -231.7976     -9.6462   2.451E-06  11916.2370      1.8630 

 221.400 -2.34E-05   -258.9284     -1.9209   2.038E-06  11917.5801      1.2773 

 226.320 -1.44E-05   -254.7114      3.1803   1.607E-06  11917.3714       .7963 

 231.240 -7.55E-06   -230.7971      6.1774   1.199E-06  11916.1875       .4220 

 236.160 -2.60E-06   -196.2862      7.5772   8.406E-07  11914.4790       .1470 

 241.080  7.23E-07   -157.8916      7.8373   5.432E-07  11912.5783    -.041328 

 246.000  2.74E-06   -120.2365      7.3459   3.096E-07  11910.7142      -.1584 

 250.920  3.77E-06    -86.2175      6.4149   1.362E-07  11909.0301      -.2200 

 255.840  4.08E-06    -57.3817      5.2812   1.557E-08  11907.6026      -.2408 

 260.760  3.92E-06    -34.2807      4.1137  -6.141E-08  11906.4590      -.2338 

 265.680  3.48E-06    -16.7820      3.0233  -1.043E-07  11905.5927      -.2095 

 270.600  2.90E-06     -4.3261      2.0746  -1.220E-07  11904.9761      -.1762 

 275.520  2.28E-06      3.8723      1.2969  -1.224E-07  11904.9536      -.1400 

 280.440  1.69E-06      8.6760       .6942  -1.119E-07  11905.1914      -.1050 

 285.360  1.18E-06     10.9237       .2544  -9.541E-08  11905.3027    -.073792 

 290.280  7.53E-07     11.3672    -.044376  -7.669E-08  11905.3246    -.047666 

 295.200  4.23E-07     10.6380      -.2281  -5.820E-08  11905.2885    -.027022 

 300.120  1.80E-07      9.2371      -.3232  -4.151E-08  11905.2192    -.011643 

 305.040  1.44E-08      7.5391      -.3542  -2.742E-08  11905.1351  -9.385E-04 

 309.960 -8.93E-08      5.8060      -.3420  -1.621E-08  11905.0493     .005874 

 314.880 -1.45E-07      4.2054      -.3039  -7.805E-09  11904.9701     .009631 

 319.800 -1.66E-07      2.8310      -.2528  -1.895E-09  11904.9021     .011128 

 324.720 -1.64E-07      1.7213      -.1982   1.928E-09  11904.8471     .011069 

 329.640 -1.47E-07       .8767      -.1463   4.110E-09  11904.8053     .010038 

 334.560 -1.23E-07       .2736      -.1007   5.076E-09  11904.7754     .008488 

 339.480 -9.72E-08      -.1245    -.063240   5.202E-09  11904.7681     .006751 

 344.400 -7.21E-08      -.3589    -.034201   4.796E-09  11904.7797     .005054 

 349.320 -5.00E-08      -.4704    -.013072   4.099E-09  11904.7852     .003536 

 354.240 -3.18E-08      -.4956     .001204   3.288E-09  11904.7864     .002267 

 359.160 -1.77E-08      -.4651     .009909   2.481E-09  11904.7849     .001271 

 364.080 -7.40E-09      -.4030     .014355   1.752E-09  11904.7819   5.364E-04 

 369.000 -4.43E-10      -.3273     .015754   1.139E-09  11904.7781   3.238E-05 

 373.920  3.81E-09      -.2502     .015143   6.536E-10  11904.7743  -2.807E-04 

 378.840  5.99E-09      -.1795     .013357   2.927E-10  11904.7708  -4.453E-04 

 383.760  6.69E-09      -.1193     .011029   4.166E-11  11904.7678  -5.013E-04 

 388.680  6.40E-09    -.071088     .008606  -1.183E-10  11904.7654  -4.836E-04 

 393.600  5.52E-09    -.034424     .006381  -2.069E-10  11904.7636  -4.208E-04 

 398.520  4.36E-09    -.007891     .004521  -2.424E-10  11904.7623  -3.351E-04 

 403.440  3.14E-09     .010544     .003100  -2.402E-10  11904.7624  -2.429E-04 



 408.360  2.00E-09     .023081     .002118  -2.120E-10  11904.7630  -1.560E-04 

 413.280  1.05E-09     .031804     .001531  -1.659E-10  11904.7635  -8.270E-05 

 418.200  3.67E-10     .038472     .001256  -1.068E-10  11904.7638  -2.907E-05 

 423.120  3.12E-17     .044373    -.003917  -3.727E-11  11904.7641    -.002074 

 428.040 -2.76E-17   1.045E-08    -.004509  -3.170E-18  11904.7619     .001833 

 432.960 -1.06E-23  -3.337E-09  -1.061E-09   2.802E-18  11904.7619   7.071E-10 

 437.880  2.07E-24  -1.789E-15   3.391E-10   1.081E-24  11904.7619  -1.378E-10 

 442.800     0.000   2.509E-16   1.817E-16  -2.107E-25  11904.7619  -9.460E-17 

 447.720     0.000   2.099E-22  -2.550E-17      0.0000  11904.7619   1.036E-17 

 452.640     0.000  -1.886E-23  -2.133E-23      0.0000  11904.7619   1.023E-23 

 457.560     0.000      0.0000   1.917E-24      0.0000  11904.7619  -7.793E-25 

 462.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 467.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 472.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 477.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 482.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 487.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 492.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  8: 

 

Pile-head deflection             =      .80000000 in 

Computed slope at pile head      =     -.03386548 

Maximum bending moment           =    2878634.687 lbs-in 

Maximum shear force              =     293541.973 lbs 

Depth of maximum bending moment  =         19.680 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              6 

Number of zero deflection points =             14 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  9 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Specified deflection at pile head     =         .900000 in 

Specified bending moment at pile head =            .000 in-lbs 

Specified axial load at pile head     =      200000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .900000      0.0000   3.084E+05    -.037501  11904.7619 -15269.6852 

   4.920   .715494   1.370E+06   2.324E+05    -.036351  79704.8203 -15621.9074 

   9.840   .542307   2.359E+06   1.547E+05    -.033220   1.287E+05 -15974.1552 

  14.760   .388613   2.957E+06  75250.1961    -.028755   1.583E+05 -16326.4358 

  19.680   .259359   3.156E+06   3892.4511    -.023621   1.681E+05 -12680.7776 



  24.600   .156186   3.042E+06 -48101.8325    -.018415   1.625E+05  -8455.1101 

  29.520   .078153   2.719E+06 -79522.0389    -.013577   1.465E+05  -4317.3316 

  34.440   .022589   2.286E+06 -93273.8880    -.009373   1.251E+05  -1272.8510 

  39.360  -.014081   1.819E+06 -94414.8884    -.005925   1.020E+05    809.0297 

  44.280  -.035715   1.369E+06 -87279.4053    -.003247  79672.4998   2091.5731 

  49.200  -.046036   9.669E+05 -75376.6232    -.001286  59769.7389   2746.9562 

  54.120  -.048366   6.297E+05 -61387.8324   5.527E-05  43079.6412   2939.5442 

  59.040  -.045492   3.627E+05 -47231.1002   8.888E-04  29860.5786   2815.2250 

  63.960  -.039620   1.632E+05 -34166.1668     .001331  19985.4246   2495.7235 

  68.880  -.032400  23893.9585 -22917.8707     .001488  13087.6311   2076.7546 

  73.800  -.024982 -65210.2114 -13801.9035     .001453  15132.9902   1628.9231 

  78.720  -.018102  -1.148E+05  -6841.7562     .001302  17586.7536   1200.4051 

  83.640  -.012172  -1.351E+05  -1870.0662     .001092  18592.6360    820.6071 

  88.560  -.007358  -1.353E+05   1388.9262   8.648E-04  18604.1005    504.1866 

  93.480  -.003662  -1.231E+05   3256.4870   6.478E-04  18000.3067    254.9845 

  98.400 -9.84E-04  -1.046E+05   4054.9268   4.565E-04  17080.8804     69.5846 

 103.320  8.30E-04 -84127.9706   4079.3379   2.981E-04  16069.5129    -59.6614 

 108.240   .001949 -65003.4814   3738.2291   1.728E-04  15122.7560    -79.0007 

 113.160   .002531 -47683.8722   3287.7309   7.816E-05  14265.3496   -104.1286 

 118.080   .002718 -32806.0267   2752.3270   1.056E-05  13528.8226   -113.5152 

 123.000   .002635 -20621.7512   2198.4364  -3.432E-05  12925.6407   -111.6436 

 127.920   .002381 -11105.8803   1672.0304  -6.096E-05  12454.5580   -102.3425 

 132.840   .002035  -4048.9973   1201.9998  -7.369E-05  12105.2073    -88.7268 

 137.760   .001655    866.8219    803.6453  -7.636E-05  11947.6739    -73.2060 

 142.680   .001283   4009.1556    482.0107  -7.227E-05  12103.2350    -57.5398 

 147.600  9.44E-04   5752.0314    234.8752  -6.407E-05  12189.5159    -42.9218 

 152.520  6.53E-04   6446.4175     55.2990  -5.382E-05  12223.8915    -30.0767 

 157.440  4.15E-04   6402.1008    -66.3150  -4.303E-05  12221.6976    -19.3599 

 162.360  2.29E-04   5878.5683   -140.6378  -3.272E-05  12195.7801    -10.8526 

 167.280  9.28E-05   5082.6172   -178.2697  -2.351E-05  12156.3766     -4.4450 

 172.200 -1.91E-06   4170.6688   -188.9767  -1.574E-05  12111.2307     .092514 

 177.120 -6.21E-05   3254.0662   -181.2395  -9.506E-06  12065.8543      3.0527 

 182.040 -9.54E-05   2405.9796   -162.0477  -4.752E-06  12023.8698      4.7489 

 186.960 -1.09E-04   1668.8692   -136.8736  -1.330E-06  11987.3792      5.4845 

 191.880 -1.09E-04   1061.7601   -109.7695   9.636E-07  11957.3243      5.5334 

 196.800 -9.94E-05    586.8407    -83.5395   2.348E-06  11933.8134      5.1292 

 201.720 -8.54E-05    235.1101    -59.9490   3.039E-06  11916.4010      4.4604 

 206.640 -6.95E-05     -9.0378    -39.9435   3.228E-06  11905.2093      3.6719 

 211.560 -5.37E-05   -164.2878    -23.8561   3.083E-06  11912.8950      2.8677 

 216.480 -3.92E-05   -249.8492    -11.5926   2.735E-06  11917.1307      2.1175 

 221.400 -2.67E-05   -283.7416     -2.7865   2.287E-06  11918.8085      1.4623 

 226.320 -1.67E-05   -281.7685      3.0776   1.812E-06  11918.7108       .9215 

 231.240 -8.92E-06   -257.0241      6.5706   1.359E-06  11917.4859       .4985 

 236.160 -3.29E-06   -219.7892      8.2542   9.589E-07  11915.6426       .1860 

 241.080  5.20E-07   -177.6898      8.6386   6.251E-07  11913.5584    -.029683 

 246.000  2.86E-06   -136.0151      8.1592   3.616E-07  11911.4953      -.1652 

 250.920  4.08E-06    -98.1146      7.1674   1.650E-07  11909.6191      -.2380 

 255.840  4.48E-06    -65.8126      5.9314   2.727E-08  11908.0200      -.2644 

 260.760  4.35E-06    -39.8033      4.6437  -6.143E-08  11906.7324      -.2590 

 265.680  3.88E-06    -19.9976      3.4320  -1.117E-07  11905.7519      -.2336 

 270.600  3.25E-06     -5.8126      2.3716  -1.333E-07  11905.0497      -.1975 

 275.520  2.57E-06      3.6009      1.4977  -1.352E-07  11904.9402      -.1577 

 280.440  1.92E-06      9.1905       .8170  -1.244E-07  11905.2169      -.1190 

 285.360  1.34E-06     11.8853       .3174  -1.067E-07  11905.3503    -.084142 

 290.280  8.67E-07     12.5237    -.024496  -8.625E-08  11905.3819    -.054839 

 295.200  4.94E-07     11.8140      -.2370  -6.581E-08  11905.3468    -.031563 

 300.120  2.19E-07     10.3207      -.3494  -4.722E-08  11905.2728    -.014128 



 305.040  2.93E-08      8.4684      -.3889  -3.144E-08  11905.1811    -.001911 

 309.960 -9.03E-08      6.5558      -.3790  -1.882E-08  11905.0864     .005939 

 314.880 -1.56E-07      4.7761      -.3389  -9.300E-09  11904.9983     .010341 

 319.800 -1.82E-07      3.2389      -.2835  -2.568E-09  11904.9222     .012179 

 324.720 -1.81E-07      1.9911      -.2235   1.824E-09  11904.8605     .012241 

 329.640 -1.64E-07      1.0364      -.1659   4.367E-09  11904.8132     .011179 

 334.560 -1.38E-07       .3505      -.1150   5.532E-09  11904.7793     .009506 

 339.480 -1.09E-07      -.1058    -.072888   5.737E-09  11904.7671     .007601 

 344.400 -8.17E-08      -.3780    -.040114   5.331E-09  11904.7806     .005722 

 349.320 -5.70E-08      -.5110    -.016128   4.584E-09  11904.7872     .004029 

 354.240 -3.66E-08      -.5457   1.961E-04   3.697E-09  11904.7889     .002607 

 359.160 -2.06E-08      -.5164     .010259   2.804E-09  11904.7875     .001484 

 364.080 -8.98E-09      -.4503     .015511   1.993E-09  11904.7842   6.508E-04 

 369.000 -1.03E-09      -.3677     .017298   1.306E-09  11904.7801   7.555E-05 

 373.920  3.87E-09      -.2826     .016782   7.594E-10  11904.7759  -2.854E-04 

 378.840  6.44E-09      -.2041     .014902   3.506E-10  11904.7720  -4.788E-04 

 383.760  7.32E-09      -.1367     .012374   6.442E-11  11904.7687  -5.489E-04 

 388.680  7.07E-09    -.082421     .009708  -1.196E-10  11904.7660  -5.346E-04 

 393.600  6.14E-09    -.040941     .007241  -2.232E-10  11904.7639  -4.682E-04 

 398.520  4.88E-09    -.010727     .005168  -2.666E-10  11904.7624  -3.746E-04 

 403.440  3.52E-09     .010437     .003576  -2.669E-10  11904.7624  -2.726E-04 

 408.360  2.25E-09     .024986     .002473  -2.371E-10  11904.7631  -1.757E-04 

 413.280  1.19E-09     .035241     .001811  -1.865E-10  11904.7636  -9.340E-05 

 418.200  4.15E-10     .043178     .001501  -1.207E-10  11904.7640  -3.292E-05 

 423.120  3.56E-17     .050246    -.004396  -4.220E-11  11904.7644    -.002364 

 428.040 -3.12E-17   1.186E-08    -.005106  -3.614E-18  11904.7619     .002076 

 432.960 -1.21E-23  -3.778E-09  -1.205E-09   3.173E-18  11904.7619   8.018E-10 

 437.880  2.35E-24  -2.028E-15   3.840E-10   1.226E-24  11904.7619  -1.561E-10 

 442.800     0.000   2.841E-16   2.060E-16  -2.386E-25  11904.7619  -1.072E-16 

 447.720     0.000   2.379E-22  -2.887E-17      0.0000  11904.7619   1.174E-17 

 452.640     0.000  -2.136E-23  -2.417E-23      0.0000  11904.7619   1.159E-23 

 457.560     0.000      0.0000   2.171E-24      0.0000  11904.7619  -8.824E-25 

 462.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 467.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 472.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 477.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 482.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 487.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 492.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  9: 

 

Pile-head deflection             =      .90000000 in 

Computed slope at pile head      =     -.03750119 

Maximum bending moment           =    3155759.999 lbs-in 

Maximum shear force              =     308429.281 lbs 

Depth of maximum bending moment  =         19.680 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              6 

Number of zero deflection points =             14 

 

 



 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number 10 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Specified deflection at pile head     =        1.000000 in 

Specified bending moment at pile head =            .000 in-lbs 

Specified axial load at pile head     =      200000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000     1.000      0.0000   3.203E+05    -.040956  11904.7619 -15269.6852 

   4.920   .798497   1.431E+06   2.443E+05    -.039754  82768.8183 -15621.9109 

   9.840   .608824   2.482E+06   1.666E+05    -.036467   1.348E+05 -15974.1631 

  14.760   .439666   3.143E+06  87138.9884    -.031742   1.675E+05 -16326.4484 

  19.680   .296480   3.402E+06  12624.4162    -.026245   1.803E+05 -13964.0281 

  24.600   .181411   3.318E+06 -45886.0107    -.020601   1.762E+05  -9820.6983 

  29.520   .093768   2.991E+06 -82787.5088    -.015301   1.600E+05  -5179.9107 

  34.440   .030846   2.534E+06 -99805.8497    -.010661   1.373E+05  -1738.1140 

  39.360  -.011135   2.030E+06  -1.025E+05    -.006828   1.124E+05    639.7940 

  44.280  -.036338   1.539E+06 -95698.8326    -.003830  88076.5066   2128.0451 

  49.200  -.048824   1.096E+06 -83297.0728    -.001617  66166.3647   2913.3207 

  54.120  -.052252   7.222E+05 -68318.0965  -9.012E-05  47657.6739   3175.6941 

  59.040  -.049711   4.240E+05 -52938.2046   8.726E-04  32895.4383   3076.2945 

  63.960  -.043666   1.996E+05 -38604.2004     .001396  21784.9442   2750.5365 

  68.880  -.035971  41398.4060 -26165.9300     .001599  13954.1879   2305.6710 

  73.800  -.027934 -61039.3023 -16013.1849     .001582  14926.5095   1821.4611 

  78.720  -.020402  -1.193E+05  -8204.2335     .001431  17809.9650   1352.9094 

  83.640  -.013856  -1.446E+05  -2578.0817     .001209  19062.4191    934.1442 

  88.560  -.008504  -1.470E+05   1153.5210   9.642E-04  19183.6232    582.7674 

  93.480  -.004368  -1.351E+05   3335.3529   7.272E-04  18594.4447    304.1561 

  98.400  -.001348  -1.156E+05   4318.2316   5.166E-04  17629.7275     95.3881 

 103.320  7.15E-04 -93656.8693   4426.4447   3.408E-04  16541.2406    -51.3990 

 108.240   .002005 -72758.8161   4100.0765   2.010E-04  15506.6835    -81.2710 

 113.160   .002694 -53707.7792   3627.5016   9.483E-05  14563.5629   -110.8326 

 118.080   .002938 -37250.8289   3052.9979   1.844E-05  13748.8623   -122.7055 

 123.000   .002875 -23702.5651   2451.4313  -3.276E-05  13078.1562   -121.8338 

 127.920   .002616 -13064.2821   1875.0604  -6.364E-05  12551.5085   -112.4632 

 132.840   .002249  -5126.7359   1357.1585  -7.891E-05  12158.5607    -98.0660 

 137.760   .001840    445.4592    915.8106  -8.285E-05  11926.8143    -81.3437 

 142.680   .001434   4047.8796    557.5692  -7.907E-05  12105.1520    -64.2829 

 147.600   .001061   6087.5530    280.7547  -7.056E-05  12206.1259    -48.2434 

 152.520  7.39E-04   6949.3663     78.2800  -5.961E-05  12248.7899    -34.0635 

 157.440  4.75E-04   6975.1393    -60.0505  -4.791E-05  12250.0658    -22.1685 

 162.360  2.68E-04   6452.7648   -145.7639  -3.664E-05  12224.2057    -12.6744 

 167.280  1.14E-04   5612.9242   -190.4253  -2.650E-05  12182.6294     -5.4807 

 172.200  7.19E-06   4631.1377   -204.7667  -1.790E-05  12134.0261      -.3491 

 177.120 -6.17E-05   3633.2461   -198.1628  -1.096E-05  12084.6256      3.0336 

 182.040 -1.01E-04   2702.7820   -178.3825  -5.637E-06  12038.5630      5.0071 

 186.960 -1.17E-04   1889.0552   -151.5426  -1.780E-06  11998.2795      5.9034 

 191.880 -1.18E-04   1215.1059   -122.2011   8.268E-07  11964.9157      6.0241 

 196.800 -1.09E-04    684.9691    -93.5377   2.423E-06  11938.6713      5.6277 



 201.720 -9.43E-05    289.9269    -67.5789   3.241E-06  11919.1147      4.9246 

 206.640 -7.72E-05     13.6131    -45.4354   3.496E-06  11905.4358      4.0768 

 211.560 -5.99E-05   -164.0384    -27.5299   3.370E-06  11912.8826      3.2019 

 216.480 -4.40E-05   -263.9129    -13.8009   3.011E-06  11917.8269      2.3790 

 221.400 -3.03E-05   -305.7639     -3.8751   2.532E-06  11919.8987      1.6558 

 226.320 -1.91E-05   -307.0276      2.7947   2.018E-06  11919.9613      1.0555 

 231.240 -1.04E-05   -282.2341      6.8260   1.523E-06  11918.7339       .5832 

 236.160 -4.11E-06   -242.8559      8.8320   1.082E-06  11916.7845       .2322 

 241.080  2.10E-07   -197.4563      9.3736   7.118E-07  11914.5370    -.012008 

 246.000  2.90E-06   -152.0210      8.9326   4.183E-07  11912.2877      -.1673 

 250.920  4.33E-06   -110.3831      7.9000   1.979E-07  11910.2264      -.2525 

 255.840  4.84E-06    -74.6744      6.5762   4.246E-08  11908.4587      -.2857 

 260.760  4.74E-06    -45.7571      5.1780  -5.869E-08  11907.0271      -.2827 

 265.680  4.27E-06    -23.6074      3.8507  -1.169E-07  11905.9306      -.2568 

 270.600  3.59E-06     -7.6361      2.6813  -1.432E-07  11905.1399      -.2185 

 275.520  2.86E-06      3.0579      1.7119  -1.470E-07  11904.9133      -.1755 

 280.440  2.15E-06      9.4979       .9524  -1.365E-07  11905.2321      -.1332 

 285.360  1.51E-06     12.6986       .3915  -1.178E-07  11905.3905    -.094870 

 290.280  9.86E-07     13.5818     .004499  -9.578E-08  11905.4343    -.062429 

 295.200  5.71E-07     12.9313      -.2389  -7.351E-08  11905.4021    -.036511 

 300.120  2.63E-07     11.3757      -.3705  -5.309E-08  11905.3251    -.016978 

 305.040  4.90E-08      9.3903      -.4201  -3.565E-08  11905.2268    -.003188 

 309.960 -8.76E-08      7.3123      -.4138  -2.162E-08  11905.1239     .005762 

 314.880 -1.64E-07      5.3616      -.3728  -1.098E-08  11905.0273     .010871 

 319.800 -1.96E-07      3.6652      -.3139  -3.397E-09  11904.9433     .013106 

 324.720 -1.97E-07      2.2800      -.2488   1.596E-09  11904.8748     .013332 

 329.640 -1.80E-07      1.2137      -.1858   4.530E-09  11904.8220     .012275 

 334.560 -1.53E-07       .4426      -.1298   5.921E-09  11904.7838     .010507 

 339.480 -1.22E-07    -.074940    -.083137   6.230E-09  11904.7656     .008451 

 344.400 -9.14E-08      -.3878    -.046601   5.841E-09  11904.7811     .006401 

 349.320 -6.42E-08      -.5450    -.019688   5.058E-09  11904.7889     .004539 

 354.240 -4.16E-08      -.5914    -.001226   4.103E-09  11904.7912     .002966 

 359.160 -2.39E-08      -.5651     .010289   3.132E-09  11904.7899     .001715 

 364.080 -1.08E-08      -.4964     .016433   2.240E-09  11904.7865   7.821E-04 

 369.000 -1.81E-09      -.4078     .018684   1.481E-09  11904.7821   1.327E-04 

 373.920  3.79E-09      -.3154     .018323   8.736E-10  11904.7775  -2.792E-04 

 378.840  6.78E-09      -.2293     .016396   4.161E-10  11904.7733  -5.042E-04 

 383.760  7.88E-09      -.1549     .013702   9.346E-11  11904.7696  -5.909E-04 

 388.680  7.70E-09    -.094606     .010817  -1.161E-10  11904.7666  -5.821E-04 

 393.600  6.74E-09    -.048239     .008122  -2.361E-10  11904.7643  -5.135E-04 

 398.520  5.38E-09    -.014223     .005842  -2.885E-10  11904.7626  -4.131E-04 

 403.440  3.90E-09     .009818     .004083  -2.922E-10  11904.7624  -3.020E-04 

 408.360  2.50E-09     .026532     .002860  -2.617E-10  11904.7632  -1.953E-04 

 413.280  1.32E-09     .038476     .002123  -2.071E-10  11904.7638  -1.042E-04 

 418.200  4.65E-10     .047833     .001776  -1.346E-10  11904.7643  -3.683E-05 

 423.120  4.01E-17     .056220    -.004871  -4.722E-11  11904.7647    -.002665 

 428.040 -3.49E-17   1.331E-08    -.005713  -4.074E-18  11904.7619     .002323 

 432.960 -1.35E-23  -4.227E-09  -1.351E-09   3.550E-18  11904.7619   8.987E-10 

 437.880  2.63E-24  -2.271E-15   4.296E-10   1.374E-24  11904.7619  -1.746E-10 

 442.800     0.000   3.179E-16   2.308E-16  -2.670E-25  11904.7619  -1.201E-16 

 447.720     0.000   2.664E-22  -3.230E-17      0.0000  11904.7619   1.313E-17 

 452.640     0.000  -2.390E-23  -2.706E-23      0.0000  11904.7619   1.298E-23 

 457.560     0.000      0.0000   2.429E-24      0.0000  11904.7619  -9.874E-25 

 462.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 467.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 472.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 477.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 



 482.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 487.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 492.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No. 10: 

 

Pile-head deflection             =     1.00000000 in 

Computed slope at pile head      =     -.04095593 

Maximum bending moment           =    3402308.091 lbs-in 

Maximum shear force              =     320318.161 lbs 

Depth of maximum bending moment  =         19.680 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              6 

Number of zero deflection points =             14 

 

 

 

 

 

------------------------------------------------------------------------------ 

                        Summary of Pile-head Response 

------------------------------------------------------------------------------ 

 

Definition of symbols for pile-head boundary conditions: 

 

y = pile-head displacment, in 

M = pile-head moment, lbs-in 

V = pile-head shear force, lbs 

S = pile-head slope, radians 

R = rotational stiffness of pile-head, in-lbs/rad 

 

 BC    Boundary     Boundary       Axial    Pile Head    Maximum     Maximum  

Type  Condition    Condition       Load     Deflection    Moment      Shear 

          1            2            lbs         in        in-lbs       lbs 

---- ------------ ------------ ----------- ----------- ----------- ----------- 

  4  y=   .100000 M=     0.000   2.000E+05     .100000   3.937E+05  55122.4809 

  4  y=   .200000 M=     0.000   2.000E+05       .2000   7.874E+05   1.102E+05 

  4  y=   .300000 M=     0.000   2.000E+05       .3000   1.178E+06   1.591E+05 

  4  y=   .400000 M=     0.000   2.000E+05       .4000   1.556E+06   2.014E+05 

  4  y=   .500000 M=     0.000   2.000E+05       .5000   1.925E+06   2.345E+05 

  4  y=   .600000 M=     0.000   2.000E+05       .6000   2.263E+06   2.578E+05 

  4  y=   .700000 M=     0.000   2.000E+05       .7000   2.584E+06   2.773E+05 

  4  y=   .800000 M=     0.000   2.000E+05       .8000   2.879E+06   2.935E+05 

  4  y=   .900000 M=     0.000   2.000E+05       .9000   3.156E+06   3.084E+05 

  4  y=     1.000 M=     0.000   2.000E+05      1.0000   3.402E+06   3.203E+05 

 

 

------------------------------------------------------------------------------ 

                     Pile-head Deflection vs. Pile Length 

------------------------------------------------------------------------------ 

 

Boundary Condition Type 4, Deflection and Moment 



 

Deflection =          .10000  in 

Moment     =              0. in-lbs 

Axial Load =         200000. lbs 

 

 

 

   Pile       Pile Head       Maximum      Maximum 

  Length      Deflection      Moment        Shear  

    in           in           in-lbs         lbs 

-----------  ------------  ------------  ------------ 

   492.000     .10000000    393707.052     55122.481 

   467.400     .10000000    396722.144     55061.756 

   442.800     .10000000    398289.040     55004.095 

   418.200     .10000000    398271.135     54949.609 

   393.600     .10000000    396526.252     54898.380 

   369.000     .10000000    398029.158     54850.291 

   344.400     .10000000    399150.946     54805.328 

   319.800     .10000000    397690.287     54763.482 

   295.200     .10000000    399380.900     54724.819 

   270.600     .10000000    398516.666     54689.245 

 

The analysis ended normally.  

 



Route 84 Arroyo Mocho 12/9/2009

Pile Design Spreadsheet pier  

NAVFAC Design Method For a Single Pile

Nominal axial compress. Capacity (ult.) 145 ton

Project Name: Isabel Road Rt 84 Nominal axial compress. Capacity (ult.) 1291 kN

Project Number:  Pile Width 10 inch Pile Shape Square (Square, Circular or Octogonal)

Bridge Name: Arryo Mocho Pile Width 254 mm Pile Surface Area 1.47 sq. m/m Pile Tip Area 0.01 sq. m

Boring Surface El. (m) 123.1 Pile Width 0.83 ft Pile Surface Area 4.83 sq. ft/ft Pile Tip Area 0.12 sq. ft.

Boring Surface El. (ft) 404.0 Crit depth ratio 20 -

Design GWS El. (ft) 376.0 Crit depth 16.7 ft

Unit Weight of Water (pcf) 62.4 Crit. Depth. Elev 387.3 ft

Depth with no strength Crit. Depth. Elev 118.1 m

Convert. Factor 3.281 Crit. Eff. Vert. Str. 2160 psf

Bottom of Pile Cap El. (m) 117.6 Skin Resistance (Friction) of Pile in Granular Material:

Bottom of Pile Cap El. (ft) 385.9 Type (Steel=S,Concrete=C,Timber=T) s

Bottom of Fill El. (ft) 400 Earth Press. Coefficient * (Comp.) 0.92

Earth Press. Coefficient * (Tens) 0.5

Minimum Adhesion 500 psf

* Note: adhesion values based on FHWA correlations for steel piles (1997); side friction in sand based on Norlund method Internal Design Nq z/B Nc Soil Bearing Include Elevation

Layer Lateral Adhesion Adhesion Layer Depth to Effective Effective (granular) (cohesive) Type Capacity B.C.? to

No. Resists? Ratio Thickness Layer Top Vert. StressVert. Stress Cohesive G= gran. (B.C.) midlayer

c c ca/c ca φ φ φ φ δ δ δ δ (Bot. Lay.) (Bot. Lay.) (comp) (tensile) C=cohes.

(-) (m) (feet) (m) (feet) (kPa) (psf) (psf) (deg) (deg) (feet) (feet) (psf) (psf) (ton) (ton) (ton) (-) (-) (-) (ton) (ft) (ton) (kN) (ton) (kN) (ton) (kN) (ton) (kN) (ton) (kN)

122.83 403.0 0 0 0.0 6.25 g 0 n 403.0 0 0 0 0 145 1291 0 0 73 645

1 122.83 403.0 117.65 386.0 n 0 0 0.00 0 40 30 17.0 1.0 405 405 0.0 0.0 0.0 145 11.4 9.00 g 3 n 394.5 0.0 0 0.0 0 145 1291 0.0 0 73 645

2 117.65 386.0 116.43 382.0 y 0 0 0.00 0 40 30 4.0 18.0 1350 1350 0.0 3.9 2.1 145 24.0 9.00 g 11 n 384.0 3.9 35 3.9 35 145 1291 2.1 19 73 645

3 116.43 382.0 115.51 379.0 y 115 2400 0.64 1536 0 0 3.0 22.0 2430 2160 11.1 0.0 0.0 0 28.2 9.00 c 1 n 380.5 15.0 134 15.0 134 145 1291 13.2 118 73 645

4 115.51 379.0 112.16 368.0 Y 0 0 0.00 0 44 33 11.0 25.0 4288 2160 0.0 28.8 15.6 145 36.6 9.00 g 18 n 373.5 43.8 390 43.8 390 145 1291 28.9 257 73 645

5 112.16 368.0 110.03 361.0 Y 96 2000 0.76 1520 0 0 7.0 36.0 5305 2160 25.7 0.0 0.0 0 47.4 9.00 c 1 n 364.5 69.5 618 69.5 618 145 1291 54.6 485 73 645

6 110.03 361.0 107.89 354.0 Y 96 2000 0.76 1520 0 0 7.0 43.0 5813 2160 25.7 0.0 0.0 0 55.8 9.00 c 1 n 357.5 95.2 847 95.2 847 145 1291 80.3 714 73 645

7 107.89 354.0 104.85 344.0 Y 96 2000 0.76 1520 0 0 10.0 50.0 6902 2160 36.7 0.0 0.0 0 66.0 9.00 c 1 n 349.0 131.9 1174 131.9 1174 145 1291 117.0 1041 73 645

8 104.85 344.0 103.32 339.0 Y 0 0 0.00 0 44 33 5.0 60.0 7700 2160 0.0 13.1 7.1 145 75.0 9.00 g 18 y 341.5 144.9 1290 163.3 1453 145 1291 124.1 1104 73 645

9 103.32 339.0 96.01 315.0 Y 96 2000 0.76 1520 0 0 24.0 65.0 7773 2160 88.1 0.0 0.0 0 92.4 9.00 c 1 y 327.0 233.0 2074 234.1 2083 145 1291 212.2 1888 73 645

10 96.01 315.0 91.44 300.0 Y 96 2000 0.76 1520 0 0 15.0 89.0 8354 2160 55.1 0.0 0.0 0 115.8 9.00 c 1 y 307.5 288.1 2564 289.2 2574 145 1291 267.2 2377 73 645
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============================================================================== 

 

                    LPILE Plus for Windows, Version 4.0 

 

               Analysis of Individual Piles and Drilled Shafts 

              Subjected to Lateral Loading Using the p-y Method 

 

                   (c) Copyright ENSOFT, Inc., 1985-2001 

                             All Rights Reserved 

 

============================================================================== 

 

 

This program is licensed to:  

 

IT - San Jose 

URS Corporation 

 

Path to file locations:      X:\Route 84 - Isabel 

Avenue\geotech\Analysis\pile\lateral\ArroyoMocho\ 

Name of input data file:     ArroyoMocho_Pier_B19_Fixed.lpd 

Name of output file:         ArroyoMocho_Pier_B19_Fixed.lpo 

Name of plot output file:    ArroyoMocho_Pier_B19_Fixed.lpp 

Name of runtime file:        ArroyoMocho_Pier_B19_Fixed.lpr 

 

 

------------------------------------------------------------------------------ 

                          Time and Date of Analysis 

------------------------------------------------------------------------------ 

 

               Date:  October 29, 2009     Time:  11:54:51 

 

 

------------------------------------------------------------------------------ 

                                Problem Title 

------------------------------------------------------------------------------ 

 

SR84 Isabel Pier - Arroyo Mocho Bridge Widen - H pile                            

 

 

------------------------------------------------------------------------------ 

                                Program Options 

------------------------------------------------------------------------------ 

 

Units Used in Computations - US Customary Units, inches, pounds 

 

Basic Program Options: 

 

Analysis Type 1:  

- Computation of Lateral Pile Response Using User-specified Constant EI 

 

Computation Options: 

- Only internally-generated p-y curves used in analysis 

- Analysis does not use p-y multipliers (individual pile or shaft action only) 

- Analysis assumes no shear resistance at pile tip 

- Analysis includes automatic computation of pile-top deflection vs. 

  pile embedment length 



- No computation of foundation stiffness matrix elements 

- Output pile response for full length of pile 

- Analysis assumes no soil movements acting on pile 

- Additional p-y curves computed at specified depths 

 

Solution Control Parameters: 

- Number of pile increments            =          100 

- Maximum number of iterations allowed =          100 

- Deflection tolerance for convergence =   1.0000E-05 in 

- Maximum allowable deflection         =   1.0000E+02 in 

 

Printing Options: 

- Values of pile-head deflection, bending moment, shear force, and  

  soil reaction are printed for full length of pile. 

- Printing Increment (spacing of output points) =  1 

 

 

------------------------------------------------------------------------------ 

                   Pile Structural Properties and Geometry 

------------------------------------------------------------------------------ 

 

Pile Length                               =     492.00 in 

Depth of ground surface below top of pile =    -216.00 in 

Slope angle of ground surface             =        .00 deg. 

 

Structural properties of pile defined using  2 points 

 

Point    Depth         Pile      Moment of       Pile      Modulus of 

           X         Diameter     Inertia        Area      Elasticity 

           in           in         in**4        Sq.in      lbs/Sq.in 

-----  ---------   -----------   ----------   ----------   ----------- 

  1       0.0000        10.000     101.0000      16.8000  29000000.000 

  2     492.0000        10.000     101.0000      16.8000  29000000.000 

 

 

------------------------------------------------------------------------------ 

                      Soil and Rock Layering Information 

------------------------------------------------------------------------------ 

 

The soil profile is modelled using  4 layers 

 

Layer  1 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =     -216.000 in 

Distance from top of pile to bottom of layer =     -180.000 in 

p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3 

 

Layer  2 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =     -180.000 in 

Distance from top of pile to bottom of layer =      108.000 in 

p-y subgrade modulus k for top of soil layer =      225.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =      225.000 lbs/in**3 

 

Layer  3 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      108.000 in 

Distance from top of pile to bottom of layer =      420.000 in 

p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3 



p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3 

 

Layer  4 is stiff clay without free water 

Distance from top of pile to top of layer    =      420.000 in 

Distance from top of pile to bottom of layer =      780.000 in 

p-y subgrade modulus k for top of soil layer =     1000.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =     1000.000 lbs/in**3 

 

 

(Depth of lowest layer extends  288.00 in below pile tip) 

 

 

------------------------------------------------------------------------------ 

                   Effective Unit Weight of Soil vs. Depth 

------------------------------------------------------------------------------ 

 

Distribution of effective unit weight of soil with depth 

is defined using  8 points 

 

Point        Depth X    Eff. Unit Weight 

 No.           in          lbs/in**3 

-----      ----------   ---------------- 

  1          -216.00         .07230 

  2          -180.00         .07230 

  3          -180.00         .07810 

  4           108.00         .07810 

  5           108.00         .04200 

  6           420.00         .04200 

  7           420.00         .04200 

  8           780.00         .04200 

 

 

 

------------------------------------------------------------------------------ 

                           Shear Strength of Soils 

------------------------------------------------------------------------------ 

 

Distribution of shear strength parameters with depth 

defined using  8 points 

 

Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD 

 No.       in         lbs/in**2            Deg.            k_rm        % 

-----   --------     ----------     ------------------    ------    ------ 

  1     -216.000         .00000           35.00           ------    ------ 

  2     -180.000         .00000           35.00           ------    ------ 

  3     -180.000         .00000           40.00           ------    ------ 

  4      108.000         .00000           40.00           ------    ------ 

  5      108.000         .00000           40.00           ------    ------ 

  6      420.000         .00000           40.00           ------    ------ 

  7      420.000       27.77800             .00           .00500        .0 

  8      780.000       27.77800             .00           .00500        .0 

 

Notes: 

 

(1)  Cohesion = uniaxial compressive strength for rock materials. 

(2)  Values of E50 are reported for clay strata.  

(3)  Default values will be generated for E50 when input values are 0. 



(4)  RQD and k_rm are reported only for weak rock strata. 

 

Static loading criteria was used for computation of  p-y curves 

 

 

 

------------------------------------------------------------------------------ 

              Pile-head Loading and Pile-head Fixity Conditions 

------------------------------------------------------------------------------ 

 

Number of loads specified = 10 

 

Load Case Number  1 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =            .100 in 

Slope at pile head          =            .000 in/in 

Axial load at pile head     =      200000.000 lbs 

 

Load Case Number  2 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =            .200 in 

Slope at pile head          =            .000 in/in 

Axial load at pile head     =      200000.000 lbs 

 

Load Case Number  3 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =            .300 in 

Slope at pile head          =            .000 in/in 

Axial load at pile head     =      200000.000 lbs 

 

Load Case Number  4 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =            .400 in 

Slope at pile head          =            .000 in/in 

Axial load at pile head     =      200000.000 lbs 

 

Load Case Number  5 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =            .500 in 

Slope at pile head          =            .000 in/in 

Axial load at pile head     =      200000.000 lbs 

 

Load Case Number  6 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =            .600 in 

Slope at pile head          =            .000 in/in 

Axial load at pile head     =      200000.000 lbs 

 

Load Case Number  7 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 



Deflection at pile head     =            .700 in 

Slope at pile head          =            .000 in/in 

Axial load at pile head     =      200000.000 lbs 

 

Load Case Number  8 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =            .800 in 

Slope at pile head          =            .000 in/in 

Axial load at pile head     =      200000.000 lbs 

 

Load Case Number  9 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =            .900 in 

Slope at pile head          =            .000 in/in 

Axial load at pile head     =      200000.000 lbs 

 

Load Case Number 10 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           1.000 in 

Slope at pile head          =            .000 in/in 

Axial load at pile head     =      200000.000 lbs 

 

 

 

 

------------------------------------------------------------------------------ 

                   Output of p-y Curves at Specified Depths 

------------------------------------------------------------------------------ 

 

 

 

p-y curves are generated and printed for verification at  1 depths. 

 

Depth      Depth Below Pile Head      Depth Below Ground Surface 

 No.                 in                         in 

-----      ---------------------      -------------------------- 

  1                60.000                    276.000 

 

Depth of ground surface below top of pile =    -216.00 in 

 

 

p-y Curve in Sand Computed Using Reese Criteria 

 

Soil Layer Number           =            2 

Depth below pile head       =       60.000 in 

Depth below ground surface  =      276.000 in 

Equivalent Depth (see note) =      276.000 in 

Pile Diameter               =       10.000 in 

Angle of Friction           =       40.000 deg. 

Avg. Eff. Unit Weight       =       .07734 lbs/in**3 

k                           =      225.000 pci   

A (static)                  =        .8800 

B (static)                  =        .5000 

Pst                         =    28178.350 lbs/in 



Psd                         =    22232.297 lbs/in 

Ps                          =    22232.297 lbs/in 

pu                          =    19564.422 lbs/in 

Cbar                        =   33042.3027 

n                           =       1.6447 

m                           =   40551.7102 

yk                          =        .2000  in 

ym                          =        .1667  in 

yu                          =        .3750  in 

p-multiplier                =      1.00000 

y-multiplier                =      1.00000 

 

If Psd <= Pst then actual depth is used in place of equivalent depth in 

computations. 

 

        y, in             p, lbs/in 

----------------    ----------------- 

          .0000             .000 

          .0139          862.500 

          .0278         1725.000 

          .0417         2587.500 

          .0556         3450.000 

          .0694         4312.500 

          .0833         5175.000 

          .0972         6037.500 

          .1111         6900.000 

          .1250         7762.500 

          .1389         8625.000 

          .1528         9487.500 

          .1667        10350.000 

          .3750        19564.422 

        10.3750        19564.422 

        20.3750        19564.422 

        30.3750        19564.422 

 

 

 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  1 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Specified deflection at pile head   =         .100000 in 

Specified slope at pile head        =       0.000E+00 in/in 

Specified axial load at pile head   =      200000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .100000  -1.207E+06   1.098E+05      0.0000  71638.7917  -4860.0000 

   4.920   .095014  -7.242E+05  86237.7679    -.001622  47755.1907  -4722.8599 



   9.840   .084043  -3.549E+05  64113.9444    -.002528  29471.9094  -4270.5643 

  14.760   .070139 -88322.5485  44649.7453    -.002900  16277.1653  -3641.7118 

  19.680   .055506  90204.5356  28450.4441    -.002899  16370.3330  -2943.3700 

  24.600   .041618   1.973E+05  15667.4076    -.002657  21673.7783  -2252.9864 

  29.520   .029361   2.496E+05   6135.0744    -.002282  24261.2406  -1621.9459 

  34.440   .019166   2.622E+05   -511.7238    -.001852  24884.6420  -1080.0046 

  39.360   .011139   2.482E+05  -4742.9172    -.001423  24192.3802   -639.9927 

  44.280   .005163   2.183E+05  -7061.0514    -.001031  22712.8817   -302.3383 

  49.200  9.91E-04   1.808E+05  -7950.2292  -6.961E-04  20853.2157    -59.1161 

  54.120  -.001687   1.415E+05  -7843.3810  -4.255E-04  18907.9180    102.5503 

  59.040  -.003196   1.044E+05  -7104.5274  -2.190E-04  17073.9347    197.7966 

  63.960  -.003842  71986.1848  -6022.5639  -7.084E-05  15468.4344    242.0259 

  68.880  -.003893  45294.6702  -4813.2821   2.766E-05  14147.0723    249.5521 

  73.800  -.003570  24569.0465  -3626.7380   8.634E-05  13121.0513    232.7829 

  78.720  -.003044   9437.6497  -2557.5816   1.149E-04  12371.9723    201.8335 

  83.640  -.002439   -823.6839  -1656.4986   1.221E-04  11945.5383    164.4604 

  88.560  -.001842  -7102.6626   -941.4354   1.155E-04  12256.3789    126.2157 

  93.480  -.001303 -10314.6725   -407.7350   1.009E-04  12415.3893     90.7356 

  98.400 -8.49E-04 -11313.2503    -36.6970   8.269E-05  12464.8238     60.0928 

 103.320 -4.89E-04 -10838.4983    197.6329   6.408E-05  12441.3212     35.1632 

 108.240 -2.19E-04  -9494.6560    305.9618   4.700E-05  12374.7944      8.8729 

 113.160 -2.69E-05  -7920.3389    330.5113   3.238E-05  12296.8579      1.1065 

 118.080  9.97E-05  -6306.1451    322.9934   2.043E-05  12216.9473     -4.1626 

 123.000  1.74E-04  -4782.2889    294.6014   1.112E-05  12141.5089     -7.3789 

 127.920  2.09E-04  -3429.1453    254.3393   4.220E-06  12074.5216     -8.9878 

 132.840  2.16E-04  -2287.8954    209.0959  -5.815E-07  12018.0241     -9.4038 

 137.760  2.03E-04  -1370.4968    163.8425  -3.654E-06  11972.6083     -8.9919 

 142.680  1.80E-04   -668.4943    121.9022  -5.367E-06  11937.8557     -8.0570 

 147.600  1.51E-04   -160.4175     85.2509  -6.063E-06  11912.7034     -6.8419 

 152.520  1.20E-04    182.3066     54.8164  -6.044E-06  11913.7870     -5.5299 

 157.440  9.11E-05    390.8710     30.7562  -5.563E-06  11924.1120     -4.2507 

 162.360  6.53E-05    495.8959     12.7016  -4.818E-06  11929.3112     -3.0886 

 167.280  4.36E-05    525.3373    -.040648  -3.961E-06  11930.7687     -2.0912 

 172.200  2.63E-05    503.2903     -8.3284  -3.097E-06  11929.6773     -1.2778 

 177.120  1.32E-05    449.4799    -13.0648  -2.296E-06  11927.0134      -.6475 

 182.040  3.74E-06    379.2518    -15.1151  -1.600E-06  11923.5367      -.1859 

 186.960 -2.57E-06    303.8964    -15.2540  -1.027E-06  11919.8063       .1295 

 191.880 -6.37E-06    231.1724    -14.1372  -5.772E-07  11916.2061       .3245 

 196.800 -8.25E-06    165.9220    -12.2917  -2.437E-07  11912.9759       .4257 

 201.720 -8.76E-06    110.7019    -10.1188  -1.138E-08  11910.2422       .4576 

 206.640 -8.36E-06     66.3751     -7.9065   1.373E-07  11908.0478       .4418 

 211.560 -7.41E-06     32.6319     -5.8453   2.205E-07  11906.3773       .3961 

 216.480 -6.19E-06      8.4236     -4.0473   2.550E-07  11905.1789       .3347 

 221.400 -4.90E-06     -7.6955     -2.5644   2.556E-07  11905.1429       .2681 

 226.320 -3.68E-06    -17.3131     -1.4048   2.346E-07  11905.6190       .2033 

 231.240 -2.59E-06    -21.9807      -.5479   2.016E-07  11905.8501       .1450 

 236.160 -1.69E-06    -23.1009     .044411   1.637E-07  11905.9055     .095720 

 241.080 -9.83E-07    -21.8659       .4181   1.260E-07  11905.8444     .056192 

 246.000 -4.54E-07    -19.2346       .6209   9.144E-08  11905.7141     .026227 

 250.920 -8.38E-08    -15.9365       .6974   6.190E-08  11905.5508     .004889 

 255.840  1.55E-07    -12.4938       .6870   3.802E-08  11905.3804    -.009136 

 260.760  2.90E-07     -9.2516       .6219   1.975E-08  11905.2199    -.017302 

 265.680  3.49E-07     -6.4129       .5276   6.598E-09  11905.0794    -.021031 

 270.600  3.55E-07     -4.0727       .4227  -2.208E-09  11904.9635    -.021609 

 275.520  3.28E-07     -2.2489       .3201  -7.518E-09  11904.8732    -.020126 

 280.440  2.81E-07      -.9085       .2276  -1.017E-08  11904.8069    -.017455 

 285.360  2.27E-07     .010916       .1496  -1.092E-08  11904.7624    -.014257 



 290.280  1.74E-07       .5852     .087478  -1.042E-08  11904.7909    -.010999 

 295.200  1.25E-07       .8922     .040781  -9.182E-09  11904.8061    -.007984 

 300.120  8.35E-08      1.0045     .007897  -7.589E-09  11904.8116    -.005384 

 305.040  5.03E-08       .9849    -.013401  -5.918E-09  11904.8107    -.003274 

 309.960  2.52E-08       .8843    -.025533  -4.348E-09  11904.8057    -.001658 

 314.880  7.48E-09       .7422    -.030833  -2.982E-09  11904.7986  -4.964E-04 

 319.800 -4.12E-09       .5868    -.031375  -1.866E-09  11904.7910   2.762E-04 

 324.720 -1.09E-08       .4371    -.028887  -1.006E-09  11904.7835   7.353E-04 

 329.640 -1.40E-08       .3045    -.024725  -3.831E-10  11904.7770   9.564E-04 

 334.560 -1.46E-08       .1946    -.019892   3.609E-11  11904.7715     .001008 

 339.480 -1.37E-08       .1087    -.015078   2.908E-10  11904.7673   9.490E-04 

 344.400 -1.18E-08     .045625    -.010712   4.204E-10  11904.7642   8.257E-04 

 349.320 -9.53E-09     .002463    -.007024   4.608E-10  11904.7620   6.735E-04 

 354.240 -7.25E-09    -.024401    -.004096   4.424E-10  11904.7631   5.170E-04 

 359.160 -5.18E-09    -.038710    -.001908   3.894E-10  11904.7638   3.722E-04 

 364.080 -3.42E-09    -.043945  -3.823E-04   3.199E-10  11904.7641   2.481E-04 

 369.000 -2.03E-09    -.043102   5.930E-04   2.468E-10  11904.7640   1.484E-04 

 373.920 -9.93E-10    -.038595     .001138   1.782E-10  11904.7638   7.320E-05 

 378.840 -2.75E-10    -.032253     .001369   1.187E-10  11904.7635   2.048E-05 

 383.760  1.75E-10    -.025362     .001387   7.033E-11  11904.7632  -1.315E-05 

 388.680  4.17E-10    -.018748     .001277   3.328E-11  11904.7628  -3.149E-05 

 393.600  5.03E-10    -.012865     .001105   6.730E-12  11904.7625  -3.832E-05 

 398.520  4.83E-10    -.007888   9.195E-04  -1.070E-11  11904.7623  -3.709E-05 

 403.440  3.98E-10    -.003796   7.525E-04  -2.051E-11  11904.7621  -3.079E-05 

 408.360  2.81E-10  -4.432E-04   6.228E-04  -2.407E-11  11904.7619  -2.193E-05 

 413.280  1.61E-10     .002379   5.377E-04  -2.245E-11  11904.7620  -1.265E-05 

 418.200  6.02E-11     .004892   4.949E-04  -1.634E-11  11904.7621  -4.770E-06 

 423.120  6.00E-18     .007281  -4.984E-04  -6.115E-12  11904.7623  -3.990E-04 

 428.040 -4.52E-18   1.821E-09  -7.399E-04  -6.099E-19  11904.7619   3.008E-04 

 432.960 -1.81E-24  -5.475E-10  -1.850E-10   4.598E-19  11904.7619   1.204E-10 

 437.880  3.40E-25  -3.015E-16   5.564E-11   1.841E-25  11904.7619  -2.262E-11 

 442.800     0.000   4.117E-17   3.064E-17      0.0000  11904.7619  -1.586E-17 

 447.720     0.000   3.505E-23  -4.184E-18      0.0000  11904.7619   1.701E-18 

 452.640     0.000  -3.095E-24  -3.561E-24      0.0000  11904.7619   1.703E-24 

 457.560     0.000      0.0000   3.146E-25      0.0000  11904.7619  -1.279E-25 

 462.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 467.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 472.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 477.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 482.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 487.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 492.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  1: 

 

Pile-head deflection             =      .10000000 in 

Computed slope at pile head      =          0.000 

Maximum bending moment           =   -1206627.403 lbs-in 

Maximum shear force              =     109811.603 lbs 

Depth of maximum bending moment  =          0.000 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              5 



Number of zero deflection points =             14 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  2 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Specified deflection at pile head   =         .200000 in 

Specified slope at pile head        =       0.000E+00 in/in 

Specified axial load at pile head   =      200000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .200000  -2.413E+06   2.196E+05      0.0000   1.314E+05  -9720.0000 

   4.920   .190028  -1.448E+06   1.725E+05    -.003243  83605.6196  -9445.7198 

   9.840   .168086  -7.097E+05   1.282E+05    -.005056  47039.0569  -8541.1286 

  14.760   .140279  -1.766E+05  89299.4905    -.005800  20649.5687  -7283.4236 

  19.680   .111012   1.804E+05  56900.8882    -.005797  20835.9040  -5886.7399 

  24.600   .083236   3.947E+05  31334.8152    -.005314  31442.7948  -4505.9727 

  29.520   .058721   4.992E+05  12270.1487    -.004563  36617.7194  -3243.8917 

  34.440   .038333   5.244E+05  -1023.4476    -.003704  37864.5222  -2160.0092 

  39.360   .022278   4.964E+05  -9485.8343    -.002846  36479.9985  -1279.9854 

  44.280   .010325   4.366E+05 -14122.1028    -.002063  33521.0016   -604.6766 

  49.200   .001981   3.615E+05 -15900.4585    -.001392  29801.6695   -118.2322 

  54.120  -.003375   2.829E+05 -15686.7619  -8.510E-04  25911.0740    205.1007 

  59.040  -.006392   2.088E+05 -14209.0548  -4.380E-04  22243.1075    395.5933 

  63.960  -.007684   1.440E+05 -12045.1278  -1.417E-04  19032.1069    484.0518 

  68.880  -.007787  90589.3404  -9626.5641   5.533E-05  16389.3827    499.1042 

  73.800  -.007140  49138.0931  -7253.4759   1.727E-04  14337.3408    465.5658 

  78.720  -.006087  18875.2994  -5115.1631   2.298E-04  12839.1827    403.6670 

  83.640  -.004879  -1647.3678  -3312.9973   2.443E-04  11986.3148    328.9207 

  88.560  -.003684 -14205.3251  -1882.8708   2.310E-04  12607.9958    252.4315 

  93.480  -.002606 -20629.3449   -815.4699   2.017E-04  12926.0166    181.4713 

  98.400  -.001699 -22626.5005    -73.3940   1.654E-04  13024.8857    120.1856 

 103.320 -9.79E-04 -21676.9966    395.2657   1.282E-04  12977.8805     70.3265 

 108.240 -4.38E-04 -18989.3121    611.9237   9.401E-05  12844.8269     17.7458 

 113.160 -5.38E-05 -15840.6777    661.0226   6.476E-05  12688.9539      2.2131 

 118.080  1.99E-04 -12612.2903    645.9869   4.086E-05  12529.1327     -8.3251 

 123.000  3.48E-04  -9564.5779    589.2027   2.223E-05  12378.2559    -14.7578 

 127.920  4.18E-04  -6858.2906    508.6786   8.440E-06  12244.2812    -17.9755 

 132.840  4.31E-04  -4575.7907    418.1919  -1.163E-06  12131.2862    -18.8077 

 137.760  4.07E-04  -2740.9936    327.6849  -7.308E-06  12040.4547    -17.9838 

 142.680  3.59E-04  -1336.9886    243.8044  -1.073E-05  11970.9495    -16.1140 

 147.600  3.01E-04   -320.8350    170.5019  -1.213E-05  11920.6448    -13.6838 

 152.520  2.40E-04    364.6132    109.6328  -1.209E-05  11922.8121    -11.0598 

 157.440  1.82E-04    781.7421     61.5125  -1.113E-05  11943.4620     -8.5013 

 162.360  1.31E-04    991.7918     25.4033  -9.636E-06  11953.8605     -6.1772 

 167.280  8.73E-05   1050.6747    -.081295  -7.921E-06  11956.7755     -4.1824 

 172.200  5.27E-05   1006.5806    -16.6568  -6.193E-06  11954.5926     -2.5556 

 177.120  2.64E-05    898.9598    -26.1296  -4.593E-06  11949.2649     -1.2951 

 182.040  7.47E-06    758.5035    -30.2303  -3.201E-06  11942.3116      -.3718 



 186.960 -5.14E-06    607.7929    -30.5081  -2.053E-06  11934.8507       .2589 

 191.880 -1.27E-05    462.3448    -28.2745  -1.154E-06  11927.6503       .6491 

 196.800 -1.65E-05    331.8440    -24.5834  -4.874E-07  11921.1898       .8514 

 201.720 -1.75E-05    221.4038    -20.2377  -2.276E-08  11915.7225       .9152 

 206.640 -1.67E-05    132.7502    -15.8129   2.747E-07  11911.3337       .8835 

 211.560 -1.48E-05     65.2639    -11.6906   4.410E-07  11907.9928       .7923 

 216.480 -1.24E-05     16.8473     -8.0946   5.100E-07  11905.5959       .6695 

 221.400 -9.81E-06    -15.3911     -5.1288   5.112E-07  11905.5238       .5361 

 226.320 -7.35E-06    -34.6263     -2.8097   4.692E-07  11906.4761       .4066 

 231.240 -5.19E-06    -43.9615     -1.0957   4.032E-07  11906.9382       .2901 

 236.160 -3.39E-06    -46.2019     .088823   3.274E-07  11907.0491       .1914 

 241.080 -1.97E-06    -43.7319       .8362   2.519E-07  11906.9268       .1124 

 246.000 -9.08E-07    -38.4691      1.2417   1.829E-07  11906.6663     .052455 

 250.920 -1.68E-07    -31.8731      1.3948   1.238E-07  11906.3398     .009779 

 255.840  3.10E-07    -24.9877      1.3739   7.604E-08  11905.9989    -.018273 

 260.760  5.81E-07    -18.5032      1.2439   3.951E-08  11905.6779    -.034604 

 265.680  6.99E-07    -12.8259      1.0553   1.320E-08  11905.3968    -.042062 

 270.600  7.11E-07     -8.1455       .8455  -4.416E-09  11905.1651    -.043217 

 275.520  6.55E-07     -4.4978       .6401  -1.504E-08  11904.9846    -.040251 

 280.440  5.63E-07     -1.8169       .4552  -2.034E-08  11904.8519    -.034910 

 285.360  4.55E-07     .021833       .2992  -2.185E-08  11904.7630    -.028515 

 290.280  3.48E-07      1.1703       .1750  -2.085E-08  11904.8198    -.021998 

 295.200  2.50E-07      1.7844     .081562  -1.836E-08  11904.8502    -.015967 

 300.120  1.67E-07      2.0090     .015794  -1.518E-08  11904.8614    -.010768 

 305.040  1.01E-07      1.9697    -.026802  -1.184E-08  11904.8594    -.006548 

 309.960  5.04E-08      1.7686    -.051066  -8.696E-09  11904.8495    -.003316 

 314.880  1.50E-08      1.4843    -.061666  -5.964E-09  11904.8354  -9.929E-04 

 319.800 -8.25E-09      1.1736    -.062750  -3.732E-09  11904.8200   5.524E-04 

 324.720 -2.18E-08       .8742    -.057773  -2.012E-09  11904.8052     .001471 

 329.640 -2.80E-08       .6090    -.049450  -7.661E-10  11904.7921     .001913 

 334.560 -2.93E-08       .3891    -.039785   7.218E-11  11904.7812     .002016 

 339.480 -2.73E-08       .2174    -.030156   5.816E-10  11904.7727     .001898 

 344.400 -2.36E-08     .091250    -.021424   8.408E-10  11904.7664     .001651 

 349.320 -1.91E-08     .004926    -.014049   9.216E-10  11904.7621     .001347 

 354.240 -1.45E-08    -.048802    -.008192   8.847E-10  11904.7643     .001034 

 359.160 -1.04E-08    -.077420    -.003817   7.787E-10  11904.7657   7.445E-04 

 364.080 -6.84E-09    -.087890  -7.646E-04   6.399E-10  11904.7663   4.962E-04 

 369.000 -4.06E-09    -.086203     .001186   4.937E-10  11904.7662   2.968E-04 

 373.920 -1.99E-09    -.077191     .002276   3.564E-10  11904.7657   1.464E-04 

 378.840 -5.51E-10    -.064507     .002737   2.374E-10  11904.7651   4.095E-05 

 383.760  3.51E-10    -.050725     .002773   1.407E-10  11904.7644  -2.631E-05 

 388.680  8.33E-10    -.037496     .002553   6.656E-11  11904.7638  -6.299E-05 

 393.600  1.01E-09    -.025729     .002210   1.346E-11  11904.7632  -7.665E-05 

 398.520  9.66E-10    -.015776     .001839  -2.140E-11  11904.7627  -7.419E-05 

 403.440  7.95E-10    -.007592     .001505  -4.102E-11  11904.7623  -6.158E-05 

 408.360  5.62E-10  -8.863E-04     .001246  -4.815E-11  11904.7619  -4.387E-05 

 413.280  3.22E-10     .004759     .001075  -4.489E-11  11904.7621  -2.529E-05 

 418.200  1.20E-10     .009784   9.897E-04  -3.268E-11  11904.7624  -9.541E-06 

 423.120  1.20E-17     .014562  -9.968E-04  -1.223E-11  11904.7626  -7.980E-04 

 428.040 -9.05E-18   3.642E-09    -.001480  -1.220E-18  11904.7619   6.016E-04 

 432.960 -3.62E-24  -1.095E-09  -3.700E-10   9.196E-19  11904.7619   2.409E-10 

 437.880  6.80E-25  -6.031E-16   1.113E-10   3.682E-25  11904.7619  -4.523E-11 

 442.800     0.000   8.233E-17   6.127E-17      0.0000  11904.7619  -3.171E-17 

 447.720     0.000   7.010E-23  -8.367E-18      0.0000  11904.7619   3.401E-18 

 452.640     0.000  -6.191E-24  -7.123E-24      0.0000  11904.7619   3.407E-24 

 457.560     0.000      0.0000   6.291E-25      0.0000  11904.7619  -2.557E-25 

 462.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 



 467.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 472.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 477.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 482.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 487.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 492.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  2: 

 

Pile-head deflection             =      .20000000 in 

Computed slope at pile head      =          0.000 

Maximum bending moment           =   -2413254.805 lbs-in 

Maximum shear force              =     219623.207 lbs 

Depth of maximum bending moment  =          0.000 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              5 

Number of zero deflection points =             14 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  3 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Specified deflection at pile head   =         .300000 in 

Specified slope at pile head        =       0.000E+00 in/in 

Specified axial load at pile head   =      200000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .300000  -3.560E+06   3.140E+05      0.0000   1.881E+05 -12895.9432 

   4.920   .285291  -2.168E+06   2.510E+05    -.004810   1.192E+05 -12717.0821 

   9.840   .252666  -1.080E+06   1.904E+05    -.007538  65372.8700 -11923.5843 

  14.760   .211116  -2.792E+05   1.346E+05    -.008680  25727.3527 -10780.4047 

  19.680   .167258   2.611E+05  86224.9536    -.008695  24831.9815  -8869.3760 

  24.600   .125559   5.863E+05  47685.3861    -.007983  40931.9266  -6797.1148 

  29.520   .088705   7.461E+05  18909.9355    -.006864  48838.6616  -4900.2228 

  34.440   .058016   7.859E+05  -1186.7739    -.005577  50812.2329  -3269.1712 

  39.360   .033824   7.454E+05 -14009.6168    -.004291  48803.9272  -1943.3665 

  44.280   .015791   6.565E+05 -21065.1716    -.003114  44405.8244   -924.7452 

  49.200   .003183   5.442E+05 -23807.3298    -.002105  38845.8452   -189.9533 

  54.120  -.004926   4.264E+05 -23538.0847    -.001290  33013.7078    299.4025 

  59.040  -.009512   3.151E+05 -21353.5062  -6.674E-04  27505.4648    588.6375 

  63.960  -.011493   2.176E+05 -18124.4870  -2.200E-04  22676.8217    723.9719 

  68.880  -.011676   1.372E+05 -14502.3884   7.805E-05  18697.9357    748.4259 

  73.800  -.010725  74738.5001 -10940.8872   2.561E-04  15604.6877    699.3388 

  78.720  -.009157  29059.8306  -7726.8328   3.433E-04  13343.3674    607.1874 



  83.640  -.007348  -1969.0512  -5014.5385   3.660E-04  12002.2397    495.3713 

  88.560  -.005555 -21003.5229  -2859.4880   3.467E-04  12944.5403    380.6655 

  93.480  -.003936 -30788.7366  -1248.8192   3.032E-04  13428.9568    274.0779 

  98.400  -.002571 -33888.6211   -127.0999   2.489E-04  13582.4164    181.9056 

 103.320  -.001487 -32529.2124    583.2001   1.931E-04  13515.1190    106.8342 

 108.240 -6.71E-04 -28529.9647    912.9439   1.418E-04  13317.1364     27.2080 

 113.160 -9.14E-05 -23824.9539    989.1289   9.785E-05  13084.2151      3.7616 

 118.080  2.92E-04 -18989.5092    968.4305   6.189E-05  12844.8366    -12.1756 

 123.000  5.18E-04 -14417.4041    884.5219   3.384E-05  12618.4948    -21.9336 

 127.920  6.25E-04 -10352.4022    764.5207   1.303E-05  12417.2571    -26.8474 

 132.840  6.46E-04  -6920.1669    629.1980  -1.475E-06  12247.3444    -28.1619 

 137.760  6.10E-04  -4158.1917    493.5643  -1.078E-05  12110.6130    -26.9737 

 142.680  5.40E-04  -2042.2802    367.6753  -1.599E-05  12005.8649    -24.2007 

 147.600  4.53E-04   -508.8047    257.5291  -1.813E-05  11929.9503    -20.5742 

 152.520  3.61E-04    527.4850    165.9654  -1.811E-05  11930.8750    -16.6468 

 157.440  2.74E-04   1159.9430     93.4999  -1.670E-05  11962.1848    -12.8107 

 162.360  1.97E-04   1480.3831     39.0560  -1.448E-05  11978.0482     -9.3210 

 167.280  1.32E-04   1572.7489       .5736  -1.191E-05  11982.6208     -6.3223 

 172.200  7.98E-05   1509.4754    -24.5098  -9.326E-06  11979.4884     -3.8742 

 177.120  4.02E-05   1349.9262    -38.8990  -6.925E-06  11971.5899     -1.9750 

 182.040  1.17E-05   1140.3372    -45.1897  -4.833E-06  11961.2142      -.5822 

 186.960 -7.37E-06    914.7707    -45.7092  -3.107E-06  11950.0476       .3710 

 191.880 -1.89E-05    696.6732    -42.4295  -1.754E-06  11939.2507       .9622 

 196.800 -2.46E-05    500.7161    -36.9370  -7.480E-07  11929.5498      1.2705 

 201.720 -2.62E-05    334.6854    -30.4420  -4.637E-08  11921.3305      1.3698 

 206.640 -2.51E-05    201.2583    -23.8132   4.038E-07  11914.7252      1.3249 

 211.560 -2.23E-05     99.5692    -17.6273   6.564E-07  11909.6911      1.1897 

 216.480 -1.86E-05     26.5137    -12.2246   7.623E-07  11906.0745      1.0065 

 221.400 -1.48E-05    -22.2208     -7.7634   7.659E-07  11905.8619       .8069 

 226.320 -1.11E-05    -51.3853     -4.2709   7.041E-07  11907.3057       .6128 

 231.240 -7.83E-06    -65.6323     -1.6866   6.058E-07  11908.0110       .4378 

 236.160 -5.12E-06    -69.1738       .1024   4.926E-07  11908.1864       .2895 

 241.080 -2.98E-06    -65.5943      1.2338   3.794E-07  11908.0091       .1705 

 246.000 -1.39E-06    -57.7800      1.8503   2.758E-07  11907.6223     .080157 

 250.920 -2.70E-07    -47.9298      2.0863   1.870E-07  11907.1347     .015753 

 255.840  4.52E-07    -37.6191      2.0594   1.151E-07  11906.6242    -.026664 

 260.760  8.63E-07    -27.8917      1.8673   6.013E-08  11906.1427    -.051441 

 265.680  1.04E-06    -19.3633      1.5861   2.044E-08  11905.7205    -.062845 

 270.600  1.06E-06    -12.3242      1.2723  -6.173E-09  11905.3720    -.064737 

 275.520  9.83E-07     -6.8318       .9645  -2.226E-08  11905.1001    -.060396 

 280.440  8.45E-07     -2.7900       .6869  -3.034E-08  11904.9000    -.052452 

 285.360  6.84E-07    -.013361       .4523  -3.270E-08  11904.7626    -.042893 

 290.280  5.24E-07      1.7251       .2653  -3.126E-08  11904.8473    -.033130 

 295.200  3.77E-07      2.6587       .1246  -2.758E-08  11904.8935    -.024080 

 300.120  2.52E-07      3.0050     .025306  -2.282E-08  11904.9107    -.016267 

 305.040  1.52E-07      2.9526    -.039106  -1.782E-08  11904.9081    -.009917 

 309.960  7.68E-08      2.6552    -.075925  -1.311E-08  11904.8934    -.005050 

 314.880  2.33E-08      2.2313    -.092149  -9.004E-09  11904.8724    -.001545 

 319.800 -1.18E-08      1.7662    -.094008  -5.647E-09  11904.8493   7.897E-04 

 324.720 -3.23E-08      1.3173    -.086699  -3.057E-09  11904.8271     .002181 

 329.640 -4.19E-08       .9191    -.074308  -1.178E-09  11904.8074     .002856 

 334.560 -4.39E-08       .5885    -.059856   8.779E-11  11904.7910     .003019 

 339.480 -4.10E-08       .3299    -.045425   8.592E-10  11904.7782     .002847 

 344.400 -3.54E-08       .1398    -.032318   1.254E-09  11904.7688     .002481 

 349.320 -2.87E-08     .009465    -.021232   1.379E-09  11904.7624     .002026 

 354.240 -2.18E-08    -.071841    -.012418   1.327E-09  11904.7655     .001557 

 359.160 -1.56E-08      -.1153    -.005825   1.169E-09  11904.7676     .001123 



 364.080 -1.03E-08      -.1315    -.001220   9.622E-10  11904.7684   7.496E-04 

 369.000 -6.15E-09      -.1292     .001730   7.432E-10  11904.7683   4.495E-04 

 373.920 -3.02E-09      -.1159     .003385   5.373E-10  11904.7676   2.230E-04 

 378.840 -8.60E-10    -.096982     .004091   3.585E-10  11904.7667   6.394E-05 

 383.760  5.03E-10    -.076354     .004155   2.130E-10  11904.7657  -3.773E-05 

 388.680  1.24E-09    -.056514     .003833   1.014E-10  11904.7647  -9.339E-05 

 393.600  1.50E-09    -.038841     .003322   2.128E-11  11904.7638  -1.144E-04 

 398.520  1.44E-09    -.023871     .002767  -3.139E-11  11904.7631  -1.110E-04 

 403.440  1.19E-09    -.011549     .002267  -6.114E-11  11904.7625  -9.228E-05 

 408.360  8.43E-10    -.001441     .001878  -7.205E-11  11904.7620  -6.581E-05 

 413.280  4.83E-10     .007076     .001623  -6.732E-11  11904.7623  -3.797E-05 

 418.200  1.81E-10     .014662     .001494  -4.906E-11  11904.7626  -1.433E-05 

 423.120  1.81E-17     .021877    -.001494  -1.837E-11  11904.7630    -.001200 

 428.040 -1.36E-17   5.475E-09    -.002223  -1.835E-18  11904.7619   9.038E-04 

 432.960 -5.44E-24  -1.645E-09  -5.561E-10   1.382E-18  11904.7619   3.620E-10 

 437.880  1.02E-24  -9.062E-16   1.672E-10   5.533E-25  11904.7619  -6.796E-11 

 442.800     0.000   1.237E-16   9.207E-17  -1.039E-25  11904.7619  -4.765E-17 

 447.720     0.000   1.053E-22  -1.257E-17      0.0000  11904.7619   5.110E-18 

 452.640     0.000  -9.300E-24  -1.070E-23      0.0000  11904.7619   5.119E-24 

 457.560     0.000      0.0000   9.452E-25      0.0000  11904.7619  -3.842E-25 

 462.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 467.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 472.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 477.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 482.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 487.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 492.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  3: 

 

Pile-head deflection             =      .30000000 in 

Computed slope at pile head      =          0.000 

Maximum bending moment           =   -3559670.151 lbs-in 

Maximum shear force              =     314039.309 lbs 

Depth of maximum bending moment  =          0.000 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              5 

Number of zero deflection points =             14 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  4 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Specified deflection at pile head   =         .400000 in 

Specified slope at pile head        =       0.000E+00 in/in 

Specified axial load at pile head   =      200000.000 lbs 

 



  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .400000  -4.629E+06   3.971E+05      0.0000   2.411E+05 -15269.6852 

   4.920   .380870  -2.857E+06   3.211E+05    -.006287   1.533E+05 -15621.8535 

   9.840   .338133  -1.457E+06   2.464E+05    -.009910  84035.4387 -14753.3629 

  14.760   .283354  -4.123E+05   1.776E+05    -.011480  32314.0745 -13224.9204 

  19.680   .225168   3.131E+05   1.168E+05    -.011563  27402.6410 -11498.7225 

  24.600   .169570   7.595E+05  65902.9039    -.010663  49504.8762  -9179.6487 

  29.520   .120248   9.825E+05  26979.8474    -.009200  60544.6538  -6642.7320 

  34.440   .079046   1.043E+06   -318.5309    -.007498  63543.8063  -4454.1697 

  39.360   .046465   9.941E+05 -17843.2388    -.005787  61120.0111  -2669.6953 

  44.280   .022100   8.789E+05 -27594.5232    -.004214  55415.6755  -1294.2415 

  49.200   .004999   7.309E+05 -31512.1041    -.002862  48088.4846   -298.2710 

  54.120  -.006062   5.745E+05 -31339.4981    -.001766  40344.0573    368.4361 

  59.040  -.012375   4.260E+05 -28549.2117  -9.254E-04  32994.1338    765.8267 

  63.960  -.015168   2.954E+05 -24314.9360  -3.195E-04  26527.0703    955.4236 

  68.880  -.015519   1.874E+05 -19517.5432   8.596E-05  21180.7570    994.7360 

  73.800  -.014322   1.031E+05 -14773.2123   3.300E-04  17011.1402    933.8538 

  78.720  -.012272  41357.3289 -10474.0024   4.513E-04  13952.1544    813.7925 

  83.640  -.009881   -803.5559  -6833.3440   4.854E-04  11944.5419    666.1500 

  88.560  -.007496 -26838.0201  -3930.9921   4.622E-04  13233.3768    513.6679 

  93.480  -.005333 -40394.0743  -1753.8470   4.057E-04  13904.4686    371.3505 

  98.400  -.003504 -44894.3044   -230.5906   3.341E-04  14127.2522    247.8595 

 103.320  -.002046 -43320.5438    740.7040   2.600E-04  14049.3433    146.9757 

 108.240 -9.46E-04 -38117.4265   1196.5404   1.916E-04  13791.7632     38.3236 

 113.160 -1.60E-04 -31923.6291   1307.0581   1.328E-04  13485.1396      6.6023 

 118.080  3.61E-04 -25517.2484   1286.2344   8.452E-05  13167.9920    -15.0672 

 123.000  6.71E-04 -19433.4135   1179.2027   4.676E-05  12866.8121    -28.4416 

 127.920  8.21E-04 -14005.9266   1022.4146   1.868E-05  12598.1246    -35.2934 

 132.840  8.55E-04  -9409.6152    843.8790  -9.866E-07  12370.5844    -37.2821 

 137.760  8.11E-04  -5700.2154    663.9154  -1.368E-05  12186.9508    -35.8739 

 142.680  7.20E-04  -2849.7708    496.2084  -2.086E-05  12045.8397    -32.2997 

 147.600  6.06E-04   -776.4759    348.9943  -2.390E-05  11943.2013    -27.5434 

 152.520  4.85E-04    631.3750    226.2544  -2.403E-05  11936.0181    -22.3508 

 157.440  3.70E-04   1497.1492    128.8285  -2.224E-05  11978.8782    -17.2532 

 162.360  2.66E-04   1942.8109     55.3931  -1.935E-05  12000.9407    -12.5986 

 167.280  1.79E-04   2080.2955      3.2785  -1.597E-05  12007.7468     -8.5862 

 172.200  1.09E-04   2006.5002    -30.8838  -1.254E-05  12004.0936     -5.3009 

 177.120  5.58E-05   1801.0722    -50.6753  -9.339E-06  11993.9239     -2.7444 

 182.040  1.73E-05   1526.2350    -59.5491  -6.545E-06  11980.3181      -.8628 

 186.960 -8.55E-06   1227.9893    -60.6119  -4.232E-06  11965.5535       .4308 

 191.880 -2.43E-05    938.1419    -56.5046  -2.412E-06  11951.2046      1.2388 

 196.800 -3.23E-05    676.7316    -49.3583  -1.056E-06  11938.2635      1.6662 

 201.720 -3.47E-05    454.5349    -40.8036  -1.059E-07  11927.2636      1.8113 

 206.640 -3.33E-05    275.4325    -32.0158   5.071E-07  11918.3972      1.7610 

 211.560 -2.97E-05    138.5015    -23.7791   8.548E-07  11911.6184      1.5873 

 216.480 -2.49E-05     39.7640    -16.5601   1.005E-06  11906.7304      1.3473 

 221.400 -1.98E-05    -26.4269    -10.5807   1.016E-06  11906.0702      1.0834 

 226.320 -1.49E-05    -66.3492     -5.8853   9.378E-07  11908.0465       .8253 

 231.240 -1.06E-05    -86.1842     -2.3991   8.097E-07  11909.0285       .5919 

 236.160 -6.96E-06    -91.5497     .024567   6.604E-07  11909.2941       .3934 

 241.080 -4.09E-06    -87.2422      1.5669   5.102E-07  11909.0808       .2336 

 246.000 -1.94E-06    -77.1358      2.4170   3.722E-07  11908.5805       .1120 

 250.920 -4.26E-07    -64.1917      2.7536   2.535E-07  11907.9397     .024878 

 255.840  5.56E-07    -50.5394      2.7342   1.571E-07  11907.2639    -.032775 



 260.760  1.12E-06    -37.5968      2.4893   8.311E-08  11906.6231    -.066744 

 265.680  1.37E-06    -26.2078      2.1217   2.952E-08  11906.0593    -.082699 

 270.600  1.41E-06    -16.7773      1.7072  -6.579E-09  11905.5925    -.085792 

 275.520  1.31E-06     -9.3958      1.2984  -2.856E-08  11905.2270    -.080411 

 280.440  1.13E-06     -3.9451       .9281  -3.977E-08  11904.9572    -.070086 

 285.360  9.17E-07      -.1845       .6143  -4.323E-08  11904.7710    -.057498 

 290.280  7.04E-07      2.1845       .3632  -4.155E-08  11904.8701    -.044552 

 295.200  5.09E-07      3.4716       .1737  -3.680E-08  11904.9338    -.032498 

 300.120  3.42E-07      3.9662     .039506  -3.056E-08  11904.9583    -.022054 

 305.040  2.08E-07      3.9204    -.048054  -2.393E-08  11904.9560    -.013540 

 309.960  1.06E-07      3.5405    -.098558  -1.767E-08  11904.9372    -.006991 

 314.880  3.40E-08      2.9854      -.1213  -1.219E-08  11904.9097    -.002259 

 319.800 -1.36E-08      2.3707      -.1246  -7.688E-09  11904.8793   9.099E-04 

 324.720 -4.16E-08      1.7742      -.1155  -4.207E-09  11904.8497     .002813 

 329.640 -5.50E-08      1.2428    -.099328  -1.673E-09  11904.8234     .003750 

 334.560 -5.81E-08       .8001    -.080271   4.271E-11  11904.8015     .003997 

 339.480 -5.46E-08       .4528    -.061119   1.095E-09  11904.7843     .003788 

 344.400 -4.73E-08       .1965    -.043648   1.640E-09  11904.7716     .003314 

 349.320 -3.84E-08     .020097    -.028818   1.822E-09  11904.7629     .002715 

 354.240 -2.94E-08    -.090638    -.016989   1.763E-09  11904.7664     .002094 

 359.160 -2.11E-08      -.1505    -.008112   1.560E-09  11904.7694     .001515 

 364.080 -1.40E-08      -.1735    -.001885   1.288E-09  11904.7705     .001016 

 369.000 -8.39E-09      -.1716     .002125   9.984E-10  11904.7704   6.139E-04 

 373.920 -4.19E-09      -.1546     .004395   7.244E-10  11904.7696   3.091E-04 

 378.840 -1.27E-09      -.1298     .005387   4.855E-10  11904.7683   9.417E-05 

 383.760  5.86E-10      -.1025     .005511   2.904E-10  11904.7670  -4.393E-05 

 388.680  1.59E-09    -.076154     .005107   1.403E-10  11904.7657  -1.203E-04 

 393.600  1.97E-09    -.052558     .004442   3.223E-11  11904.7645  -1.499E-04 

 398.520  1.91E-09    -.032504     .003713  -3.921E-11  11904.7635  -1.466E-04 

 403.440  1.58E-09    -.015944     .003051  -7.990E-11  11904.7627  -1.224E-04 

 408.360  1.12E-09    -.002321     .002535  -9.524E-11  11904.7620  -8.756E-05 

 413.280  6.44E-10     .009186     .002195  -8.948E-11  11904.7624  -5.064E-05 

 418.200  2.42E-10     .019453     .002023  -6.543E-11  11904.7629  -1.915E-05 

 423.120  2.42E-17     .029223    -.001982  -2.454E-11  11904.7634    -.001609 

 428.040 -1.82E-17   7.323E-09    -.002970  -2.459E-18  11904.7619     .001207 

 432.960 -7.28E-24  -2.197E-09  -7.438E-10   1.846E-18  11904.7619   4.839E-10 

 437.880  1.37E-24  -1.211E-15   2.233E-10   7.398E-25  11904.7619  -9.078E-11 

 442.800     0.000   1.652E-16   1.231E-16  -1.388E-25  11904.7619  -6.368E-17 

 447.720     0.000   1.408E-22  -1.679E-17      0.0000  11904.7619   6.826E-18 

 452.640     0.000  -1.242E-23  -1.430E-23      0.0000  11904.7619   6.840E-24 

 457.560     0.000      0.0000   1.263E-24      0.0000  11904.7619  -5.132E-25 

 462.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 467.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 472.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 477.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 482.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 487.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 492.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  4: 

 

Pile-head deflection             =      .40000000 in 



Computed slope at pile head      =          0.000 

Maximum bending moment           =   -4629445.113 lbs-in 

Maximum shear force              =     397134.653 lbs 

Depth of maximum bending moment  =          0.000 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              5 

Number of zero deflection points =             14 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  5 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Specified deflection at pile head   =         .500000 in 

Specified slope at pile head        =       0.000E+00 in/in 

Specified axial load at pile head   =      200000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .500000  -5.564E+06   4.513E+05      0.0000   2.873E+05 -15269.6852 

   4.920   .477009  -3.524E+06   3.753E+05    -.007633   1.864E+05 -15621.8557 

   9.840   .424895  -1.856E+06   2.975E+05    -.012151   1.038E+05 -15974.0294 

  14.760   .357440  -5.722E+05   2.195E+05    -.014191  40230.3870 -15731.9753 

  19.680   .285257   3.320E+05   1.474E+05    -.014393  28341.0819 -13575.9713 

  24.600   .215817   9.070E+05  85978.4984    -.013352  56807.2760 -11411.4458 

  29.520   .153874   1.204E+06  36995.5963    -.011579  71524.4982  -8500.3031 

  34.440   .101883   1.294E+06   1961.9160    -.009480  75956.9516  -5741.0304 

  39.360   .060586   1.242E+06 -20724.3353    -.007350  73403.8476  -3481.0230 

  44.280   .029555   1.104E+06 -33545.4976    -.005380  66577.6558  -1730.8316 

  49.200   .007651   9.228E+05 -38926.4655    -.003677  57586.9773   -456.5537 

  54.120  -.006626   7.286E+05 -39058.8961    -.002290  47973.6867    402.7202 

  59.040  -.014882   5.429E+05 -35802.5989    -.001222  38783.3729    920.9779 

  63.960  -.018651   3.787E+05 -30646.8236  -4.480E-04  30652.2736   1174.8657 

  68.880  -.019291   2.423E+05 -24714.8909   7.354E-05  23898.0714   1236.4891 

  73.800  -.017928   1.354E+05 -18797.4462   3.907E-04  18605.7760   1168.9762 

  78.720  -.015446  56529.0898 -13402.0738   5.519E-04  14703.2317   1024.2646 

  83.640  -.012497   2398.0171  -8809.6803   6.014E-04  12023.4756    842.5620 

  88.560  -.009529 -31341.6255  -5130.6643   5.770E-04  13456.3275    652.9729 

  93.480  -.006819 -49223.3405  -2356.2256   5.094E-04  14341.5609    474.8477 

  98.400  -.004517 -55529.3423   -402.1287   4.214E-04  14653.7392    319.5006 

 103.320  -.002673 -54009.6007    856.2294   3.294E-04  14578.5045    192.0271 

 108.240  -.001275 -47752.3041   1455.7634   2.439E-04  14268.7374     51.6860 

 113.160 -2.72E-04 -40164.9478   1610.4849   1.701E-04  13893.1257     11.2090 

 118.080  3.98E-04 -32239.8753   1597.1251   1.093E-04  13500.7953    -16.6398 

 123.000  8.03E-04 -24664.3032   1472.4943   6.149E-05  13125.7670    -34.0232 

 127.920   .001004 -17871.5423   1282.6701   2.576E-05  12789.4917    -43.1411 

 132.840   .001056 -12093.5335   1063.2217   5.973E-07  12503.4517    -46.0655 

 137.760   .001009  -7410.6158    840.0976  -1.578E-05  12271.6241    -44.6354 

 142.680  9.01E-04  -3795.9111    630.9068  -2.520E-05  12092.6783    -40.4015 

 147.600  7.61E-04  -1152.9072    446.3819  -2.935E-05  11961.8365    -34.6086 

 152.520  6.12E-04    654.2517    291.8601  -2.977E-05  11937.1506    -28.2051 



 157.440  4.69E-04   1777.5855    168.6742  -2.773E-05  11992.7612    -21.8705 

 162.360  3.39E-04   2368.5759     75.3805  -2.425E-05  12022.0181    -16.0538 

 167.280  2.30E-04   2567.0468      8.7884  -2.010E-05  12031.8434    -11.0162 

 172.200  1.42E-04   2494.6128    -35.2198  -1.585E-05  12028.2576     -6.8733 

 177.120  7.40E-05   2251.6768    -61.0703  -1.186E-05  12016.2311     -3.6350 

 182.040  2.49E-05   1917.0290    -73.0610  -8.362E-06  11999.6643     -1.2393 

 186.960 -8.31E-06   1549.2139    -75.0795  -5.451E-06  11981.4557       .4188 

 191.880 -2.87E-05   1188.9747    -70.4458  -3.151E-06  11963.6220      1.4649 

 196.800 -3.93E-05    862.2297    -61.8506  -1.429E-06  11947.4465      2.0291 

 201.720 -4.28E-05    583.1763    -51.3628  -2.147E-07  11933.6320      2.2342 

 206.640 -4.14E-05    357.2421    -40.4815   5.752E-07  11922.4472      2.1891 

 211.560 -3.71E-05    183.7067    -30.2148   1.029E-06  11913.8563      1.9844 

 216.480 -3.13E-05     57.9029    -21.1698   1.232E-06  11907.6284      1.6924 

 221.400 -2.50E-05    -27.0300    -13.6437   1.258E-06  11906.1000      1.3670 

 226.320 -1.89E-05    -78.8271     -7.7069   1.169E-06  11908.6642      1.0463 

 231.240 -1.35E-05   -105.1669     -3.2770   1.015E-06  11909.9682       .7545 

 236.160 -8.94E-06   -113.0696      -.1783   8.316E-07  11910.3594       .5051 

 241.080 -5.31E-06   -108.5581      1.8110   6.455E-07  11910.1361       .3035 

 246.000 -2.59E-06    -96.5194      2.9251   4.732E-07  11909.5401       .1493 

 250.920 -6.56E-07    -80.7064      3.3867   3.244E-07  11908.7573     .038306 

 255.840  6.06E-07    -63.8329      3.3930   2.030E-07  11907.9219    -.035749 

 260.760  1.34E-06    -47.7191      3.1084   1.093E-07  11907.1242    -.079919 

 265.680  1.68E-06    -33.4611      2.6628   4.111E-08  11906.4184      -.1012 

 270.600  1.75E-06    -21.5985      2.1525  -5.133E-09  11905.8311      -.1062 

 275.520  1.63E-06    -12.2703      1.6448  -3.358E-08  11905.3693      -.1002 

 280.440  1.42E-06     -5.3476      1.1822  -4.838E-08  11905.0266    -.087816 

 285.360  1.16E-06      -.5418       .7882  -5.332E-08  11904.7887    -.072386 

 290.280  8.90E-07      2.5127       .4715  -5.167E-08  11904.8863    -.056352 

 295.200  6.47E-07      4.1990       .2312  -4.603E-08  11904.9698    -.041319 

 300.120  4.38E-07      4.8782     .060104  -3.841E-08  11905.0034    -.028226 

 305.040  2.69E-07      4.8660    -.052385  -3.022E-08  11905.0028    -.017501 

 309.960  1.40E-07      4.4222      -.1181  -2.242E-08  11904.9808    -.009212 

 314.880  4.81E-08      3.7480      -.1486  -1.556E-08  11904.9475    -.003191 

 319.800 -1.30E-08      2.9904      -.1543  -9.900E-09  11904.9099   8.693E-04 

 324.720 -4.93E-08      2.2490      -.1440  -5.499E-09  11904.8732     .003334 

 329.640 -6.71E-08      1.5845      -.1245  -2.280E-09  11904.8403     .004576 

 334.560 -7.18E-08      1.0281      -.1011  -8.548E-11  11904.8128     .004939 

 339.480 -6.79E-08       .5896    -.077366   1.273E-09  11904.7911     .004717 

 344.400 -5.92E-08       .2643    -.055555   1.990E-09  11904.7750     .004149 

 349.320 -4.83E-08     .039061    -.036943   2.245E-09  11904.7638     .003416 

 354.240 -3.71E-08      -.1036    -.022026   2.191E-09  11904.7670     .002647 

 359.160 -2.68E-08      -.1820    -.010776   1.951E-09  11904.7709     .001926 

 364.080 -1.79E-08      -.2135    -.002839   1.619E-09  11904.7725     .001301 

 369.000 -1.09E-08      -.2131     .002314   1.261E-09  11904.7725   7.937E-04 

 373.920 -5.53E-09      -.1932     .005270   9.196E-10  11904.7715   4.079E-04 

 378.840 -1.81E-09      -.1631     .006604   6.204E-10  11904.7700   1.342E-04 

 383.760  5.73E-10      -.1294     .006828   3.748E-10  11904.7683  -4.297E-05 

 388.680  1.88E-09    -.096611     .006372   1.849E-10  11904.7667  -1.423E-04 

 393.600  2.39E-09    -.067083     .005574   4.746E-11  11904.7652  -1.823E-04 

 398.520  2.35E-09    -.041858     .004681  -4.404E-11  11904.7640  -1.805E-04 

 403.440  1.96E-09    -.020932     .003864  -9.678E-11  11904.7629  -1.517E-04 

 408.360  1.40E-09    -.003644     .003223  -1.174E-10  11904.7621  -1.090E-04 

 413.280  8.04E-10     .011010     .002799  -1.112E-10  11904.7624  -6.326E-05 

 418.200  3.02E-10     .024115     .002584  -8.173E-11  11904.7631  -2.398E-05 

 423.120  3.05E-17     .036599    -.002457  -3.074E-11  11904.7637    -.002025 

 428.040 -2.27E-17   9.190E-09    -.003719  -3.096E-18  11904.7619     .001512 

 432.960 -9.13E-24  -2.752E-09  -9.335E-10   2.311E-18  11904.7619   6.068E-10 



 437.880  1.71E-24  -1.518E-15   2.797E-10   9.277E-25  11904.7619  -1.137E-10 

 442.800     0.000   2.069E-16   1.543E-16  -1.738E-25  11904.7619  -7.981E-17 

 447.720     0.000   1.764E-22  -2.103E-17      0.0000  11904.7619   8.548E-18 

 452.640     0.000  -1.556E-23  -1.792E-23      0.0000  11904.7619   8.571E-24 

 457.560     0.000      0.0000   1.581E-24      0.0000  11904.7619  -6.428E-25 

 462.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 467.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 472.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 477.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 482.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 487.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 492.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  5: 

 

Pile-head deflection             =      .50000000 in 

Computed slope at pile head      =          0.000 

Maximum bending moment           =   -5563893.268 lbs-in 

Maximum shear force              =     451260.933 lbs 

Depth of maximum bending moment  =          0.000 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              5 

Number of zero deflection points =             14 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  6 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Specified deflection at pile head   =         .600000 in 

Specified slope at pile head        =       0.000E+00 in/in 

Specified axial load at pile head   =      200000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .600000  -6.370E+06   4.914E+05      0.0000   3.273E+05 -15269.6852 

   4.920   .573676  -4.133E+06   4.154E+05    -.008821   2.165E+05 -15621.8640 

   9.840   .513200  -2.266E+06   3.376E+05    -.014195   1.241E+05 -15974.0572 

  14.760   .433997  -7.823E+05   2.582E+05    -.016755  50631.1193 -16326.2611 

  19.680   .348329   3.075E+05   1.793E+05    -.017154  27126.2340 -15756.3737 

  24.600   .265202   1.015E+06   1.081E+05    -.016043  62167.4646 -13154.7371 

  29.520   .190466   1.403E+06  49884.5641    -.014012  81361.8137 -10521.7301 

  34.440   .127325   1.534E+06   6351.4490    -.011545  87832.7840  -7174.6581 

  39.360   .076860   1.488E+06 -22161.7532    -.009007  85580.5990  -4416.0746 

  44.280   .038694   1.333E+06 -38599.7950    -.006637  77914.6928  -2266.0562 

  49.200   .011548   1.121E+06 -45869.4474    -.004576  67424.1821   -689.0870 



  54.120  -.006329   8.910E+05 -46618.3010    -.002885  56016.1464    384.6750 

  59.040  -.016843   6.684E+05 -43107.9301    -.001575  44996.1700   1042.3051 

  63.960  -.021832   4.700E+05 -37160.7915  -6.194E-04  35170.5299   1375.2309 

  68.880  -.022937   3.040E+05 -30160.9177   3.067E-05  26954.4239   1470.2463 

  73.800  -.021530   1.731E+05 -23090.5484   4.314E-04  20475.2926   1403.8876 

  78.720  -.018692  75943.1794 -16587.7255   6.406E-04  15664.3252   1239.5363 

  83.640  -.015227   8640.8258 -11013.0590   7.116E-04  12332.5256   1026.5883 

  88.560  -.011690 -33825.8041  -6517.0098   6.905E-04  13579.3067    801.0740 

  93.480  -.008433 -56845.4057  -3101.8681   6.143E-04  14718.8909    587.1949 

  98.400  -.005645 -65557.1731   -674.9990   5.115E-04  15150.1665    399.3372 

 103.320  -.003399 -64494.0665    908.1855   4.023E-04  15097.5375    244.2338 

 108.240  -.001687 -57412.3391   1677.1593   2.999E-04  14746.9569     68.3572 

 113.160 -4.48E-04 -48581.0345   1890.6918   2.109E-04  14309.7636     18.4446 

 118.080  3.89E-04 -39222.9529   1896.1529   1.371E-04  13846.4922    -16.2247 

 123.000  9.01E-04 -30192.7816   1762.2995   7.884E-05  13399.4541    -38.1873 

 127.920   .001164 -22037.0812   1545.2278   3.497E-05  12995.7065    -50.0533 

 132.840   .001245 -15056.5668   1288.5148   3.819E-06  12650.1365    -54.3015 

 137.760   .001202  -9365.6106   1024.1915  -1.669E-05  12368.4060    -53.1470 

 142.680   .001081  -4945.6710    774.2169  -2.871E-05  12149.5971    -48.4687 

 147.600  9.19E-04  -1690.8095    552.1950  -3.429E-05  11988.4653    -41.7841 

 152.520  7.44E-04    555.4034    365.1338  -3.524E-05  11932.2571    -34.2570 

 157.440  5.73E-04   1971.4600    215.1108  -3.312E-05  12002.3589    -26.7280 

 162.360  4.18E-04   2737.2692    100.7523  -2.916E-05  12040.2703    -19.7592 

 167.280  2.86E-04   3020.2556     18.4827  -2.433E-05  12054.2795    -13.6838 

 172.200  1.78E-04   2967.0152    -36.4756  -1.930E-05  12051.6438     -8.6570 

 177.120  9.57E-05   2699.3164    -69.3418  -1.454E-05  12038.3914     -4.7033 

 182.040  3.53E-05   2313.3064    -85.2361  -1.033E-05  12019.2820     -1.7578 

 186.960 -5.94E-06   1880.9226    -88.8249  -6.807E-06  11997.8769       .2990 

 191.880 -3.17E-05   1452.6665    -84.1192  -4.008E-06  11976.6761      1.6139 

 196.800 -4.54E-05   1061.0766    -74.3899  -1.896E-06  11957.2905      2.3411 

 201.720 -5.03E-05    724.4015    -62.1681  -3.967E-07  11940.6234      2.6272 

 206.640 -4.93E-05    450.1234    -49.3016   5.897E-07  11927.0452      2.6031 

 211.560 -4.45E-05    238.1128    -37.0459   1.168E-06  11916.5497      2.3789 

 216.480 -3.78E-05     83.2937    -26.1692   1.438E-06  11908.8854      2.0425 

 221.400 -3.04E-05    -22.2215    -17.0606   1.489E-06  11905.8620      1.6602 

 226.320 -2.31E-05    -87.5132     -9.8306   1.397E-06  11909.0942      1.2789 

 231.240 -1.66E-05   -121.7033     -4.3989   1.221E-06  11910.7868       .9291 

 236.160 -1.11E-05   -133.2018      -.5680   1.007E-06  11911.3561       .6282 

 241.080 -6.71E-06   -129.2740      1.9205   7.866E-07  11911.1616       .3834 

 246.000 -3.37E-06   -115.8522      3.3430   5.807E-07  11910.4972       .1949 

 250.920 -9.96E-07    -97.5218      3.9654   4.015E-07  11909.5897     .058128 

 255.840  5.76E-07    -77.6232      4.0247   2.544E-07  11908.6046    -.034002 

 260.760  1.51E-06    -58.4193      3.7201   1.401E-07  11907.6539    -.089835 

 265.680  1.96E-06    -41.2934      3.2094   5.640E-08  11906.8061      -.1177 

 270.600  2.06E-06    -26.9494      2.6112  -9.137E-10  11906.0960      -.1254 

 275.520  1.95E-06    -15.5975      2.0084  -3.665E-08  11905.5341      -.1196 

 280.440  1.70E-06     -7.1148      1.4544  -5.572E-08  11905.1141      -.1056 

 285.360  1.40E-06     -1.1767       .9790  -6.269E-08  11904.8202    -.087628 

 290.280  1.08E-06      2.6422       .5946  -6.146E-08  11904.8927    -.068662 

 295.200  7.94E-07      4.7947       .3009  -5.521E-08  11904.9993    -.050705 

 300.120  5.42E-07      5.7118     .090209  -4.639E-08  11905.0447    -.034947 

 305.040  3.37E-07      5.7736    -.049766  -3.674E-08  11905.0477    -.021953 

 309.960  1.80E-07      5.2945      -.1329  -2.744E-08  11905.0240    -.011845 

 314.880  6.70E-08      4.5198      -.1730  -1.920E-08  11904.9857    -.004448 

 319.800 -8.77E-09      3.6300      -.1825  -1.236E-08  11904.9416   5.875E-04 

 324.720 -5.46E-08      2.7485      -.1720  -6.999E-09  11904.8980     .003688 

 329.640 -7.76E-08      1.9516      -.1499  -3.052E-09  11904.8585     .005296 



 334.560 -8.46E-08      1.2798      -.1225  -3.378E-10  11904.8253     .005822 

 339.480 -8.10E-08       .7467    -.094366   1.364E-09  11904.7989     .005622 

 344.400 -7.12E-08       .3485    -.068271   2.284E-09  11904.7792     .004986 

 349.320 -5.85E-08     .070442    -.045838   2.636E-09  11904.7654     .004133 

 354.240 -4.52E-08      -.1077    -.027738   2.605E-09  11904.7672     .003224 

 359.160 -3.29E-08      -.2076    -.013993   2.340E-09  11904.7722     .002363 

 364.080 -2.22E-08      -.2500    -.004219   1.955E-09  11904.7743     .001610 

 369.000 -1.36E-08      -.2530     .002193   1.533E-09  11904.7744   9.961E-04 

 373.920 -7.13E-09      -.2314     .005936   1.126E-09  11904.7734   5.254E-04 

 378.840 -2.54E-09      -.1968     .007693   7.665E-10  11904.7716   1.889E-04 

 383.760  4.17E-10      -.1572     .008081   4.691E-10  11904.7697  -3.126E-05 

 388.680  2.08E-09      -.1182     .007618   2.378E-10  11904.7678  -1.569E-04 

 393.600  2.76E-09    -.082750     .006716   6.903E-11  11904.7660  -2.101E-04 

 398.520  2.75E-09    -.052250     .005678  -4.435E-11  11904.7645  -2.116E-04 

 403.440  2.32E-09    -.026787     .004716  -1.107E-10  11904.7632  -1.797E-04 

 408.360  1.67E-09    -.005628     .003954  -1.380E-10  11904.7622  -1.300E-04 

 413.280  9.63E-10     .012394     .003448  -1.323E-10  11904.7625  -7.576E-05 

 418.200  3.64E-10     .028562     .003191  -9.787E-11  11904.7633  -2.882E-05 

 423.120  3.69E-17     .043985    -.002910  -3.694E-11  11904.7641    -.002451 

 428.040 -2.73E-17   1.108E-08    -.004470  -3.747E-18  11904.7619     .001817 

 432.960 -1.10E-23  -3.307E-09  -1.125E-09   2.778E-18  11904.7619   7.306E-10 

 437.880  2.06E-24  -1.827E-15   3.361E-10   1.117E-24  11904.7619  -1.366E-10 

 442.800     0.000   2.487E-16   1.856E-16  -2.089E-25  11904.7619  -9.601E-17 

 447.720     0.000   2.122E-22  -2.527E-17      0.0000  11904.7619   1.027E-17 

 452.640     0.000  -1.870E-23  -2.156E-23      0.0000  11904.7619   1.031E-23 

 457.560     0.000      0.0000   1.900E-24      0.0000  11904.7619  -7.725E-25 

 462.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 467.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 472.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 477.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 482.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 487.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 492.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  6: 

 

Pile-head deflection             =      .60000000 in 

Computed slope at pile head      =          0.000 

Maximum bending moment           =   -6370408.703 lbs-in 

Maximum shear force              =     491351.247 lbs 

Depth of maximum bending moment  =          0.000 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              5 

Number of zero deflection points =             14 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  7 

------------------------------------------------------------------------------ 



 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Specified deflection at pile head   =         .700000 in 

Specified slope at pile head        =       0.000E+00 in/in 

Specified axial load at pile head   =      200000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .700000  -7.089E+06   5.240E+05      0.0000   3.629E+05 -15269.6852 

   4.920   .670706  -4.690E+06   4.480E+05    -.009893   2.441E+05 -15621.8612 

   9.840   .602649  -2.662E+06   3.702E+05    -.016068   1.437E+05 -15974.0489 

  14.760   .512593  -1.016E+06   2.908E+05    -.019157  62182.5973 -16326.2471 

  19.680   .414144   2.371E+05   2.096E+05    -.019811  23642.2405 -16678.4550 

  24.600   .317655   1.086E+06   1.316E+05    -.018700  65651.7503 -15006.2964 

  29.520   .230138   1.569E+06  64802.7395    -.016470  89589.8283 -12163.4205 

  34.440   .155590   1.756E+06  13313.0938    -.013677  98823.6299  -8767.3298 

  39.360   .095552   1.727E+06 -21760.0217    -.010752  97407.5527  -5490.0342 

  44.280   .049788   1.563E+06 -42438.2183    -.007989  89271.2408  -2915.7368 

  49.200   .016940   1.325E+06 -52097.4811    -.005563  77513.0173  -1010.7928 

  54.120  -.004956   1.061E+06 -53843.0648    -.003559  64435.0812    301.2060 

  59.040  -.018082   8.025E+05 -50349.3750    -.001994  51631.2651   1118.9931 

  63.960  -.024576   5.696E+05 -43788.3573  -8.416E-04  40102.7164   1548.0873 

  68.880  -.026363   3.733E+05 -35823.0917  -4.969E-05  30382.6896   1689.8256 

  73.800  -.025065   2.172E+05 -27645.5438   4.462E-04  22657.1009   1634.3809 

  78.720  -.021972   1.003E+05 -20040.6670   7.129E-04  16872.2784   1457.0325 

  83.640  -.018050  18594.0724 -13462.7265   8.128E-04  12825.2605   1216.9271 

  88.560  -.013974 -33728.9978  -8113.3708   8.001E-04  13574.5143    957.6077 

  93.480  -.010177 -62816.0820  -4014.3161   7.190E-04  15014.4689    708.6747 

  98.400  -.006899 -74644.8766  -1070.3524   6.036E-04  15600.0528    488.0586 

 103.320  -.004238 -74536.1517    879.3590   4.783E-04  15594.6704    304.5071 

 108.240  -.002193 -66933.2078   1847.1177   3.594E-04  15218.2870     88.8908 

 113.160 -7.01E-04 -57067.9064   2136.7731   2.553E-04  14729.9058     28.8553 

 118.080  3.19E-04 -46409.7945   2174.9906   1.684E-04  14202.2765    -13.3198 

 123.000  9.56E-04 -35997.3965   2042.6015   9.918E-05  13686.8112    -40.4969 

 127.920   .001295 -26505.7841   1806.0361   4.669E-05  13216.9294    -55.6679 

 132.840   .001415 -18317.8800   1517.3007   9.040E-06  12811.5876    -61.7042 

 137.760   .001384 -11593.3361   1214.9708  -1.608E-05  12478.6894    -61.1941 

 142.680   .001257  -6330.9186    925.8127  -3.114E-05  12218.1737    -56.3498 

 147.600   .001077  -2422.0635    666.7226  -3.849E-05  12024.6660    -48.9713 

 152.520  8.78E-04    305.3753    446.7458  -4.027E-05  11919.8795    -40.4501 

 157.440  6.81E-04   2053.1570    269.0066  -3.828E-05  12006.4033    -31.8016 

 162.360  5.01E-04   3027.7440    132.4400  -3.402E-05  12054.6502    -23.7133 

 167.280  3.47E-04   3423.3117     33.2624  -2.860E-05  12074.2328    -16.6027 

 172.200  2.20E-04   3411.3291    -33.8395  -2.286E-05  12073.6396    -10.6745 

 177.120  1.22E-04   3135.3174    -74.7995  -1.736E-05  12059.9756     -5.9759 

 182.040  4.92E-05   2709.4674    -95.5166  -1.245E-05  12038.8940     -2.4456 

 186.960 -9.11E-07   2219.9388   -101.4199  -8.311E-06  12014.6599     .045893 

 191.880 -3.26E-05   1727.8519    -97.2145  -4.996E-06  11990.2991      1.6636 

 196.800 -5.01E-05   1273.1791    -86.7666  -2.475E-06  11967.7906      2.5835 

 201.720 -5.70E-05    878.9395    -73.0915  -6.676E-07  11948.2738      2.9755 

 206.640 -5.66E-05    555.2722    -58.4112   5.369E-07  11932.2506      2.9922 

 211.560 -5.17E-05    303.1166    -44.2531   1.258E-06  11919.7677      2.7632 

 216.480 -4.43E-05    117.3464    -31.5697   1.611E-06  11910.5711      2.3927 

 221.400 -3.58E-05    -10.6994    -20.8620   1.701E-06  11905.2916      1.9600 

 226.320 -2.75E-05    -91.2821    -12.2964   1.615E-06  11909.2808      1.5219 



 231.240 -2.00E-05   -134.8739     -5.8077   1.425E-06  11911.4388      1.1157 

 236.160 -1.35E-05   -151.2346     -1.1854   1.185E-06  11912.2488       .7633 

 241.080 -8.30E-06   -148.8699      1.8588   9.327E-07  11912.1317       .4742 

 246.000 -4.33E-06   -134.7794      3.6401   6.944E-07  11911.4342       .2499 

 250.920 -1.47E-06   -114.4176      4.4655   4.851E-07  11910.4261     .085634 

 255.840  4.47E-07    -91.7938      4.6113   3.119E-07  11909.3062    -.026352 

 260.760  1.60E-06    -69.6562      4.3116   1.763E-07  11908.2102    -.095483 

 265.680  2.18E-06    -49.7147      3.7535   7.608E-08  11907.2230      -.1314 

 270.600  2.35E-06    -32.8711      3.0786   6.715E-09  11906.3892      -.1430 

 275.520  2.25E-06    -19.4344      2.3871  -3.721E-08  11905.7240      -.1381 

 280.440  1.98E-06     -9.3089      1.7444  -6.136E-08  11905.2227      -.1232 

 285.360  1.64E-06     -2.1492      1.1879  -7.098E-08  11904.8683      -.1030 

 290.280  1.29E-06      2.5198       .7342  -7.067E-08  11904.8866    -.081395 

 295.200  9.49E-07      5.2143       .3848  -6.417E-08  11905.0200    -.060634 

 300.120  6.55E-07      6.4324       .1317  -5.439E-08  11905.0803    -.042239 

 305.040  4.14E-07      6.6175    -.038461  -4.343E-08  11905.0895    -.026943 

 309.960  2.27E-07      6.1394      -.1415  -3.272E-08  11905.0658    -.014947 

 314.880  9.18E-08      5.2894      -.1933  -2.312E-08  11905.0238    -.006089 

 319.800 -1.17E-10      4.2832      -.2082  -1.508E-08  11904.9739   7.808E-06 

 324.720 -5.66E-08      3.2702      -.1988  -8.733E-09  11904.9238     .003825 

 329.640 -8.61E-08      2.3443      -.1749  -4.018E-09  11904.8780     .005869 

 334.560 -9.61E-08      1.5566      -.1442  -7.416E-10  11904.8390     .006616 

 339.480 -9.34E-08       .9265      -.1120   1.344E-09  11904.8078     .006482 

 344.400 -8.29E-08       .4518    -.081779   2.501E-09  11904.7843     .005808 

 349.320 -6.87E-08       .1169    -.055543   2.979E-09  11904.7677     .004857 

 354.240 -5.36E-08      -.1006    -.034196   2.993E-09  11904.7669     .003820 

 359.160 -3.93E-08      -.2255    -.017849   2.719E-09  11904.7731     .002825 

 364.080 -2.68E-08      -.2816    -.006112   2.293E-09  11904.7758     .001946 

 369.000 -1.67E-08      -.2902     .001685   1.813E-09  11904.7763     .001223 

 373.920 -9.01E-09      -.2686     .006329   1.343E-09  11904.7752   6.643E-04 

 378.840 -3.51E-09      -.2305     .008605   9.240E-10  11904.7733   2.610E-04 

 383.760  8.33E-11      -.1858     .009232   5.744E-10  11904.7711  -6.246E-06 

 388.680  2.14E-09      -.1408     .008818   3.001E-10  11904.7689  -1.619E-04 

 393.600  3.04E-09    -.099574     .007851   9.821E-11  11904.7668  -2.314E-04 

 398.520  3.11E-09    -.063763     .006694  -3.898E-11  11904.7651  -2.387E-04 

 403.440  2.65E-09    -.033626     .005602  -1.208E-10  11904.7636  -2.054E-04 

 408.360  1.92E-09    -.008405     .004728  -1.561E-10  11904.7623  -1.498E-04 

 413.280  1.12E-09     .013202     .004143  -1.520E-10  11904.7626  -8.787E-05 

 418.200  4.24E-10     .032661     .003844  -1.135E-10  11904.7635  -3.358E-05 

 423.120  4.34E-17     .051254    -.003328  -4.305E-11  11904.7644    -.002882 

 428.040 -3.18E-17   1.295E-08    -.005209  -4.406E-18  11904.7619     .002117 

 432.960 -1.28E-23  -3.854E-09  -1.316E-09   3.237E-18  11904.7619   8.533E-10 

 437.880  2.39E-24  -2.133E-15   3.917E-10   1.304E-24  11904.7619  -1.592E-10 

 442.800     0.000   2.898E-16   2.167E-16  -2.434E-25  11904.7619  -1.120E-16 

 447.720     0.000   2.475E-22  -2.945E-17      0.0000  11904.7619   1.197E-17 

 452.640     0.000  -2.179E-23  -2.515E-23      0.0000  11904.7619   1.202E-23 

 457.560     0.000      0.0000   2.214E-24      0.0000  11904.7619  -9.001E-25 

 462.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 467.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 472.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 477.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 482.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 487.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 492.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 

Output Verification: 

 



Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  7: 

 

Pile-head deflection             =      .70000000 in 

Computed slope at pile head      =          0.000 

Maximum bending moment           =   -7089248.740 lbs-in 

Maximum shear force              =     523954.169 lbs 

Depth of maximum bending moment  =          0.000 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              6 

Number of zero deflection points =             14 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  8 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Specified deflection at pile head   =         .800000 in 

Specified slope at pile head        =       0.000E+00 in/in 

Specified axial load at pile head   =      200000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .800000  -7.765E+06   5.531E+05      0.0000   3.963E+05 -15269.6852 

   4.920   .767913  -5.222E+06   4.771E+05    -.010908   2.704E+05 -15621.8598 

   9.840   .692666  -3.049E+06   3.994E+05    -.017855   1.629E+05 -15974.0439 

  14.760   .592219  -1.258E+06   3.199E+05    -.021472  74162.0463 -16326.2365 

  19.680   .481379   1.409E+05   2.387E+05    -.022410  18878.4567 -16678.4364 

  24.600   .371703   1.135E+06   1.561E+05    -.021338  68111.5279 -16914.1818 

  29.520   .271411   1.719E+06  80879.5254    -.018941  96982.8125 -13650.4531 

  34.440   .185321   1.969E+06  21610.4677    -.015845   1.094E+05 -10442.6597 

  39.360   .115500   1.962E+06 -20403.4515    -.012543   1.091E+05  -6636.1692 

  44.280   .061897   1.792E+06 -45645.6194    -.009390   1.006E+05  -3624.8747 

  49.200   .023107   1.532E+06 -57954.6872    -.006598  87733.0500  -1378.8114 

  54.120  -.003024   1.235E+06 -60894.4972    -.004274  73049.9356    183.7667 

  59.040  -.018947   9.409E+05 -57558.0552    -.002446  58485.9701   1172.5105 

  63.960  -.027094   6.736E+05 -50475.2671    -.001090  45250.0738   1706.6716 

  68.880  -.029674   4.464E+05 -41597.7959  -1.495E-04  34004.2290   1902.0565 

  73.800  -.028565   2.645E+05 -32336.7574   4.476E-04  25001.1603   1862.5933 

  78.720  -.025270   1.273E+05 -23632.5670   7.767E-04  18208.4588   1675.6954 

  83.640  -.020922  30474.1901 -16040.3939   9.093E-04  13413.3852   1410.5538 

  88.560  -.016323 -32292.2374  -9818.8526   9.077E-04  13503.3875   1118.5281 

  93.480  -.011990 -67929.7521  -5013.4138   8.236E-04  15267.6209    834.9024 

  98.400  -.008219 -83245.0068  -1529.3162   6.966E-04  16025.8018    581.3975 

 103.320  -.005136 -84349.1278    808.5917   5.558E-04  16080.4613    368.9716 

 108.240  -.002749 -76382.3560   1990.3812   4.208E-04  15686.0667    111.4306 

 113.160 -9.94E-04 -65591.9990   2365.1514   3.016E-04  15151.8906     40.9150 

 118.080  2.18E-04 -53702.8221   2443.3619   2.014E-04  14563.3175     -9.1221 

 123.000  9.87E-04 -41945.6935   2317.9854   1.211E-04  13981.2814    -41.8440 



 127.920   .001410 -31132.1263   2065.9507   5.970E-05  13445.9563    -60.6091 

 132.840   .001575 -21734.2300   1747.9125   1.530E-05  12980.7139    -68.6747 

 137.760   .001560 -13962.7769   1409.2315  -1.468E-05  12595.9885    -69.0005 

 142.680   .001430  -7838.4996   1081.7185  -3.299E-05  12292.8064    -64.1348 

 147.600   .001236  -3253.7392    785.7810  -4.231E-05  12065.8381    -56.1650 

 152.520   .001014    -23.1533    532.6912  -4.506E-05  11905.9081    -46.7170 

 157.440  7.92E-04   2076.6203    326.7781  -4.334E-05  12007.5649    -36.9875 

 162.360  5.88E-04   3277.6268    167.4084  -3.884E-05  12067.0207    -27.7969 

 167.280  4.10E-04   3800.3530     50.6833  -3.289E-05  12092.8982    -19.6523 

 172.200  2.64E-04   3841.0852    -29.1827  -2.648E-05  12094.9146    -12.8135 

 177.120  1.50E-04   3565.3003    -78.7966  -2.026E-05  12081.2619     -7.3548 

 182.040  6.47E-05   3105.5898   -104.8140  -1.465E-05  12058.5040     -3.2214 

 186.960  5.49E-06   2562.7676   -113.4185  -9.892E-06  12031.6316      -.2764 

 191.880 -3.26E-05   2009.0195   -110.0105  -6.052E-06  12004.2183      1.6617 

 196.800 -5.41E-05   1492.1750    -99.0595  -3.112E-06  11978.6320      2.7899 

 201.720 -6.32E-05   1040.3975    -84.0769  -9.847E-07  11956.2667      3.3006 

 206.640 -6.38E-05    666.7958    -67.6715   4.492E-07  11937.7716      3.3683 

 211.560 -5.88E-05    373.6258    -51.6559   1.323E-06  11923.2582      3.1421 

 216.480 -5.07E-05    155.8979    -37.1787   1.768E-06  11912.4796      2.7429 

 221.400 -4.14E-05      4.3089    -24.8631   1.902E-06  11904.9752      2.2634 

 226.320 -3.20E-05    -92.4984    -14.9399   1.828E-06  11909.3410      1.7704 

 231.240 -2.34E-05   -146.2978     -7.3655   1.628E-06  11912.0044      1.3086 

 236.160 -1.60E-05   -168.1786     -1.9211   1.364E-06  11913.0876       .9046 

 241.080 -9.99E-06   -167.8853      1.7083   1.081E-06  11913.0731       .5708 

 246.000 -5.36E-06   -153.4971      3.8746   8.114E-07  11912.3608       .3098 

 250.920 -2.01E-06   -131.3561      4.9248   5.721E-07  11911.2647       .1171 

 255.840  2.65E-07   -106.1628      5.1745   3.726E-07  11910.0175    -.015638 

 260.760  1.66E-06    -81.1724      4.8927   2.153E-07  11908.7803    -.098915 

 265.680  2.38E-06    -58.4423      4.2963   9.803E-08  11907.6551      -.1435 

 270.600  2.62E-06    -39.0895      3.5506   1.612E-08  11906.6970      -.1596 

 275.520  2.54E-06    -23.5362      2.7737  -3.648E-08  11905.9271      -.1562 

 280.440  2.27E-06    -11.7248      2.0436  -6.610E-08  11905.3423      -.1406 

 285.360  1.89E-06     -3.2970      1.4061  -7.871E-08  11904.9251      -.1186 

 290.280  1.49E-06      2.2666       .8824  -7.958E-08  11904.8741    -.094349 

 295.200  1.11E-06      5.5425       .4760  -7.302E-08  11905.0363    -.070845 

 300.120  7.72E-07      7.0943       .1792  -6.241E-08  11905.1131    -.049827 

 305.040  4.95E-07      7.4283    -.022646  -5.021E-08  11905.1296    -.032213 

 309.960  2.78E-07      6.9703      -.1469  -3.812E-08  11905.1070    -.018294 

 314.880  1.20E-07      6.0579      -.2114  -2.718E-08  11905.0618    -.007931 

 319.800  1.08E-08      4.9435      -.2327  -1.794E-08  11905.0066  -7.266E-04 

 324.720 -5.70E-08      3.8034      -.2250  -1.059E-08  11904.9502     .003850 

 329.640 -9.33E-08      2.7502      -.1999  -5.085E-09  11904.8981     .006367 

 334.560 -1.07E-07      1.8465      -.1661  -1.224E-09  11904.8533     .007364 

 339.480 -1.05E-07      1.1181      -.1300   1.266E-09  11904.8173     .007318 

 344.400 -9.45E-08       .5649    -.095699   2.679E-09  11904.7899     .006623 

 349.320 -7.90E-08       .1711    -.065669   3.297E-09  11904.7704     .005585 

 354.240 -6.21E-08    -.087778    -.041042   3.367E-09  11904.7663     .004426 

 359.160 -4.59E-08      -.2394    -.022036   3.093E-09  11904.7738     .003300 

 364.080 -3.17E-08      -.3107    -.008271   2.631E-09  11904.7773     .002296 

 369.000 -2.00E-08      -.3259   9.769E-04   2.096E-09  11904.7780     .001463 

 373.920 -1.10E-08      -.3052     .006580   1.566E-09  11904.7770   8.144E-04 

 378.840 -4.60E-09      -.2643     .009424   1.088E-09  11904.7750   3.421E-04 

 383.760 -3.42E-10      -.2146     .010329   6.853E-10  11904.7725   2.567E-05 

 388.680  2.14E-09      -.1640     .009994   3.673E-10  11904.7700  -1.619E-04 

 393.600  3.27E-09      -.1170     .008982   1.313E-10  11904.7677  -2.493E-04 

 398.520  3.43E-09    -.075859     .007720  -3.066E-11  11904.7657  -2.638E-04 

 403.440  2.97E-09    -.040977     .006505  -1.288E-10  11904.7639  -2.300E-04 



 408.360  2.17E-09    -.011595     .005523  -1.729E-10  11904.7625  -1.692E-04 

 413.280  1.27E-09     .013711     .004862  -1.712E-10  11904.7626  -9.979E-05 

 418.200  4.83E-10     .036580     .004522  -1.289E-10  11904.7637  -3.830E-05 

 423.120  4.99E-17     .058461    -.003727  -4.910E-11  11904.7648    -.003315 

 428.040 -3.63E-17   1.483E-08    -.005941  -5.068E-18  11904.7619     .002415 

 432.960 -1.47E-23  -4.396E-09  -1.506E-09   3.692E-18  11904.7619   9.754E-10 

 437.880  2.73E-24  -2.436E-15   4.467E-10   1.491E-24  11904.7619  -1.816E-10 

 442.800     0.000   3.305E-16   2.475E-16  -2.776E-25  11904.7619  -1.279E-16 

 447.720     0.000   2.826E-22  -3.359E-17      0.0000  11904.7619   1.365E-17 

 452.640     0.000  -2.485E-23  -2.871E-23      0.0000  11904.7619   1.372E-23 

 457.560     0.000      0.0000   2.526E-24      0.0000  11904.7619  -1.027E-24 

 462.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 467.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 472.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 477.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 482.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 487.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 492.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  8: 

 

Pile-head deflection             =      .80000000 in 

Computed slope at pile head      =          0.000 

Maximum bending moment           =   -7765142.076 lbs-in 

Maximum shear force              =     553075.677 lbs 

Depth of maximum bending moment  =          0.000 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              6 

Number of zero deflection points =             14 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  9 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Specified deflection at pile head   =         .900000 in 

Specified slope at pile head        =       0.000E+00 in/in 

Specified axial load at pile head   =      200000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .900000  -8.362E+06   5.766E+05      0.0000   4.258E+05 -15269.6852 

   4.920   .865449  -5.703E+06   5.006E+05    -.011812   2.942E+05 -15621.8598 

   9.840   .783769  -3.412E+06   4.229E+05    -.019467   1.808E+05 -15974.0447 

  14.760   .673889  -1.503E+06   3.434E+05    -.023596  86314.0001 -16326.2398 

  19.680   .551587  13444.2265   2.622E+05    -.024847  12570.3177 -16678.4455 



  24.600   .429396   1.126E+06   1.793E+05    -.023890  67657.6193 -17030.6626 

  29.520   .316512   1.825E+06  99835.8694    -.021411   1.022E+05 -15275.4472 

  34.440   .218710   2.151E+06  32763.4170    -.018072   1.184E+05 -11989.7774 

  39.360   .138682   2.183E+06 -16333.0297    -.014432   1.200E+05  -7968.1278 

  44.280   .076694   2.018E+06 -46983.5703    -.010904   1.118E+05  -4491.4415 

  49.200   .031387   1.742E+06 -62639.7708    -.007746  98140.2770  -1872.8676 

  54.120  4.76E-04   1.417E+06 -67318.2241    -.005092  82067.3469    -28.9426 

  59.040  -.018722   1.090E+06 -64539.3350    -.002987  65843.7636   1158.5723 

  63.960  -.028915   7.881E+05 -57208.6479    -.001410  50919.3854   1821.3818 

  68.880  -.032595   5.294E+05 -47588.4183  -3.034E-04  38113.1492   2089.2807 

  73.800  -.031900   3.204E+05 -37331.8909   4.104E-04  27767.2553   2080.0394 

  78.720  -.028557   1.613E+05 -27556.5933   8.149E-04  19887.7301   1893.6588 

  83.640  -.023881  47661.6741 -18937.5235   9.904E-04  14264.2507   1610.0281 

  88.560  -.018811 -27038.4037 -11805.7837     .001008  13243.2967   1289.0531 

  93.480  -.013965 -70490.4554  -6242.5759   9.258E-04  15394.3884    972.4135 

  98.400  -.009701 -90287.3652  -2162.2527   7.908E-04  16374.4334    686.2545 

 103.320  -.006183 -93323.2907    618.8266   6.366E-04  16524.7268    444.2656 

 108.240  -.003437 -85450.8938   2054.4188   4.864E-04  16135.0042    139.3085 

 113.160  -.001397 -74065.1002   2538.5218   3.525E-04  15571.3510     57.4814 

 118.080  3.10E-05 -61165.4693   2676.7434   2.389E-04  14932.7554     -1.2937 

 123.000  9.54E-04 -48196.0555   2574.1648   1.470E-04  14290.7052    -40.4049 

 127.920   .001478 -36125.0363   2318.4915   7.621E-05  13693.1300    -63.5274 

 132.840   .001703 -25532.0758   1979.4944   2.442E-05  13168.7261    -74.2763 

 137.760   .001718 -16694.8761   1609.8833  -1.104E-05  12731.2409    -75.9721 

 142.680   .001595  -9669.0927   1247.1023  -3.318E-05  12383.4299    -71.4999 

 147.600   .001392  -4358.0822    915.6320  -4.497E-05  12120.5085    -63.2441 

 152.520   .001152   -570.7809    629.4764  -4.911E-05  11933.0184    -53.0793 

 157.440  9.08E-04   1932.6055    394.5974  -4.796E-05  12000.4354    -42.4000 

 162.360  6.80E-04   3406.4466    211.1405  -4.348E-05  12073.3979    -32.1760 

 167.280  4.80E-04   4095.7924     75.3575  -3.718E-05  12107.5239    -23.0204 

 172.200  3.15E-04   4221.1284    -18.8157  -3.019E-05  12113.7287    -15.2615 

 177.120  1.83E-04   3970.0625    -78.5300  -2.331E-05  12101.2997     -9.0126 

 182.040  8.51E-05   3494.2708   -111.1194  -1.704E-05  12077.7456     -4.2351 

 186.960  1.57E-05   2910.1879   -123.4839  -1.166E-05  12048.8306      -.7912 

 191.880 -2.97E-05   2302.1439   -121.7109  -7.286E-06  12018.7294      1.5119 

 196.800 -5.60E-05   1726.8919   -110.8847  -3.902E-06  11990.2516      2.8890 

 201.720 -6.81E-05   1218.7176    -95.0367  -1.428E-06  11965.0945      3.5533 

 206.640 -7.00E-05    794.5411    -77.1929   2.627E-07  11944.0956      3.7003 

 211.560 -6.55E-05    458.6227    -59.4829   1.315E-06  11927.4660      3.4989 

 216.480 -5.71E-05    206.6409    -43.2820   1.874E-06  11914.9917      3.0869 

 221.400 -4.70E-05     29.0395    -29.3632   2.072E-06  11906.1995      2.5712 

 226.320 -3.67E-05    -86.3700    -18.0444   2.024E-06  11909.0376      2.0299 

 231.240 -2.71E-05   -152.5000     -9.3219   1.823E-06  11912.3114      1.5158 

 236.160 -1.88E-05   -181.6854     -2.9826   1.542E-06  11913.7562      1.0612 

 241.080 -1.19E-05   -184.8838      1.3056   1.235E-06  11913.9146       .6820 

 246.000 -6.63E-06   -171.2674      3.9249   9.354E-07  11913.2405       .3827 

 250.920 -2.73E-06   -148.1037      5.2587   6.672E-07  11912.0938       .1595 

 255.840 -6.22E-08   -120.8344      5.6601   4.413E-07  11910.7438     .003668 

 260.760  1.61E-06    -93.2767      5.4331   2.615E-07  11909.3796    -.095927 

 265.680  2.51E-06    -67.8868      4.8253   1.261E-07  11908.1226      -.1512 

 270.600  2.85E-06    -46.0439      4.0269   3.042E-08  11907.0413      -.1734 

 275.520  2.81E-06    -28.3219      3.1757  -3.204E-08  11906.1640      -.1726 

 280.440  2.54E-06    -14.7321      2.3640  -6.820E-08  11905.4912      -.1573 

 285.360  2.14E-06     -4.9264      1.6472  -8.471E-08  11905.0058      -.1340 

 290.280  1.70E-06      1.6429      1.0525  -8.747E-08  11904.8432      -.1077 

 295.200  1.28E-06      5.6025       .5867  -8.138E-08  11905.0393    -.081677 

 300.120  9.01E-07      7.5757       .2427  -7.031E-08  11905.1369    -.058125 



 305.040  5.86E-07      8.1294     .005813  -5.712E-08  11905.1643    -.038187 

 309.960  3.39E-07      7.7453      -.1429  -4.379E-08  11905.1453    -.022278 

 314.880  1.55E-07      6.8091      -.2231  -3.157E-08  11905.0990    -.010313 

 319.800  2.82E-08      5.6121      -.2531  -2.113E-08  11905.0397    -.001891 

 324.720 -5.26E-08      4.3599      -.2490  -1.276E-08  11904.9777     .003552 

 329.640 -9.73E-08      3.1866      -.2240  -6.421E-09  11904.9197     .006637 

 334.560 -1.16E-07      2.1686      -.1881  -1.923E-09  11904.8693     .007965 

 339.480 -1.16E-07      1.3399      -.1486   1.023E-09  11904.8282     .008071 

 344.400 -1.06E-07       .7043      -.1105   2.740E-09  11904.7968     .007402 

 349.320 -8.93E-08       .2468    -.076816   3.539E-09  11904.7741     .006309 

 354.240 -7.08E-08    -.058508    -.048875   3.697E-09  11904.7648     .005050 

 359.160 -5.29E-08      -.2414    -.027098   3.445E-09  11904.7739     .003803 

 364.080 -3.69E-08      -.3319    -.011153   2.964E-09  11904.7783     .002679 

 369.000 -2.37E-08      -.3570  -2.947E-04   2.385E-09  11904.7796     .001735 

 373.920 -1.35E-08      -.3395     .006418   1.800E-09  11904.7787   9.935E-04 

 378.840 -6.02E-09      -.2974     .009963   1.265E-09  11904.7766   4.476E-04 

 383.760 -1.02E-09      -.2440     .011254   8.104E-10  11904.7740   7.681E-05 

 388.680  1.95E-09      -.1883     .011079   4.473E-10  11904.7712  -1.477E-04 

 393.600  3.38E-09      -.1358     .010083   1.751E-10  11904.7686  -2.574E-04 

 398.520  3.68E-09    -.089401     .008755  -1.403E-11  11904.7663  -2.825E-04 

 403.440  3.24E-09    -.049661     .007443  -1.308E-10  11904.7644  -2.508E-04 

 408.360  2.39E-09    -.015909     .006367  -1.859E-10  11904.7627  -1.866E-04 

 413.280  1.41E-09     .013353     .005635  -1.880E-10  11904.7626  -1.109E-04 

 418.200  5.40E-10     .039908     .005257  -1.433E-10  11904.7639  -4.282E-05 

 423.120  5.64E-17     .065360    -.004067  -5.489E-11  11904.7651    -.003747 

 428.040 -4.06E-17   1.665E-08    -.006642  -5.728E-18  11904.7619     .002700 

 432.960 -1.64E-23  -4.915E-09  -1.691E-09   4.128E-18  11904.7619   1.094E-09 

 437.880  3.05E-24  -2.729E-15   4.994E-10   1.672E-24  11904.7619  -2.030E-10 

 442.800     0.000   3.695E-16   2.773E-16  -3.104E-25  11904.7619  -1.433E-16 

 447.720     0.000   3.163E-22  -3.755E-17      0.0000  11904.7619   1.527E-17 

 452.640     0.000  -2.779E-23  -3.214E-23      0.0000  11904.7619   1.536E-23 

 457.560     0.000      0.0000   2.824E-24      0.0000  11904.7619  -1.148E-24 

 462.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 467.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 472.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 477.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 482.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 487.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 492.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  9: 

 

Pile-head deflection             =      .90000000 in 

Computed slope at pile head      =          0.000 

Maximum bending moment           =   -8361535.825 lbs-in 

Maximum shear force              =     576602.657 lbs 

Depth of maximum bending moment  =          0.000 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              7 

Number of zero deflection points =             14 

 

 



 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number 10 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Specified deflection at pile head   =        1.000000 in 

Specified slope at pile head        =       0.000E+00 in/in 

Specified axial load at pile head   =      200000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000     1.000  -8.944E+06   5.993E+05      0.0000   4.547E+05 -15269.6852 

   4.920   .963043  -6.173E+06   5.233E+05    -.012696   3.175E+05 -15621.8585 

   9.840   .875072  -3.770E+06   4.455E+05    -.021046   1.985E+05 -15974.0400 

  14.760   .755946  -1.747E+06   3.661E+05    -.025680  98403.4682 -16326.2292 

  19.680   .622379  -1.171E+05   2.849E+05    -.027246  17699.8683 -16678.4266 

  24.600   .487845   1.110E+06   2.020E+05    -.026412  66836.4644 -17030.6323 

  29.520   .362482   1.922E+06   1.184E+05    -.023866   1.071E+05 -16931.7052 

  34.440   .253004   2.322E+06  44165.9627    -.020302   1.268E+05 -13250.4058 

  39.360   .162715   2.397E+06 -11428.4415    -.016339   1.306E+05  -9348.9455 

  44.280   .092233   2.241E+06 -47714.4266    -.012443   1.229E+05  -5401.4549 

  49.200   .040276   1.952E+06 -66914.0569    -.008921   1.085E+05  -2403.2729 

  54.120   .004449   1.601E+06 -73491.2630    -.005938  91142.5256   -270.3881 

  59.040  -.018150   1.240E+06 -71393.3063    -.003552  73304.4199   1123.2161 

  63.960  -.030499   9.051E+05 -63904.0653    -.001750  56710.8190   1921.1908 

  68.880  -.035369   6.149E+05 -53600.9772  -4.732E-04  42345.3926   2267.0564 

  73.800  -.035156   3.786E+05 -42384.8505   3.612E-04  30646.3481   2292.3448 

  78.720  -.031815   1.971E+05 -31555.8454   8.447E-04  21663.3268   2109.6898 

  83.640  -.026844  66408.1563 -21913.8890     .001066  15192.2944   1809.8047 

  88.560  -.021325 -20607.6072 -13866.9559     .001104  12924.9405   1461.3063 

  93.480  -.015976 -72216.3440  -7535.5219     .001027  15479.8284   1112.4474 

  98.400  -.011224 -96777.3699  -2845.7472   8.846E-04  16695.7208    793.9651 

 103.320  -.007271  -1.020E+05    392.5732   7.177E-04  16952.2568    522.4253 

 108.240  -.004162 -94326.8632   2092.6707   5.528E-04  16574.4086    168.6713 

 113.160  -.001831 -82455.4939   2692.9780   4.044E-04  15986.7170     75.3561 

 118.080 -1.83E-04 -68623.7360   2897.1286   2.775E-04  15301.9766      7.6319 

 123.000  8.99E-04 -54493.8098   2822.2069   1.741E-04  14602.4753    -38.0879 

 127.920   .001530 -41195.7827   2566.6989   9.370E-05  13944.1571    -65.7772 

 132.840   .001821 -29421.8922   2209.5701   3.439E-05  13361.2912    -79.3972 

 137.760   .001868 -19521.2904   1811.0016  -6.717E-06  12871.1624    -82.6225 

 142.680   .001755 -11588.4167   1414.2140  -3.285E-05  12478.4459    -78.6732 

 147.600   .001545  -5540.7838   1047.9093  -4.723E-05  12179.0581    -70.2312 

 152.520   .001290  -1184.0366    728.9621  -5.288E-05  11963.3776    -59.4221 

 157.440   .001025   1736.2720    465.0917  -5.242E-05  11990.7160    -47.8423 

 162.360  7.74E-04   3495.6212    257.3266  -4.802E-05  12077.8125    -36.6151 

 167.280  5.52E-04   4362.8735    102.1531  -4.142E-05  12120.7457    -26.4636 

 172.200  3.67E-04   4582.3269     -6.7078  -3.391E-05  12131.6098    -17.7888 

 177.120  2.19E-04   4363.6024    -76.9049  -2.640E-05  12120.7818    -10.7466 

 182.040  1.07E-04   3877.5294   -116.4205  -1.947E-05  12096.7188     -5.3167 

 186.960  2.71E-05   3256.3496   -132.8534  -1.348E-05  12065.9673     -1.3634 

 191.880 -2.58E-05   2596.7857   -132.9698  -8.567E-06  12033.3157      1.3160 

 196.800 -5.72E-05   1964.7856   -122.4679  -4.736E-06  12002.0285      2.9531 



 201.720 -7.24E-05   1401.0209   -105.9024  -1.909E-06  11974.1194      3.7809 

 206.640 -7.60E-05    926.4619    -86.7229   4.610E-08  11950.6264      4.0157 

 211.560 -7.20E-05    547.5766    -67.3839   1.284E-06  11931.8697      3.8457 

 216.480 -6.34E-05    260.8767    -49.4954   1.963E-06  11917.6766      3.4261 

 221.400 -5.26E-05     56.6788    -33.9872   2.230E-06  11907.5678      2.8780 

 226.320 -4.14E-05    -77.9457    -21.2716   2.212E-06  11908.6206      2.2909 

 231.240 -3.09E-05   -156.9871    -11.3901   2.015E-06  11912.5335      1.7260 

 236.160 -2.16E-05   -193.9894     -4.1396   1.720E-06  11914.3653      1.2214 

 241.080 -1.39E-05   -201.1054       .8257   1.388E-06  11914.7176       .7970 

 246.000 -7.95E-06   -188.5959      3.9161   1.061E-06  11914.0983       .4592 

 250.920 -3.51E-06   -164.6589      5.5500   7.640E-07  11912.9133       .2050 

 255.840 -4.33E-07   -135.4877      6.1171   5.120E-07  11911.4692     .025565 

 260.760  1.53E-06   -105.4738      5.9564   3.096E-07  11909.9834    -.090914 

 265.680  2.61E-06    -77.4862      5.3457   1.559E-07  11908.5979      -.1573 

 270.600  3.06E-06    -53.1786      4.5009   4.618E-08  11907.3945      -.1861 

 275.520  3.07E-06    -33.2883      3.5795  -2.644E-08  11906.4098      -.1885 

 280.440  2.80E-06    -17.9046      2.6885  -6.944E-08  11905.6483      -.1737 

 285.360  2.38E-06     -6.6967      1.8936  -9.010E-08  11905.0934      -.1494 

 290.280  1.91E-06       .9058      1.2283  -9.497E-08  11904.8067      -.1211 

 295.200  1.45E-06      5.5764       .7026  -8.952E-08  11905.0380    -.092622 

 300.120  1.03E-06      7.9956       .3110  -7.812E-08  11905.1577    -.066585 

 305.040  6.81E-07      8.7899     .038083  -6.402E-08  11905.1970    -.044338 

 309.960  4.02E-07      8.4964      -.1360  -4.951E-08  11905.1825    -.026435 

 314.880  1.94E-07      7.5489      -.2327  -3.603E-08  11905.1356    -.012849 

 319.800  4.75E-08      6.2779      -.2721  -2.442E-08  11905.0727    -.003184 

 324.720 -4.66E-08      4.9195      -.2722  -1.501E-08  11905.0054     .003153 

 329.640 -1.00E-07      3.6293      -.2476  -7.833E-09  11904.9416     .006833 

 334.560 -1.24E-07      2.4985      -.2099  -2.686E-09  11904.8856     .008515 

 339.480 -1.27E-07      1.5697      -.1673   7.304E-10  11904.8396     .008792 

 344.400 -1.17E-07       .8511      -.1256   2.764E-09  11904.8040     .008163 

 349.320 -9.94E-08       .3286    -.088201   3.754E-09  11904.7782     .007026 

 354.240 -7.96E-08    -.024231    -.056961   4.010E-09  11904.7631     .005674 

 359.160 -6.00E-08      -.2397    -.032398   3.788E-09  11904.7738     .004311 

 364.080 -4.23E-08      -.3505    -.014244   3.293E-09  11904.7793     .003069 

 369.000 -2.76E-08      -.3864    -.001736   2.674E-09  11904.7810     .002016 

 373.920 -1.60E-08      -.3728     .006127   2.036E-09  11904.7804     .001181 

 378.840 -7.53E-09      -.3301     .010409   1.446E-09  11904.7782   5.601E-04 

 383.760 -1.78E-09      -.2732     .012115   9.390E-10  11904.7754   1.337E-04 

 388.680  1.71E-09      -.2127     .012127   5.308E-10  11904.7724  -1.291E-04 

 393.600  3.44E-09      -.1550     .011164   2.220E-10  11904.7696  -2.622E-04 

 398.520  3.89E-09      -.1033     .009784   5.123E-12  11904.7670  -2.990E-04 

 403.440  3.49E-09    -.058701     .008384  -1.309E-10  11904.7648  -2.703E-04 

 408.360  2.60E-09    -.020547     .007219  -1.975E-10  11904.7629  -2.032E-04 

 413.280  1.55E-09     .012720     .006419  -2.041E-10  11904.7625  -1.217E-04 

 418.200  5.96E-10     .043021     .006004  -1.573E-10  11904.7640  -4.724E-05 

 423.120  6.28E-17     .072107    -.004384  -6.056E-11  11904.7655    -.004175 

 428.040 -4.48E-17   1.844E-08    -.007328  -6.383E-18  11904.7619     .002979 

 432.960 -1.82E-23  -5.422E-09  -1.873E-09   4.554E-18  11904.7619   1.210E-09 

 437.880  3.37E-24  -3.017E-15   5.510E-10   1.849E-24  11904.7619  -2.240E-10 

 442.800     0.000   4.077E-16   3.065E-16  -3.424E-25  11904.7619  -1.583E-16 

 447.720     0.000   3.494E-22  -4.143E-17      0.0000  11904.7619   1.684E-17 

 452.640     0.000  -3.065E-23  -3.550E-23      0.0000  11904.7619   1.697E-23 

 457.560     0.000      0.0000   3.115E-24      0.0000  11904.7619  -1.266E-24 

 462.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 467.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 472.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 477.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 



 482.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 487.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 492.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No. 10: 

 

Pile-head deflection             =     1.00000000 in 

Computed slope at pile head      =          0.000 

Maximum bending moment           =   -8943677.734 lbs-in 

Maximum shear force              =     599254.814 lbs 

Depth of maximum bending moment  =          0.000 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              7 

Number of zero deflection points =             14 

 

 

 

 

 

------------------------------------------------------------------------------ 

                        Summary of Pile-head Response 

------------------------------------------------------------------------------ 

 

Definition of symbols for pile-head boundary conditions: 

 

y = pile-head displacment, in 

M = pile-head moment, lbs-in 

V = pile-head shear force, lbs 

S = pile-head slope, radians 

R = rotational stiffness of pile-head, in-lbs/rad 

 

 BC    Boundary     Boundary       Axial    Pile Head    Maximum     Maximum  

Type  Condition    Condition       Load     Deflection    Moment      Shear 

          1            2            lbs         in        in-lbs       lbs 

---- ------------ ------------ ----------- ----------- ----------- ----------- 

  5  y=   .100000 S=     0.000   2.000E+05     .100000  -1.207E+06   1.098E+05 

  5  y=   .200000 S=     0.000   2.000E+05       .2000  -2.413E+06   2.196E+05 

  5  y=   .300000 S=     0.000   2.000E+05       .3000  -3.560E+06   3.140E+05 

  5  y=   .400000 S=     0.000   2.000E+05       .4000  -4.629E+06   3.971E+05 

  5  y=   .500000 S=     0.000   2.000E+05       .5000  -5.564E+06   4.513E+05 

  5  y=   .600000 S=     0.000   2.000E+05       .6000  -6.370E+06   4.914E+05 

  5  y=   .700000 S=     0.000   2.000E+05       .7000  -7.089E+06   5.240E+05 

  5  y=   .800000 S=     0.000   2.000E+05       .8000  -7.765E+06   5.531E+05 

  5  y=   .900000 S=     0.000   2.000E+05       .9000  -8.362E+06   5.766E+05 

  5  y=     1.000 S=     0.000   2.000E+05      1.0000  -8.944E+06   5.993E+05 

 

 

------------------------------------------------------------------------------ 

                     Pile-head Deflection vs. Pile Length 

------------------------------------------------------------------------------ 

 

 Boundary Condition Type 5, Deflection and Slope 



 

Deflection =          .10000  in 

Slope      =          .00000 

Axial Load =         200000. lbs 

 

 

 

   Pile       Pile Head       Maximum      Maximum 

  Length      Deflection      Moment        Shear  

    in           in           in-lbs         lbs 

-----------  ------------  ------------  ------------ 

   492.000     .10000000  -1206627.403    109811.603 

   467.400     .10000000  -1209563.587    109949.020 

   442.800     .10000000  -1212352.060    110080.057 

   418.200     .10000000  -1214994.877    110204.654 

   393.600     .10000000  -1217495.040    110322.789 

   369.000     .10000000  -1219847.469    110434.270 

   344.400     .10000000  -1222051.706    110539.012 

   319.800     .10000000  -1224106.646    110636.915 

   295.200     .10000000  -1226014.097    110727.946 

   270.600     .10000000  -1227770.250    110811.961 

 

The analysis ended normally.  

 



============================================================================== 

 

                    LPILE Plus for Windows, Version 4.0 

 

               Analysis of Individual Piles and Drilled Shafts 

              Subjected to Lateral Loading Using the p-y Method 

 

                   (c) Copyright ENSOFT, Inc., 1985-2001 

                             All Rights Reserved 

 

============================================================================== 

 

 

This program is licensed to:  

 

IT - San Jose 

URS Corporation 

 

Path to file locations:      X:\Route 84 - Isabel 

Avenue\geotech\Analysis\pile\lateral\ArroyoMocho\ 

Name of input data file:     ArroyoMocho_Abut_B20_Free.lpd 

Name of output file:         ArroyoMocho_Abut_B20_Free.lpo 

Name of plot output file:    ArroyoMocho_Abut_B20_Free.lpp 

Name of runtime file:        ArroyoMocho_Abut_B20_Free.lpr 

 

 

------------------------------------------------------------------------------ 

                          Time and Date of Analysis 

------------------------------------------------------------------------------ 

 

               Date:  October 29, 2009     Time:  11:43:59 

 

 

------------------------------------------------------------------------------ 

                                Problem Title 

------------------------------------------------------------------------------ 

 

SR84 Isabel Abutment - Arroyo Mocho Bridge Widen - H pile - Weak Axis            

 

 

------------------------------------------------------------------------------ 

                                Program Options 

------------------------------------------------------------------------------ 

 

Units Used in Computations - US Customary Units, inches, pounds 

 

Basic Program Options: 

 

Analysis Type 1:  

- Computation of Lateral Pile Response Using User-specified Constant EI 

 

Computation Options: 

- Only internally-generated p-y curves used in analysis 

- Analysis does not use p-y multipliers (individual pile or shaft action only) 

- Analysis assumes no shear resistance at pile tip 

- Analysis includes automatic computation of pile-top deflection vs. 

  pile embedment length 



- No computation of foundation stiffness matrix elements 

- Output pile response for full length of pile 

- Analysis assumes no soil movements acting on pile 

- Additional p-y curves computed at specified depths 

 

Solution Control Parameters: 

- Number of pile increments            =          100 

- Maximum number of iterations allowed =          100 

- Deflection tolerance for convergence =   1.0000E-05 in 

- Maximum allowable deflection         =   1.0000E+02 in 

 

Printing Options: 

- Values of pile-head deflection, bending moment, shear force, and  

  soil reaction are printed for full length of pile. 

- Printing Increment (spacing of output points) =  1 

 

 

------------------------------------------------------------------------------ 

                   Pile Structural Properties and Geometry 

------------------------------------------------------------------------------ 

 

Pile Length                               =     492.00 in 

Depth of ground surface below top of pile =     -36.00 in 

Slope angle of ground surface             =      21.80 deg. 

 

Structural properties of pile defined using  2 points 

 

Point    Depth         Pile      Moment of       Pile      Modulus of 

           X         Diameter     Inertia        Area      Elasticity 

           in           in         in**4        Sq.in      lbs/Sq.in 

-----  ---------   -----------   ----------   ----------   ----------- 

  1       0.0000        10.000     101.0000      16.8000  29000000.000 

  2     492.0000        10.000     101.0000      16.8000  29000000.000 

 

 

------------------------------------------------------------------------------ 

                      Soil and Rock Layering Information 

------------------------------------------------------------------------------ 

 

The soil profile is modelled using  4 layers 

 

Layer  1 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      -36.000 in 

Distance from top of pile to bottom of layer =      132.000 in 

p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3 

 

Layer  2 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      132.000 in 

Distance from top of pile to bottom of layer =      420.000 in 

p-y subgrade modulus k for top of soil layer =      225.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =      225.000 lbs/in**3 

 

Layer  3 is stiff clay without free water 

Distance from top of pile to top of layer    =      420.000 in 

Distance from top of pile to bottom of layer =      432.000 in 

p-y subgrade modulus k for top of soil layer =     1000.000 lbs/in**3 



p-y subgrade modulus k for bottom of layer   =     1000.000 lbs/in**3 

 

Layer  4 is stiff clay without free water 

Distance from top of pile to top of layer    =      432.000 in 

Distance from top of pile to bottom of layer =     1092.000 in 

p-y subgrade modulus k for top of soil layer =     1000.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =     1000.000 lbs/in**3 

 

 

(Depth of lowest layer extends  600.00 in below pile tip) 

 

 

------------------------------------------------------------------------------ 

                   Effective Unit Weight of Soil vs. Depth 

------------------------------------------------------------------------------ 

 

Distribution of effective unit weight of soil with depth 

is defined using  8 points 

 

Point        Depth X    Eff. Unit Weight 

 No.           in          lbs/in**3 

-----      ----------   ---------------- 

  1           -36.00         .07230 

  2           132.00         .07230 

  3           132.00         .07810 

  4           420.00         .07810 

  5           420.00         .04200 

  6           432.00         .04200 

  7           432.00         .04200 

  8          1092.00         .04200 

 

 

 

------------------------------------------------------------------------------ 

                           Shear Strength of Soils 

------------------------------------------------------------------------------ 

 

Distribution of shear strength parameters with depth 

defined using  8 points 

 

Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD 

 No.       in         lbs/in**2            Deg.            k_rm        % 

-----   --------     ----------     ------------------    ------    ------ 

  1      -36.000         .00000           32.00           ------    ------ 

  2      132.000         .00000           32.00           ------    ------ 

  3      132.000         .00000           40.00           ------    ------ 

  4      420.000         .00000           40.00           ------    ------ 

  5      420.000       20.83300             .00           .00500        .0 

  6      432.000       20.83300             .00           .00500        .0 

  7      432.000       20.83300             .00           .00500        .0 

  8     1092.000       20.83300             .00           .00500        .0 

 

Notes: 

 

(1)  Cohesion = uniaxial compressive strength for rock materials. 

(2)  Values of E50 are reported for clay strata.  

(3)  Default values will be generated for E50 when input values are 0. 



(4)  RQD and k_rm are reported only for weak rock strata. 

 

Static loading criteria was used for computation of  p-y curves 

 

 

 

------------------------------------------------------------------------------ 

              Pile-head Loading and Pile-head Fixity Conditions 

------------------------------------------------------------------------------ 

 

Number of loads specified = 10 

 

Load Case Number  1 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =            .100 in 

Bending moment at pile head =            .000 in-lbs 

Axial load at pile head     =       75000.000 lbs 

 

Load Case Number  2 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =            .200 in 

Bending moment at pile head =            .000 in-lbs 

Axial load at pile head     =       75000.000 lbs 

 

Load Case Number  3 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =            .300 in 

Bending moment at pile head =            .000 in-lbs 

Axial load at pile head     =       75000.000 lbs 

 

Load Case Number  4 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =            .400 in 

Bending moment at pile head =            .000 in-lbs 

Axial load at pile head     =       75000.000 lbs 

 

Load Case Number  5 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =            .500 in 

Bending moment at pile head =            .000 in-lbs 

Axial load at pile head     =       75000.000 lbs 

 

Load Case Number  6 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =            .600 in 

Bending moment at pile head =            .000 in-lbs 

Axial load at pile head     =       75000.000 lbs 

 

Load Case Number  7 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 



Deflection at pile head     =            .700 in 

Bending moment at pile head =            .000 in-lbs 

Axial load at pile head     =       75000.000 lbs 

 

Load Case Number  8 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =            .800 in 

Bending moment at pile head =            .000 in-lbs 

Axial load at pile head     =       75000.000 lbs 

 

Load Case Number  9 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =            .900 in 

Bending moment at pile head =            .000 in-lbs 

Axial load at pile head     =       75000.000 lbs 

 

Load Case Number 10 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           1.000 in 

Bending moment at pile head =            .000 in-lbs 

Axial load at pile head     =       75000.000 lbs 

 

 

 

 

------------------------------------------------------------------------------ 

                   Output of p-y Curves at Specified Depths 

------------------------------------------------------------------------------ 

 

 

 

p-y curves are generated and printed for verification at  1 depths. 

 

Depth      Depth Below Pile Head      Depth Below Ground Surface 

 No.                 in                         in 

-----      ---------------------      -------------------------- 

  1                60.000                     96.000 

 

Depth of ground surface below top of pile =     -36.00 in 

 

 

p-y Curve in Sand Computed Using Reese Criteria 

 

Soil Layer Number           =            1 

Depth below pile head       =       60.000 in 

Depth below ground surface  =       96.000 in 

Equivalent Depth (see note) =       96.000 in 

Pile Diameter               =       10.000 in 

Angle of Friction           =       32.000 deg. 

Avg. Eff. Unit Weight       =       .07230 lbs/in**3 

k                           =       90.000 pci   

A (static)                  =        .8800 

B (static)                  =        .5000 

Pst                         =      788.251 lbs/in 



Psd                         =     2555.186 lbs/in 

Ps                          =      788.251 lbs/in 

pu                          =      693.660 lbs/in 

Cbar                        =    1171.5214 

n                           =       1.6447 

m                           =    1437.7689 

yk                          =        .0061  in 

ym                          =        .1667  in 

yu                          =        .3750  in 

p-multiplier                =      1.00000 

y-multiplier                =      1.00000 

 

If Psd <= Pst then actual depth is used in place of equivalent depth in 

computations. 

 

        y, in             p, lbs/in 

----------------    ----------------- 

          .0000             .000 

          .0139           86.995 

          .0278          132.592 

          .0417          169.661 

          .0556          202.090 

          .0694          231.455 

          .0833          258.588 

          .0972          283.996 

          .1111          308.014 

          .1250          330.881 

          .1389          352.770 

          .1528          373.817 

          .1667          394.125 

          .3750          693.660 

        10.3750          693.660 

        20.3750          693.660 

        30.3750          693.660 

 

 

 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  1 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Specified deflection at pile head     =         .100000 in 

Specified bending moment at pile head =            .000 in-lbs 

Specified axial load at pile head     =       75000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .100000      0.0000   3516.5670    -.002053   4464.2857    -63.6751 

   4.920   .089899  17288.4462   3205.3706    -.002039   5320.1494    -62.8275 



   9.840   .079940  33045.3499   2882.3084    -.001996   6100.1941    -68.4986 

  14.760   .070254  47123.6657   2534.6275    -.001929   6797.1405    -72.8351 

  19.680   .060958  59409.6985   2161.5898    -.001840   7405.3599    -78.8063 

  24.600   .052153  69751.2910   1762.3913    -.001731   7917.3199    -83.4696 

  29.520   .043925  78029.1523   1343.9735    -.001607   8327.1150    -86.6190 

  34.440   .036341  84161.9153    914.2046    -.001471   8630.7172    -88.0838 

  39.360   .029453  88110.3199    481.6999    -.001326   8826.1827    -87.7311 

  44.280   .023293  89880.4577     55.6372    -.001177   8913.8133    -85.4652 

  49.200   .017876  89526.0805   -354.4181    -.001026   8896.2699    -81.2240 

  54.120   .013198  87150.0730   -738.6475  -8.775E-04   8778.6458    -74.9668 

  59.040   .009241  82905.3700  -1087.0205  -7.347E-04   8568.5120    -66.6482 

  63.960   .005969  76995.9661  -1383.0832  -6.004E-04   8275.9672    -53.7025 

  68.880   .003334  69738.8947  -1592.6020  -4.771E-04   7916.7062    -31.4678 

  73.800   .001274  61676.8759  -1700.9951  -3.667E-04   7517.5964    -12.5945 

  78.720 -2.75E-04  53271.7608  -1724.9918  -2.702E-04   7101.5016      2.8397 

  83.640  -.001384  44902.3652  -1681.3384  -1.877E-04   6687.1751     14.9056 

  88.560  -.002122  36865.9489  -1586.1379  -1.191E-04   6289.3327     23.7938 

  93.480  -.002556  29382.6443  -1454.3333  -6.343E-05   5918.8721     29.7853 

  98.400  -.002747  22602.1221  -1299.3318  -1.977E-05   5583.2026     33.2234 

 103.320  -.002751  16611.8099  -1132.7611   1.316E-05   5286.6525     34.4883 

 108.240  -.002617  11446.0377   -964.3432   3.673E-05   5030.9212     33.9743 

 113.160  -.002389   7095.5668   -801.8684   5.230E-05   4815.5514     32.0724 

 118.080  -.002102   3517.0543   -651.2483   6.121E-05   4638.3973     29.1553 

 123.000  -.001787    642.1068   -516.6279   6.471E-05   4496.0732     25.5685 

 127.920  -.001466  -1614.3184   -400.5351   6.389E-05   4544.2025     21.6237 

 132.840  -.001158  -3346.3103   -274.6487   5.973E-05   4629.9446     29.5496 

 137.760 -8.78E-04  -4360.9390   -144.4506   5.325E-05   4680.1738     23.3765 

 142.680 -6.34E-04  -4807.0048    -43.6910   4.555E-05   4702.2562     17.5828 

 147.600 -4.30E-04  -4824.4755     30.0532   3.746E-05   4703.1211     12.3945 

 152.520 -2.65E-04  -4538.9288     80.0959   2.960E-05   4688.9852      7.9480 

 157.440 -1.39E-04  -4058.1760    110.2317   2.238E-05   4665.1855      4.3023 

 162.360 -4.52E-05  -3470.7638    124.3930   1.605E-05   4636.1057      1.4543 

 167.280  1.94E-05  -2845.9971    126.3810   1.075E-05   4605.1767      -.6462 

 172.200  6.06E-05  -2235.1083    119.6712   6.482E-06   4574.9346     -2.0814 

 177.120  8.32E-05  -1673.2164    107.2886   3.200E-06   4547.1182     -2.9522 

 182.040  9.20E-05  -1181.7499     91.7425   8.018E-07   4522.7882     -3.3673 

 186.960  9.11E-05   -771.0614     75.0118  -8.383E-07   4502.4571     -3.4338 

 191.880  8.38E-05   -443.0155     58.5671  -1.858E-06   4486.2172     -3.2510 

 196.800  7.28E-05   -193.3902     43.4211  -2.393E-06   4473.8595     -2.9059 

 201.720  6.02E-05    -13.9861     30.1941  -2.567E-06   4464.9781     -2.4709 

 206.640  4.76E-05    105.6144     19.1876  -2.490E-06   4469.5141     -2.0033 

 211.560  3.57E-05    176.6574     10.4582  -2.253E-06   4473.0311     -1.5453 

 216.480  2.54E-05    210.1858      3.8874  -1.928E-06   4474.6910     -1.1258 

 221.400  1.68E-05    216.3319      -.7576  -1.570E-06   4474.9952      -.7624 

 226.320  9.95E-06    203.8891     -3.7724  -1.217E-06   4474.3792      -.4631 

 231.240  4.81E-06    180.1096     -5.4750  -8.941E-07   4473.2020      -.2290 

 236.160  1.15E-06    150.6747     -6.1765  -6.163E-07   4471.7449    -.056124 

 241.080 -1.26E-06    119.7879     -6.1601  -3.891E-07   4470.2158     .062764 

 246.000 -2.68E-06     90.3461     -5.6699  -2.126E-07   4468.7583       .1365 

 250.920 -3.35E-06     64.1530     -4.9047  -8.288E-08   4467.4616       .1745 

 255.840 -3.49E-06     42.1448     -4.0182   6.399E-09   4466.3721       .1858 

 260.760 -3.29E-06     24.6087     -3.1219   6.246E-08   4465.5040       .1785 

 265.680 -2.88E-06     11.3789     -2.2904   9.269E-08   4464.8490       .1595 

 270.600 -2.38E-06      2.0032     -1.5677   1.039E-07   4464.3849       .1343 

 275.520 -1.86E-06     -4.1237      -.9743   1.021E-07   4464.4899       .1070 

 280.440 -1.37E-06     -7.6589      -.5131   9.225E-08   4464.6649     .080499 

 285.360 -9.49E-07     -9.2408      -.1755   7.806E-08   4464.7432     .056753 



 290.280 -6.03E-07     -9.4432     .054479   6.237E-08   4464.7532     .036726 

 295.200 -3.35E-07     -8.7508       .1959   4.708E-08   4464.7189     .020776 

 300.120 -1.39E-07     -7.5500       .2687   3.339E-08   4464.6595     .008800 

 305.040 -6.24E-09     -6.1315       .2913   2.190E-08   4464.5893   4.011E-04 

 309.960  7.62E-08     -4.6995       .2801   1.281E-08   4464.5184    -.004980 

 314.880  1.20E-07     -3.3852       .2482   6.016E-09   4464.4533    -.007962 

 319.800  1.35E-07     -2.2614       .2061   1.274E-09   4464.3977    -.009150 

 324.720  1.32E-07     -1.3578       .1613  -1.766E-09   4464.3529    -.009088 

 329.640  1.18E-07      -.6733       .1186  -3.472E-09   4464.3190    -.008237 

 334.560  9.81E-08      -.1878     .081262  -4.195E-09   4464.2950    -.006959 

 339.480  7.67E-08       .1294     .050549  -4.244E-09   4464.2921    -.005526 

 344.400  5.64E-08       .3128     .026813  -3.872E-09   4464.3012    -.004123 

 349.320  3.86E-08       .3961     .009617  -3.277E-09   4464.3053    -.002867 

 354.240  2.41E-08       .4098    -.001910  -2.600E-09   4464.3060    -.001819 

 359.160  1.30E-08       .3792    -.008837  -1.938E-09   4464.3045  -9.970E-04 

 364.080  5.08E-09       .3243    -.012258  -1.347E-09   4464.3018  -3.937E-04 

 369.000 -2.08E-10       .2596    -.013186  -8.563E-10   4464.2986   1.638E-05 

 373.920 -3.35E-09       .1952    -.012489  -4.743E-10   4464.2954   2.671E-04 

 378.840 -4.88E-09       .1371    -.010862  -1.953E-10   4464.2925   3.943E-04 

 383.760 -5.27E-09     .088426    -.008829  -5.899E-12   4464.2901   4.320E-04 

 388.680 -4.93E-09     .050188    -.006758   1.105E-10   4464.2882   4.099E-04 

 393.600 -4.18E-09     .021842    -.004884   1.710E-10   4464.2868   3.521E-04 

 398.520 -3.25E-09     .002005    -.003336   1.910E-10   4464.2858   2.773E-04 

 403.440 -2.30E-09    -.011122    -.002164   1.834E-10   4464.2863   1.989E-04 

 408.360 -1.45E-09    -.019425    -.001363   1.577E-10   4464.2867   1.266E-04 

 413.280 -7.51E-10    -.024653  -8.884E-04   1.207E-10   4464.2869   6.651E-05 

 418.200 -2.59E-10    -.028256  -6.677E-04   7.627E-11   4464.2871   2.319E-05 

 423.120 -2.84E-17    -.031280     .002874   2.627E-11   4464.2873     .001416 

 428.040  2.59E-17  -9.709E-09     .003179   2.887E-18   4464.2857    -.001292 

 432.960  1.32E-23   3.136E-09   9.865E-10  -2.634E-18   4464.2857  -6.601E-10 

 437.880 -2.60E-24   2.231E-15  -3.187E-10  -1.346E-24   4464.2857   1.296E-10 

 442.800     0.000  -3.144E-16  -2.267E-16   2.641E-25   4464.2857   1.181E-16 

 447.720     0.000  -3.497E-22   3.195E-17      0.0000   4464.2857  -1.299E-17 

 452.640     0.000   3.152E-23   3.554E-23      0.0000   4464.2857  -1.705E-23 

 457.560     0.000      0.0000  -3.204E-24      0.0000   4464.2857   1.302E-24 

 462.480     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 467.400     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 472.320     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 477.240     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 482.160     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 487.080     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 492.000     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  1: 

 

Pile-head deflection             =      .10000000 in 

Computed slope at pile head      =     -.00205314 

Maximum bending moment           =      89880.458 lbs-in 

Maximum shear force              =       3516.567 lbs 

Depth of maximum bending moment  =         44.280 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              7 



Number of zero deflection points =             13 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  2 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Specified deflection at pile head     =         .200000 in 

Specified bending moment at pile head =            .000 in-lbs 

Specified axial load at pile head     =       75000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .200000      0.0000   5855.7849    -.003889   4464.2857    -89.2458 

   4.920   .180866  29165.3535   5406.9884    -.003865   5908.1151    -93.1918 

   9.840   .161973  56056.7919   4922.7325    -.003793   7239.3744   -103.6602 

  14.760   .143543  80404.2442   4391.0686    -.003678   8444.6938   -112.4633 

  19.680   .125778   1.020E+05   3813.2752    -.003525   9512.7772   -122.4120 

  24.600   .108856   1.205E+05   3190.9484    -.003338  10431.0404   -130.5664 

  29.520   .092929   1.358E+05   2533.6888    -.003123  11189.1429   -136.6123 

  34.440   .078126   1.478E+05   1852.5280    -.002885  11779.3696   -140.2823 

  39.360   .064543   1.562E+05   1159.6888    -.002629  12196.9567   -141.3597 

  44.280   .052252   1.611E+05    468.3278    -.002363  12440.3545   -139.6814 

  49.200   .041291   1.626E+05   -207.7244    -.002091  12511.4231   -135.1366 

  54.120   .031675   1.606E+05   -854.2040    -.001820  12415.5647   -127.6600 

  59.040   .023386   1.555E+05  -1456.5937    -.001554  12161.7983   -117.2139 

  63.960   .016381   1.474E+05  -2000.1642    -.001300  11762.7990   -103.7497 

  68.880   .010595   1.368E+05  -2469.6938    -.001061  11234.9488    -87.1160 

  73.800   .005940   1.239E+05  -2828.3964  -8.422E-04  10598.5077    -58.6980 

  78.720   .002308   1.096E+05  -3031.4250  -6.461E-04   9887.9243    -23.8339 

  83.640 -4.18E-04  94558.8764  -3078.9938  -4.747E-04   9145.4182      4.4970 

  88.560  -.002362  79610.4987  -3002.7867  -3.284E-04   8405.3995     26.4815 

  93.480  -.003649  65253.7979  -2833.0403  -2.067E-04   7694.6717     42.5211 

  98.400  -.004396  51885.9335  -2597.6230  -1.083E-04   7032.8963     53.1770 

 103.320  -.004715  39773.1322  -2321.3772  -3.134E-05   6433.2527     59.1180 

 108.240  -.004705  29066.7135  -2025.7044   2.647E-05   5903.2319     61.0742 

 113.160  -.004454  19820.6640  -1728.3625   6.753E-05   5445.5067     59.7965 

 118.080  -.004040  12009.7872  -1443.4401   9.427E-05   5058.8296     56.0256 

 123.000  -.003527   5547.6448  -1181.4668   1.090E-04   4738.9216     50.4676 

 127.920  -.002967    303.7031   -949.6212   1.139E-04   4479.3205     43.7786 

 132.840  -.002406  -3880.7057   -690.9191   1.109E-04   4656.3999     61.3849 

 137.760  -.001876  -6576.8019   -417.0463   1.021E-04   4789.8700     49.9455 

 142.680  -.001401  -8059.8203   -198.6324   8.985E-05   4863.2867     38.8406 

 147.600 -9.92E-04  -8597.6509    -32.7181   7.586E-05   4889.9120     28.6042 

 152.520 -6.54E-04  -8437.7483     85.8407   6.155E-05   4881.9960     19.5905 

 157.440 -3.86E-04  -7798.4015    163.5394   4.791E-05   4850.3452     11.9944 

 162.360 -1.83E-04  -6863.8799    207.5047   3.560E-05   4804.0817      5.8777 

 167.280 -3.60E-05  -5782.8266    224.9093   2.498E-05   4750.5643      1.1974 

 172.200  6.30E-05  -4669.2041    222.5288   1.620E-05   4695.4344     -2.1651 

 177.120  1.23E-04  -3605.0973    206.4334   9.248E-06   4642.7559     -4.3777 

 182.040  1.54E-04  -2644.7246    181.8047   3.999E-06   4595.2127     -5.6340 



 186.960  1.63E-04  -1819.0907    152.8552   2.499E-07   4554.3397     -6.1341 

 191.880  1.56E-04  -1140.8142    122.8323  -2.236E-06   4520.7617     -6.0703 

 196.800  1.41E-04   -608.7710     94.0831  -3.705E-06   4494.4229     -5.6163 

 201.720  1.20E-04   -212.3019     68.1607  -4.395E-06   4474.7957     -4.9212 

 206.640  9.75E-05     65.1737     45.9531  -4.519E-06   4467.5121     -4.1063 

 211.560  7.55E-05    243.2110     27.8203  -4.260E-06   4476.3259     -3.2648 

 216.480  5.56E-05    342.0689     13.7280  -3.768E-06   4481.2198     -2.4638 

 221.400  3.84E-05    381.0756      3.3693  -3.161E-06   4483.1508     -1.7471 

 226.320  2.45E-05    377.5558     -3.7305  -2.524E-06   4482.9766     -1.1390 

 231.240  1.36E-05    346.2296     -8.1286  -1.916E-06   4481.4258      -.6488 

 236.160  5.62E-06    298.9843    -10.3987  -1.374E-06   4479.0869      -.2740 

 241.080  9.56E-08    244.9208    -11.0844  -9.170E-07   4476.4105    -.004765 

 246.000 -3.40E-06    190.5901    -10.6693  -5.512E-07   4473.7209       .1735 

 250.920 -5.33E-06    140.3417     -9.5597  -2.733E-07   4471.2333       .2775 

 255.840 -6.09E-06     96.7242     -8.0797  -7.416E-08   4469.0740       .3241 

 260.760 -6.06E-06     60.8918     -6.4733   5.822E-08   4467.3002       .3289 

 265.680 -5.52E-06     32.9841     -4.9117   1.371E-07   4465.9186       .3058 

 270.600 -4.71E-06     12.4593     -3.5047   1.752E-07   4464.9025       .2661 

 275.520 -3.80E-06     -1.6310     -2.3119   1.843E-07   4464.3665       .2187 

 280.440 -2.90E-06    -10.4261     -1.3556   1.742E-07   4464.8019       .1701 

 285.360 -2.08E-06    -15.0984      -.6308   1.528E-07   4465.0332       .1246 

 290.280 -1.39E-06    -16.7464      -.1157   1.260E-07   4465.1147     .084858 

 295.200 -8.42E-07    -16.3298       .2215   9.823E-08   4465.0941     .052225 

 300.120 -4.26E-07    -14.6390       .4162   7.222E-08   4465.0104     .026895 

 305.040 -1.31E-07    -12.2881       .5030   4.961E-08   4464.8940     .008419 

 309.960  6.23E-08     -9.7258       .5137   3.112E-08   4464.7672    -.004072 

 314.880  1.75E-07     -7.2560       .4751   1.686E-08   4464.6449    -.011647 

 319.800  2.28E-07     -5.0637       .4085   6.510E-09   4464.5364    -.015420 

 324.720  2.39E-07     -3.2415       .3301  -4.654E-10   4464.4462    -.016435 

 329.640  2.24E-07     -1.8151       .2513  -4.712E-09   4464.3756    -.015605 

 334.560  1.93E-07      -.7653       .1793  -6.879E-09   4464.3236    -.013677 

 339.480  1.56E-07    -.046115       .1180  -7.561E-09   4464.2880    -.011226 

 344.400  1.18E-07       .4014     .069065  -7.263E-09   4464.3056    -.008664 

 349.320  8.44E-08       .6388     .032335  -6.389E-09   4464.3173    -.006266 

 354.240  5.56E-08       .7243     .006611  -5.244E-09   4464.3216    -.004191 

 359.160  3.28E-08       .7078    -.009871  -4.041E-09   4464.3208    -.002509 

 364.080  1.59E-08       .6301    -.019069  -2.918E-09   4464.3169    -.001230 

 369.000  4.11E-09       .5223    -.022891  -1.950E-09   4464.3116  -3.235E-04 

 373.920 -3.32E-09       .4063    -.023035  -1.170E-09   4464.3058   2.650E-04 

 378.840 -7.40E-09       .2965    -.020910  -5.798E-10   4464.3004   5.984E-04 

 383.760 -9.03E-09       .2010    -.017618  -1.620E-10   4464.2957   7.400E-04 

 388.680 -8.99E-09       .1232    -.013959   1.103E-10   4464.2918   7.472E-04 

 393.600 -7.94E-09     .063528    -.010476   2.672E-10   4464.2889   6.686E-04 

 398.520 -6.36E-09     .019960    -.007496   3.373E-10   4464.2867   5.429E-04 

 403.440 -4.62E-09    -.010479    -.005178   3.453E-10   4464.2862   3.994E-04 

 408.360 -2.97E-09    -.031244    -.003556   3.102E-10   4464.2873   2.597E-04 

 413.280 -1.57E-09    -.045704    -.002575   2.456E-10   4464.2880   1.391E-04 

 418.200 -5.50E-10    -.056768    -.002112   1.596E-10   4464.2885   4.938E-05 

 423.120 -6.33E-17    -.066601     .005773   5.594E-11   4464.2890     .003156 

 428.040  5.52E-17  -2.101E-08     .006768   6.433E-18   4464.2857    -.002751 

 432.960  2.85E-23   6.677E-09   2.135E-09  -5.608E-18   4464.2857  -1.420E-09 

 437.880 -5.53E-24   4.784E-15  -6.786E-10  -2.894E-24   4464.2857   2.758E-10 

 442.800     0.000  -6.695E-16  -4.862E-16   5.623E-25   4464.2857   2.529E-16 

 447.720     0.000  -7.481E-22   6.803E-17      0.0000   4464.2857  -2.766E-17 

 452.640     0.000   6.712E-23   7.602E-23      0.0000   4464.2857  -3.645E-23 

 457.560     0.000      0.0000  -6.821E-24      0.0000   4464.2857   2.773E-24 

 462.480     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 



 467.400     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 472.320     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 477.240     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 482.160     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 487.080     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 492.000     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  2: 

 

Pile-head deflection             =      .20000000 in 

Computed slope at pile head      =     -.00388903 

Maximum bending moment           =     162552.175 lbs-in 

Maximum shear force              =       5855.785 lbs 

Depth of maximum bending moment  =         49.200 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              7 

Number of zero deflection points =             13 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  3 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Specified deflection at pile head     =         .300000 in 

Specified bending moment at pile head =            .000 in-lbs 

Specified axial load at pile head     =       75000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .300000      0.0000   7935.2549    -.005652   4464.2857   -112.7447 

   4.920   .272191  39762.5587   7361.1874    -.005619   6432.7292   -120.6161 

   9.840   .244711  76580.7900   6733.9183    -.005521   8255.4139   -134.3714 

  14.760   .217863   1.101E+05   6043.8261    -.005364   9914.7267   -146.1539 

  19.680   .191925   1.400E+05   5294.0238    -.005154  11395.5195   -158.6438 

  24.600   .167145   1.660E+05   4486.8954    -.004897  12681.9075   -169.4572 

  29.520   .143736   1.878E+05   3631.9248    -.004600  13760.1352   -178.0918 

  34.440   .121880   2.051E+05   2741.5957    -.004270  14619.1871   -183.8306 

  39.360   .101718   2.179E+05   1830.8576    -.003915  15251.6538   -186.3882 

  44.280   .083357   2.260E+05    915.9043    -.003542  15654.0783   -185.5441 

  49.200   .066865   2.295E+05     13.8531    -.003159  15827.2229   -181.1434 

  54.120   .052269   2.285E+05   -857.5671    -.002775  15776.2536   -173.0924 

  59.040   .039562   2.231E+05  -1680.2840    -.002395  15510.8498   -161.3453 

  63.960   .028699   2.137E+05  -2436.0453    -.002028  15045.2531   -145.8747 

  68.880   .019602   2.007E+05  -3106.3463    -.001680  14398.2908   -126.6054 

  73.800   .012163   1.844E+05  -3671.7941    -.001357  13593.4554   -103.2515 

  78.720   .006249   1.655E+05  -4084.5128    -.001063  12659.2314    -64.5203 



  83.640   .001703   1.450E+05  -4288.3368  -8.023E-04  11642.6109    -18.3350 

  88.560  -.001645   1.239E+05  -4288.0720  -5.764E-04  10599.5696     18.4426 

  93.480  -.003969   1.032E+05  -4128.9297  -3.856E-04   9574.8258     46.2495 

  98.400  -.005439  83588.6332  -3853.3017  -2.287E-04   8602.3369     65.7944 

 103.320  -.006219  65485.1915  -3499.6171  -1.035E-04   7706.1269     77.9798 

 108.240  -.006458  49228.7703  -3101.5647  -7.135E-06   6901.3535     83.8301 

 113.160  -.006289  34971.0604  -2687.6450   6.358E-05   6195.5263     84.4300 

 118.080  -.005832  22735.4203  -2280.9997   1.120E-04   5589.8016     80.8730 

 123.000  -.005187  12443.3318  -1899.4655   1.416E-04   5080.2922     74.2222 

 127.920  -.004439   3940.1830  -1555.7910   1.554E-04   4659.3443     65.4829 

 132.840  -.003658  -2980.3033  -1165.0858   1.562E-04   4611.8255     93.3404 

 137.760  -.002902  -7639.5080   -745.4023   1.472E-04   4842.4792     77.2627 

 142.680  -.002209 -10423.7264   -404.6317   1.321E-04   4980.3118     61.2620 

 147.600  -.001602 -11718.5521   -140.2470   1.135E-04   5044.4121     46.2115 

 152.520  -.001093 -11887.4999     53.9192   9.365E-05   5052.7758     32.7178 

 157.440 -6.81E-04 -11257.0992    186.4238   7.421E-05   5021.5679     21.1458 

 162.360 -3.62E-04 -10107.8562    267.1122   5.626E-05   4964.6746     11.6543 

 167.280 -1.27E-04  -8670.2383    306.2033   4.049E-05   4893.5054      4.2363 

 172.200  3.61E-05  -7124.7002    313.5762   2.723E-05   4816.9936     -1.2392 

 177.120  1.41E-04  -5604.7422    298.2589   1.654E-05   4741.7482     -4.9874 

 182.040  1.99E-04  -4202.0368    268.1000   8.300E-06   4672.3073     -7.2723 

 186.960  2.22E-04  -2972.7633    229.6025   2.274E-06   4611.4522     -8.3771 

 191.880  2.21E-04  -1944.4267    187.8865  -1.856E-06   4560.5445     -8.5806 

 196.800  2.04E-04  -1122.5906    146.7528  -4.432E-06   4519.8595     -8.1404 

 201.720  1.78E-04   -497.1086    108.8145  -5.792E-06   4488.8951     -7.2817 

 206.640  1.47E-04    -47.5817     75.6708  -6.250E-06   4466.6412     -6.1914 

 211.560  1.16E-04    252.1042     48.0997  -6.078E-06   4476.7661     -5.0164 

 216.480  8.72E-05    430.2047     26.2507  -5.505E-06   4485.5830     -3.8653 

 221.400  6.19E-05    514.4733      9.8248  -4.711E-06   4489.7547     -2.8119 

 226.320  4.08E-05    530.3575     -1.7673  -3.834E-06   4490.5410     -1.9003 

 231.240  2.42E-05    499.9123     -9.2738  -2.968E-06   4489.0338     -1.1511 

 236.160  1.16E-05    441.2936    -13.4988  -2.178E-06   4486.1319      -.5664 

 241.080  2.72E-06    368.6914    -15.2261  -1.498E-06   4482.5378      -.1358 

 246.000 -3.12E-06    292.5739    -15.1686  -9.423E-07   4478.7696       .1592 

 250.920 -6.55E-06    220.1278    -13.9379  -5.117E-07   4475.1831       .3411 

 255.840 -8.16E-06    155.8025    -12.0314  -1.959E-07   4471.9987       .4339 

 260.760 -8.48E-06    101.8836     -9.8317   2.048E-08   4469.3295       .4603 

 265.680 -7.96E-06     59.0439     -7.6150   1.556E-07   4467.2087       .4408 

 270.600 -6.95E-06     26.8375     -5.5650   2.278E-07   4465.6143       .3925 

 275.520 -5.71E-06      4.1161     -3.7894   2.538E-07   4464.4895       .3293 

 280.440 -4.45E-06    -10.6376     -2.3367   2.483E-07   4464.8123       .2613 

 285.360 -3.27E-06    -19.0606     -1.2125   2.233E-07   4465.2293       .1957 

 290.280 -2.25E-06    -22.7339      -.3936   1.882E-07   4465.4112       .1372 

 295.200 -1.42E-06    -23.0726       .1604   1.498E-07   4465.4279     .088034 

 300.120 -7.77E-07    -21.2659       .4977   1.125E-07   4465.3385     .049088 

 305.040 -3.11E-07    -18.2578       .6677   7.934E-08   4465.1896     .020016 

 309.960  3.44E-09    -14.7539       .7164   5.161E-08   4465.0161  -2.247E-04 

 314.880  1.96E-07    -11.2462       .6838   2.978E-08   4464.8425    -.013057 

 319.800  2.96E-07     -8.0477       .6023   1.357E-08   4464.6841    -.020035 

 324.720  3.30E-07     -5.3292       .4973   2.338E-09   4464.5495    -.022666 

 329.640  3.19E-07     -3.1560       .3867  -4.788E-09   4464.4419    -.022297 

 334.560  2.83E-07     -1.5205       .2825  -8.716E-09   4464.3610    -.020056 

 339.480  2.34E-07      -.3697       .1918  -1.030E-08   4464.3040    -.016829 

 344.400  1.81E-07       .3741       .1177  -1.030E-08   4464.3042    -.013269 

 349.320  1.32E-07       .7964     .060921  -9.317E-09   4464.3251    -.009824 

 354.240  8.98E-08       .9804     .020114  -7.824E-09   4464.3342    -.006765 

 359.160  5.54E-08      1.0001    -.006938  -6.161E-09   4464.3352    -.004231 



 364.080  2.92E-08       .9167    -.022913  -4.551E-09   4464.3311    -.002263 

 369.000  1.06E-08       .7780    -.030526  -3.128E-09   4464.3242  -8.318E-04 

 373.920 -1.60E-09       .6186    -.032259  -1.955E-09   4464.3163   1.274E-04 

 378.840 -8.66E-09       .4620    -.030223  -1.047E-09   4464.3086   7.002E-04 

 383.760 -1.19E-08       .3220    -.026100  -3.887E-10   4464.3017   9.756E-04 

 388.680 -1.25E-08       .2055    -.021149   5.436E-11   4464.2959     .001037 

 393.600 -1.14E-08       .1139    -.016244   3.225E-10   4464.2914   9.569E-04 

 398.520 -9.31E-09     .045374    -.011937   4.563E-10   4464.2880   7.940E-04 

 403.440 -6.88E-09    -.003928    -.008522   4.911E-10   4464.2859   5.941E-04 

 408.360 -4.48E-09    -.038845    -.006097   4.552E-10   4464.2876   3.917E-04 

 413.280 -2.40E-09    -.064256    -.004610   3.686E-10   4464.2889   2.125E-04 

 418.200 -8.50E-10    -.084484    -.003900   2.437E-10   4464.2899   7.624E-05 

 423.120 -1.00E-16      -.1028     .008592   8.635E-11   4464.2908     .005002 

 428.040  8.52E-17  -3.276E-08     .010449   1.020E-17   4464.2857    -.004247 

 432.960  4.42E-23   1.031E-08   3.328E-09  -8.657E-18   4464.2857  -2.205E-09 

 437.880 -8.54E-24   7.417E-15  -1.048E-09  -4.494E-24   4464.2857   4.258E-10 

 442.800     0.000  -1.033E-15  -7.537E-16   8.680E-25   4464.2857   3.918E-16 

 447.720     0.000  -1.158E-21   1.050E-16      0.0000   4464.2857  -4.269E-17 

 452.640     0.000   1.036E-22   1.177E-22      0.0000   4464.2857  -5.640E-23 

 457.560     0.000      0.0000  -1.053E-23      0.0000   4464.2857   4.280E-24 

 462.480     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 467.400     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 472.320     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 477.240     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 482.160     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 487.080     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 492.000     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  3: 

 

Pile-head deflection             =      .30000000 in 

Computed slope at pile head      =     -.00565224 

Maximum bending moment           =     229531.332 lbs-in 

Maximum shear force              =       7935.255 lbs 

Depth of maximum bending moment  =         49.200 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              8 

Number of zero deflection points =             13 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  4 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Specified deflection at pile head     =         .400000 in 

Specified bending moment at pile head =            .000 in-lbs 

Specified axial load at pile head     =       75000.000 lbs 

 



  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .400000      0.0000   9901.8190    -.007377   4464.2857   -130.3688 

   4.920   .363707  49861.0333   9216.7906    -.007335   6932.6537   -148.0980 

   9.840   .327826  96106.2409   8446.0451    -.007212   9222.0204   -165.2132 

  14.760   .292740   1.383E+05   7597.3292    -.007015  11310.4572   -179.7933 

  19.680   .258796   1.760E+05   6677.6033    -.006751  13179.1976   -194.0790 

  24.600   .226308   2.090E+05   5693.4909    -.006428  14809.9643   -205.9667 

  29.520   .195546   2.368E+05   4656.9498    -.006053  16187.5009   -215.3915 

  34.440   .166741   2.593E+05   3579.9314    -.005637  17299.6597   -222.4209 

  39.360   .140080   2.762E+05   2475.7788    -.005187  18137.3277   -226.4216 

  44.280   .115700   2.875E+05   1361.6497    -.004714  18695.1913   -226.4764 

  49.200   .093697   2.931E+05    257.4395    -.004226  18972.8393   -222.3896 

  54.120   .074115   2.931E+05   -816.1757    -.003734  18974.9969   -214.0394 

  59.040   .056956   2.878E+05  -1838.0746    -.003246  18711.6692   -201.3667 

  63.960   .042176   2.774E+05  -2786.9410    -.002771  18198.2053   -184.3513 

  68.880   .029688   2.624E+05  -3641.3204    -.002318  17455.3139   -162.9574 

  73.800   .019369   2.433E+05  -4379.2420    -.001893  16509.0924   -137.0107 

  78.720   .011061   2.207E+05  -4976.6987    -.001503  15391.2202   -105.8579 

  83.640   .004577   1.954E+05  -5358.3380    -.001154  14139.7219    -49.2800 

  88.560 -2.92E-04   1.688E+05  -5471.5085  -8.478E-04  12823.1723      3.2757 

  93.480  -.003766   1.422E+05  -5355.5002  -5.865E-04  11505.3671     43.8821 

  98.400  -.006064   1.166E+05  -5067.1181  -3.692E-04  10235.7831     73.3464 

 103.320  -.007398  92641.8421  -4658.4847  -1.934E-04   9050.5155     92.7647 

 108.240  -.007967  70887.5147  -4175.8559  -5.609E-05   7973.5686    103.4258 

 113.160  -.007950  51592.8161  -3658.8820   4.678E-05   7018.3855    106.7262 

 118.080  -.007507  34849.5950  -3140.2527   1.194E-04   6189.5132    104.0987 

 123.000  -.006775  20604.6291  -2645.6549   1.660E-04   5484.3169     96.9573 

 127.920  -.005874   8693.8788  -2193.9662   1.906E-04   4894.6758     86.6560 

 132.840  -.004900  -1124.6312  -1673.1929   1.969E-04   4519.9605    125.0405 

 137.760  -.003936  -7915.6640  -1107.7966   1.893E-04   4856.1503    104.7954 

 142.680  -.003037 -12165.0708   -642.7948   1.725E-04   5066.5169     84.2297 

 147.600  -.002239 -14368.0387   -276.7390   1.502E-04   5175.5748     64.5734 

 152.520  -.001560 -14999.0111     -2.9929   1.255E-04   5206.8110     46.7055 

 157.440  -.001004 -14490.1144    188.6111   1.007E-04   5181.6181     31.1823 

 162.360 -5.68E-04 -13217.4252    310.2888   7.747E-05   5118.6137     18.2802 

 167.280 -2.42E-04 -11494.0458    375.0537   5.672E-05   5033.2979      8.0470 

 172.200 -1.04E-05  -9568.7533    395.7249   3.903E-05   4937.9864       .3559 

 177.120  1.42E-04  -7628.9143    384.1969   2.458E-05   4841.9547     -5.0421 

 182.040  2.32E-04  -5806.3973    350.9549   1.330E-05   4751.7311     -8.4709 

 186.960  2.73E-04  -4185.3323    304.8054   4.906E-06   4671.4804    -10.2890 

 191.880  2.80E-04  -2810.7330    252.7869  -9.696E-07   4603.4309    -10.8567 

 196.800  2.63E-04  -1697.1938    200.2184  -4.756E-06   4548.3052    -10.5126 

 201.720  2.33E-04   -837.0745    150.8474  -6.884E-06   4505.7250     -9.5569 

 206.640  1.96E-04   -207.7744    107.0610  -7.762E-06   4474.5716     -8.2425 

 211.560  1.57E-04    222.1337     70.1274  -7.750E-06   4475.2824     -6.7712 

 216.480  1.19E-04    487.9980     40.4449  -7.153E-06   4488.4440     -5.2948 

 221.400  8.62E-05    625.3909     17.7780  -6.218E-06   4495.2457     -3.9194 

 226.320  5.82E-05    667.5223      1.4672  -5.132E-06   4497.3314     -2.7110 

 231.240  3.57E-05    643.6154     -9.3929  -4.031E-06   4496.1479     -1.7036 

 236.160  1.86E-05    578.0713    -15.8119  -3.005E-06   4492.9031      -.9057 

 241.080  6.18E-06    490.2441    -18.7980  -2.108E-06   4488.5552      -.3081 

 246.000 -2.17E-06    394.6546    -19.2843  -1.365E-06   4483.8231       .1104 

 250.920 -7.25E-06    301.4933    -18.0839  -7.799E-07   4479.2111       .3776 

 255.840 -9.84E-06    217.2843    -15.8676  -3.442E-07   4475.0424       .5234 



 260.760 -1.06E-05    145.6103    -13.1594  -3.938E-08   4471.4941       .5775 

 265.680 -1.02E-05     87.8248    -10.3448   1.567E-07   4468.6335       .5667 

 270.600 -9.09E-06     43.7016     -7.6866   2.671E-07   4466.4492       .5139 

 275.520 -7.60E-06     11.9911     -5.3454   3.139E-07   4464.8793       .4378 

 280.440 -6.00E-06     -9.1286     -3.4008   3.163E-07   4464.7376       .3526 

 285.360 -4.49E-06    -21.7067     -1.8731   2.904E-07   4465.3603       .2684 

 290.280 -3.15E-06    -27.7740      -.7410   2.489E-07   4465.6607       .1918 

 295.200 -2.04E-06    -29.1820     .041670   2.010E-07   4465.7304       .1264 

 300.120 -1.17E-06    -27.5123       .5342   1.534E-07   4465.6477     .073804 

 305.040 -5.27E-07    -24.0390       .7991   1.101E-07   4465.4758     .033897 

 309.960 -8.50E-08    -19.7302       .8962   7.336E-08   4465.2625     .005558 

 314.880  1.94E-07    -15.2747       .8781   4.396E-08   4465.0419    -.012922 

 319.800  3.48E-07    -11.1226       .7885   2.179E-08   4464.8363    -.023489 

 324.720  4.09E-07     -7.5321       .6616   6.124E-09   4464.6586    -.028081 

 329.640  4.08E-07     -4.6166       .5225  -4.080E-09   4464.5143    -.028464 

 334.560  3.69E-07     -2.3874       .3882  -9.962E-09   4464.4039    -.026139 

 339.480  3.10E-07      -.7893       .2690  -1.263E-08   4464.3248    -.022308 

 344.400  2.44E-07       .2692       .1702  -1.307E-08   4464.2990    -.017868 

 349.320  1.81E-07       .8950     .093152  -1.209E-08   4464.3300    -.013449 

 354.240  1.25E-07      1.1947     .036825  -1.033E-08   4464.3449    -.009448 

 359.160  7.95E-08      1.2650    -.001368  -8.269E-09   4464.3483    -.006078 

 364.080  4.41E-08      1.1874    -.024722  -6.209E-09   4464.3445    -.003416 

 369.000  1.84E-08      1.0263    -.036689  -4.350E-09   4464.3365    -.001448 

 373.920  1.25E-09       .8296    -.040497  -2.791E-09   4464.3268  -9.992E-05 

 378.840 -9.05E-09       .6299    -.038942  -1.565E-09   4464.3169   7.320E-04 

 383.760 -1.42E-08       .4475    -.034288  -6.605E-10   4464.3079     .001160 

 388.680 -1.56E-08       .2930    -.028257  -3.856E-11   4464.3002     .001292 

 393.600 -1.45E-08       .1695    -.022070   3.498E-10   4464.2941     .001223 

 398.520 -1.21E-08     .075535    -.016520   5.556E-10   4464.2895     .001033 

 403.440 -9.06E-09     .006528    -.012053   6.246E-10   4464.2860   7.830E-04 

 408.360 -5.96E-09    -.043531    -.008844   5.935E-10   4464.2879   5.217E-04 

 413.280 -3.22E-09    -.080933    -.006858   4.890E-10   4464.2897   2.855E-04 

 418.200 -1.15E-09      -.1114    -.005902   3.274E-10   4464.2912   1.033E-04 

 423.120 -1.38E-16      -.1392     .011327   1.169E-10   4464.2926     .006900 

 428.040  1.15E-16  -4.467E-08     .014151   1.406E-17   4464.2857    -.005752 

 432.960  6.01E-23   1.396E-08   4.539E-09  -1.173E-17   4464.2857  -2.998E-09 

 437.880 -1.16E-23   1.008E-14  -1.419E-09  -6.112E-24   4464.2857   5.767E-10 

 442.800     0.000  -1.400E-15  -1.024E-15   1.176E-24   4464.2857   5.319E-16 

 447.720     0.000  -1.571E-21   1.422E-16      0.0000   4464.2857  -5.782E-17 

 452.640     0.000   1.403E-22   1.597E-22      0.0000   4464.2857  -7.651E-23 

 457.560     0.000      0.0000  -1.426E-23      0.0000   4464.2857   5.797E-24 

 462.480     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 467.400     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 472.320     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 477.240     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 482.160     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 487.080     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 492.000     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  4: 

 

Pile-head deflection             =      .40000000 in 



Computed slope at pile head      =     -.00737659 

Maximum bending moment           =     293116.367 lbs-in 

Maximum shear force              =       9901.819 lbs 

Depth of maximum bending moment  =         54.120 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              8 

Number of zero deflection points =             13 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  5 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Specified deflection at pile head     =         .500000 in 

Specified bending moment at pile head =            .000 in-lbs 

Specified axial load at pile head     =       75000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .500000      0.0000  11612.5381    -.009068   4464.2857   -130.3688 

   4.920   .455386  58901.8408  10919.1667    -.009018   7380.2184   -151.4895 

   9.840   .411259   1.141E+05  10097.0150    -.008873  10112.8084   -182.7185 

  14.760   .368075   1.648E+05   9121.9764    -.008639  12622.9389   -213.6386 

  19.680   .326253   2.102E+05   8031.0568    -.008324  14872.0014   -229.8246 

  24.600   .286169   2.500E+05   6868.1371    -.007937  16839.2057   -242.9070 

  29.520   .248150   2.837E+05   5648.7343    -.007489  18507.6553   -252.7852 

  34.440   .212476   3.111E+05   4388.4667    -.006990  19864.4786   -259.5187 

  39.360   .179372   3.320E+05   3102.2850    -.006449  20900.7657   -263.3194 

  44.280   .149013   3.464E+05   1804.7332    -.005880  21611.3197   -264.1407 

  49.200   .121516   3.541E+05    514.1838    -.005291  21994.7160   -260.4729 

  54.120   .096946   3.553E+05   -746.4959    -.004696  22055.1122   -251.9985 

  59.040   .075312   3.502E+05  -1953.4760    -.004103  21802.6260   -238.6438 

  63.960   .056573   3.391E+05  -3082.6979    -.003524  21253.4174   -220.3894 

  68.880   .040636   3.225E+05  -4110.0285    -.002968  20429.7017   -197.2246 

  73.800   .027365   3.009E+05  -5011.0529    -.002445  19359.7486   -169.0454 

  78.720   .016581   2.750E+05  -5759.9799    -.001961  18077.9896   -135.3964 

  83.640   .008069   2.457E+05  -6306.7880    -.001524  16625.5418    -86.8833 

  88.560   .001587   2.141E+05  -6564.2962    -.001138  15061.4407    -17.7948 

  93.480  -.003125   1.819E+05  -6518.4823  -8.051E-04  13469.4471     36.4183 

  98.400  -.006334   1.505E+05  -6240.4067  -5.259E-04  11915.5132     76.6205 

 103.320  -.008300   1.209E+05  -5795.9139  -2.979E-04  10448.7779    104.0676 

 108.240  -.009266  93702.8647  -5244.0043  -1.177E-04   9103.0414    120.2858 

 113.160  -.009458  69372.5942  -4635.7698   1.928E-05   7898.5726    126.9639 

 118.080  -.009076  48072.6644  -4013.8192   1.179E-04   6844.1206    125.8615 

 123.000  -.008297  29789.5925  -3412.1091   1.833E-04   5939.0180    118.7360 

 127.920  -.007272  14362.2284  -2856.0879   2.204E-04   5175.2871    107.2888 

 132.840  -.006129   1523.0386  -2207.4523   2.337E-04   4539.6837    156.3842 

 137.760  -.004973  -7531.5974  -1497.0799   2.287E-04   4837.1371    132.3851 

 142.680  -.003878 -13376.9990   -906.8346   2.111E-04   5126.5134    107.5521 

 147.600  -.002895 -16610.6608   -436.8835   1.859E-04   5286.5957     83.4850 

 152.520  -.002049 -17813.1563    -80.5866   1.570E-04   5346.1251     61.3512 



 157.440  -.001350 -17519.5202    173.4484   1.274E-04   5331.5887     41.9151 

 162.360 -7.96E-04 -16200.4111    339.5053   9.903E-05   5266.2863     25.5877 

 167.280 -3.75E-04 -14251.8742    433.1694   7.346E-05   5169.8240     12.4871 

 172.200 -7.29E-05 -11992.2353    470.0488   5.141E-05   5057.9607      2.5045 

 177.120  1.31E-04  -9664.5384    464.8161   3.323E-05   4942.7282     -4.6316 

 182.040  2.54E-04  -7442.9651    430.5548   1.886E-05   4832.7493     -9.2958 

 186.960  3.16E-04  -5441.7961    378.3764   8.036E-06   4733.6816    -11.9149 

 191.880  3.33E-04  -3725.6717    317.2667   3.364E-07   4648.7249    -12.9264 

 196.800  3.19E-04  -2320.1399    254.1105  -4.741E-06   4579.1441    -12.7469 

 201.720  2.86E-04  -1221.7257    193.8470  -7.716E-06   4524.7672    -11.7505 

 206.640  2.43E-04   -406.9909    139.7113  -9.084E-06   4484.4338    -10.2559 

 211.560  1.97E-04    159.7373     93.5207  -9.292E-06   4472.1935     -8.5207 

 216.480  1.52E-04    520.1103     55.9759  -8.721E-06   4490.0337     -6.7414 

 221.400  1.11E-04    716.9760     26.9503  -7.682E-06   4499.7796     -5.0576 

 226.320  7.65E-05    790.9700      5.7522  -6.415E-06   4503.4426     -3.5595 

 231.240  4.82E-05    778.3116     -8.6516  -5.097E-06   4502.8160     -2.2957 

 236.160  2.63E-05    709.5999    -17.4552  -3.848E-06   4499.4144     -1.2830 

 241.080  1.03E-05    609.3922    -21.8764  -2.740E-06   4494.4536      -.5143 

 246.000 -6.49E-07    496.3577    -23.0602  -1.811E-06   4488.8579     .033082 

 250.920 -7.51E-06    383.8164    -22.0168  -1.072E-06   4483.2865       .3911 

 255.840 -1.12E-05    280.5035    -19.5898  -5.139E-07   4478.1720       .5955 

 260.760 -1.26E-05    191.4318    -16.4465  -1.175E-07   4473.7625       .6822 

 265.680 -1.24E-05    118.7562    -13.0847   1.430E-07   4470.1647       .6844 

 270.600 -1.12E-05     62.5727     -9.8501   2.953E-07   4467.3834       .6305 

 275.520 -9.45E-06     21.6133     -6.9601   3.660E-07   4465.3557       .5443 

 280.440 -7.56E-06     -6.1848     -4.5297   3.790E-07   4464.5919       .4437 

 285.360 -5.72E-06    -23.2382     -2.5967   3.543E-07   4465.4361       .3420 

 290.280 -4.07E-06    -31.9974     -1.1451   3.079E-07   4465.8697       .2480 

 295.200 -2.69E-06    -34.7334      -.1249   2.518E-07   4466.0052       .1667 

 300.120 -1.59E-06    -33.4118       .5326   1.946E-07   4465.9398       .1005 

 305.040 -7.72E-07    -29.6363       .9020   1.416E-07   4465.7529     .049631 

 309.960 -1.98E-07    -24.6409      1.0559   9.606E-08   4465.5056     .012936 

 314.880  1.73E-07    -19.3172      1.0594   5.914E-08   4465.2420    -.011493 

 319.800  3.84E-07    -14.2597       .9673   3.094E-08   4464.9916    -.025954 

 324.720  4.77E-07     -9.8216       .8228   1.071E-08   4464.7719    -.032788 

 329.640  4.89E-07     -6.1711       .6581  -2.718E-09   4464.5912    -.034163 

 334.560  4.51E-07     -3.3438       .4955  -1.071E-08   4464.4512    -.031948 

 339.480  3.84E-07     -1.2877       .3489  -1.460E-08   4464.3495    -.027658 

 344.400  3.07E-07     .099714       .2256  -1.560E-08   4464.2907    -.022442 

 349.320  2.31E-07       .9438       .1283  -1.472E-08   4464.3324    -.017117 

 354.240  1.62E-07      1.3730     .056148  -1.277E-08   4464.3537    -.012210 

 359.160  1.05E-07      1.5057     .006386  -1.036E-08   4464.3603    -.008019 

 364.080  6.02E-08      1.4434    -.024818  -7.880E-09   4464.3572    -.004666 

 369.000  2.74E-08      1.2673    -.041591  -5.603E-09   4464.3485    -.002152 

 373.920  5.03E-09      1.0383    -.047873  -3.667E-09   4464.3371  -4.014E-04 

 378.840 -8.72E-09       .7990    -.047126  -2.124E-09   4464.3253   7.050E-04 

 383.760 -1.59E-08       .5762    -.042192  -9.688E-10   4464.3142     .001301 

 388.680 -1.83E-08       .3845    -.035263  -1.620E-10   4464.3047     .001516 

 393.600 -1.75E-08       .2293    -.027917   3.535E-10   4464.2971     .001470 

 398.520 -1.48E-08       .1095    -.021202   6.381E-10   4464.2911     .001260 

 403.440 -1.12E-08     .020208    -.015726   7.471E-10   4464.2867   9.660E-04 

 408.360 -7.42E-09    -.045752    -.011752   7.256E-10   4464.2880   6.494E-04 

 413.280 -4.04E-09    -.095964    -.009273   6.066E-10   4464.2905   3.580E-04 

 418.200 -1.45E-09      -.1375    -.008072   4.106E-10   4464.2925   1.303E-04 

 423.120 -1.77E-16      -.1757     .013980   1.476E-10   4464.2944     .008834 

 428.040  1.46E-16  -5.667E-08     .017856   1.801E-17   4464.2857    -.007258 

 432.960  7.61E-23   1.762E-08   5.758E-09  -1.479E-17   4464.2857  -3.796E-09 



 437.880 -1.46E-23   1.274E-14  -1.790E-09  -7.738E-24   4464.2857   7.277E-10 

 442.800     0.000  -1.766E-15  -1.295E-15   1.483E-24   4464.2857   6.724E-16 

 447.720     0.000  -1.986E-21   1.795E-16      0.0000   4464.2857  -7.296E-17 

 452.640     0.000   1.771E-22   2.018E-22      0.0000   4464.2857  -9.667E-23 

 457.560     0.000      0.0000  -1.799E-23      0.0000   4464.2857   7.315E-24 

 462.480     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 467.400     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 472.320     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 477.240     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 482.160     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 487.080     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 492.000     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  5: 

 

Pile-head deflection             =      .50000000 in 

Computed slope at pile head      =     -.00906784 

Maximum bending moment           =     355334.695 lbs-in 

Maximum shear force              =      11612.538 lbs 

Depth of maximum bending moment  =         54.120 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              8 

Number of zero deflection points =             13 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  6 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Specified deflection at pile head     =         .600000 in 

Specified bending moment at pile head =            .000 in-lbs 

Specified axial load at pile head     =       75000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .600000      0.0000  13058.6766    -.010717   4464.2857   -130.3688 

   4.920   .547272  66625.3724  12365.3058    -.010661   7762.5715   -151.4892 

   9.840   .495096   1.295E+05  11543.1563    -.010496  10877.2778   -182.7179 

  14.760   .443989   1.880E+05  10560.4660    -.010230  13769.0516   -216.7497 

  19.680   .394436   2.410E+05   9398.3482    -.009869  16395.3189   -255.6559 

  24.600   .346875   2.877E+05   8079.7291    -.009425  18707.8291   -280.3681 

  29.520   .301692   3.275E+05   6674.5467    -.008909  20675.5354   -290.8443 

  34.440   .259215   3.600E+05   5227.3929    -.008331  22284.6642   -297.4297 

  39.360   .219713   3.851E+05   3756.8550    -.007705  23526.3266   -300.3500 

  44.280   .183393   4.026E+05   2280.0044    -.007044  24396.2533   -299.9958 

  49.200   .150400   4.127E+05    812.5573    -.006359  24894.3297   -296.5274 



  54.120   .120819   4.153E+05   -625.5816    -.005664  25024.4033   -288.0819 

  59.040   .094669   4.107E+05  -2008.9057    -.004970  24796.5140   -274.2450 

  63.960   .071914   3.992E+05  -3310.8356    -.004290  24227.3844   -254.9948 

  68.880   .052458   3.813E+05  -4504.7532    -.003634  23340.4355   -230.3376 

  73.800   .036153   3.576E+05  -5563.9282    -.003014  22165.7646   -200.2214 

  78.720   .022804   3.288E+05  -6460.7181    -.002437  20740.1892   -164.3274 

  83.640   .012171   2.958E+05  -7163.7236    -.001913  19107.6061   -121.4473 

  88.560   .003983   2.597E+05  -7572.3281    -.001446  17320.4119    -44.6521 

  93.480  -.002059   2.224E+05  -7623.1570    -.001041  15471.7408     23.9900 

  98.400  -.006263   1.855E+05  -7377.7842  -6.987E-04  13644.9950     75.7551 

 103.320  -.008934   1.503E+05  -6915.8425  -4.168E-04  11903.3388    112.0261 

 108.240  -.010364   1.177E+05  -6309.2867  -1.917E-04  10291.3167    134.5413 

 113.160  -.010821  88326.9816  -5620.9659  -1.868E-05   8836.9086    145.2639 

 118.080  -.010548  62409.5056  -4903.7965   1.079E-04   7553.8652    146.2684 

 123.000  -.009759  39993.9779  -4200.4364   1.939E-04   6444.1856    139.6503 

 127.920  -.008640  20934.0922  -3543.3513   2.451E-04   5500.6269    127.4574 

 132.840  -.007347   4946.5168  -2768.6227   2.668E-04   4709.1628    187.4729 

 137.760  -.006014  -6506.0804  -1913.5692   2.655E-04   4786.3689    160.1098 

 142.680  -.004734 -14078.9635  -1196.7361   2.482E-04   5161.2641    131.2858 

 147.600  -.003571 -18465.1632   -620.4314   2.209E-04   5378.4027    102.9844 

 152.520  -.002561 -20347.0369   -178.4637   1.883E-04   5471.5648     76.6773 

 157.440  -.001718 -20360.2172    141.4142   1.541E-04   5472.2173     53.3544 

 162.360  -.001044 -19069.2603    355.2667   1.210E-04   5408.3085     33.5775 

 167.280 -5.28E-04 -16953.6932    481.0418   9.075E-05   5303.5775     17.5506 

 172.200 -1.51E-04 -14402.7805    536.9987   6.441E-05   5177.2946      5.1961 

 177.120  1.06E-04 -11717.1618    540.5101   4.247E-05   5044.3432     -3.7687 

 182.040  2.67E-04  -9115.5073    507.2282   2.498E-05   4915.5484     -9.7605 

 186.960  3.52E-04  -6744.4695    450.5776   1.166E-05   4798.1703    -13.2682 

 191.880  3.81E-04  -4690.4265    381.5253   2.053E-06   4696.4850    -14.8019 

 196.800  3.72E-04  -2991.7760    308.5722  -4.399E-06   4612.3934    -14.8539 

 201.720  3.38E-04  -1650.8297    237.9085  -8.298E-06   4546.0100    -13.8712 

 206.640  2.91E-04   -644.6325    173.6783  -1.023E-05   4496.1982    -12.2386 

 211.560  2.38E-04     65.7110    118.3064  -1.071E-05   4467.5387    -10.2703 

 216.480  1.85E-04    527.4079     72.8483  -1.021E-05   4490.3950     -8.2087 

 221.400  1.37E-04    790.0758     37.3315  -9.107E-06   4503.3984     -6.2291 

 226.320  9.55E-05    901.4709     11.0685  -7.687E-06   4508.9130     -4.4470 

 231.240  6.14E-05    904.6623     -7.0738  -6.170E-06   4509.0710     -2.9279 

 236.160  3.48E-05    836.4181    -18.4536  -4.708E-06   4505.6926     -1.6980 

 241.080  1.51E-05    726.5530    -24.4852  -3.395E-06   4500.2537      -.7539 

 246.000  1.42E-06    597.9890    -26.5174  -2.282E-06   4493.8891    -.072206 

 250.920 -7.34E-06    467.3065    -25.7543  -1.388E-06   4487.4197       .3824 

 255.840 -1.22E-05    345.5907    -23.2123  -7.049E-07   4481.3942       .6509 

 260.760 -1.43E-05    239.4177    -19.7038  -2.136E-07   4476.1381       .7753 

 265.680 -1.43E-05    151.8627    -15.8423   1.151E-07   4471.8037       .7945 

 270.600 -1.31E-05     83.4449    -12.0604   3.127E-07   4468.4166       .7429 

 275.520 -1.13E-05     32.9581     -8.6365   4.105E-07   4465.9173       .6489 

 280.440 -9.11E-06     -1.8410     -5.7245   4.366E-07   4464.3769       .5348 

 285.360 -6.97E-06    -23.6932     -3.3835   4.151E-07   4465.4586       .4168 

 290.280 -5.02E-06    -35.4412     -1.6054   3.655E-07   4466.0402       .3060 

 295.200 -3.37E-06    -39.7596      -.3382   3.023E-07   4466.2540       .2091 

 300.120 -2.05E-06    -38.9920       .4942   2.362E-07   4466.2160       .1293 

 305.040 -1.05E-06    -35.0714       .9775   1.740E-07   4466.0219     .067206 

 309.960 -3.35E-07    -29.5022      1.1966   1.197E-07   4465.7462     .021884 

 314.880  1.32E-07    -23.3849      1.2288   7.533E-08   4465.4434    -.008805 

 319.800  4.06E-07    -17.4663      1.1396   4.102E-08   4465.1504    -.027468 

 324.720  5.36E-07    -12.2018       .9814   1.610E-08   4464.8898    -.036822 

 329.640  5.65E-07     -7.8211       .7939  -7.182E-10   4464.6729    -.039424 



 334.560  5.29E-07     -4.3898       .6046  -1.097E-08   4464.5030    -.037507 

 339.480  4.57E-07     -1.8637       .4314  -1.623E-08   4464.3780    -.032899 

 344.400  3.69E-07      -.1329       .2840  -1.790E-08   4464.2923    -.027004 

 349.320  2.81E-07       .9444       .1664  -1.722E-08   4464.3325    -.020835 

 354.240  2.00E-07      1.5168     .078061  -1.515E-08   4464.3608    -.015057 

 359.160  1.32E-07      1.7237     .016280  -1.243E-08   4464.3710    -.010058 

 364.080  7.75E-08      1.6861    -.023253  -9.569E-09   4464.3692    -.006012 

 369.000  3.74E-08      1.5020    -.045284  -6.891E-09   4464.3601    -.002943 

 373.920  9.73E-09      1.2456    -.054433  -4.584E-09   4464.3474  -7.757E-04 

 378.840 -7.68E-09       .9697    -.054814  -2.723E-09   4464.3337   6.210E-04 

 383.760 -1.71E-08       .7083    -.049844  -1.314E-09   4464.3208     .001399 

 388.680 -2.06E-08       .4802    -.042191  -3.154E-10   4464.3095     .001712 

 393.600 -2.02E-08       .2933    -.033803   3.343E-10   4464.3002     .001698 

 398.520 -1.73E-08       .1474    -.025992   7.045E-10   4464.2930     .001477 

 403.440 -1.32E-08     .037055    -.019545   8.594E-10   4464.2875     .001144 

 408.360 -8.86E-09    -.045590    -.014824   8.522E-10   4464.2880   7.752E-04 

 413.280 -4.85E-09      -.1094    -.011859   7.220E-10   4464.2911   4.302E-04 

 418.200 -1.75E-09      -.1628    -.010413   4.933E-10   4464.2938   1.574E-04 

 423.120 -2.17E-16      -.2123     .016560   1.783E-10   4464.2962     .010807 

 428.040  1.76E-16  -6.879E-08     .021573   2.203E-17   4464.2857    -.008769 

 432.960  9.23E-23   2.128E-08   6.990E-09  -1.787E-17   4464.2857  -4.600E-09 

 437.880 -1.76E-23   1.543E-14  -2.163E-09  -9.376E-24   4464.2857   8.792E-10 

 442.800     0.000  -2.134E-15  -1.568E-15   1.792E-24   4464.2857   8.137E-16 

 447.720     0.000  -2.403E-21   2.168E-16      0.0000   4464.2857  -8.815E-17 

 452.640     0.000   2.139E-22   2.442E-22      0.0000   4464.2857  -1.169E-22 

 457.560     0.000      0.0000  -2.174E-23      0.0000   4464.2857   8.837E-24 

 462.480     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 467.400     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 472.320     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 477.240     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 482.160     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 487.080     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 492.000     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  6: 

 

Pile-head deflection             =      .60000000 in 

Computed slope at pile head      =     -.01071697 

Maximum bending moment           =     415314.375 lbs-in 

Maximum shear force              =      13058.677 lbs 

Depth of maximum bending moment  =         54.120 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              9 

Number of zero deflection points =             13 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  7 

------------------------------------------------------------------------------ 



 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Specified deflection at pile head     =         .700000 in 

Specified bending moment at pile head =            .000 in-lbs 

Specified axial load at pile head     =       75000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .700000      0.0000  14324.1817    -.012325   4464.2857   -130.3688 

   4.920   .639362  73444.9667  13630.8110    -.012263   8100.1752   -151.4892 

   9.840   .579330   1.432E+05  12808.6615    -.012081  11552.2759   -182.7179 

  14.760   .520482   2.084E+05  11825.9712    -.011786  14781.0257   -216.7497 

  19.680   .463357   2.682E+05  10663.8534    -.011386  17743.6418   -255.6559 

  24.600   .408448   3.217E+05   9302.5364    -.010890  20391.6652   -297.7250 

  29.520   .356198   3.678E+05   7759.3418    -.010311  22673.0415   -329.5899 

  34.440   .306988   4.057E+05   6121.5453    -.009661  24548.1718   -336.1810 

  39.360   .261130   4.352E+05   4462.1445    -.008955  26007.9956   -338.3722 

  44.280   .218869   4.562E+05   2801.7430    -.008206  27048.9821   -336.5878 

  49.200   .180379   4.688E+05   1158.4424    -.007430  27672.6245   -331.4206 

  54.120   .145763   4.731E+05   -451.1996    -.006638  27884.7283   -322.9054 

  59.040   .115056   4.693E+05  -2005.1251    -.005847  27695.3660   -308.7716 

  63.960   .088228   4.577E+05  -3475.0217    -.005068  27121.5921   -288.7474 

  68.880   .065183   4.388E+05  -4831.9552    -.004316  26187.7580   -262.8516 

  73.800   .045763   4.133E+05  -6047.0125    -.003600  24925.4743   -231.0741 

  78.720   .029760   3.820E+05  -7090.7318    -.002932  23373.6036   -193.2020 

  83.640   .016914   3.457E+05  -7930.9347    -.002321  21578.4913   -148.3439 

  88.560   .006924   3.056E+05  -8486.8078    -.001774  19595.0052    -77.6208 

  93.480 -5.40E-04   2.635E+05  -8662.2865    -.001296  17509.1248      6.2881 

  98.400  -.005825   2.214E+05  -8473.4738  -8.885E-04  15422.6939     70.4651 

 103.320  -.009282   1.808E+05  -8013.8232  -5.507E-04  13413.9117    116.3847 

 108.240  -.011244   1.429E+05  -7368.4299  -2.788E-04  11539.0503    145.9702 

 113.160  -.012026   1.085E+05  -6612.2043  -6.770E-05   9834.7252    161.4385 

 118.080  -.011911  77896.1165  -5808.7565   8.883E-05   8320.5291    165.1663 

 123.000  -.011152  51259.1537  -5009.8814   1.973E-04   7001.8676    159.5797 

 127.920  -.009969  28453.2692  -4255.5198   2.643E-04   5872.8634    147.0714 

 132.840  -.008551   9189.8167  -3356.9541   2.959E-04   4919.2271    218.1993 

 137.760  -.007058  -4797.5134  -2357.9526   2.996E-04   4701.7864    187.8989 

 142.680  -.005604 -14233.5136  -1513.4592   2.836E-04   5168.9151    155.3911 

 147.600  -.004267 -19899.2334   -828.4791   2.549E-04   5449.3963    123.0562 

 152.520  -.003095 -22573.8721   -297.7508   2.192E-04   5581.8041     92.6870 

 157.440  -.002110 -22990.8995     91.4291   1.810E-04   5602.4491     65.5162 

 162.360  -.001315 -21807.7660    356.5928   1.433E-04   5543.8781     42.2739 

 167.280 -6.99E-04 -19587.8153    517.8214   1.086E-04   5433.9795     23.2661 

 172.200 -2.46E-04 -16792.5341    595.8693   7.802E-05   5295.5993      8.4607 

 177.120  6.83E-05 -13782.0422    610.7182   5.234E-05   5146.5650     -2.4245 

 182.040  2.69E-04 -10821.6964    580.5507   3.168E-05   5000.0133     -9.8387 

 186.960  3.80E-04  -8092.8033    521.1055   1.579E-05   4864.9195    -14.3259 

 191.880  4.24E-04  -5705.6738    445.3618   4.205E-06   4746.7448    -16.4642 

 196.800  4.21E-04  -3713.5465    363.4860  -3.706E-06   4648.1246    -16.8186 

 201.720  3.88E-04  -2126.2362    282.9786  -8.611E-06   4569.5449    -15.9080 

 206.640  3.37E-04   -922.6826    208.9553  -1.117E-05   4509.9631    -14.1828 

 211.560  2.78E-04    -61.8711    144.5095  -1.200E-05   4467.3486    -12.0147 

 216.480  2.19E-04    508.1460     91.1065  -1.162E-05   4489.4415     -9.6938 

 221.400  1.64E-04    843.1953     48.9756  -1.049E-05   4506.0281     -7.4325 

 226.320  1.15E-04    997.8068     17.4724  -8.942E-06   4513.6821     -5.3737 



 231.240  7.56E-05   1021.7229     -4.6059  -7.246E-06   4514.8661     -3.6012 

 236.160  4.41E-05    957.8329    -18.7595  -5.584E-06   4511.7032     -2.1523 

 241.080  2.06E-05    841.2504    -26.5842  -4.073E-06   4505.9318     -1.0285 

 246.000  4.06E-06    699.2503    -29.6237  -2.779E-06   4498.9021      -.2071 

 250.920 -6.72E-06    551.8039    -29.2721  -1.728E-06   4491.6027       .3500 

 255.840 -1.29E-05    412.4878    -26.7177  -9.182E-07   4484.7059       .6884 

 260.760 -1.58E-05    289.5797    -22.9198  -3.285E-07   4478.6213       .8555 

 265.680 -1.62E-05    187.1999    -18.6107   7.190E-08   4473.5530       .8962 

 270.600 -1.50E-05    106.3970    -14.3143   3.185E-07   4469.5529       .8504 

 275.520 -1.30E-05     46.1123    -10.3740   4.466E-07   4466.5685       .7514 

 280.440 -1.07E-05      3.9877     -6.9865   4.887E-07   4464.4831       .6256 

 285.360 -8.23E-06    -22.9955     -4.2358   4.727E-07   4465.4241       .4926 

 290.280 -6.00E-06    -38.0411     -2.1243   4.214E-07   4466.1689       .3657 

 295.200 -4.09E-06    -44.2097      -.6010   3.523E-07   4466.4743       .2535 

 300.120 -2.53E-06    -44.2147       .4164   2.781E-07   4466.4746       .1601 

 305.040 -1.35E-06    -40.3174      1.0235   2.071E-07   4466.2816     .086701 

 309.960 -4.97E-07    -34.2964      1.3167   1.444E-07   4465.9836     .032483 

 314.880  7.19E-08    -27.4679      1.3848   9.254E-08   4465.6455    -.004779 

 319.800  4.14E-07    -20.7380      1.3043   5.206E-08   4465.3123    -.027960 

 324.720  5.84E-07    -14.6721      1.1368   2.232E-08   4465.0121    -.040124 

 329.640  6.33E-07     -9.5684       .9294   1.958E-09   4464.7594    -.044203 

 334.560  6.03E-07     -5.5287       .7154  -1.072E-08   4464.5594    -.042784 

 339.480  5.28E-07     -2.5212       .5166  -1.748E-08   4464.4105    -.038008 

 344.400  4.31E-07      -.4323       .3455  -1.996E-08   4464.3071    -.031541 

 349.320  3.31E-07       .8935       .2074  -1.958E-08   4464.3299    -.024596 

 354.240  2.39E-07      1.6233       .1027  -1.746E-08   4464.3661    -.017986 

 359.160  1.60E-07      1.9168     .028435  -1.449E-08   4464.3806    -.012196 

 364.080  9.62E-08      1.9138    -.019915  -1.127E-08   4464.3805    -.007459 

 369.000  4.86E-08      1.7291    -.047674  -8.212E-09   4464.3713    -.003825 

 373.920  1.54E-08      1.4508    -.060102  -5.541E-09   4464.3575    -.001227 

 378.840 -5.89E-09      1.1418    -.061949  -3.364E-09   4464.3422   4.761E-04 

 383.760 -1.77E-08       .8437    -.057204  -1.696E-09   4464.3275     .001453 

 388.680 -2.26E-08       .5802    -.049016  -5.004E-10   4464.3144     .001876 

 393.600 -2.26E-08       .3617    -.039712   2.907E-10   4464.3036     .001906 

 398.520 -1.97E-08       .1892    -.030886   7.534E-10   4464.2951     .001682 

 403.440 -1.52E-08     .057240    -.023511   9.603E-10   4464.2885     .001316 

 408.360 -1.03E-08    -.042880    -.018063   9.724E-10   4464.2878   8.986E-04 

 413.280 -5.66E-09      -.1212    -.014618   8.346E-10   4464.2917   5.017E-04 

 418.200 -2.06E-09      -.1873    -.012930   5.754E-10   4464.2950   1.845E-04 

 423.120 -2.57E-16      -.2489     .019054   2.090E-10   4464.2980     .012817 

 428.040  2.06E-16  -8.101E-08     .025293   2.613E-17   4464.2857    -.010282 

 432.960  1.08E-22   2.495E-08   8.231E-09  -2.096E-17   4464.2857  -5.408E-09 

 437.880 -2.07E-23   1.813E-14  -2.536E-09  -1.102E-23   4464.2857   1.031E-09 

 442.800     0.000  -2.502E-15  -1.842E-15   2.101E-24   4464.2857   9.555E-16 

 447.720     0.000  -2.821E-21   2.542E-16      0.0000   4464.2857  -1.033E-16 

 452.640     0.000   2.508E-22   2.866E-22      0.0000   4464.2857  -1.372E-22 

 457.560     0.000      0.0000  -2.549E-23      0.0000   4464.2857   1.036E-23 

 462.480     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 467.400     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 472.320     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 477.240     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 482.160     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 487.080     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 492.000     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 

Output Verification: 

 



Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  7: 

 

Pile-head deflection             =      .70000000 in 

Computed slope at pile head      =     -.01232486 

Maximum bending moment           =     473092.940 lbs-in 

Maximum shear force              =      14324.182 lbs 

Depth of maximum bending moment  =         54.120 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              9 

Number of zero deflection points =             13 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  8 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Specified deflection at pile head     =         .800000 in 

Specified bending moment at pile head =            .000 in-lbs 

Specified axial load at pile head     =       75000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .800000      0.0000  15454.0254    -.013896   4464.2857   -130.3688 

   4.920   .731630  79583.7053  14760.6546    -.013830   8404.0731   -151.4892 

   9.840   .663917   1.555E+05  13938.5051    -.013632  12159.8834   -182.7179 

  14.760   .597489   2.268E+05  12955.8147    -.013311  15691.9662   -216.7498 

  19.680   .532935   2.928E+05  11793.6968    -.012875  18957.3506   -255.6559 

  24.600   .470801   3.524E+05  10432.3796    -.012333  21907.3899   -297.7251 

  29.520   .411579   4.045E+05   8856.3011    -.011697  24489.8426   -342.9572 

  34.440   .355700   4.481E+05   7088.4176    -.010981  26648.9047   -375.6946 

  39.360   .303524   4.824E+05   5236.0730    -.010200  28344.0075   -377.2910 

  44.280   .255335   5.072E+05   3387.4042    -.009369  29572.1873   -374.2003 

  49.200   .211338   5.226E+05   1563.8859    -.008504  30336.3865   -367.0672 

  54.120   .171659   5.288E+05   -216.5771    -.007621  30644.6793   -356.6982 

  59.040   .136351   5.261E+05  -1936.2479    -.006735  30509.3001   -342.3550 

  63.960   .105391   5.148E+05  -3569.8286    -.005860  29947.5211   -321.7022 

  68.880   .078686   4.953E+05  -5086.2498    -.005012  28984.4392   -294.7292 

  73.800   .056073   4.684E+05  -6454.4667    -.004203  27652.9742   -261.4566 

  78.720   .037332   4.349E+05  -7643.1601    -.003444  25993.8232   -221.7521 

  83.640   .022185   3.957E+05  -8619.0409    -.002746  24055.5939   -174.9473 

  88.560   .010309   3.521E+05  -9333.7029    -.002118  21895.5755   -115.5657 

  93.480   .001342   3.055E+05  -9656.4756    -.001566  19586.2661    -15.6428 

  98.400  -.005100   2.582E+05  -9543.2122    -.001092  17248.8383     61.6848 

 103.320  -.009407   2.124E+05  -9101.2951  -6.972E-04  14977.4055    117.9563 

 108.240  -.011960   1.692E+05  -8429.1853  -3.767E-04  12840.8077    155.2591 

 113.160  -.013114   1.297E+05  -7614.1649  -1.257E-04  10885.0705    176.0500 

 118.080  -.013197  94375.1079  -6730.9040   6.252E-05   9136.3208    182.9991 

 123.000  -.012499  63421.6149  -5840.7309   1.951E-04   7603.9696    178.8599 



 127.920  -.011277  36758.3663  -4991.4641   2.792E-04   6284.0068    166.3705 

 132.840  -.009752  14099.5636  -3970.0751   3.219E-04   5162.2839    248.8283 

 137.760  -.008110  -2544.7402  -2826.8272   3.316E-04   4590.2630    215.9066 

 142.680  -.006489 -13961.1453  -1853.0629   3.177E-04   5155.4315    179.9326 

 147.600  -.004983 -21013.3776  -1056.9345   2.884E-04   5504.5519    143.6969 

 152.520  -.003651 -24574.2015   -434.4936   2.501E-04   5680.8303    109.3279 

 157.440  -.002522 -25473.3581     27.1111   2.081E-04   5725.3430     78.3163 

 162.360  -.001604 -24460.9708    346.6444   1.661E-04   5675.2249     51.5753 

 167.280 -8.88E-04 -22184.9691    546.1534   1.269E-04   5562.5515     29.5259 

 172.200 -3.55E-04 -19180.5010    648.7814   9.220E-05   5413.8155     12.1928 

 177.120  1.96E-05 -15869.0001    677.0636   6.276E-05   5249.8798      -.6960 

 182.040  2.63E-04 -12564.5103    651.6978   3.888E-05   5086.2912     -9.6154 

 186.960  4.02E-04  -9484.9856    590.7525   2.036E-05   4933.8395    -15.1591 

 191.880  4.63E-04  -6766.5302    509.2548   6.709E-06   4799.2625    -17.9700 

 196.800  4.68E-04  -4478.8698    419.0855  -2.736E-06   4686.0119    -18.6842 

 201.720  4.36E-04  -2640.7098    329.1097  -8.715E-06   4595.0139    -17.8914 

 206.640  3.82E-04  -1233.9986    245.4699  -1.197E-05   4525.3748    -16.1085 

 211.560  3.18E-04   -216.4522    171.9792  -1.319E-05   4475.0012    -13.7658 

 216.480  2.53E-04    468.0090    110.5585  -1.298E-05   4487.4545    -11.2020 

 221.400  1.91E-04    881.0199     61.6774  -1.184E-05   4507.9006     -8.6684 

 226.320  1.36E-04   1083.6545     24.7651  -1.019E-05   4517.9320     -6.3366 

 231.240  9.05E-05   1132.2310     -1.4273  -8.332E-06   4520.3368     -4.3107 

 236.160  5.41E-05   1075.7591    -18.5259  -6.478E-06   4517.5411     -2.6400 

 241.080  2.67E-05    954.7167    -28.2974  -4.772E-06   4511.5489     -1.3322 

 246.000  7.18E-06    800.8351    -32.4747  -3.298E-06   4503.9310      -.3659 

 250.920 -5.74E-06    637.5998    -32.6395  -2.090E-06   4495.8501       .2989 

 255.840 -1.34E-05    481.2045    -30.1527  -1.150E-06   4488.1077       .7120 

 260.760 -1.71E-05    341.7463    -26.1228  -4.590E-07   4481.2038       .9261 

 265.680 -1.79E-05    224.4946    -21.4045   1.659E-08   4475.3993       .9919 

 270.600 -1.69E-05    131.1136    -16.6160   3.153E-07   4470.7765       .9547 

 275.520 -1.48E-05     60.7603    -12.1697   4.764E-07   4467.2937       .8528 

 280.440 -1.22E-05     11.0121     -8.3086   5.367E-07   4464.8309       .7168 

 285.360 -9.52E-06    -21.3928     -5.1443   5.280E-07   4465.3448       .5696 

 290.280 -7.01E-06    -39.9973     -2.6923   4.764E-07   4466.2658       .4272 

 295.200 -4.83E-06    -48.2364      -.9040   4.023E-07   4466.6737       .2998 

 300.120 -3.05E-06    -49.1894       .3075   3.205E-07   4466.7208       .1927 

 305.040 -1.68E-06    -45.4473      1.0467   2.410E-07   4466.5356       .1078 

 309.960 -6.80E-07    -39.0674      1.4213   1.700E-07   4466.2197     .044438 

 314.880 -4.77E-09    -31.5875      1.5314   1.107E-07   4465.8495   3.173E-04 

 319.800  4.09E-07    -24.0804      1.4641   6.392E-08   4465.4778    -.027656 

 324.720  6.24E-07    -17.2278      1.2906   2.923E-08   4465.1386    -.042875 

 329.640  6.97E-07    -11.4023      1.0655   5.179E-09   4464.8502    -.048633 

 334.560  6.75E-07     -6.7471       .8281  -1.006E-08   4464.6197    -.047871 

 339.480  5.98E-07     -3.2464       .6044  -1.846E-08   4464.4464    -.043045 

 344.400  4.94E-07      -.7857       .4098  -2.184E-08   4464.3246    -.036086 

 349.320  3.83E-07       .8020       .2511  -2.183E-08   4464.3254    -.028414 

 354.240  2.79E-07      1.7014       .1296  -1.973E-08   4464.3699    -.020997 

 359.160  1.89E-07      2.0915     .042430  -1.654E-08   4464.3893    -.014424 

 364.080  1.16E-07      2.1311    -.015172  -1.300E-08   4464.3912    -.008992 

 369.000  6.08E-08      1.9518    -.049060  -9.566E-09   4464.3823    -.004784 

 373.920  2.18E-08      1.6554    -.065110  -6.537E-09   4464.3677    -.001740 

 378.840 -3.50E-09      1.3159    -.068695  -4.041E-09   4464.3509   2.829E-04 

 383.760 -1.79E-08       .9825    -.064381  -2.111E-09   4464.3344     .001471 

 388.680 -2.43E-08       .6840    -.055802  -7.112E-10   4464.3196     .002016 

 393.600 -2.49E-08       .4339    -.045677   2.277E-10   4464.3072     .002100 

 398.520 -2.20E-08       .2344    -.035889   7.889E-10   4464.2973     .001879 

 403.440 -1.72E-08     .080156    -.027616   1.053E-09   4464.2897     .001484 



 408.360 -1.17E-08    -.038162    -.021453   1.088E-09   4464.2876     .001021 

 413.280 -6.47E-09      -.1317    -.017531   9.456E-10   4464.2922   5.733E-04 

 418.200 -2.36E-09      -.2114    -.015599   6.575E-10   4464.2962   2.119E-04 

 423.120 -2.98E-16      -.2857     .021498   2.400E-10   4464.2999     .014868 

 428.040  2.37E-16  -9.338E-08     .029037   3.031E-17   4464.2857    -.011804 

 432.960  1.25E-22   2.865E-08   9.488E-09  -2.406E-17   4464.2857  -6.224E-09 

 437.880 -2.37E-23   2.085E-14  -2.911E-09  -1.269E-23   4464.2857   1.183E-09 

 442.800     0.000  -2.872E-15  -2.119E-15   2.412E-24   4464.2857   1.098E-15 

 447.720     0.000  -3.242E-21   2.919E-16      0.0000   4464.2857  -1.186E-16 

 452.640     0.000   2.879E-22   3.294E-22      0.0000   4464.2857  -1.577E-22 

 457.560     0.000      0.0000  -2.926E-23      0.0000   4464.2857   1.190E-23 

 462.480     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 467.400     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 472.320     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 477.240     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 482.160     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 487.080     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 492.000     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  8: 

 

Pile-head deflection             =      .80000000 in 

Computed slope at pile head      =     -.01389642 

Maximum bending moment           =     528843.950 lbs-in 

Maximum shear force              =      15454.025 lbs 

Depth of maximum bending moment  =         54.120 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              9 

Number of zero deflection points =             13 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  9 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Specified deflection at pile head     =         .900000 in 

Specified bending moment at pile head =            .000 in-lbs 

Specified axial load at pile head     =       75000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .900000      0.0000  16475.7522    -.015432   4464.2857   -130.3688 

   4.920   .824074  85177.2370  15782.3812    -.015360   8680.9806   -151.4893 

   9.840   .748853   1.666E+05  14960.2309    -.015149  12713.5267   -182.7181 

  14.760   .675008   2.436E+05  13977.5389    -.014804  16522.0018   -216.7502 

  19.680   .603177   3.151E+05  12815.4180    -.014335  20063.2635   -255.6567 



  24.600   .533949   3.802E+05  11454.0960    -.013751  23288.4938   -297.7263 

  29.520   .467864   4.380E+05   9878.0100    -.013064  26145.2800   -342.9591 

  34.440   .405399   4.871E+05   8071.5967    -.012287  28577.6472   -391.3553 

  39.360   .346959   5.264E+05   6082.6343    -.011436  30526.0929   -417.1660 

  44.280   .292870   5.554E+05   4040.6316    -.010527  31958.4793   -412.9164 

  49.200   .243370   5.740E+05   2031.1349    -.009579  32879.0113   -403.9522 

  54.120   .198615   5.824E+05     75.1873    -.008608  33297.8603   -391.1485 

  59.040   .158673   5.811E+05  -1810.5607    -.007630  33230.1098   -375.4158 

  63.960   .123532   5.703E+05  -3605.7116    -.006663  32694.6550   -354.3204 

  68.880   .093105   5.505E+05  -5280.4883    -.005722  31717.1071   -326.4832 

  73.800   .067228   5.225E+05  -6801.8400    -.004821  30331.4303   -291.9525 

  78.720   .045668   4.871E+05  -8136.6838    -.003973  28579.8630   -250.6669 

  83.640   .028135   4.454E+05  -9250.5928    -.003190  26512.9648   -202.1416 

  88.560   .014282   3.985E+05 -10103.2672    -.002481  24190.1664   -144.4740 

  93.480   .003722   3.478E+05 -10565.3840    -.001854  21682.0129    -43.3784 

  98.400  -.003963   2.959E+05 -10554.1761    -.001314  19111.2055     47.9345 

 103.320  -.009203   2.449E+05 -10152.3883  -8.594E-04  16588.7610    115.3939 

 108.240  -.012419   1.966E+05  -9471.9219  -4.885E-04  14197.0823    161.2184 

 113.160  -.014010   1.521E+05  -8612.6502  -1.957E-04  11992.5647    188.0791 

 118.080  -.014345   1.120E+05  -7660.6302   2.608E-05  10008.7630    198.9209 

 123.000  -.013754  76671.3857  -6687.1229   1.845E-04   8259.8989    196.8137 

 127.920  -.012529  46060.9589  -5748.2671   2.876E-04   6744.5312    184.8350 

 132.840  -.010923  19896.1718  -4607.9086   3.430E-04   5449.2447    278.7254 

 137.760  -.009154    465.9908  -3322.7480   3.601E-04   4487.3546    243.6976 

 142.680  -.007380 -13065.4370  -2219.8261   3.495E-04   5111.0895    204.6446 

 147.600  -.005714 -21635.0578  -1311.0458   3.204E-04   5535.3282    164.7783 

 152.520  -.004227 -26202.5785   -594.3087   2.802E-04   5761.4431    126.5782 

 157.440  -.002957 -27689.8555    -57.0734   2.350E-04   5835.0706     91.8101 

 162.360  -.001915 -26937.5766    320.2873   1.891E-04   5797.8291     61.5885 

 167.280  -.001096 -24677.7640    561.5030   1.457E-04   5685.9572     36.4666 

 172.200 -4.81E-04 -21519.9305    691.9034   1.069E-04   5529.6288     16.5417 

 177.120 -4.41E-05 -17948.3437    736.4462   7.377E-05   5352.8176      1.5652 

 182.040  2.45E-04 -14327.7445    718.2742   4.667E-05   5173.5800     -8.9522 

 186.960  4.15E-04 -10914.9649    657.7634   2.547E-05   5004.6305    -15.6457 

 191.880  4.95E-04  -7874.1455    572.0027   9.685E-06   4854.0949    -19.2164 

 196.800  5.10E-04  -5293.6058    474.6258  -1.375E-06   4726.3454    -20.3677 

 201.720  4.82E-04  -3202.8134    375.9163  -8.511E-06   4622.8408    -19.7581 

 206.640  4.27E-04  -1588.3088    283.1046  -1.253E-05   4542.9149    -17.9702 

 211.560  3.58E-04   -407.8138    200.7854  -1.421E-05   4484.4745    -15.4929 

 216.480  2.87E-04    397.9077    131.3941  -1.422E-05   4483.9841    -12.7150 

 221.400  2.18E-04    895.5978     75.6920  -1.313E-05   4508.6222     -9.9281 

 226.320  1.58E-04   1152.4096     33.2263  -1.141E-05   4521.3357     -7.3344 

 231.240  1.06E-04   1230.9670      2.7365  -9.411E-06   4525.2247     -5.0598 

 236.160  6.50E-05   1186.2821    -17.5026  -7.381E-06   4523.0125     -3.1675 

 241.080  3.35E-05   1064.1889    -29.4096  -5.491E-06   4516.9683     -1.6728 

 246.000  1.09E-05    900.9435    -34.8948  -3.840E-06   4508.8869      -.5569 

 250.920 -4.25E-06    723.6584    -35.7207  -2.476E-06   4500.1104       .2212 

 255.840 -1.34E-05    551.2792    -33.4181  -1.405E-06   4491.5768       .7148 

 260.760 -1.81E-05    395.8614    -29.2454  -6.097E-07   4483.8828       .9814 

 265.680 -1.94E-05    263.9543    -24.1818  -5.554E-08   4477.3528      1.0770 

 270.600 -1.86E-05    157.9531    -18.9438   2.988E-07   4472.1052      1.0523 

 275.520 -1.65E-05     77.3263    -14.0167   4.964E-07   4468.1137       .9506 

 280.440 -1.37E-05     19.6620     -9.6939   5.779E-07   4465.2591       .8067 

 285.360 -1.08E-05    -18.4882     -6.1182   5.789E-07   4465.2010       .6469 

 290.280 -8.04E-06    -40.9680     -3.3215   5.289E-07   4466.3138       .4900 

 295.200 -5.61E-06    -51.5624     -1.2604   4.512E-07   4466.8383       .3479 

 300.120 -3.60E-06    -53.7035       .1547   3.628E-07   4466.9443       .2274 



 305.040 -2.04E-06    -50.3078      1.0360   2.754E-07   4466.7762       .1309 

 309.960 -8.90E-07    -43.7123      1.5011   1.965E-07   4466.4497     .058159 

 314.880 -1.04E-07    -35.6819      1.6611   1.298E-07   4466.0521     .006892 

 319.800  3.87E-07    -27.4625      1.6137   7.676E-08   4465.6452    -.026186 

 324.720  6.52E-07    -19.8600      1.4391   3.702E-08   4465.2689    -.044761 

 329.640  7.52E-07    -13.3286      1.2000   9.141E-09   4464.9455    -.052465 

 334.560  7.42E-07     -8.0590       .9416  -8.822E-09   4464.6847    -.052581 

 339.480  6.65E-07     -4.0572       .6944  -1.900E-08   4464.4866    -.047879 

 344.400  5.55E-07     -1.2119       .4769  -2.342E-08   4464.3457    -.040554 

 349.320  4.34E-07       .6525       .2978  -2.389E-08   4464.3180    -.032243 

 354.240  3.20E-07      1.7361       .1593  -2.189E-08   4464.3717    -.024071 

 359.160  2.19E-07      2.2358     .058866  -1.855E-08   4464.3964    -.016742 

 364.080  1.37E-07      2.3290    -.008451  -1.472E-08   4464.4010    -.010623 

 369.000  7.42E-08      2.1636    -.048940  -1.094E-08   4464.3928    -.005836 

 373.920  2.93E-08      1.8555    -.069046  -7.569E-09   4464.3776    -.002337 

 378.840 -2.75E-10      1.4897    -.074739  -4.759E-09   4464.3595   2.223E-05 

 383.760 -1.75E-08      1.1236    -.071149  -2.564E-09   4464.3413     .001437 

 388.680 -2.55E-08       .7915    -.062399  -9.560E-10   4464.3249     .002119 

 393.600 -2.69E-08       .5103    -.051606   1.374E-10   4464.3110     .002268 

 398.520 -2.42E-08       .2836    -.040958   8.042E-10   4464.2998     .002060 

 403.440 -1.90E-08       .1067    -.031845   1.132E-09   4464.2910     .001644 

 408.360 -1.30E-08    -.030577    -.024998   1.196E-09   4464.2872     .001139 

 413.280 -7.26E-09      -.1402    -.020613   1.052E-09   4464.2927   6.435E-04 

 418.200 -2.66E-09      -.2342    -.018442   7.379E-10   4464.2973   2.389E-04 

 423.120 -3.40E-16      -.3222     .023819   2.706E-10   4464.3017     .016940 

 428.040  2.67E-16  -1.057E-07     .032746   3.453E-17   4464.2857    -.013312 

 432.960  1.41E-22   3.231E-08   1.074E-08  -2.713E-17   4464.2857  -7.036E-09 

 437.880 -2.68E-23   2.355E-14  -3.283E-09  -1.434E-23   4464.2857   1.335E-09 

 442.800     0.000  -3.239E-15  -2.393E-15   2.720E-24   4464.2857   1.241E-15 

 447.720     0.000  -3.660E-21   3.292E-16      0.0000   4464.2857  -1.338E-16 

 452.640     0.000   3.247E-22   3.719E-22      0.0000   4464.2857  -1.780E-22 

 457.560     0.000      0.0000  -3.300E-23      0.0000   4464.2857   1.341E-23 

 462.480     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 467.400     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 472.320     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 477.240     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 482.160     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 487.080     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 492.000     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  9: 

 

Pile-head deflection             =      .90000000 in 

Computed slope at pile head      =     -.01543202 

Maximum bending moment           =     582438.206 lbs-in 

Maximum shear force              =      16475.752 lbs 

Depth of maximum bending moment  =         54.120 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              9 

Number of zero deflection points =             13 

 

 



 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number 10 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Specified deflection at pile head     =        1.000000 in 

Specified bending moment at pile head =            .000 in-lbs 

Specified axial load at pile head     =       75000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000     1.000      0.0000  17417.7769    -.016939   4464.2857   -130.3688 

   4.920   .916661  90367.9806  16724.4058    -.016863   8937.9481   -151.4894 

   9.840   .834070   1.770E+05  15902.2553    -.016638  13227.3024   -182.7182 

  14.760   .752941   2.591E+05  14919.5628    -.016272  17292.2672   -216.7503 

  19.680   .673953   3.358E+05  13757.4410    -.015772  21089.5410   -255.6569 

  24.600   .597741   4.061E+05  12396.1175    -.015149  24570.1469   -297.7266 

  29.520   .524886   4.690E+05  10820.0294    -.014414  27681.5139   -342.9596 

  34.440   .455906   5.232E+05   9013.6130    -.013581  30367.5091   -391.3560 

  39.360   .391251   5.677E+05   6961.3040    -.012665  32568.4726   -442.9160 

  44.280   .331287   6.011E+05   4758.4766    -.011683  34221.2538   -452.5423 

  49.200   .276292   6.231E+05   2558.2504    -.010655  35313.2927   -441.8585 

  54.120   .226446   6.341E+05    421.5586    -.009599  35856.7152   -426.7154 

  59.040   .181840   6.344E+05  -1632.3720    -.008533  35869.3311   -408.2157 

  63.960   .142478   6.244E+05  -3587.2038    -.007476  35373.3014   -386.4314 

  68.880   .108275   6.046E+05  -5418.1732    -.006444  34395.0384   -357.8651 

  73.800   .079070   5.758E+05  -7091.1847    -.005453  32969.3807   -322.2208 

  78.720   .054622   5.388E+05  -8571.4045    -.004516  31139.9256   -279.4945 

  83.640   .034628   4.948E+05  -9823.1517    -.003648  28959.0076   -229.3458 

  88.560   .018724   4.449E+05 -10806.3488    -.002859  26488.0736   -170.3278 

  93.480   .006496   3.906E+05 -11411.5619    -.002157  23799.3786    -75.6938 

  98.400  -.002505   3.342E+05 -11523.2368    -.001549  21007.9924     30.2975 

 103.320  -.008743   2.783E+05 -11179.0163    -.001034  18242.6586    109.6296 

 108.240  -.012682   2.249E+05 -10504.3463  -6.115E-04  15600.1577    164.6265 

 113.160  -.014761   1.754E+05  -9611.9040  -2.753E-04  13148.0324    198.1549 

 118.080  -.015390   1.306E+05  -8599.4253  -1.831E-05  10927.9810    213.4218 

 123.000  -.014941  90806.8493  -7548.4474   1.676E-04   8959.6743    213.8050 

 127.920  -.013741  56166.2190  -6523.7990   2.911E-04   7244.7916    202.7187 

 132.840  -.012077  26397.8661  -5267.0364   3.604E-04   5771.1108    308.1604 

 137.760  -.010195   4072.6046  -3841.2750   3.860E-04   4665.8998    271.4174 

 142.680  -.008279 -11685.1429  -2608.8367   3.796E-04   5042.7581    229.5738 

 147.600  -.006459 -21878.4926  -1585.8531   3.514E-04   5547.3794    186.2732 

 152.520  -.004821 -27549.2785   -772.4984   3.099E-04   5828.1114    144.3589 

 157.440  -.003410 -29708.5804   -156.8947   2.618E-04   5935.0075    105.8866 

 162.360  -.002245 -29286.3358    281.1645   2.123E-04   5914.1043     72.1863 

 167.280  -.001321 -27098.5691    566.8776   1.649E-04   5805.7990     43.9573 

 172.200 -6.22E-04 -23829.9580    727.6122   1.221E-04   5643.9866     21.3820 

 177.120 -1.20E-04 -20028.9963    790.6559   8.529E-05   5455.8202      4.2456 

 182.040  2.17E-04 -16112.8495    781.5504   5.494E-05   5261.9515     -7.9470 

 186.960  4.21E-04 -12379.0847    722.9700   3.101E-05   5077.1117    -15.8661 

 191.880  5.22E-04  -9021.7092    634.0830   1.303E-05   4910.9050    -20.2668 

 196.800  5.49E-04  -6149.3271    530.3123   2.924E-07   4768.7078    -21.9165 



 201.720  5.25E-04  -3803.6520    423.4064  -8.067E-06   4652.5853    -21.5412 

 206.640  4.70E-04  -1977.0545    321.7346  -1.292E-05   4562.1597    -19.7888 

 211.560  3.98E-04   -628.2476    230.7238  -1.511E-05   4495.3871    -17.2074 

 216.480  3.21E-04    304.4188    153.3704  -1.538E-05   4479.3559    -14.2370 

 221.400  2.47E-04    892.2696     90.7694  -1.438E-05   4508.4575    -11.2106 

 226.320  1.80E-04   1208.1995     42.6193  -1.261E-05   4524.0976     -8.3626 

 231.240  1.23E-04   1320.9515      7.6757  -1.049E-05   4529.6794     -5.8421 

 236.160  7.64E-05   1291.4686    -15.8657  -8.295E-06   4528.2198     -3.7276 

 241.080  4.10E-05   1170.9545    -30.0616  -6.226E-06   4522.2538     -2.0431 

 246.000  1.52E-05   1000.2577    -36.9905  -4.403E-06   4513.8034      -.7735 

 250.920 -2.36E-06    810.2175    -38.5914  -2.882E-06   4504.3955       .1227 

 255.840 -1.32E-05    622.6452    -36.5638  -1.679E-06   4495.1097       .7015 

 260.760 -1.89E-05    451.6687    -32.3166  -7.766E-07   4486.6456      1.0250 

 265.680 -2.08E-05    305.2227    -26.9560  -1.409E-07   4479.3958      1.1541 

 270.600 -2.03E-05    186.5252    -21.2999   2.721E-07   4473.5196      1.1451 

 275.520 -1.82E-05     95.4310    -15.9098   5.089E-07   4469.0100      1.0460 

 280.440 -1.53E-05     29.5975    -11.1327   6.139E-07   4465.7509       .8959 

 285.360 -1.21E-05    -14.5679     -7.1459   6.265E-07   4465.0069       .7247 

 290.280 -9.09E-06    -41.1808     -4.0003   5.797E-07   4466.3244       .5540 

 295.200 -6.41E-06    -54.3585     -1.6593   4.995E-07   4466.9767       .3976 

 300.120 -4.18E-06    -57.8774    -.032452   4.052E-07   4467.1509       .2637 

 305.040 -2.42E-06    -54.9769       .9990   3.104E-07   4467.0073       .1556 

 309.960 -1.12E-06    -48.2759      1.5621   2.237E-07   4466.6756     .073291 

 314.880 -2.20E-07    -39.7709      1.7784   1.497E-07   4466.2546     .014632 

 319.800  3.52E-07    -30.8870      1.7558   9.040E-08   4465.8148    -.023810 

 324.720  6.69E-07    -22.5604      1.5841   4.551E-08   4465.4026    -.045985 

 329.640  8.00E-07    -15.3329      1.3336   1.369E-08   4465.0448    -.055849 

 334.560  8.04E-07     -9.4478      1.0560  -7.125E-09   4464.7534    -.057017 

 339.480  7.30E-07     -4.9370       .7864  -1.921E-08   4464.5301    -.052572 

 344.400  6.15E-07     -1.6958       .5464  -2.478E-08   4464.3697    -.044979 

 349.320  4.86E-07       .4577       .3470  -2.582E-08   4464.3084    -.036092 

 354.240  3.61E-07      1.7373       .1912  -2.397E-08   4464.3717    -.027204 

 359.160  2.50E-07      2.3573     .077244  -2.053E-08   4464.4024    -.019137 

 364.080  1.59E-07      2.5125  -1.789E-04  -1.644E-08   4464.4101    -.012336 

 369.000  8.86E-08      2.3676    -.047658  -1.235E-08   4464.4029    -.006965 

 373.920  3.76E-08      2.0527    -.072168  -8.633E-09   4464.3873    -.002999 

 378.840  3.61E-09      1.6639    -.080262  -5.511E-09   4464.3681  -2.915E-04 

 383.760 -1.66E-08      1.2670    -.077624  -3.050E-09   4464.3484     .001364 

 388.680 -2.64E-08       .9023    -.068874  -1.228E-09   4464.3304     .002194 

 393.600 -2.87E-08       .5902    -.057530   2.571E-11   4464.3149     .002418 

 398.520 -2.62E-08       .3362    -.046095   8.038E-10   4464.3024     .002231 

 403.440 -2.08E-08       .1360    -.036186   1.200E-09   4464.2924     .001798 

 408.360 -1.43E-08    -.020752    -.028676   1.297E-09   4464.2867     .001255 

 413.280 -8.04E-09      -.1471    -.023836   1.156E-09   4464.2930   7.128E-04 

 418.200 -2.96E-09      -.2561    -.021428   8.175E-10   4464.2984   2.659E-04 

 423.120 -3.82E-16      -.3586     .026054   3.012E-10   4464.3035     .019036 

 428.040  2.97E-16  -1.181E-07     .036441   3.880E-17   4464.2857    -.014813 

 432.960  1.57E-22   3.595E-08   1.200E-08  -3.019E-17   4464.2857  -7.848E-09 

 437.880 -2.98E-23   2.626E-14  -3.653E-09  -1.600E-23   4464.2857   1.485E-09 

 442.800     0.000  -3.604E-15  -2.668E-15   3.027E-24   4464.2857   1.382E-15 

 447.720     0.000  -4.078E-21   3.663E-16      0.0000   4464.2857  -1.489E-16 

 452.640     0.000   3.614E-22   4.144E-22      0.0000   4464.2857  -1.983E-22 

 457.560     0.000      0.0000  -3.672E-23      0.0000   4464.2857   1.493E-23 

 462.480     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 467.400     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 472.320     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 477.240     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 



 482.160     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 487.080     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 492.000     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No. 10: 

 

Pile-head deflection             =     1.00000000 in 

Computed slope at pile head      =     -.01693875 

Maximum bending moment           =     634381.916 lbs-in 

Maximum shear force              =      17417.777 lbs 

Depth of maximum bending moment  =         59.040 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              9 

Number of zero deflection points =             13 

 

 

 

 

 

------------------------------------------------------------------------------ 

                        Summary of Pile-head Response 

------------------------------------------------------------------------------ 

 

Definition of symbols for pile-head boundary conditions: 

 

y = pile-head displacment, in 

M = pile-head moment, lbs-in 

V = pile-head shear force, lbs 

S = pile-head slope, radians 

R = rotational stiffness of pile-head, in-lbs/rad 

 

 BC    Boundary     Boundary       Axial    Pile Head    Maximum     Maximum  

Type  Condition    Condition       Load     Deflection    Moment      Shear 

          1            2            lbs         in        in-lbs       lbs 

---- ------------ ------------ ----------- ----------- ----------- ----------- 

  4  y=   .100000 M=     0.000  75000.0000     .100000  89880.4577   3516.5670 

  4  y=   .200000 M=     0.000  75000.0000       .2000   1.626E+05   5855.7849 

  4  y=   .300000 M=     0.000  75000.0000       .3000   2.295E+05   7935.2549 

  4  y=   .400000 M=     0.000  75000.0000       .4000   2.931E+05   9901.8190 

  4  y=   .500000 M=     0.000  75000.0000       .5000   3.553E+05  11612.5381 

  4  y=   .600000 M=     0.000  75000.0000       .6000   4.153E+05  13058.6766 

  4  y=   .700000 M=     0.000  75000.0000       .7000   4.731E+05  14324.1817 

  4  y=   .800000 M=     0.000  75000.0000       .8000   5.288E+05  15454.0254 

  4  y=   .900000 M=     0.000  75000.0000       .9000   5.824E+05  16475.7522 

  4  y=     1.000 M=     0.000  75000.0000      1.0000   6.344E+05  17417.7769 

 

 

------------------------------------------------------------------------------ 

                     Pile-head Deflection vs. Pile Length 

------------------------------------------------------------------------------ 

 

Boundary Condition Type 4, Deflection and Moment 



 

Deflection =          .10000  in 

Moment     =              0. in-lbs 

Axial Load =          75000. lbs 

 

 

 

   Pile       Pile Head       Maximum      Maximum 

  Length      Deflection      Moment        Shear  

    in           in           in-lbs         lbs 

-----------  ------------  ------------  ------------ 

   492.000     .10000000     89880.458      3516.567 

   467.400     .10000000     89927.513      3514.703 

   442.800     .10000000     89880.676      3515.632 

   418.200     .10000000     90001.248      3515.603 

   393.600     .10000000     89928.478      3515.670 

   369.000     .10000000     89888.233      3516.661 

   344.400     .10000000     89922.751      3516.892 

   319.800     .10000000     89923.752      3518.130 

   295.200     .10000000     89912.072      3518.646 

   270.600     .10000000     89990.687      3518.733 

 

The analysis ended normally.  

 



============================================================================== 

 

                    LPILE Plus for Windows, Version 4.0 

 

               Analysis of Individual Piles and Drilled Shafts 

              Subjected to Lateral Loading Using the p-y Method 

 

                   (c) Copyright ENSOFT, Inc., 1985-2001 

                             All Rights Reserved 

 

============================================================================== 

 

 

This program is licensed to:  

 

IT - San Jose 

URS Corporation 

 

Path to file locations:      X:\Route 84 - Isabel 

Avenue\geotech\Analysis\pile\lateral\ArroyoMocho\ 

Name of input data file:     ArroyoMocho_Abut_B19_ Free.lpd 

Name of output file:         ArroyoMocho_Abut_B19_ Free.lpo 

Name of plot output file:    ArroyoMocho_Abut_B19_ Free.lpp 

Name of runtime file:        ArroyoMocho_Abut_B19_ Free.lpr 

 

 

------------------------------------------------------------------------------ 

                          Time and Date of Analysis 

------------------------------------------------------------------------------ 

 

               Date:  October 29, 2009     Time:  11:33:17 

 

 

------------------------------------------------------------------------------ 

                                Problem Title 

------------------------------------------------------------------------------ 

 

SR84 Isabel Abutment - Arroyo Mocho Bridge Widen - H pile - Weak Axis            

 

 

------------------------------------------------------------------------------ 

                                Program Options 

------------------------------------------------------------------------------ 

 

Units Used in Computations - US Customary Units, inches, pounds 

 

Basic Program Options: 

 

Analysis Type 1:  

- Computation of Lateral Pile Response Using User-specified Constant EI 

 

Computation Options: 

- Only internally-generated p-y curves used in analysis 

- Analysis does not use p-y multipliers (individual pile or shaft action only) 

- Analysis assumes no shear resistance at pile tip 

- Analysis includes automatic computation of pile-top deflection vs. 

  pile embedment length 



- No computation of foundation stiffness matrix elements 

- Output pile response for full length of pile 

- Analysis assumes no soil movements acting on pile 

- Additional p-y curves computed at specified depths 

 

Solution Control Parameters: 

- Number of pile increments            =          100 

- Maximum number of iterations allowed =          100 

- Deflection tolerance for convergence =   1.0000E-05 in 

- Maximum allowable deflection         =   1.0000E+02 in 

 

Printing Options: 

- Values of pile-head deflection, bending moment, shear force, and  

  soil reaction are printed for full length of pile. 

- Printing Increment (spacing of output points) =  1 

 

 

------------------------------------------------------------------------------ 

                   Pile Structural Properties and Geometry 

------------------------------------------------------------------------------ 

 

Pile Length                               =     444.00 in 

Depth of ground surface below top of pile =     -36.00 in 

Slope angle of ground surface             =      21.80 deg. 

 

Structural properties of pile defined using  2 points 

 

Point    Depth         Pile      Moment of       Pile      Modulus of 

           X         Diameter     Inertia        Area      Elasticity 

           in           in         in**4        Sq.in      lbs/Sq.in 

-----  ---------   -----------   ----------   ----------   ----------- 

  1       0.0000        10.000     101.0000      16.8000  29000000.000 

  2     444.0000        10.000     101.0000      16.8000  29000000.000 

 

 

------------------------------------------------------------------------------ 

                      Soil and Rock Layering Information 

------------------------------------------------------------------------------ 

 

The soil profile is modelled using  4 layers 

 

Layer  1 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      -36.000 in 

Distance from top of pile to bottom of layer =      132.000 in 

p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3 

 

Layer  2 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      132.000 in 

Distance from top of pile to bottom of layer =      420.000 in 

p-y subgrade modulus k for top of soil layer =      225.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =      225.000 lbs/in**3 

 

Layer  3 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      420.000 in 

Distance from top of pile to bottom of layer =      732.000 in 

p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3 



p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3 

 

Layer  4 is stiff clay without free water 

Distance from top of pile to top of layer    =      732.000 in 

Distance from top of pile to bottom of layer =     1092.000 in 

p-y subgrade modulus k for top of soil layer =     1000.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =     1000.000 lbs/in**3 

 

 

(Depth of lowest layer extends  648.00 in below pile tip) 

 

 

------------------------------------------------------------------------------ 

                   Effective Unit Weight of Soil vs. Depth 

------------------------------------------------------------------------------ 

 

Distribution of effective unit weight of soil with depth 

is defined using  8 points 

 

Point        Depth X    Eff. Unit Weight 

 No.           in          lbs/in**3 

-----      ----------   ---------------- 

  1           -36.00         .07230 

  2           132.00         .07230 

  3           132.00         .07810 

  4           420.00         .07810 

  5           420.00         .04200 

  6           732.00         .04200 

  7           732.00         .04200 

  8          1092.00         .04200 

 

 

 

------------------------------------------------------------------------------ 

                           Shear Strength of Soils 

------------------------------------------------------------------------------ 

 

Distribution of shear strength parameters with depth 

defined using  8 points 

 

Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD 

 No.       in         lbs/in**2            Deg.            k_rm        % 

-----   --------     ----------     ------------------    ------    ------ 

  1      -36.000         .00000           35.00           ------    ------ 

  2      132.000         .00000           35.00           ------    ------ 

  3      132.000         .00000           40.00           ------    ------ 

  4      420.000         .00000           40.00           ------    ------ 

  5      420.000         .00000           40.00           ------    ------ 

  6      732.000         .00000           40.00           ------    ------ 

  7      732.000       27.77800             .00           .00500        .0 

  8     1092.000       27.77800             .00           .00500        .0 

 

Notes: 

 

(1)  Cohesion = uniaxial compressive strength for rock materials. 

(2)  Values of E50 are reported for clay strata.  

(3)  Default values will be generated for E50 when input values are 0. 



(4)  RQD and k_rm are reported only for weak rock strata. 

 

Static loading criteria was used for computation of  p-y curves 

 

 

 

------------------------------------------------------------------------------ 

              Pile-head Loading and Pile-head Fixity Conditions 

------------------------------------------------------------------------------ 

 

Number of loads specified = 10 

 

Load Case Number  1 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =            .100 in 

Bending moment at pile head =            .000 in-lbs 

Axial load at pile head     =       75000.000 lbs 

 

Load Case Number  2 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =            .200 in 

Bending moment at pile head =            .000 in-lbs 

Axial load at pile head     =       75000.000 lbs 

 

Load Case Number  3 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =            .300 in 

Bending moment at pile head =            .000 in-lbs 

Axial load at pile head     =       75000.000 lbs 

 

Load Case Number  4 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =            .400 in 

Bending moment at pile head =            .000 in-lbs 

Axial load at pile head     =       75000.000 lbs 

 

Load Case Number  5 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =            .500 in 

Bending moment at pile head =            .000 in-lbs 

Axial load at pile head     =       75000.000 lbs 

 

Load Case Number  6 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =            .600 in 

Bending moment at pile head =            .000 in-lbs 

Axial load at pile head     =       75000.000 lbs 

 

Load Case Number  7 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 



Deflection at pile head     =            .700 in 

Bending moment at pile head =            .000 in-lbs 

Axial load at pile head     =       75000.000 lbs 

 

Load Case Number  8 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =            .800 in 

Bending moment at pile head =            .000 in-lbs 

Axial load at pile head     =       75000.000 lbs 

 

Load Case Number  9 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =            .900 in 

Bending moment at pile head =            .000 in-lbs 

Axial load at pile head     =       75000.000 lbs 

 

Load Case Number 10 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           1.000 in 

Bending moment at pile head =            .000 in-lbs 

Axial load at pile head     =       75000.000 lbs 

 

 

 

 

------------------------------------------------------------------------------ 

                   Output of p-y Curves at Specified Depths 

------------------------------------------------------------------------------ 

 

 

 

p-y curves are generated and printed for verification at  1 depths. 

 

Depth      Depth Below Pile Head      Depth Below Ground Surface 

 No.                 in                         in 

-----      ---------------------      -------------------------- 

  1                60.000                     96.000 

 

Depth of ground surface below top of pile =     -36.00 in 

 

 

p-y Curve in Sand Computed Using Reese Criteria 

 

Soil Layer Number           =            1 

Depth below pile head       =       60.000 in 

Depth below ground surface  =       96.000 in 

Equivalent Depth (see note) =       96.000 in 

Pile Diameter               =       10.000 in 

Angle of Friction           =       35.000 deg. 

Avg. Eff. Unit Weight       =       .07230 lbs/in**3 

k                           =       90.000 pci   

A (static)                  =        .8800 

B (static)                  =        .5000 

Pst                         =      971.160 lbs/in 



Psd                         =     3733.696 lbs/in 

Ps                          =      971.160 lbs/in 

pu                          =      854.621 lbs/in 

Cbar                        =    1443.3672 

n                           =       1.6447 

m                           =    1771.3961 

yk                          =        .0104  in 

ym                          =        .1667  in 

yu                          =        .3750  in 

p-multiplier                =      1.00000 

y-multiplier                =      1.00000 

 

If Psd <= Pst then actual depth is used in place of equivalent depth in 

computations. 

 

        y, in             p, lbs/in 

----------------    ----------------- 

          .0000             .000 

          .0139          107.181 

          .0278          163.360 

          .0417          209.030 

          .0556          248.984 

          .0694          285.163 

          .0833          318.592 

          .0972          349.895 

          .1111          379.487 

          .1250          407.660 

          .1389          434.629 

          .1528          460.559 

          .1667          485.580 

          .3750          854.621 

        10.3750          854.621 

        20.3750          854.621 

        30.3750          854.621 

 

 

 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  1 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Specified deflection at pile head     =         .100000 in 

Specified bending moment at pile head =            .000 in-lbs 

Specified axial load at pile head     =       75000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .100000      0.0000   4011.8234    -.002138   4464.2857    -77.7271 

   4.440   .090508  17758.2790   3670.9065    -.002124   5343.4084    -75.8391 



   8.880   .081135  34012.5321   3320.0229    -.002085   6148.0744    -82.2166 

  13.320   .071991  48628.8316   2945.1090    -.002023   6871.6536    -86.6636 

  17.760   .063174  61512.1333   2546.8354    -.001939   7509.4408    -92.7390 

  22.200   .054772  72536.1653   2123.1535    -.001837   8055.1850    -98.1087 

  26.640   .046858  81589.5057   1678.9963    -.001721   8503.3702   -101.9621 

  31.080   .039492  88591.6213   1221.4758    -.001592   8850.0095   -104.1282 

  35.520   .032723  93496.2748    758.3895    -.001454   9092.8142   -104.4692 

  39.960   .026584  96294.2683    298.0736    -.001310   9231.3287   -102.8803 

  44.400   .021092  97015.5129   -150.7382    -.001163   9267.0339    -99.2872 

  48.840   .016253  95730.4775   -579.0338    -.001017   9203.4183    -93.6388 

  53.280   .012059  92551.1616   -977.5888  -8.745E-04   9046.0264    -85.8905 

  57.720   .008488  87631.9154  -1327.2017  -7.379E-04   8802.4993    -71.5927 

  62.160   .005506  81257.0836  -1594.1270  -6.099E-04   8486.9136    -48.6439 

  66.600   .003072  73882.2872  -1765.0810  -4.924E-04   8121.8247    -28.3624 

  71.040   .001134  65911.0717  -1852.2999  -3.864E-04   7727.2101    -10.9254 

  75.480 -3.60E-04  57691.2059  -1868.5423  -2.927E-04   7320.2860      3.6090 

  79.920  -.001465  49513.3654  -1826.5944  -2.115E-04   6915.4424     15.2864 

  84.360  -.002237  41611.8812  -1738.8516  -1.424E-04   6524.2798     24.2374 

  88.800  -.002730  34167.1980  -1616.9797  -8.496E-05   6155.7312     30.6599 

  93.240  -.002992  27309.6838  -1471.6569  -3.836E-05   5816.2503     34.8009 

  97.680  -.003070  21124.4343  -1312.3922  -1.653E-06   5510.0498     36.9400 

 102.120  -.003007  15656.7420  -1147.4140   2.622E-05   5239.3720     37.3745 

 106.560  -.002837  10917.9318   -983.6215   4.637E-05   5004.7774     36.4059 

 111.000  -.002595   6891.3024   -826.5876   5.987E-05   4805.4393     34.3301 

 115.440  -.002306   3537.9634   -680.6045   6.777E-05   4639.4324     31.4281 

 119.880  -.001993    802.4000   -548.7603   7.106E-05   4504.0085     27.9612 

 124.320  -.001675  -1382.3535   -433.0374   7.062E-05   4532.7191     24.1663 

 128.760  -.001366  -3090.0050   -334.4221   6.723E-05   4617.2563     20.2550 

 133.200  -.001078  -4396.7969   -223.3046   6.156E-05   4681.9489     29.7979 

 137.640 -8.19E-04  -5113.9464   -105.0506   5.435E-05   4717.4514     23.4697 

 142.080 -5.95E-04  -5365.8414    -13.7749   4.640E-05   4729.9214     17.6454 

 146.520 -4.07E-04  -5267.1728     53.1036   3.834E-05   4725.0368     12.4800 

 150.960 -2.55E-04  -4919.8192     98.7041   3.062E-05   4707.8411      8.0607 

 155.400 -1.35E-04  -4411.0758    126.4059   2.355E-05   4682.6558      4.4175 

 159.840 -4.56E-05  -3813.0201    139.6193   1.732E-05   4653.0491      1.5345 

 164.280  1.84E-05  -3182.7900    141.6073   1.202E-05   4621.8496      -.6390 

 168.720  6.11E-05  -2563.5495    135.3560   7.661E-06   4591.1941     -2.1770 

 173.160  8.65E-05  -1985.9303    123.4902   4.212E-06   4562.5991     -3.1680 

 177.600  9.85E-05  -1469.7617    108.2282   1.593E-06   4537.0462     -3.7068 

 182.040  1.01E-04  -1025.9247     91.3694  -2.985E-07   4515.0741     -3.8873 

 186.480  9.58E-05   -658.2030     74.3069  -1.575E-06   4496.8700     -3.7985 

 190.920  8.66E-05   -365.0309     58.0596  -2.351E-06   4482.3565     -3.5201 

 195.360  7.50E-05   -141.0682     43.3163  -2.734E-06   4471.2693     -3.1210 

 199.800  6.24E-05     21.4391     30.4865  -2.825E-06   4465.3471     -2.6582 

 204.240  4.99E-05    131.5334     19.7538  -2.709E-06   4470.7973     -2.1764 

 208.680  3.83E-05    198.6565     11.1276  -2.459E-06   4474.1202     -1.7092 

 213.120  2.81E-05    231.9840      4.4916  -2.132E-06   4475.7701     -1.2799 

 217.560  1.94E-05    239.9621      -.3544  -1.774E-06   4476.1650      -.9030 

 222.000  1.23E-05    230.0185     -3.6589  -1.418E-06   4475.6728      -.5855 

 226.440  6.77E-06    208.4156     -5.6898  -1.086E-06   4474.6033      -.3293 

 230.880  2.65E-06    180.2162     -6.7129  -7.914E-07   4473.2073      -.1316 

 235.320 -2.56E-07    149.3319     -6.9763  -5.416E-07   4471.6784     .012938 

 239.760 -2.16E-06    118.6273     -6.7003  -3.385E-07   4470.1584       .1114 

 244.200 -3.26E-06     90.0586     -6.0720  -1.803E-07   4468.7441       .1716 

 248.640 -3.76E-06     64.8278     -5.2436  -6.294E-08   4467.4950       .2016 

 253.080 -3.82E-06     43.5377     -4.3329   1.919E-08   4466.4410       .2087 

 257.520 -3.59E-06     26.3392     -3.4265   7.216E-08   4465.5896       .1996 



 261.960 -3.18E-06     13.0621     -2.5838   1.020E-07   4464.9324       .1800 

 266.400 -2.68E-06      3.3272     -1.8410   1.144E-07   4464.4504       .1546 

 270.840 -2.16E-06     -3.3622     -1.2164   1.144E-07   4464.4522       .1268 

 275.280 -1.67E-06     -7.5502      -.7143   1.061E-07   4464.6595     .099359 

 279.720 -1.22E-06     -9.7756      -.3294   9.301E-08   4464.7697     .073998 

 284.160 -8.41E-07    -10.5373    -.050138   7.762E-08   4464.8074     .051800 

 288.600 -5.32E-07    -10.2725       .1387   6.185E-08   4464.7943     .033283 

 293.040 -2.92E-07     -9.3464       .2538   4.698E-08   4464.7484     .018547 

 297.480 -1.14E-07     -8.0499       .3114   3.379E-08   4464.6842     .007395 

 301.920  8.48E-09     -6.6036       .3266   2.268E-08   4464.6126  -5.565E-04 

 306.360  8.70E-08     -5.1650       .3125   1.376E-08   4464.5414    -.005793 

 310.800  1.31E-07     -3.8379       .2800   6.940E-09   4464.4757    -.008836 

 315.240  1.49E-07     -2.6831       .2378   1.997E-09   4464.4185    -.010195 

 319.680  1.48E-07     -1.7280       .1922  -1.346E-09   4464.3713    -.010332 

 324.120  1.37E-07      -.9756       .1478  -3.395E-09   4464.3340    -.009648 

 328.560  1.18E-07      -.4129       .1076  -4.448E-09   4464.3062    -.008470 

 333.000  9.72E-08    -.016957     .073158  -4.773E-09   4464.2866    -.007053 

 337.440  7.59E-08       .2399     .045098  -4.604E-09   4464.2976    -.005586 

 341.880  5.63E-08       .3866     .023378  -4.129E-09   4464.3049    -.004197 

 346.320  3.92E-08       .4503     .007476  -3.495E-09   4464.3080    -.002966 

 350.760  2.52E-08       .4553    -.003398  -2.809E-09   4464.3083    -.001932 

 355.200  1.43E-08       .4220    -.010150  -2.144E-09   4464.3066    -.001109 

 359.640  6.19E-09       .3666    -.013691  -1.546E-09   4464.3039  -4.866E-04 

 364.080  5.59E-10       .3014    -.014870  -1.040E-09   4464.3006  -4.451E-05 

 368.520 -3.04E-09       .2352    -.014425  -6.332E-10   4464.2974   2.453E-04 

 372.960 -5.06E-09       .1738    -.012963  -3.232E-10   4464.2943   4.131E-04 

 377.400 -5.91E-09       .1203    -.010962  -1.003E-10   4464.2917   4.884E-04 

 381.840 -5.95E-09     .076481    -.008773   4.891E-11   4464.2895   4.976E-04 

 386.280 -5.48E-09     .042400    -.006639   1.390E-10   4464.2878   4.635E-04 

 390.720 -4.72E-09     .017433    -.004714   1.844E-10   4464.2866   4.039E-04 

 395.160 -3.84E-09   4.204E-04    -.003078   1.979E-10   4464.2857   3.326E-04 

 399.600 -2.96E-09    -.010035    -.001764   1.906E-10   4464.2862   2.594E-04 

 404.040 -2.15E-09    -.015372  -7.656E-04   1.714E-10   4464.2865   1.904E-04 

 408.480 -1.44E-09    -.016948  -5.654E-05   1.469E-10   4464.2866   1.290E-04 

 412.920 -8.45E-10    -.015972   3.998E-04   1.219E-10   4464.2865   7.655E-05 

 417.360 -3.58E-10    -.013479   6.424E-04   9.958E-11   4464.2864   3.275E-05 

 421.800  3.92E-11    -.010333   7.116E-04   8.154E-11   4464.2862  -1.612E-06 

 426.240  3.66E-10    -.007214   6.741E-04   6.824E-11   4464.2861  -1.526E-05 

 430.680  6.45E-10    -.004393   5.798E-04   5.944E-11   4464.2859  -2.722E-05 

 435.120  8.94E-10    -.002105   4.345E-04   5.451E-11   4464.2858  -3.823E-05 

 439.560  1.13E-09  -5.708E-04   2.410E-04   5.249E-11   4464.2857  -4.890E-05 

 444.000  1.36E-09      0.0000      0.0000   5.205E-11   4464.2857  -5.967E-05 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  1: 

 

Pile-head deflection             =      .10000000 in 

Computed slope at pile head      =     -.00213791 

Maximum bending moment           =      97015.513 lbs-in 

Maximum shear force              =       4011.823 lbs 

Depth of maximum bending moment  =         44.400 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              6 



Number of zero deflection points =              6 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  2 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Specified deflection at pile head     =         .200000 in 

Specified bending moment at pile head =            .000 in-lbs 

Specified axial load at pile head     =       75000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .200000      0.0000   6684.6030    -.004053   4464.2857   -108.9408 

   4.440   .182004  29955.5004   6193.4520    -.004030   5947.2313   -112.2984 

   8.880   .164210  57682.0733   5669.0484    -.003964   7319.8339   -123.9194 

  13.320   .146805  82936.6318   5097.9847    -.003857   8570.0596   -133.3165 

  17.760   .129957   1.055E+05   4482.8175    -.003715   9688.1063   -143.7858 

  22.200   .113820   1.252E+05   3823.8412    -.003540  10663.1926   -153.0504 

  26.640   .098525   1.418E+05   3128.4211    -.003337  11485.7847   -160.2019 

  31.080   .084185   1.552E+05   2406.5319    -.003112  12148.4881   -164.9735 

  35.520   .070890   1.653E+05   1669.2342    -.002869  12646.3116   -167.1426 

  39.960   .058707   1.720E+05    928.4739    -.002614  12976.8870   -166.5332 

  44.400   .047682   1.753E+05    196.8762    -.002350  13140.6421   -163.0153 

  48.840   .037836   1.753E+05   -512.4500    -.002085  13140.9274   -156.5009 

  53.280   .029169   1.721E+05  -1186.0730    -.001821  12984.1004   -146.9328 

  57.720   .021661   1.659E+05  -1810.3234    -.001565  12679.5778   -134.2611 

  62.160   .015270   1.571E+05  -2371.2167    -.001320  12239.8802   -118.3936 

  66.600   .009937   1.458E+05  -2837.7439    -.001091  11680.7148    -91.7539 

  71.040   .005584   1.326E+05  -3160.8548  -8.799E-04  11028.3621    -53.7915 

  75.480   .002123   1.183E+05  -3327.5677  -6.897E-04  10320.1997    -21.3044 

  79.920 -5.41E-04   1.035E+05  -3362.3374  -5.216E-04   9588.2899      5.6423 

  84.360  -.002508  88779.2898  -3289.4897  -3.759E-04   8859.3001     27.1720 

  88.800  -.003878  74544.5379  -3132.4587  -2.521E-04   8154.6094     43.5627 

  93.240  -.004747  61130.9340  -2913.1778  -1.492E-04   7490.5696     55.2125 

  97.680  -.005204  48774.9091  -2651.6204  -6.593E-05   6878.8852     62.6062 

 102.120  -.005332  37628.4561  -2365.4839  -4.448E-07   6327.0806     66.2842 

 106.560  -.005208  27769.7085  -2070.0024   4.912E-05   5839.0238     66.8156 

 111.000  -.004896  19214.1190  -1777.8721   8.473E-05   5415.4797     64.7746 

 115.440  -.004455  11925.7717  -1499.2693   1.083E-04   5054.6705     60.7221 

 119.880  -.003934   5828.4558  -1241.9419   1.218E-04   4752.8231     55.1911 

 124.320  -.003374    816.2140  -1011.3531   1.268E-04   4504.6923     48.6777 

 128.760  -.002808  -3236.8276   -810.8592   1.250E-04   4624.5247     41.6349 

 133.200  -.002264  -6467.4615   -579.5001   1.176E-04   4784.4571     62.5809 

 137.640  -.001763  -8461.1358   -328.4508   1.063E-04   4883.1538     50.5043 

 142.080  -.001320  -9454.9167   -129.4942   9.274E-05   4932.3509     39.1158 

 146.520 -9.40E-04  -9672.8118     21.2587   7.825E-05   4943.1378     28.7909 

 150.960 -6.25E-04  -9318.2523    129.0566   6.385E-05   4925.5853     19.7667 

 155.400 -3.73E-04  -8569.3154    199.9353   5.030E-05   4888.5092     12.1606 

 159.840 -1.78E-04  -7576.3237    240.2314   3.806E-05   4839.3512      5.9908 

 164.280 -3.46E-05  -6461.4069    256.1924   2.742E-05   4784.1573      1.1988 



 168.720  6.54E-05  -5319.5959    253.6809   1.849E-05   4727.6320     -2.3301 

 173.160  1.30E-04  -4221.0343    237.9696   1.126E-05   4673.2478     -4.7471 

 177.600  1.65E-04  -3213.9236    213.6159   5.622E-06   4623.3908     -6.2231 

 182.040  1.79E-04  -2327.8697    184.4053   1.422E-06   4579.5268     -6.9349 

 186.480  1.78E-04  -1577.3515    153.3502  -1.538E-06   4542.3724     -7.0539 

 190.920  1.66E-04   -965.0956    122.7307  -3.465E-06   4512.0627     -6.7386 

 195.360  1.47E-04   -485.1949     94.1655  -4.564E-06   4488.3053     -6.1286 

 199.800  1.25E-04   -125.8667     68.7002  -5.027E-06   4470.5167     -5.3422 

 204.240  1.03E-04    128.2111     46.9059  -5.025E-06   4470.6328     -4.4751 

 208.680  8.07E-05    294.0045     28.9770  -4.705E-06   4478.8404     -3.6010 

 213.120  6.08E-05    388.6609     14.8257  -4.188E-06   4483.5264     -2.7735 

 217.560  4.35E-05    428.4457      4.1659  -3.569E-06   4485.4959     -2.0282 

 222.000  2.91E-05    428.0312     -3.4129  -2.920E-06   4485.4754     -1.3857 

 226.440  1.76E-05    400.0838     -8.3861  -2.292E-06   4484.0918      -.8545 

 230.880  8.74E-06    355.0894    -11.2463  -1.720E-06   4481.8644      -.4339 

 235.320  2.30E-06    301.3622    -12.4684  -1.222E-06   4479.2046      -.1166 

 239.760 -2.11E-06    245.1838    -12.4858  -8.077E-07   4476.4235       .1088 

 244.200 -4.87E-06    191.0261    -11.6756  -4.771E-07   4473.7425       .2562 

 248.640 -6.34E-06    141.8224    -10.3517  -2.248E-07   4471.3066       .3402 

 253.080 -6.86E-06     99.2529     -8.7641  -4.210E-08   4469.1992       .3750 

 257.520 -6.72E-06     64.0249     -7.1023   8.166E-08   4467.4553       .3736 

 261.960 -6.14E-06     36.1302     -5.5011   1.576E-07   4466.0743       .3476 

 266.400 -5.32E-06     15.0699     -4.0492   1.964E-07   4465.0317       .3064 

 270.840 -4.40E-06     .042909     -2.7968   2.078E-07   4464.2878       .2577 

 275.280 -3.47E-06     -9.9045     -1.7652   2.004E-07   4464.7760       .2070 

 279.720 -2.62E-06    -15.7655      -.9534   1.809E-07   4465.0662       .1586 

 284.160 -1.87E-06    -18.4916      -.3460   1.549E-07   4465.2011       .1150 

 288.600 -1.24E-06    -18.9412     .081796   1.266E-07   4465.2234     .077698 

 293.040 -7.43E-07    -17.8496       .3592   9.868E-08   4465.1694     .047248 

 297.480 -3.65E-07    -15.8175       .5164   7.316E-08   4465.0688     .023564 

 301.920 -9.31E-08    -13.3128       .5823   5.108E-08   4464.9448     .006109 

 306.360  8.89E-08    -10.6811       .5827   3.290E-08   4464.8145    -.005921 

 310.800  1.99E-07     -8.1606       .5397   1.862E-08   4464.6897    -.013454 

 315.240  2.54E-07     -5.9013       .4711   7.957E-09   4464.5779    -.017439 

 319.680  2.70E-07     -3.9827       .3907   4.658E-10   4464.4829    -.018770 

 324.120  2.58E-07     -2.4322       .3085  -4.396E-09   4464.4061    -.018239 

 328.560  2.31E-07     -1.2400       .2314  -7.180E-09   4464.3471    -.016513 

 333.000  1.95E-07      -.3727       .1634  -8.402E-09   4464.3042    -.014126 

 337.440  1.56E-07       .2163       .1065  -8.521E-09   4464.2964    -.011483 

 341.880  1.19E-07       .5788     .061329  -7.918E-09   4464.3144    -.008871 

 346.320  8.57E-08       .7662     .027252  -6.899E-09   4464.3236    -.006479 

 350.760  5.77E-08       .8254     .003065  -5.692E-09   4464.3266    -.004416 

 355.200  3.52E-08       .7972    -.012796  -4.462E-09   4464.3252    -.002728 

 359.640  1.80E-08       .7147    -.021998  -3.317E-09   4464.3211    -.001417 

 364.080  5.71E-09       .6040    -.026152  -2.317E-09   4464.3156  -4.543E-04 

 368.520 -2.55E-09       .4841    -.026705  -1.492E-09   4464.3097   2.052E-04 

 372.960 -7.54E-09       .3679    -.024883  -8.466E-10   4464.3039   6.154E-04 

 377.400 -1.01E-08       .2637    -.021672  -3.679E-10   4464.2988   8.312E-04 

 381.840 -1.08E-08       .1757    -.017821  -3.491E-11   4464.2944   9.036E-04 

 386.280 -1.04E-08       .1054    -.013867   1.782E-10   4464.2909   8.775E-04 

 390.720 -9.23E-09     .052427    -.010165   2.978E-10   4464.2883   7.898E-04 

 395.160 -7.73E-09     .014965    -.006926   3.489E-10   4464.2865   6.692E-04 

 399.600 -6.13E-09    -.009310    -.004249   3.532E-10   4464.2862   5.369E-04 

 404.040 -4.59E-09    -.022997    -.002153   3.287E-10   4464.2869   4.069E-04 

 408.480 -3.21E-09    -.028652  -6.116E-04   2.895E-10   4464.2871   2.877E-04 

 412.920 -2.02E-09    -.028621   4.336E-04   2.461E-10   4464.2871   1.832E-04 

 417.360 -1.03E-09    -.024966     .001049   2.055E-10   4464.2870   9.392E-05 



 421.800 -1.97E-10    -.019446     .001275   1.718E-10   4464.2867   8.096E-06 

 426.240  5.01E-10    -.013757     .001247   1.467E-10   4464.2864  -2.084E-05 

 430.680  1.11E-09    -.008471     .001097   1.298E-10   4464.2861  -4.665E-05 

 435.120  1.65E-09    -.004101   8.365E-04   1.203E-10   4464.2859  -7.069E-05 

 439.560  2.17E-09    -.001123   4.706E-04   1.163E-10   4464.2858  -9.414E-05 

 444.000  2.69E-09      0.0000      0.0000   1.155E-10   4464.2857  -1.178E-04 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  2: 

 

Pile-head deflection             =      .20000000 in 

Computed slope at pile head      =     -.00405306 

Maximum bending moment           =     175268.162 lbs-in 

Maximum shear force              =       6684.603 lbs 

Depth of maximum bending moment  =         48.840 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              7 

Number of zero deflection points =              6 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  3 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Specified deflection at pile head     =         .300000 in 

Specified bending moment at pile head =            .000 in-lbs 

Specified axial load at pile head     =       75000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .300000      0.0000   9060.4559    -.005892   4464.2857   -137.6254 

   4.440   .273839  40833.9472   8432.4007    -.005861   6485.7683   -145.2824 

   8.880   .247953  78783.2436   7753.6292    -.005770   8364.4463   -160.4705 

  13.320   .222597   1.135E+05   7013.0086    -.005625  10084.5490   -173.1424 

  17.760   .198005   1.448E+05   6214.8473    -.005429  11632.8415   -186.3897 

  22.200   .174388   1.723E+05   5360.5506    -.005189  12995.6138   -198.4286 

  26.640   .151931   1.959E+05   4457.2453    -.004909  14160.4290   -208.4657 

  31.080   .130792   2.152E+05   3515.7018    -.004598  15116.9037   -215.6530 

  35.520   .111101   2.301E+05   2549.3268    -.004260  15857.5408   -219.6510 

  39.960   .092960   2.407E+05   1572.8038    -.003904  16378.0648   -220.2242 

  44.400   .076438   2.467E+05    601.7346    -.003534  16677.6535   -217.1943 

  48.840   .061576   2.484E+05   -347.6087    -.003159  16759.1126   -210.4378 

  53.280   .048386   2.457E+05  -1258.5081    -.002784  16628.9948   -199.8773 

  57.720   .036850   2.390E+05  -2113.9652    -.002417  16297.6720   -185.4637 

  62.160   .026923   2.286E+05  -2896.7410    -.002063  15779.3779   -167.1380 

  66.600   .018534   2.147E+05  -3589.1307    -.001727  15092.2588   -144.7493 

  71.040   .011590   1.978E+05  -4158.3441    -.001414  14258.5109   -111.6531 



  75.480   .005978   1.787E+05  -4539.3568    -.001129  13310.8544    -59.9742 

  79.920   .001568   1.583E+05  -4708.8140  -8.732E-04  12300.2022    -16.3579 

  84.360  -.001776   1.375E+05  -4702.4101  -6.490E-04  11269.6306     19.2425 

  88.800  -.004195   1.170E+05  -4555.0774  -4.562E-04  10254.4029     47.1235 

  93.240  -.005827  97322.7023  -4299.9883  -2.938E-04   9282.2413     67.7815 

  97.680  -.006804  78972.1271  -3967.7779  -1.602E-04   8373.7970     81.8628 

 102.120  -.007250  62195.4990  -3585.9812  -5.316E-05   7543.2708     90.1177 

 106.560  -.007276  47164.0191  -3178.6662   2.973E-05   6799.1381     93.3575 

 111.000  -.006986  33949.1445  -2766.2422   9.121E-05   6144.9364     92.4191 

 115.440  -.006466  22539.0452  -2365.4145   1.340E-04   5580.0800     88.1340 

 119.880  -.005795  12855.0062  -1989.2583   1.608E-04   5100.6722     81.3057 

 124.320  -.005038   4767.3068  -1647.3814   1.742E-04   4700.2910     72.6929 

 128.760  -.004249  -1889.7603  -1346.1455   1.764E-04   4557.8382     62.9990 

 133.200  -.003472  -7303.9372   -993.2170   1.694E-04   4825.8668     95.9778 

 137.640  -.002744 -10822.3589   -605.6464   1.557E-04   5000.0461     78.6036 

 142.080  -.002089 -12785.7586   -293.6514   1.378E-04   5097.2441     61.9347 

 146.520  -.001521 -13521.7480    -52.7165   1.178E-04   5133.6792     46.5945 

 150.960  -.001043 -13332.3662    123.9780   9.749E-05   5124.3038     32.9976 

 155.400 -6.55E-04 -12485.7529    244.6854   7.792E-05   5082.3923     21.3751 

 159.840 -3.51E-04 -11211.4563    318.3438   5.996E-05   5019.3083     11.8043 

 164.280 -1.22E-04  -9698.7946    353.9621   4.411E-05   4944.4241      4.2400 

 168.720  4.08E-05  -8097.6518    360.1457   3.062E-05   4865.1596     -1.4546 

 173.160  1.50E-04  -6521.0964    344.7542   1.954E-05   4787.1123     -5.4785 

 177.600  2.14E-04  -5049.2510    314.6811   1.077E-05   4714.2486     -8.0679 

 182.040  2.45E-04  -3733.9041    275.7385   4.118E-06   4649.1325     -9.4738 

 186.480  2.51E-04  -2603.4359    232.6278  -6.857E-07   4593.1687     -9.9454 

 190.920  2.39E-04  -1667.7130    188.9786  -3.923E-06   4546.8458     -9.7164 

 195.360  2.16E-04   -922.6932    147.4360  -5.886E-06   4509.9636     -8.9965 

 199.800  1.87E-04   -354.5611    109.7795  -6.854E-06   4481.8382     -7.9659 

 204.240  1.55E-04     56.7141     77.0600  -7.080E-06   4467.0933     -6.7727 

 208.680  1.24E-04    334.4468     49.7406  -6.784E-06   4480.8425     -5.5334 

 213.120  9.50E-05    502.9283     27.8344  -6.149E-06   4489.1832     -4.3343 

 217.560  6.94E-05    585.7114     11.0302  -5.324E-06   4493.2813     -3.2351 

 222.000  4.77E-05    604.4226     -1.1969  -4.422E-06   4494.2076     -2.2726 

 226.440  3.01E-05    578.0282     -9.4932  -3.526E-06   4492.9010     -1.4645 

 230.880  1.64E-05    522.4714    -14.5522  -2.691E-06   4490.1506      -.8143 

 235.320  6.22E-06    450.5973    -17.0588  -1.954E-06   4486.5925      -.3148 

 239.760 -9.41E-07    372.2901    -17.6499  -1.330E-06   4482.7159     .048559 

 244.200 -5.59E-06    294.7523    -16.8886  -8.247E-07   4478.8774       .2944 

 248.640 -8.26E-06    222.8686    -15.2514  -4.323E-07   4475.3188       .4431 

 253.080 -9.43E-06    159.6075    -13.1239  -1.425E-07   4472.1871       .5152 

 257.520 -9.53E-06    106.4229    -10.8036   5.918E-08   4469.5542       .5300 

 261.960 -8.91E-06     63.6320     -8.5075   1.881E-07   4467.4358       .5043 

 266.400 -7.86E-06     30.7511     -6.3827   2.596E-07   4465.8080       .4528 

 270.840 -6.60E-06      6.7805     -4.5184   2.881E-07   4464.6214       .3870 

 275.280 -5.30E-06     -9.5643     -2.9578   2.859E-07   4464.7592       .3160 

 279.720 -4.06E-06    -19.6751     -1.7095   2.638E-07   4465.2597       .2463 

 284.160 -2.96E-06    -24.9208      -.7582   2.300E-07   4465.5194       .1823 

 288.600 -2.02E-06    -26.5609    -.072660   1.910E-07   4465.6006       .1265 

 293.040 -1.26E-06    -25.6932       .3865   1.514E-07   4465.5577     .080304 

 297.480 -6.77E-07    -23.2294       .6619   1.143E-07   4465.4357     .043732 

 301.920 -2.48E-07    -19.8918       .7950   8.160E-08   4465.2705     .016248 

 306.360  4.77E-08    -16.2239       .8240   5.422E-08   4465.0889    -.003177 

 310.800  2.34E-07    -12.6104       .7819   3.237E-08   4464.9100    -.015810 

 315.240  3.35E-07     -9.3022       .6958   1.576E-08   4464.7462    -.022992 

 319.680  3.74E-07     -6.4425       .5870   3.827E-09   4464.6047    -.026018 

 324.120  3.69E-07     -4.0925       .4713  -4.158E-09   4464.4883    -.026060 



 328.560  3.37E-07     -2.2542       .3599  -8.969E-09   4464.3973    -.024121 

 333.000  2.89E-07      -.8903       .2597  -1.135E-08   4464.3298    -.021016 

 337.440  2.36E-07     .059834       .1745  -1.198E-08   4464.2887    -.017375 

 341.880  1.83E-07       .6674       .1056  -1.143E-08   4464.3188    -.013657 

 346.320  1.35E-07      1.0053     .052715  -1.016E-08   4464.3355    -.010174 

 350.760  9.28E-08      1.1422     .014343  -8.535E-09   4464.3423    -.007111 

 355.200  5.88E-08      1.1384    -.011571  -6.806E-09   4464.3421    -.004562 

 359.640  3.24E-08      1.0440    -.027351  -5.152E-09   4464.3374    -.002547 

 364.080  1.30E-08       .8989    -.035308  -3.679E-09   4464.3302    -.001038 

 368.520 -2.70E-10       .7329    -.037564  -2.442E-09   4464.3220   2.177E-05 

 372.960 -8.65E-09       .5670    -.035949  -1.457E-09   4464.3138   7.055E-04 

 377.400 -1.32E-08       .4147    -.031961  -7.129E-10   4464.3062     .001091 

 381.840 -1.50E-08       .2837    -.026760  -1.836E-10   4464.2998     .001252 

 386.280 -1.48E-08       .1772    -.021194   1.657E-10   4464.2945     .001255 

 390.720 -1.35E-08     .095351    -.015841   3.722E-10   4464.2904     .001156 

 395.160 -1.15E-08     .036262    -.011058   4.720E-10   4464.2875   9.986E-04 

 399.600 -9.32E-09    -.003159    -.007030   4.971E-10   4464.2859   8.159E-04 

 404.040 -7.12E-09    -.026493    -.003818   4.746E-10   4464.2870   6.306E-04 

 408.480 -5.10E-09    -.037382    -.001404   4.262E-10   4464.2876   4.570E-04 

 412.920 -3.33E-09    -.039243   2.812E-04   3.681E-10   4464.2877   3.021E-04 

 417.360 -1.83E-09    -.035130     .001324   3.117E-10   4464.2875   1.678E-04 

 421.800 -5.66E-10    -.027691     .001748   2.641E-10   4464.2871   2.327E-05 

 426.240  5.13E-10    -.019780     .001753   2.282E-10   4464.2867  -2.137E-05 

 430.680  1.46E-09    -.012280     .001568   2.039E-10   4464.2863  -6.160E-05 

 435.120  2.32E-09    -.005988     .001211   1.900E-10   4464.2860  -9.933E-05 

 439.560  3.15E-09    -.001651   6.881E-04   1.842E-10   4464.2858  -1.363E-04 

 444.000  3.96E-09      0.0000      0.0000   1.830E-10   4464.2857  -1.737E-04 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  3: 

 

Pile-head deflection             =      .30000000 in 

Computed slope at pile head      =     -.00589210 

Maximum bending moment           =     248355.502 lbs-in 

Maximum shear force              =       9060.456 lbs 

Depth of maximum bending moment  =         48.840 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              7 

Number of zero deflection points =              6 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  4 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Specified deflection at pile head     =         .400000 in 

Specified bending moment at pile head =            .000 in-lbs 

Specified axial load at pile head     =       75000.000 lbs 

 



  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .400000      0.0000  11307.3307    -.007690   4464.2857   -159.1388 

   4.440   .365858  51196.5700  10558.1446    -.007651   6998.7694   -178.3323 

   8.880   .332061  98851.7242   9724.5131    -.007537   9357.9354   -197.1774 

  13.320   .298930   1.426E+05   8813.9418    -.007354  11522.2017   -212.9899 

  17.760   .266757   1.820E+05   7834.1899    -.007108  13475.0440   -228.3398 

  22.200   .235810   2.169E+05   6790.7700    -.006806  15200.4963   -241.6692 

  26.640   .206323   2.469E+05   5693.8587    -.006454  16684.6791   -252.4350 

  31.080   .178497   2.717E+05   4554.7548    -.006061  17916.3366   -260.6749 

  35.520   .152500   2.913E+05   3384.8955    -.005634  18886.8056   -266.2888 

  39.960   .128463   3.055E+05   2198.5938    -.005182  19590.1177   -268.0814 

  44.400   .106484   3.143E+05   1013.6303    -.004712  20024.1682   -265.6860 

  48.840   .086619   3.177E+05   -151.0526    -.004233  20191.0759   -258.9459 

  53.280   .068893   3.158E+05  -1275.9464    -.003753  20097.3341   -247.7630 

  57.720   .053292   3.089E+05  -2341.2020    -.003280  19753.9039   -232.0819 

  62.160   .039770   2.972E+05  -3326.7511    -.002820  19176.2622   -211.8591 

  66.600   .028248   2.812E+05  -4212.2102    -.002382  18384.4364   -186.9963 

  71.040   .018619   2.614E+05  -4976.3085    -.001971  17403.0903   -157.1921 

  75.480   .010748   2.383E+05  -5564.6810    -.001592  16261.8057   -107.8405 

  79.920   .004482   2.130E+05  -5907.8936    -.001250  15009.3222    -46.7598 

  84.360 -3.51E-04   1.867E+05  -6003.2663  -9.470E-04  13705.8818      3.7991 

  88.800  -.003927   1.603E+05  -5896.9129  -6.839E-04  12401.4840     44.1078 

  93.240  -.006424   1.348E+05  -5633.1086  -4.603E-04  11136.1253     74.7230 

  97.680  -.008014   1.106E+05  -5253.1699  -2.743E-04   9940.3225     96.4206 

 102.120  -.008860  88305.6862  -4794.6180  -1.235E-04   8835.8543    110.1343 

 106.560  -.009111  68121.9973  -4290.6058  -4.953E-06   7836.6618    116.8982 

 111.000  -.008904  50208.4053  -3769.5826   8.473E-05   6949.8503    117.7970 

 115.440  -.008359  34591.6711  -3255.1614   1.490E-04   6176.7447    113.9243 

 119.880  -.007581  21203.3336  -2766.1532   1.913E-04   5513.9557    106.3497 

 124.320  -.006660   9900.8276  -2316.7280   2.149E-04   4954.4257     96.0941 

 128.760  -.005673    487.6851  -1916.6645   2.227E-04   4488.4285     84.1146 

 133.200  -.004682  -7267.5012  -1442.5882   2.176E-04   4824.0630    129.4332 

 137.640  -.003740 -12467.4240   -917.4055   2.026E-04   5081.4849    107.1356 

 142.080  -.002882 -15549.0258   -489.8793   1.814E-04   5234.0395     85.4438 

 146.520  -.002129 -16938.3740   -155.3504   1.568E-04   5302.8191     65.2449 

 150.960  -.001490 -17032.9597     94.1630   1.310E-04   5307.5015     47.1485 

 155.400 -9.66E-04 -16189.4809    268.8002   1.059E-04   5265.7452     31.5169 

 159.840 -5.50E-04 -14716.5174    379.8443   8.244E-05   5192.8262     18.5029 

 164.280 -2.34E-04 -12871.3667    438.8793   6.153E-05   5101.4821      8.0895 

 168.720 -3.68E-06 -10860.2459    457.1288   4.354E-05   5001.9217       .1310 

 173.160  1.53E-04  -8841.0604    444.9681   2.861E-05   4901.9620     -5.6088 

 177.600  2.50E-04  -6927.9817    411.5989   1.666E-05   4807.2551     -9.4224 

 182.040  3.01E-04  -5197.1545    364.8654   7.466E-06   4721.5706    -11.6288 

 186.480  3.17E-04  -3692.9489    311.1885   7.274E-07   4647.1050    -12.5500 

 190.920  3.07E-04  -2434.2854    255.5938  -3.917E-06   4584.7949    -12.4926 

 195.360  2.82E-04  -1420.6674    201.8091  -6.839E-06   4534.6158    -11.7347 

 199.800  2.47E-04   -637.6662    152.4077  -8.399E-06   4495.8534    -10.5181 

 204.240  2.07E-04    -61.6934    108.9797  -8.929E-06   4467.3398     -9.0441 

 208.680  1.67E-04    336.0197     72.3126  -8.721E-06   4480.9204     -7.4727 

 213.120  1.30E-04    586.2503     42.5702  -8.022E-06   4493.3080     -5.9248 

 217.560  9.62E-05    719.3854     19.4585  -7.032E-06   4499.8989     -4.4859 

 222.000  6.74E-05    763.7248      2.3730  -5.908E-06   4502.0939     -3.2103 

 226.440  4.37E-05    744.3925     -9.4759  -4.765E-06   4501.1368     -2.1271 

 230.880  2.51E-05    682.7520    -16.9625  -3.683E-06   4498.0853     -1.2452 



 235.320  1.10E-05    596.2186    -20.9674  -2.714E-06   4493.8015      -.5588 

 239.760  9.94E-07    498.3692    -22.3217  -1.884E-06   4488.9575    -.051326 

 244.200 -5.69E-06    399.2564    -21.7704  -1.204E-06   4484.0509       .2997 

 248.640 -9.70E-06    305.8495    -19.9509  -6.695E-07   4479.4268       .5199 

 253.080 -1.16E-05    222.5380    -17.3853  -2.690E-07   4475.3024       .6358 

 257.520 -1.21E-05    151.6472    -14.4817   1.458E-08   4471.7930       .6722 

 261.960 -1.15E-05     93.9308    -11.5427   2.007E-07   4468.9358       .6517 

 266.400 -1.03E-05     49.0141     -8.7781   3.091E-07   4466.7122       .5936 

 270.840 -8.77E-06     15.7752     -6.3196   3.582E-07   4465.0667       .5138 

 275.280 -7.12E-06     -7.3423     -4.2363   3.646E-07   4464.6492       .4246 

 279.720 -5.53E-06    -22.0855     -2.5497   3.423E-07   4465.3791       .3351 

 284.160 -4.08E-06    -30.2112     -1.2471   3.026E-07   4465.7813       .2516 

 288.600 -2.84E-06    -33.3618      -.2936   2.544E-07   4465.9373       .1779 

 293.040 -1.82E-06    -32.9881       .3590   2.041E-07   4465.9188       .1160 

 297.480 -1.03E-06    -30.3102       .7641   1.562E-07   4465.7862     .066475 

 301.920 -4.38E-07    -26.3066       .9754   1.133E-07   4465.5880     .028704 

 306.360 -2.32E-08    -21.7238      1.0426   7.685E-08   4465.3611     .001545 

 310.800  2.45E-07    -17.0996      1.0093   4.742E-08   4465.1322    -.016557 

 315.240  3.98E-07    -12.7931       .9119   2.477E-08   4464.9190    -.027299 

 319.680  4.65E-07     -9.0184       .7795   8.234E-09   4464.7322    -.032353 

 324.120  4.71E-07     -5.8769       .6338  -3.055E-09   4464.5766    -.033256 

 328.560  4.38E-07     -3.3880       .4904  -1.008E-08   4464.4534    -.031339 

 333.000  3.82E-07     -1.5152       .3594  -1.379E-08   4464.3607    -.027700 

 337.440  3.15E-07      -.1878       .2464  -1.508E-08   4464.2950    -.023199 

 341.880  2.48E-07       .6824       .1539  -1.471E-08   4464.3195    -.018470 

 346.320  1.85E-07      1.1882     .081872  -1.329E-08   4464.3445    -.013953 

 350.760  1.30E-07      1.4183     .028865  -1.132E-08   4464.3559    -.009924 

 355.200  8.41E-08      1.4521    -.007650  -9.141E-09   4464.3576    -.006525 

 359.640  4.84E-08      1.3565    -.030578  -7.012E-09   4464.3529    -.003803 

 364.080  2.18E-08      1.1852    -.042875  -5.086E-09   4464.3444    -.001737 

 368.520  3.23E-09       .9791    -.047308  -3.445E-09   4464.3342  -2.599E-04 

 372.960 -8.78E-09       .7674    -.046295  -2.122E-09   4464.3237   7.161E-04 

 377.400 -1.56E-08       .5694    -.041842  -1.108E-09   4464.3139     .001290 

 381.840 -1.86E-08       .3966    -.035525  -3.761E-10   4464.3053     .001556 

 386.280 -1.90E-08       .2542    -.028510   1.172E-10   4464.2983     .001603 

 390.720 -1.76E-08       .1433    -.021611   4.185E-10   4464.2928     .001504 

 395.160 -1.52E-08     .062046    -.015343   5.742E-10   4464.2888     .001319 

 399.600 -1.25E-08     .006722    -.009988   6.263E-10   4464.2860     .001093 

 404.040 -9.67E-09    -.027060    -.005659   6.109E-10   4464.2871   8.570E-04 

 408.480 -7.05E-09    -.043933    -.002353   5.571E-10   4464.2879   6.319E-04 

 412.920 -4.73E-09    -.048328   2.136E-07   4.872E-10   4464.2881   4.282E-04 

 417.360 -2.73E-09    -.044256     .001505   4.170E-10   4464.2879   2.498E-04 

 421.800 -1.02E-09    -.035238     .002153   3.568E-10   4464.2875   4.209E-05 

 426.240  4.41E-10    -.025372     .002206   3.108E-10   4464.2870  -1.836E-05 

 430.680  1.74E-09    -.015856     .002003   2.796E-10   4464.2865  -7.324E-05 

 435.120  2.92E-09    -.007776     .001562   2.617E-10   4464.2861  -1.250E-04 

 439.560  4.06E-09    -.002156   8.947E-04   2.541E-10   4464.2858  -1.758E-04 

 444.000  5.18E-09      0.0000      0.0000   2.525E-10   4464.2857  -2.272E-04 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  4: 

 

Pile-head deflection             =      .40000000 in 



Computed slope at pile head      =     -.00768955 

Maximum bending moment           =     317681.161 lbs-in 

Maximum shear force              =      11307.331 lbs 

Depth of maximum bending moment  =         48.840 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              8 

Number of zero deflection points =              6 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  5 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Specified deflection at pile head     =         .500000 in 

Specified bending moment at pile head =            .000 in-lbs 

Specified axial load at pile head     =       75000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .500000      0.0000  13262.2873    -.009454   4464.2857   -159.1388 

   4.440   .458025  60464.0924  12505.8117    -.009408   7457.5576   -181.6159 

   8.880   .416457   1.173E+05  11623.2872    -.009273  10272.0758   -215.9176 

  13.320   .375678   1.699E+05  10582.9504    -.009056  12872.9438   -252.7026 

  17.760   .336043   2.173E+05   9421.1817    -.008762  15222.9495   -270.6167 

  22.200   .297870   2.594E+05   8186.9113    -.008401  17303.4240   -285.3609 

  26.640   .261443   2.956E+05   6894.5605    -.007980  19098.9277   -296.7791 

  31.080   .227005   3.259E+05   5558.8430    -.007509  20597.4112   -304.8954 

  35.520   .194761   3.500E+05   4194.0565    -.006997  21790.1971   -309.8733 

  39.960   .164873   3.678E+05   2813.4948    -.006453  22671.8254   -312.0013 

  44.400   .137460   3.793E+05   1431.9683    -.005887  23239.7741   -310.3079 

  48.840   .112599   3.844E+05     68.8235    -.005308  23495.4093   -303.7212 

  53.280   .090326   3.834E+05  -1253.9466    -.004726  23445.0299   -292.1212 

  57.720   .070634   3.764E+05  -2513.9399    -.004150  23099.9822   -275.4433 

  62.160   .053475   3.639E+05  -3688.5281    -.003589  22476.7165   -253.6504 

  66.600   .038765   3.461E+05  -4754.8542    -.003051  21596.8157   -226.6766 

  71.040   .026384   3.237E+05  -5689.4335    -.002543  20487.0481   -194.3051 

  75.480   .016182   2.972E+05  -6466.8030    -.002073  19179.5662   -155.8613 

  79.920   .007980   2.676E+05  -6997.6376    -.001644  17712.5478    -83.2534 

  84.360   .001579   2.362E+05  -7220.4422    -.001263  16157.5932    -17.1090 

  88.800  -.003231   2.043E+05  -7177.8511  -9.286E-04  14580.0389     36.2942 

  93.240  -.006667   1.731E+05  -6925.1272  -6.426E-04  13032.7986     77.5454 

  97.680  -.008937   1.433E+05  -6514.2677  -4.028E-04  11556.9111    107.5265 

 102.120  -.010244   1.155E+05  -5992.8742  -2.067E-04  10182.3807    127.3354 

 106.560  -.010772  90191.9398  -5403.3550  -5.075E-05   8929.2332    138.2138 

 111.000  -.010694  67557.5238  -4782.4264   6.882E-05   7808.7176    141.4838 

 115.440  -.010161  47678.1597  -4160.8761   1.562E-04   6824.5906    138.4939 

 119.880  -.009307  30504.9413  -3563.5405   2.154E-04   5974.4313    130.5762 

 124.320  -.008248  15890.4513  -3009.4509   2.506E-04   5250.9417    119.0137 

 128.760  -.007082   3614.1288  -2512.0985   2.654E-04   4643.2030    105.0189 

 133.200  -.005892  -6593.7175  -1917.3546   2.631E-04   4790.7074    162.8838 

 137.640  -.004746 -13587.2101  -1253.9592   2.478E-04   5136.9199    135.9430 



 142.080  -.003691 -17893.9180   -709.2459   2.240E-04   5350.1232    109.4233 

 146.520  -.002757 -20034.4653   -278.7647   1.952E-04   5456.0909     84.4871 

 150.960  -.001958 -20499.3545     46.3280   1.645E-04   5479.1052     61.9510 

 155.400  -.001297 -19732.6179    277.8129   1.340E-04   5441.1480     42.3214 

 159.840 -7.68E-04 -18121.6124    429.1273   1.053E-04   5361.3952     25.8382 

 164.280 -3.62E-04 -15992.0958    514.2907   7.944E-05   5255.9736     12.5237 

 168.720 -6.27E-05 -13607.6186    547.0503   5.701E-05   5137.9302      2.2328 

 173.160  1.45E-04 -11172.2551    540.2415   3.822E-05   5017.3677     -5.2999 

 177.600  2.77E-04  -8835.7318    505.3504   2.306E-05   4901.6982    -10.4168 

 182.040  3.49E-04  -6700.1015    452.2545   1.128E-05   4795.9739    -13.5002 

 186.480  3.77E-04  -4827.2271    389.1139   2.548E-06   4703.2574    -14.9415 

 190.920  3.72E-04  -3246.4669    322.3824  -3.571E-06   4625.0019    -15.1177 

 195.360  3.45E-04  -1962.0925    256.9099  -7.519E-06   4561.4190    -14.3744 

 199.800  3.05E-04   -960.0992    196.1062  -9.734E-06   4511.8154    -13.0146 

 204.240  2.59E-04   -214.1865    142.1432  -1.062E-05   4474.8890    -11.2930 

 208.680  2.11E-04    309.2081     96.1730  -1.055E-05   4479.5930     -9.4143 

 213.120  1.65E-04    646.8575     58.5461  -9.827E-06   4496.3084     -7.5348 

 217.560  1.24E-04    835.6425     29.0166  -8.704E-06   4505.6542     -5.7668 

 222.000  8.78E-05    910.3219      6.9264  -7.380E-06   4509.3512     -4.1838 

 226.440  5.81E-05    902.0644     -8.6378  -6.007E-06   4508.9424     -2.8271 

 230.880  3.45E-05    837.6190    -18.7154  -4.688E-06   4505.7520     -1.7124 

 235.320  1.65E-05    738.9937    -24.3724  -3.493E-06   4500.8696      -.8358 

 239.760  3.49E-06    623.5187    -26.6275  -2.461E-06   4495.1530      -.1800 

 244.200 -5.34E-06    504.1800    -26.4035  -1.606E-06   4489.2451       .2809 

 248.640 -1.08E-05    390.1251    -24.4975  -9.280E-07   4483.5988       .5776 

 253.080 -1.36E-05    287.2598    -21.5687  -4.146E-07   4478.5065       .7417 

 257.520 -1.45E-05    198.8710    -18.1376  -4.611E-08   4474.1308       .8039 

 261.960 -1.40E-05    126.2289    -14.5947   2.003E-07   4470.5347       .7920 

 266.400 -1.27E-05     69.1364    -11.2153   3.484E-07   4467.7083       .7303 

 270.840 -1.09E-05     26.4052     -8.1763   4.208E-07   4465.5929       .6386 

 275.280 -8.94E-06     -3.7495     -5.5756   4.380E-07   4464.4713       .5328 

 279.720 -7.01E-06    -23.3979     -3.4499   4.174E-07   4465.4440       .4247 

 284.160 -5.23E-06    -34.6627     -1.7915   3.734E-07   4466.0017       .3224 

 288.600 -3.69E-06    -39.5551      -.5629   3.171E-07   4466.2439       .2311 

 293.040 -2.42E-06    -39.8720       .2913   2.569E-07   4466.2596       .1537 

 297.480 -1.41E-06    -37.1391       .8347   1.985E-07   4466.1243     .091064 

 301.920 -6.53E-07    -32.5923      1.1319   1.457E-07   4465.8992     .042835 

 306.360 -1.16E-07    -27.1846      1.2441   1.004E-07   4465.6315     .007706 

 310.800  2.39E-07    -21.6113      1.2254   6.341E-08   4465.3556    -.016128 

 315.240  4.47E-07    -16.3449      1.1215   3.464E-08   4465.0949    -.030690 

 319.680  5.46E-07    -11.6754       .9690   1.340E-08   4464.8637    -.038013 

 324.120  5.66E-07     -7.7493       .7958  -1.323E-09   4464.6693    -.039985 

 328.560  5.34E-07     -4.6076       .6221  -1.069E-08   4464.5138    -.038263 

 333.000  4.71E-07     -2.2178       .4612  -1.586E-08   4464.3955    -.034226 

 337.440  3.94E-07      -.5016       .3209  -1.792E-08   4464.3105    -.028964 

 341.880  3.12E-07       .6438       .2049  -1.782E-08   4464.3176    -.023295 

 346.320  2.35E-07      1.3297       .1137  -1.632E-08   4464.3515    -.017791 

 350.760  1.67E-07      1.6642     .045735  -1.405E-08   4464.3681    -.012818 

 355.200  1.11E-07      1.7452    -.001768  -1.147E-08   4464.3721    -.008579 

 359.640  6.55E-08      1.6562    -.032248  -8.888E-09   4464.3677    -.005150 

 364.080  3.16E-08      1.4648    -.049271  -6.523E-09   4464.3582    -.002518 

 368.520  7.61E-09      1.2230    -.056223  -4.486E-09   4464.3463  -6.130E-04 

 372.960 -8.19E-09       .9685    -.056099  -2.825E-09   4464.3337   6.686E-04 

 377.400 -1.75E-08       .7267    -.051411  -1.540E-09   4464.3217     .001443 

 381.840 -2.19E-08       .5130    -.044149  -6.002E-10   4464.3111     .001828 

 386.280 -2.28E-08       .3351    -.035808   4.252E-11   4464.3023     .001929 

 390.720 -2.15E-08       .1950    -.027442   4.443E-10   4464.2954     .001839 



 395.160 -1.89E-08     .091072    -.019733   6.611E-10   4464.2902     .001633 

 399.600 -1.56E-08     .019312    -.013070   7.447E-10   4464.2867     .001368 

 404.040 -1.22E-08    -.025487    -.007624   7.400E-10   4464.2870     .001085 

 408.480 -9.05E-09    -.048884    -.003416   6.837E-10   4464.2881   8.106E-04 

 412.920 -6.18E-09    -.056277  -3.743E-04   6.040E-10   4464.2885   5.596E-04 

 417.360 -3.69E-09    -.052610     .001617   5.214E-10   4464.2883   3.375E-04 

 421.800 -1.55E-09    -.042264     .002507   4.495E-10   4464.2878   6.356E-05 

 426.240  3.07E-10    -.030643     .002620   3.943E-10   4464.2872  -1.277E-05 

 430.680  1.95E-09    -.019259     .002409   3.565E-10   4464.2867  -8.246E-05 

 435.120  3.47E-09    -.009490     .001896   3.347E-10   4464.2862  -1.484E-04 

 439.560  4.93E-09    -.002643     .001093   3.255E-10   4464.2858  -2.133E-04 

 444.000  6.36E-09      0.0000      0.0000   3.235E-10   4464.2857  -2.791E-04 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  5: 

 

Pile-head deflection             =      .50000000 in 

Computed slope at pile head      =     -.00945386 

Maximum bending moment           =     384428.696 lbs-in 

Maximum shear force              =      13262.287 lbs 

Depth of maximum bending moment  =         48.840 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              8 

Number of zero deflection points =              6 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  6 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Specified deflection at pile head     =         .600000 in 

Specified bending moment at pile head =            .000 in-lbs 

Specified axial load at pile head     =       75000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .600000      0.0000  14905.1218    -.011172   4464.2857   -159.1388 

   4.440   .550397  68330.3387  14148.6461    -.011120   7846.9757   -181.6159 

   8.880   .501255   1.330E+05  13266.1216    -.010967  11050.7155   -215.9176 

  13.320   .453007   1.934E+05  12225.7846    -.010720  14040.4119   -252.7026 

  17.760   .406062   2.488E+05  11011.2393    -.010385  16778.6568   -294.3898 

  22.200   .360791   2.981E+05   9625.8511    -.009970  19223.3843   -329.6589 

  26.640   .317526   3.409E+05   8134.9945    -.009486  21338.9406   -341.8981 

  31.080   .276556   3.767E+05   6598.8351    -.008942  23112.3134   -350.0656 

  35.520   .238121   4.054E+05   5035.0746    -.008349  24534.6366   -354.3311 

  39.960   .202415   4.270E+05   3460.3224    -.007718  25601.0295   -355.0167 

  44.400   .169582   4.413E+05   1889.4523    -.007060  26310.2847   -352.5824 



  48.840   .139719   4.484E+05    337.9242    -.006386  26664.4198   -346.3041 

  53.280   .112875   4.485E+05  -1173.4810    -.005706  26669.3831   -334.5091 

  57.720   .089049   4.418E+05  -2620.0742    -.005031  26336.6833   -317.1095 

  62.160   .068198   4.286E+05  -3976.8962    -.004371  25683.4689   -294.0716 

  66.600   .050231   4.094E+05  -5218.8223    -.003736  24732.5527   -265.3545 

  71.040   .035020   3.848E+05  -6320.2999    -.003134  23512.4403   -230.8065 

  75.480   .022398   3.554E+05  -7254.3166    -.002573  22057.4637   -189.9217 

  79.920   .012168   3.221E+05  -7957.7694    -.002060  20408.2579   -126.9489 

  84.360   .004106   2.861E+05  -8338.3423    -.001599  18627.1116    -44.4803 

  88.800  -.002030   2.491E+05  -8386.4637    -.001193  16795.4068     22.8040 

  93.240  -.006490   2.124E+05  -8168.2455  -8.435E-04  14979.7324     75.4924 

  97.680  -.009521   1.771E+05  -7746.3624  -5.483E-04  13232.4246    114.5450 

 102.120  -.011359   1.440E+05  -7178.6063  -3.049E-04  11592.4776    141.2010 

 106.560  -.012228   1.136E+05  -6516.8401  -1.097E-04  10086.7334    156.8919 

 111.000  -.012333  86192.9827  -5806.3150   4.173E-05   8731.2651    163.1644 

 115.440  -.011858  61985.5721  -5085.3072   1.540E-04   7532.8784    161.6139 

 119.880  -.010965  40932.8629  -4385.0208   2.320E-04   6490.6651    153.8305 

 124.320  -.009797  22892.0443  -3729.7007   2.804E-04   5597.5552    141.3587 

 128.760  -.008475   7626.3594  -3136.8997   3.036E-04   4841.8283    125.6688 

 133.200  -.007101  -5165.7915  -2422.0805   3.054E-04   4720.0180    196.3218 

 137.640  -.005763 -14085.1244  -1619.7892   2.908E-04   5161.5691    165.0706 

 142.080  -.004519 -19743.2109   -955.9525   2.652E-04   5441.6724    133.9549 

 146.520  -.003408 -22750.5974   -426.7473   2.330E-04   5590.5529    104.4258 

 150.960  -.002450 -23687.8918    -22.8235   1.978E-04   5636.9536     77.5219 

 155.400  -.001652 -23084.9937    268.9508   1.623E-04   5607.1072     53.9080 

 159.840  -.001009 -21407.7213    463.9415   1.286E-04   5524.0739     33.9256 

 164.280 -5.10E-04 -19050.8472    578.4373   9.794E-05   5407.3970     17.6491 

 168.720 -1.39E-04 -16336.4285    628.5968   7.112E-05   5273.0198      4.9452 

 173.160  1.22E-04 -13516.2756    629.6489   4.850E-05   5133.4083     -4.4713 

 177.600  2.92E-04 -10777.4443    595.3359   3.008E-05   4997.8226    -10.9851 

 182.040  3.89E-04  -8249.7280    537.5696   1.566E-05   4872.6881    -15.0358 

 186.480  4.31E-04  -6014.2566    466.2720   4.850E-06   4762.0212    -17.0803 

 190.920  4.32E-04  -4112.4628    389.3630  -2.825E-06   4667.8730    -17.5635 

 195.360  4.06E-04  -2554.8319    312.8609  -7.878E-06   4590.7625    -16.8969 

 199.800  3.62E-04  -1329.0107    241.0626  -1.082E-05   4530.0783    -15.4446 

 204.240  3.10E-04   -406.9881    176.7721  -1.214E-05   4484.4336    -13.5150 

 208.680  2.55E-04    248.8098    121.5535  -1.226E-05   4476.6030    -11.3582 

 213.120  2.01E-04    680.5703     75.9865  -1.155E-05   4497.9773     -9.1674 

 217.560  1.52E-04    931.2642     39.9102  -1.033E-05   4510.3879     -7.0831 

 222.000  1.09E-04   1041.8537     12.6429  -8.836E-06   4515.8626     -5.1994 

 226.440  7.34E-05   1049.4176     -6.8282  -7.251E-06   4516.2371     -3.5713 

 230.880  4.48E-05    986.0484    -19.6900  -5.708E-06   4513.1000     -2.2223 

 235.320  2.28E-05    878.3722    -27.1809  -4.295E-06   4507.7695     -1.1520 

 239.760  6.64E-06    747.5432    -30.4992  -3.063E-06   4501.2928      -.3428 

 244.200 -4.44E-06    609.5789    -30.7412  -2.034E-06   4494.4629       .2338 

 248.640 -1.14E-05    475.9160    -28.8623  -1.212E-06   4487.8459       .6126 

 253.080 -1.52E-05    354.0888    -25.6591  -5.825E-07   4481.8149       .8303 

 257.520 -1.66E-05    248.4516    -21.7665  -1.258E-07   4476.5853       .9231 

 261.960 -1.63E-05    160.8865    -17.6660   1.844E-07   4472.2504       .9240 

 266.400 -1.50E-05     91.4549    -13.7013   3.757E-07   4468.8132       .8619 

 270.840 -1.30E-05     38.9684    -10.0984   4.745E-07   4466.2148       .7610 

 275.280 -1.07E-05      1.4651     -6.9868   5.052E-07   4464.3582       .6406 

 279.720 -8.50E-06    -23.4105     -4.4212   4.885E-07   4465.4447       .5151 

 284.160 -6.41E-06    -38.1203     -2.4013   4.419E-07   4466.1729       .3948 

 288.600 -4.57E-06    -45.0283      -.8891   3.789E-07   4466.5148       .2864 

 293.040 -3.04E-06    -46.2681       .1763   3.097E-07   4466.5762       .1936 

 297.480 -1.82E-06    -43.6686       .8677   2.415E-07   4466.4475       .1178 



 301.920 -8.98E-07    -38.7241      1.2601   1.791E-07   4466.2027     .058946 

 306.360 -2.34E-07    -32.5980      1.4255   1.250E-07   4465.8995     .015567 

 310.800  2.12E-07    -26.1486      1.4283   8.048E-08   4465.5802    -.014307 

 315.240  4.81E-07    -19.9680      1.3233   4.553E-08   4465.2742    -.032998 

 319.680  6.16E-07    -14.4278      1.1549   1.946E-08   4465.0000    -.042872 

 324.120  6.54E-07     -9.7256       .9572   1.154E-09   4464.7672    -.046160 

 328.560  6.26E-07     -5.9283       .7552  -1.071E-08   4464.5792    -.044836 

 333.000  5.59E-07     -3.0120       .5656  -1.749E-08   4464.4348    -.040561 

 337.440  4.71E-07      -.8938       .3987  -2.045E-08   4464.3300    -.034659 

 341.880  3.77E-07       .5416       .2593  -2.071E-08   4464.3125    -.028133 

 346.320  2.87E-07      1.4222       .1486  -1.923E-08   4464.3561    -.021695 

 350.760  2.06E-07      1.8744     .065381  -1.673E-08   4464.3785    -.015809 

 355.200  1.38E-07      2.0139     .006436  -1.378E-08   4464.3854    -.010742 

 359.640  8.40E-08      1.9407    -.032074  -1.078E-08   4464.3818    -.006605 

 364.080  4.27E-08      1.7363    -.054280  -7.996E-09   4464.3717    -.003398 

 368.520  1.30E-08      1.4640    -.064156  -5.570E-09   4464.3582    -.001050 

 372.960 -6.77E-09      1.1703    -.065262  -3.573E-09   4464.3436   5.523E-04 

 377.400 -1.87E-08       .8869    -.060608  -2.014E-09   4464.3296     .001544 

 381.840 -2.47E-08       .6334    -.052605  -8.618E-10   4464.3171     .002061 

 386.280 -2.63E-08       .4203    -.043082  -6.316E-11   4464.3065     .002229 

 390.720 -2.52E-08       .2509    -.033343   4.456E-10   4464.2981     .002158 

 395.160 -2.24E-08       .1239    -.024247   7.297E-10   4464.2918     .001939 

 399.600 -1.87E-08     .035105    -.016300   8.502E-10   4464.2875     .001641 

 404.040 -1.48E-08    -.021383    -.009738   8.606E-10   4464.2868     .001315 

 408.480 -1.11E-08    -.051941    -.004613   8.050E-10   4464.2883   9.938E-04 

 412.920 -7.69E-09    -.062881  -8.594E-04   7.180E-10   4464.2888   6.969E-04 

 417.360 -4.72E-09    -.060050     .001647   6.248E-10   4464.2887   4.320E-04 

 421.800 -2.15E-09    -.048672     .002802   5.424E-10   4464.2881   8.815E-05 

 426.240  9.91E-11    -.035531     .002988   4.786E-10   4464.2875  -4.128E-06 

 430.680  2.10E-09    -.022454     .002782   4.347E-10   4464.2868  -8.881E-05 

 435.120  3.96E-09    -.011116     .002209   4.092E-10   4464.2863  -1.693E-04 

 439.560  5.74E-09    -.003109     .001282   3.984E-10   4464.2859  -2.485E-04 

 444.000  7.50E-09      0.0000      0.0000   3.961E-10   4464.2857  -3.288E-04 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  6: 

 

Pile-head deflection             =      .60000000 in 

Computed slope at pile head      =     -.01117177 

Maximum bending moment           =     448542.968 lbs-in 

Maximum shear force              =      14905.122 lbs 

Depth of maximum bending moment  =         53.280 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              8 

Number of zero deflection points =              6 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  7 

------------------------------------------------------------------------------ 



 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Specified deflection at pile head     =         .700000 in 

Specified bending moment at pile head =            .000 in-lbs 

Specified axial load at pile head     =       75000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .700000      0.0000  16356.1887    -.012851   4464.2857   -159.1388 

   4.440   .642943  75332.1487  15599.7136    -.012794   8193.6000   -181.6157 

   8.880   .586393   1.470E+05  14717.1908    -.012625  11743.7892   -215.9171 

  13.320   .530833   2.144E+05  13676.8575    -.012351  15079.5859   -252.7015 

  17.760   .476716   2.767E+05  12462.3188    -.011979  18163.4074   -294.3880 

  22.200   .424461   3.331E+05  11054.7266    -.011517  20953.0145   -339.6626 

  26.640   .374449   3.826E+05   9440.0019    -.010974  23402.8145   -387.6908 

  31.080   .327011   4.242E+05   7700.0788    -.010363  25464.6990   -396.0583 

  35.520   .282428   4.578E+05   5933.3670    -.009694  27129.4612   -399.7578 

  39.960   .240926   4.834E+05   4159.8230    -.008981  28392.6505   -399.1360 

  44.400   .202678   5.008E+05   2397.5097    -.008235  29254.2359   -394.6988 

  48.840   .167800   5.101E+05    661.9389    -.007469  29718.1129   -387.0898 

  53.280   .136356   5.116E+05  -1030.4202    -.006694  29791.4731   -375.2341 

  57.720   .108355   5.054E+05  -2656.6056    -.005923  29485.8497   -357.2818 

  62.160   .083755   4.920E+05  -4189.4678    -.005167  28818.9170   -333.1966 

  66.600   .062467   4.717E+05  -5601.7236    -.004437  27814.5168   -302.9546 

  71.040   .044354   4.452E+05  -6865.8079    -.003742  26502.6701   -266.4527 

  75.480   .029237   4.132E+05  -7953.0728    -.003092  24919.6619   -223.3062 

  79.920   .016900   3.766E+05  -8831.3113    -.002493  23108.3990   -172.2967 

  84.360   .007099   3.364E+05  -9384.5251    -.001953  21119.5768    -76.8988 

  88.800 -4.38E-04   2.946E+05  -9544.3164    -.001474  19047.3002      4.9207 

  93.240  -.005993   2.527E+05  -9378.6530    -.001059  16972.4644     69.7024 

  97.680  -.009846   2.120E+05  -8960.9246  -7.073E-04  14959.3388    118.4635 

 102.120  -.012273   1.736E+05  -8359.2359  -4.151E-04  13056.5264    152.5675 

 106.560  -.013532   1.380E+05  -7635.0930  -1.789E-04  11298.2705    173.6231 

 111.000  -.013862   1.059E+05  -6842.5186   5.996E-06   9706.0073    183.3924 

 115.440  -.013479  77280.9351  -6027.5461   1.448E-04   8290.0746    183.7123 

 119.880  -.012576  52261.7146  -5228.0325   2.430E-04   7051.4993    176.4290 

 124.320  -.011321  30694.1630  -4473.7264   3.059E-04   5983.7987    163.3486 

 128.760  -.009860  12331.3061  -3786.5240   3.385E-04   5074.7464    146.2020 

 133.200  -.008315  -3155.6072  -2951.6293   3.454E-04   4620.5039    229.8767 

 137.640  -.006792 -14109.2309  -2009.3950   3.324E-04   5162.7625    194.5532 

 142.080  -.005364 -21220.3887  -1224.5038   3.056E-04   5514.8000    159.0014 

 146.520  -.004078 -25186.3446   -594.0817   2.704E-04   5711.1345    124.9725 

 150.960  -.002963 -26675.9286   -108.5418   2.311E-04   5784.8762     93.7392 

 155.400  -.002026 -26304.1105    246.3825   1.909E-04   5766.4694     66.1366 

 159.840  -.001267 -24615.2236    487.8195   1.524E-04   5682.8611     42.6188 

 164.280 -6.73E-04 -22073.7410    634.2094   1.170E-04   5557.0452     23.3226 

 168.720 -2.28E-04 -19061.3441    704.0448   8.579E-05   5407.9166      8.1348 

 173.160  8.85E-05 -15878.9586    714.9070   5.931E-05   5250.3728     -3.2420 

 177.600  2.98E-04 -12752.4683    682.7805   3.761E-05   5095.5960    -11.2294 

 182.040  4.22E-04  -9840.9128    621.6204   2.048E-05   4951.4596    -16.3202 

 186.480  4.80E-04  -7246.1198    543.1345   7.530E-06   4823.0045    -19.0338 

 190.920  4.89E-04  -5022.8932    456.7433  -1.769E-06   4712.9438    -19.8812 

 195.360  4.65E-04  -3189.0615    369.6736  -7.993E-06   4622.1600    -19.3393 

 199.800  4.18E-04  -1734.8681    287.1511  -1.173E-05   4550.1703    -17.8330 

 204.240  3.60E-04   -631.3511    212.6528  -1.352E-05   4495.5407    -15.7248 



 208.680  2.98E-04    162.4919    148.1925  -1.387E-05   4472.3299    -13.3113 

 213.120  2.37E-04    693.8383     94.6129  -1.322E-05   4498.6341    -10.8236 

 217.560  1.81E-04   1011.4622     51.8663  -1.193E-05   4514.3581     -8.4316 

 222.000  1.31E-04   1162.3582     19.2705  -1.028E-05   4521.8282     -6.2512 

 226.440  8.95E-05   1189.4341     -4.2688  -8.502E-06   4523.1686     -4.3521 

 230.880  5.58E-05   1130.1140    -20.0729  -6.744E-06   4520.2320     -2.7669 

 235.320  2.96E-05   1015.6787    -29.5436  -5.118E-06   4514.5668     -1.4992 

 239.760  1.03E-05    871.1754    -34.0535  -3.688E-06   4507.4132      -.5323 

 244.200 -3.13E-06    715.7395    -34.8694  -2.485E-06   4499.7184       .1647 

 248.640 -1.18E-05    563.1900    -33.1044  -1.516E-06   4492.1664       .6303 

 253.080 -1.66E-05    422.7819    -29.6936  -7.683E-07   4485.2155       .9061 

 257.520 -1.86E-05    300.0223    -25.3884  -2.204E-07   4479.1383      1.0332 

 261.960 -1.85E-05    197.4799    -20.7635   1.566E-07   4474.0619      1.0500 

 266.400 -1.72E-05    115.5378    -16.2342   3.939E-07   4470.0054       .9902 

 270.840 -1.50E-05     53.0578    -12.0778   5.217E-07   4466.9123       .8821 

 275.280 -1.26E-05      7.9398     -8.4582   5.679E-07   4464.6788       .7484 

 279.720 -1.00E-05    -22.4289     -5.4504   5.569E-07   4465.3961       .6065 

 284.160 -7.61E-06    -40.8308     -3.0634   5.090E-07   4466.3070       .4688 

 288.600 -5.49E-06    -49.9711     -1.2603   4.402E-07   4466.7595       .3435 

 293.040 -3.70E-06    -52.3152     .024659   3.626E-07   4466.8756       .2353 

 297.480 -2.27E-06    -49.9937       .8721   2.851E-07   4466.7606       .1464 

 301.920 -1.17E-06    -44.7613      1.3671   2.133E-07   4466.5016     .076631 

 306.360 -3.72E-07    -37.9956      1.5922   1.505E-07   4466.1667     .024759 

 310.800  1.69E-07    -30.7227      1.6218   9.847E-08   4465.8066    -.011416 

 315.240  5.03E-07    -23.6592      1.5199   5.725E-08   4465.4570    -.034484 

 319.680  6.77E-07    -17.2637      1.3387   2.623E-08   4465.1404    -.047137 

 324.120  7.36E-07    -11.7887      1.1188   4.211E-09   4464.8693    -.051934 

 328.560  7.15E-07     -7.3315       .8899  -1.028E-08   4464.6487    -.051167 

 333.000  6.44E-07     -3.8794       .6725  -1.878E-08   4464.4778    -.046776 

 337.440  5.48E-07     -1.3473       .4791  -2.274E-08   4464.3524    -.040322 

 341.880  4.42E-07       .3905       .3164  -2.347E-08   4464.3050    -.032999 

 346.320  3.39E-07      1.4776       .1861  -2.205E-08   4464.3589    -.025664 

 350.760  2.47E-07      2.0579     .087224  -1.937E-08   4464.3876    -.018886 

 355.200  1.67E-07      2.2650     .016446  -1.609E-08   4464.3978    -.012996 

 359.640  1.04E-07      2.2147    -.030491  -1.270E-08   4464.3954    -.008147 

 364.080  5.47E-08      2.0027    -.058247  -9.501E-09   4464.3849    -.004356 

 368.520  1.93E-08      1.7038    -.071368  -6.692E-09   4464.3701    -.001554 

 372.960 -4.69E-09      1.3734    -.073968  -4.360E-09   4464.3537   3.830E-04 

 377.400 -1.94E-08      1.0499    -.069555  -2.523E-09   4464.3377     .001605 

 381.840 -2.71E-08       .7574    -.060964  -1.153E-09   4464.3232     .002265 

 386.280 -2.97E-08       .5093    -.050365  -1.930E-10   4464.3109     .002510 

 390.720 -2.88E-08       .3103    -.039319   4.283E-10   4464.3011     .002466 

 395.160 -2.59E-08       .1598    -.028873   7.846E-10   4464.2936     .002240 

 399.600 -2.18E-08     .053409    -.019654   9.462E-10   4464.2884     .001913 

 404.040 -1.75E-08    -.015327    -.011973   9.751E-10   4464.2865     .001547 

 408.480 -1.32E-08    -.053560    -.005917   9.229E-10   4464.2884     .001181 

 412.920 -9.27E-09    -.068481    -.001431   8.304E-10   4464.2891   8.395E-04 

 417.360 -5.81E-09    -.066819     .001614   7.278E-10   4464.2890   5.322E-04 

 421.800 -2.80E-09    -.054632     .003051   6.358E-10   4464.2884   1.152E-04 

 426.240 -1.65E-10    -.040146     .003323   5.639E-10   4464.2877   6.885E-06 

 430.680  2.20E-09    -.025503     .003131   5.142E-10   4464.2870  -9.298E-05 

 435.120  4.40E-09    -.012681     .002507   4.852E-10   4464.2863  -1.881E-04 

 439.560  6.51E-09    -.003562     .001464   4.729E-10   4464.2859  -2.820E-04 

 444.000  8.60E-09      0.0000      0.0000   4.702E-10   4464.2857  -3.772E-04 

 

Output Verification: 

 



Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  7: 

 

Pile-head deflection             =      .70000000 in 

Computed slope at pile head      =     -.01285066 

Maximum bending moment           =     511609.185 lbs-in 

Maximum shear force              =      16356.189 lbs 

Depth of maximum bending moment  =         53.280 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              9 

Number of zero deflection points =              6 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  8 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Specified deflection at pile head     =         .800000 in 

Specified bending moment at pile head =            .000 in-lbs 

Specified axial load at pile head     =       75000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .800000      0.0000  17637.1198    -.014486   4464.2857   -159.1388 

   4.440   .735684  81563.9064  16880.6446    -.014424   8502.1029   -181.6157 

   8.880   .671917   1.595E+05  15998.1216    -.014241  12360.6392   -215.9171 

  13.320   .609224   2.331E+05  14957.7880    -.013943  16004.4715   -252.7016 

  17.760   .548099   3.016E+05  13743.2486    -.013538  19395.8618   -294.3881 

  22.200   .489005   3.642E+05  12335.6553    -.013034  22492.4152   -339.6629 

  26.640   .432361   4.198E+05  10719.9418    -.012439  25248.3842   -388.1360 

  31.080   .378544   4.676E+05   8881.9072    -.011767  27615.0717   -439.8075 

  35.520   .327874   5.065E+05   6914.6270    -.011028  29540.8557   -446.3548 

  39.960   .280613   5.364E+05   4936.6980    -.010238  31018.3745   -444.6043 

  44.400   .236962   5.572E+05   2976.5811    -.009409  32048.5906   -438.3313 

  48.840   .197062   5.691E+05   1052.7928    -.008555  32637.1059   -428.2401 

  53.280   .160991   5.722E+05   -819.4323    -.007690  32793.4716   -415.1046 

  57.720   .128773   5.669E+05  -2621.9126    -.006827  32530.4278   -396.8234 

  62.160   .100370   5.535E+05  -4328.5893    -.005978  31865.9485   -371.9499 

  66.600   .075692   5.325E+05  -5910.1727    -.005154  30824.6435   -340.4751 

  71.040   .054599   5.045E+05  -7337.2200    -.004368  29437.7554   -302.3390 

  75.480   .036900   4.702E+05  -8579.5317    -.003630  27743.2021   -257.2608 

  79.920   .022367   4.307E+05  -9604.2068    -.002947  25785.8318   -204.3046 

  84.360   .010732   3.869E+05 -10315.8536    -.002327  23618.3136   -116.2571 

  88.800   .001702   3.406E+05 -10616.3785    -.001776  21327.6690    -19.1145 

  93.240  -.005036   2.938E+05 -10528.7702    -.001295  19009.8577     58.5777 

  97.680  -.009796   2.480E+05 -10137.0728  -8.842E-04  16741.8712    117.8625 

 102.120  -.012888   2.044E+05  -9519.7692  -5.413E-04  14582.7117    160.2022 

 106.560  -.014603   1.638E+05  -8748.1768  -2.622E-04  12574.7891    187.3620 

 111.000  -.015216   1.269E+05  -7885.3374  -4.184E-05  10745.6229    201.3044 



 115.440  -.014975  93838.2412  -6985.3459   1.254E-04   9109.7432    204.0971 

 119.880  -.014102  64769.5914  -6093.0531   2.457E-04   7670.7011    197.8366 

 124.320  -.012793  39568.3179  -5244.0694   3.247E-04   6423.1133    184.5885 

 128.760  -.011218  17985.9750  -4464.9958   3.684E-04   5354.6805    166.3455 

 133.200  -.009522   -326.1778  -3511.3196   3.818E-04   4480.4331    263.2384 

 137.640  -.007828 -13448.7898  -2429.1386   3.713E-04   5130.0674    224.2305 

 142.080  -.006225 -22144.2223  -1521.7091   3.443E-04   5560.5343    184.5215 

 146.520  -.004770 -27190.8936   -787.5608   3.069E-04   5810.3696    146.1760 

 150.960  -.003499 -29342.1851   -217.2622   2.641E-04   5916.8691    110.7153 

 155.400  -.002425 -29296.0682    204.2622   2.196E-04   5914.5861     79.1606 

 159.840  -.001549 -27674.6228    495.6459   1.765E-04   5834.3165     52.0933 

 164.280 -8.58E-04 -25012.2611    677.2854   1.365E-04   5702.5165     29.7263 

 168.720 -3.36E-04 -21751.2607    769.8720   1.011E-04   5541.0808     11.9793 

 173.160  3.95E-05 -18243.1247    793.2532   7.078E-05   5367.4107     -1.4473 

 177.600  2.92E-04 -14754.3107    765.6128   4.577E-05   5194.6971    -11.0033 

 182.040  4.46E-04 -11474.9644    702.9390   2.589E-05   5032.3533    -17.2281 

 186.480  5.22E-04  -8529.4535    618.7416   1.073E-05   4886.5359    -20.6987 

 190.920  5.41E-04  -5987.6828    523.9745  -2.770E-07   4760.7057    -21.9892 

 195.360  5.20E-04  -3876.3756    427.1183  -7.753E-06   4656.1855    -21.6397 

 199.800  4.72E-04  -2189.7089    334.3776  -1.235E-05   4572.6871    -20.1354 

 204.240  4.10E-04   -898.8771    249.9543  -1.469E-05   4508.7846    -17.8931 

 208.680  3.42E-04     39.6706    176.3620  -1.534E-05   4466.2496    -15.2566 

 213.120  2.74E-04    677.4360    114.7515  -1.480E-05   4497.8221    -12.4959 

 217.560  2.10E-04   1068.5206     65.2282  -1.348E-05   4517.1828     -9.8119 

 222.000  1.54E-04   1265.6379     27.1428  -1.171E-05   4526.9411     -7.3437 

 226.440  1.06E-04   1317.3455      -.6539  -9.750E-06   4529.5008     -5.1773 

 230.880  6.76E-05   1266.3242    -19.5970  -7.791E-06   4526.9750     -3.3556 

 235.320  3.73E-05   1148.5127    -31.2372  -5.961E-06   4521.1428     -1.8877 

 239.760  1.47E-05    992.9083    -37.1110  -4.338E-06   4513.4396      -.7582 

 244.200 -1.23E-06    821.8556    -38.6505  -2.962E-06   4504.9716     .064778 

 248.640 -1.16E-05    651.6651    -37.1237  -1.846E-06   4496.5464       .6230 

 253.080 -1.76E-05    493.4267    -33.6042  -9.777E-07   4488.7128       .9624 

 257.520 -2.03E-05    353.9111    -28.9612  -3.355E-07   4481.8061      1.1291 

 261.960 -2.06E-05    236.4745    -23.8657   1.120E-07   4475.9924      1.1662 

 266.400 -1.93E-05    141.9091    -18.8074   3.988E-07   4471.3109      1.1123 

 270.840 -1.71E-05     69.1995    -14.1185   5.588E-07   4467.7114       .9998 

 275.280 -1.43E-05     16.1647    -10.0007   6.235E-07   4465.0859       .8551 

 279.720 -1.15E-05    -20.0221     -6.5523   6.206E-07   4465.2769       .6983 

 284.160 -8.83E-06    -42.4330     -3.7940   5.733E-07   4466.3864       .5442 

 288.600 -6.43E-06    -54.0949     -1.6922   5.001E-07   4466.9637       .4026 

 293.040 -4.39E-06    -57.7932      -.1784   4.153E-07   4467.1468       .2793 

 297.480 -2.74E-06    -55.9554       .8351   3.291E-07   4467.0558       .1772 

 301.920 -1.47E-06    -50.5967      1.4424   2.483E-07   4466.7905     .096400 

 306.360 -5.37E-07    -43.3122      1.7358   1.771E-07   4466.4299     .035773 

 310.800  1.04E-07    -35.3005      1.7997   1.176E-07   4466.0333    -.007008 

 315.240  5.07E-07    -27.4092      1.7069   7.003E-08   4465.6426    -.034770 

 319.680  7.26E-07    -20.1895      1.5177   3.395E-08   4465.2852    -.050497 

 324.120  8.08E-07    -13.9551      1.2789   8.071E-09   4464.9766    -.057068 

 328.560  7.97E-07     -8.8386      1.0255  -9.206E-09   4464.7233    -.057078 

 333.000  7.27E-07     -4.8429       .7816  -1.958E-08   4464.5255    -.052748 

 337.440  6.23E-07     -1.8846       .5627  -2.467E-08   4464.3790    -.045877 

 341.880  5.07E-07       .1702       .3768  -2.597E-08   4464.2941    -.037854 

 346.320  3.93E-07      1.4787       .2269  -2.472E-08   4464.3589    -.029687 

 350.760  2.88E-07      2.2012       .1120  -2.193E-08   4464.3947    -.022052 

 355.200  1.98E-07      2.4879     .028958  -1.838E-08   4464.4089    -.015357 

 359.640  1.25E-07      2.4706    -.026887  -1.462E-08   4464.4080    -.009798 

 364.080  6.81E-08      2.2589    -.060666  -1.104E-08   4464.3975    -.005417 



 368.520  2.67E-08      1.9392    -.077460  -7.856E-09   4464.3817    -.002148 

 372.960 -1.70E-09      1.5762    -.081920  -5.192E-09   4464.3637   1.390E-04 

 377.400 -1.94E-08      1.2152    -.078046  -3.076E-09   4464.3459     .001606 

 381.840 -2.90E-08       .8853    -.069095  -1.484E-09   4464.3295     .002426 

 386.280 -3.26E-08       .6027    -.057583  -3.562E-10   4464.3155     .002760 

 390.720 -3.22E-08       .3742    -.045342   3.842E-10   4464.3042     .002754 

 395.160 -2.92E-08       .1998    -.033611   8.192E-10   4464.2956     .002530 

 399.600 -2.49E-08     .075140    -.023153   1.028E-09   4464.2894     .002181 

 404.040 -2.01E-08    -.006517    -.014359   1.080E-09   4464.2860     .001780 

 408.480 -1.53E-08    -.053085    -.007361   1.034E-09   4464.2883     .001372 

 412.920 -1.09E-08    -.072571    -.002121   9.391E-10   4464.2893   9.879E-04 

 417.360 -6.98E-09    -.072545     .001491   8.291E-10   4464.2893   6.393E-04 

 421.800 -3.54E-09    -.059880     .003234   7.288E-10   4464.2887   1.456E-04 

 426.240 -5.09E-10    -.044315     .003604   6.498E-10   4464.2879   2.120E-05 

 430.680  2.23E-09    -.028309     .003442   5.948E-10   4464.2871  -9.397E-05 

 435.120  4.77E-09    -.014141     .002781   5.626E-10   4464.2864  -2.040E-04 

 439.560  7.22E-09    -.003989     .001634   5.488E-10   4464.2859  -3.128E-04 

 444.000  9.65E-09      0.0000      0.0000   5.458E-10   4464.2857  -4.231E-04 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  8: 

 

Pile-head deflection             =      .80000000 in 

Computed slope at pile head      =     -.01448557 

Maximum bending moment           =     572249.554 lbs-in 

Maximum shear force              =      17637.120 lbs 

Depth of maximum bending moment  =         53.280 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              9 

Number of zero deflection points =              6 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  9 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Specified deflection at pile head     =         .900000 in 

Specified bending moment at pile head =            .000 in-lbs 

Specified axial load at pile head     =       75000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .900000      0.0000  18804.3278    -.016088   4464.2857   -159.1388 

   4.440   .828570  87279.8396  18047.8526    -.016022   8785.0699   -181.6157 

   8.880   .757728   1.709E+05  17165.3297    -.015826  12926.4304   -215.9171 

  13.320   .688036   2.502E+05  16124.9962    -.015507  16852.8013   -252.7016 

  17.760   .620029   3.245E+05  14910.4572    -.015071  20526.3019   -294.3881 



  22.200   .554205   3.927E+05  13502.8644    -.014528  23904.3952   -339.6628 

  26.640   .491024   4.540E+05  11887.1516    -.013886  26941.1915   -388.1358 

  31.080   .430900   5.075E+05  10049.1183    -.013157  29587.8520   -439.8072 

  35.520   .374190   5.520E+05   7976.4118    -.012354  31792.6134   -493.8444 

  39.960   .321197   5.866E+05   5789.8345    -.011491  33501.6269   -491.1004 

  44.400   .272151   6.111E+05   3627.0773    -.010583  34716.7076   -483.1146 

  48.840   .227218   6.258E+05   1509.7246    -.009646  35445.0358   -470.6479 

  53.280   .186497   6.309E+05   -544.3451    -.008693  35698.4102   -454.6087 

  57.720   .150023   6.268E+05  -2520.2499    -.007740  35492.3560   -435.4385 

  62.160   .117767   6.137E+05  -4396.9267    -.006800  34845.6857   -409.9115 

  66.600   .089641   5.923E+05  -6144.6479    -.005886  33783.6382   -377.3503 

  71.040   .065502   5.631E+05  -7732.1221    -.005010  32338.5267   -337.7282 

  75.480   .045152   5.269E+05  -9127.5527    -.004184  30549.7487   -290.8442 

  79.920   .028349   4.848E+05 -10297.0777    -.003417  28463.9622   -235.9689 

  84.360   .014809   4.378E+05 -11177.0433    -.002718  26135.7741   -160.4120 

  88.800   .004215   3.874E+05 -11638.2492    -.002092  23640.0970    -47.3384 

  93.240  -.003772   3.358E+05 -11645.9323    -.001544  21088.5418     43.8775 

  97.680  -.009499   2.850E+05 -11294.8135    -.001074  18571.4158    114.2841 

 102.120  -.013308   2.362E+05 -10673.8576  -6.788E-04  16158.7010    165.4258 

 106.560  -.015527   1.906E+05  -9864.3614  -3.553E-04  13901.5254    199.2121 

 111.000  -.016462   1.489E+05  -8938.6012  -9.793E-05  11834.0013    217.7970 

 115.440  -.016396   1.113E+05  -7958.9808   9.928E-05   9975.3097    223.4735 

 119.880  -.015581  78126.3865  -6977.6096   2.429E-04   8331.9286    218.5856 

 124.320  -.014240  49199.7607  -6036.2305   3.394E-04   6899.9174    205.4590 

 128.760  -.012567  24298.6365  -5166.4139   3.951E-04   5667.1885    186.3502 

 133.200  -.010731   3058.8804  -4094.1137   4.158E-04   4615.7154    296.6679 

 137.640  -.008875 -12334.0275  -2871.1662   4.088E-04   5074.8811    254.2094 

 142.080  -.007101 -22709.3274  -1839.5061   3.822E-04   5588.5098    210.5023 

 146.520  -.005480 -28923.4048   -999.3744   3.431E-04   5896.1374    167.9354 

 150.960  -.004054 -31812.2711   -341.7542   2.971E-04   6039.1506    128.2899 

 155.400  -.002843 -32156.0228    149.0300   2.486E-04   6056.1680     92.7840 

 159.840  -.001847 -30654.4353    492.9552   2.010E-04   5981.8320     62.1372 

 164.280  -.001058 -27912.4253    712.2586   1.566E-04   5846.0889     36.6481 

 168.720 -4.57E-04 -24433.8598    829.7528   1.169E-04   5673.8827     16.2772 

 173.160 -1.99E-05 -20622.0774    867.5088   8.275E-05   5485.1806       .7300 

 177.600  2.78E-04 -16785.4950    845.8939   5.440E-05   5295.2508    -10.4664 

 182.040  4.63E-04 -13146.7699    782.9349   3.171E-05   5115.1159    -17.8935 

 186.480  5.60E-04  -9854.1540    693.9641   1.428E-05   4952.1151    -22.1834 

 190.920  5.90E-04  -6993.8791    591.5004   1.510E-06   4810.5174    -23.9714 

 195.360  5.73E-04  -4602.6367    485.3144  -7.279E-06   4692.1390    -23.8601 

 199.800  5.25E-04  -2679.4399    382.6288  -1.280E-05   4596.9313    -22.3946 

 204.240  4.59E-04  -1196.3692    288.4089  -1.574E-05   4523.5119    -20.0468 

 208.680  3.86E-04   -107.8889    205.7032  -1.672E-05   4469.6267    -17.2080 

 213.120  3.11E-04    641.4135    136.0028  -1.632E-05   4496.0389    -14.1885 

 217.560  2.41E-04   1110.6853     79.5932  -1.499E-05   4519.2701    -11.2212 

 222.000  1.78E-04   1358.1861     35.8800  -1.312E-05   4531.5227     -8.4694 

 226.440  1.24E-04   1438.0383      3.6765  -1.100E-05   4535.4757     -6.0366 

 230.880  8.01E-05   1398.1609    -18.5534  -8.852E-06   4533.5016     -3.9769 

 235.320  4.55E-05   1279.1796    -32.5002  -6.823E-06   4527.6114     -2.3055 

 239.760  1.96E-05   1114.1025    -39.8596  -5.009E-06   4519.4393     -1.0095 

 244.200  1.07E-06    928.5624    -42.2252  -3.460E-06   4510.2542    -.056113 

 248.640 -1.12E-05    741.4474    -41.0198  -2.195E-06   4500.9910       .5991 

 253.080 -1.84E-05    565.7686    -37.4560  -1.204E-06   4492.2941      1.0062 

 257.520 -2.19E-05    409.6402    -32.5226  -4.646E-07   4484.5649      1.2160 

 261.960 -2.25E-05    277.2771    -26.9890   5.603E-08   4478.0123      1.2766 

 266.400 -2.14E-05    169.9404    -21.4221   3.950E-07   4472.6986      1.2310 

 270.840 -1.90E-05     86.7860    -16.2115   5.896E-07   4468.5821      1.1161 



 275.280 -1.61E-05     25.5894    -11.5991   6.748E-07   4465.5525       .9616 

 279.720 -1.30E-05    -16.6632     -7.7084   6.815E-07   4465.1106       .7909 

 284.160 -1.01E-05    -43.3154     -4.5740   6.361E-07   4466.4300       .6210 

 288.600 -7.40E-06    -57.7038     -2.1667   5.595E-07   4467.1423       .4634 

 293.040 -5.11E-06    -62.9285      -.4164   4.681E-07   4467.4010       .3251 

 297.480 -3.24E-06    -61.7127       .7707   3.736E-07   4467.3408       .2096 

 301.920 -1.79E-06    -56.3335      1.4972   2.841E-07   4467.0745       .1177 

 306.360 -7.21E-07    -48.6065      1.8651   2.046E-07   4466.6920     .048052 

 310.800  2.33E-08    -39.9076      1.9683   1.375E-07   4466.2613    -.001577 

 315.240  4.99E-07    -31.2197      1.8887   8.358E-08   4465.8312    -.034267 

 319.680  7.66E-07    -23.1915      1.6944   4.234E-08   4465.4338    -.053283 

 324.120  8.75E-07    -16.2020      1.4388   1.248E-08   4465.0878    -.061810 

 328.560  8.76E-07    -10.4229      1.1623  -7.698E-09   4464.8017    -.062748 

 333.000  8.07E-07     -5.8755       .8929  -2.005E-08   4464.5766    -.058596 

 337.440  6.98E-07     -2.4802       .6488  -2.638E-08   4464.4085    -.051395 

 341.880  5.73E-07    -.096881       .4398  -2.834E-08   4464.2905    -.042731 

 346.320  4.47E-07      1.4441       .2700  -2.732E-08   4464.3572    -.033767 

 350.760  3.30E-07      2.3187       .1389  -2.446E-08   4464.4005    -.025295 

 355.200  2.29E-07      2.6935     .043188  -2.067E-08   4464.4191    -.017802 

 359.640  1.47E-07      2.7160    -.021933  -1.657E-08   4464.4202    -.011532 

 364.080  8.23E-08      2.5098    -.062080  -1.260E-08   4464.4100    -.006552 

 368.520  3.48E-08      2.1731    -.082852  -9.055E-09   4464.3933    -.002805 

 372.960  1.91E-09      1.7801    -.089424  -6.059E-09   4464.3738  -1.557E-04 

 377.400 -1.90E-08      1.3831    -.086285  -3.661E-09   4464.3542     .001569 

 381.840 -3.06E-08      1.0163    -.077122  -1.843E-09   4464.3360     .002558 

 386.280 -3.54E-08       .6995    -.064801  -5.424E-10   4464.3203     .002992 

 390.720 -3.54E-08       .4413    -.051429   3.222E-10   4464.3076     .003032 

 395.160 -3.25E-08       .2426    -.038450   8.405E-10   4464.2977     .002815 

 399.600 -2.80E-08     .099253    -.026766   1.100E-09   4464.2906     .002449 

 404.040 -2.27E-08     .004156    -.016858   1.178E-09   4464.2859     .002014 

 408.480 -1.75E-08    -.051230    -.008906   1.142E-09   4464.2883     .001567 

 412.920 -1.26E-08    -.075691    -.002893   1.046E-09   4464.2895     .001141 

 417.360 -8.21E-09    -.077619     .001309   9.299E-10   4464.2896   7.516E-04 

 421.800 -4.34E-09    -.064690     .003373   8.221E-10   4464.2889   1.783E-04 

 426.240 -9.07E-10    -.048215     .003853   7.365E-10   4464.2881   3.777E-05 

 430.680  2.20E-09    -.030970     .003730   6.765E-10   4464.2872  -9.286E-05 

 435.120  5.10E-09    -.015540     .003040   6.412E-10   4464.2865  -2.180E-04 

 439.560  7.89E-09    -.004401     .001797   6.261E-10   4464.2859  -3.419E-04 

 444.000  1.07E-08      0.0000      0.0000   6.228E-10   4464.2857  -4.676E-04 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  9: 

 

Pile-head deflection             =      .90000000 in 

Computed slope at pile head      =     -.01608776 

Maximum bending moment           =     630929.315 lbs-in 

Maximum shear force              =      18804.328 lbs 

Depth of maximum bending moment  =         53.280 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              9 

Number of zero deflection points =              6 

 

 



 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number 10 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Specified deflection at pile head     =        1.000000 in 

Specified bending moment at pile head =            .000 in-lbs 

Specified axial load at pile head     =       75000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000     1.000      0.0000  19863.5486    -.017654   4464.2857   -159.1388 

   4.440   .921615  92504.4186  19107.0733    -.017584   9043.7124   -181.6158 

   8.880   .843853   1.814E+05  18224.5499    -.017377  13443.5848   -215.9173 

  13.320   .767311   2.659E+05  17184.2154    -.017038  17628.2064   -252.7019 

  17.760   .692560   3.453E+05  15969.6746    -.016574  21559.5660   -294.3886 

  22.200   .620132   4.188E+05  14562.0789    -.015995  25194.9962   -339.6636 

  26.640   .550523   4.853E+05  12946.3617    -.015310  28488.4772   -388.1370 

  31.080   .484180   5.439E+05  11108.3218    -.014530  31391.0400   -439.8089 

  35.520   .421498   5.936E+05   9033.7577    -.013668  33850.7920   -494.6795 

  39.960   .362812   6.332E+05   6739.4810    -.012738  35812.9421   -538.7785 

  44.400   .308387   6.619E+05   4368.4975    -.011756  37233.4626   -529.2321 

  48.840   .258417   6.799E+05   2051.3574    -.010739  38120.9531   -514.5247 

  53.280   .213024   6.873E+05   -191.1968    -.009703  38489.3189   -495.6349 

  57.720   .172256   6.846E+05  -2343.0539    -.008663  38356.8088   -473.6701 

  62.160   .136096   6.723E+05  -4388.2729    -.007635  37744.9258   -447.5997 

  66.600   .104461   6.507E+05  -6301.3364    -.006632  36679.4213   -414.1407 

  71.040   .077205   6.207E+05  -8049.3065    -.005668  35193.4866   -373.2333 

  75.480   .054128   5.830E+05  -9598.8187    -.004756  33327.7940   -324.7452 

  79.920   .034974   5.387E+05 -10914.9705    -.003906  31130.6060   -268.1160 

  84.360   .019446   4.887E+05 -11957.5404    -.003127  28658.2972   -201.5101 

  88.800   .007208   4.346E+05 -12584.6203    -.002427  25977.1177    -80.9583 

  93.240  -.002106   3.786E+05 -12709.9660    -.001811  23206.0698     24.4963 

  97.680  -.008872   3.229E+05 -12418.6248    -.001279  20449.4679    106.7385 

 102.120  -.013464   2.692E+05 -11810.0991  -8.303E-04  17788.9651    167.3722 

 106.560  -.016245   2.186E+05 -10975.8113  -4.607E-04  15285.0782    208.4331 

 111.000  -.017555   1.720E+05  -9997.4874  -1.646E-04  12979.1434    232.2533 

 115.440  -.017707   1.299E+05  -8946.1059   6.420E-05  10895.5711    241.3420 

 119.880  -.016985  92515.9482  -7881.3328   2.328E-04   9044.2832    238.2856 

 124.320  -.015640  59770.6962  -6851.3571   3.482E-04   7423.2311    225.6674 

 128.760  -.013893  31443.9901  -5893.0350   4.173E-04   6020.9189    206.0092 

 133.200  -.011934   7162.5947  -4703.2678   4.466E-04   4818.8696    329.9220 

 137.640  -.009927 -10618.4663  -3339.5752   4.440E-04   4989.9524    284.3540 

 142.080  -.007991 -22788.5271  -2182.4038   4.187E-04   5592.4306    236.8944 

 146.520  -.006209 -30277.0425  -1234.1042   3.784E-04   5963.1492    190.2675 

 150.960  -.004631 -33999.4166   -486.4189   3.297E-04   6147.4252    146.5277 

 155.400  -.003281 -34816.0404     76.6420   2.776E-04   6187.8521    107.1034 

 159.840  -.002166 -33503.6966    476.1724   2.258E-04   6122.8846     72.8653 

 164.280  -.001276 -30738.0032    736.0792   1.771E-04   5985.9690     44.2098 

 168.720 -5.93E-04 -27085.2592    881.1765   1.333E-04   5805.1401     21.1493 

 173.160 -9.29E-05 -23001.9132    935.6832   9.531E-05   5602.9943      3.4032 

 177.600  2.53E-04 -18839.8667    922.1116   6.359E-05   5396.9524     -9.5166 



 182.040  4.72E-04 -14855.9155    860.5181   3.805E-05   5199.7271    -18.2282 

 186.480  5.91E-04 -11223.8095    768.0712   1.829E-05   5019.9198    -23.4145 

 190.920  6.34E-04  -8047.6227    658.8835   3.680E-06   4862.6829    -25.7691 

 195.360  6.23E-04  -5375.3750    544.0550  -6.494E-06   4730.3934    -25.9555 

 199.800  5.77E-04  -3212.0893    431.8707  -1.300E-05   4623.3000    -24.5780 

 204.240  5.08E-04  -1531.7038    328.1041  -1.660E-05   4540.1126    -22.1636 

 208.680  4.29E-04   -287.4704    236.3829  -1.798E-05   4478.5169    -19.1522 

 213.120  3.48E-04    579.3486    158.5780  -1.776E-05   4492.9663    -15.8950 

 217.560  2.71E-04   1132.5271     95.1899  -1.646E-05   4520.3514    -12.6582 

 222.000  2.02E-04   1435.5956     45.7084  -1.451E-05   4535.3548     -9.6308 

 226.440  1.43E-04   1548.0822      8.9328  -1.225E-05   4540.9234     -6.9348 

 230.880  9.34E-05   1523.0777    -16.7560  -9.922E-06   4539.6856     -4.6368 

 235.320  5.45E-05   1405.8968    -33.1756  -7.702E-06   4533.8846     -2.7594 

 239.760  2.50E-05   1233.6080    -42.1715  -5.702E-06   4525.3554     -1.2928 

 244.200  3.88E-06   1035.2115    -45.4945  -3.982E-06   4515.5338      -.2041 

 248.640 -1.03E-05    832.2684    -44.7195  -2.567E-06   4505.4871       .5532 

 253.080 -1.89E-05    639.8113    -41.1982  -1.451E-06   4495.9595      1.0330 

 257.520 -2.32E-05    467.3947    -36.0403  -6.117E-07   4487.4241      1.2904 

 261.960 -2.43E-05    320.1806    -30.1158  -1.475E-08   4480.1362      1.3783 

 266.400 -2.33E-05    199.9759    -24.0717   3.795E-07   4474.1855      1.3443 

 270.840 -2.10E-05    106.1712    -18.3581   6.115E-07   4469.5417      1.2294 

 275.280 -1.79E-05     36.5489    -13.2596   7.197E-07   4466.0951      1.0672 

 279.720 -1.46E-05    -12.0536     -8.9281   7.383E-07   4464.8824       .8839 

 284.160 -1.13E-05    -43.2245     -5.4139   6.964E-07   4466.4255       .6990 

 288.600 -8.40E-06    -60.5929     -2.6945   6.177E-07   4467.2854       .5259 

 293.040 -5.86E-06    -67.5633      -.6994   5.206E-07   4467.6304       .3728 

 297.480 -3.78E-06    -67.1501       .6700   4.184E-07   4467.6100       .2440 

 301.920 -2.15E-06    -61.8922      1.5242   3.206E-07   4467.3497       .1407 

 306.360 -9.30E-07    -53.8287      1.9741   2.329E-07   4466.9505     .061928 

 310.800 -7.67E-08    -44.5172      2.1231   1.584E-07   4466.4895     .005184 

 315.240  4.77E-07    -35.0810      2.0620   9.806E-08   4466.0224    -.032709 

 319.680  7.94E-07    -26.2720      1.8667   5.156E-08   4465.5863    -.055274 

 324.120  9.35E-07    -18.5393      1.5975   1.760E-08   4465.2035    -.065988 

 328.560  9.50E-07    -12.0981      1.2999  -5.623E-09   4464.8846    -.068049 

 333.000  8.85E-07     -6.9923      1.0062  -2.009E-08   4464.6319    -.064230 

 337.440  7.72E-07     -3.1492       .7375  -2.778E-08   4464.4416    -.056816 

 341.880  6.38E-07      -.4246       .5057  -3.049E-08   4464.3067    -.047596 

 346.320  5.01E-07      1.3620       .3159  -2.978E-08   4464.3531    -.037892 

 350.760  3.74E-07      2.4008       .1683  -2.693E-08   4464.4046    -.028617 

 355.200  2.62E-07      2.8744     .059612  -2.293E-08   4464.4280    -.020340 

 359.640  1.70E-07      2.9455    -.015207  -1.852E-08   4464.4315    -.013362 

 364.080  9.77E-08      2.7517    -.062135  -1.420E-08   4464.4219    -.007777 

 368.520  4.39E-08      2.4032    -.087260  -1.029E-08   4464.4047    -.003540 

 372.960  6.32E-09      1.9837    -.096264  -6.966E-09   4464.3839  -5.159E-04 

 377.400 -1.79E-08      1.5530    -.094122  -4.286E-09   4464.3626     .001481 

 381.840 -3.17E-08      1.1507    -.084946  -2.236E-09   4464.3427     .002653 

 386.280 -3.78E-08       .8002    -.071960  -7.578E-10   4464.3253     .003197 

 390.720 -3.85E-08       .5122    -.057555   2.368E-10   4464.3111     .003292 

 395.160 -3.57E-08       .2889    -.043387   8.440E-10   4464.3000     .003090 

 399.600 -3.10E-08       .1264    -.030505   1.159E-09   4464.2920     .002712 

 404.040 -2.54E-08     .017246    -.019489   1.268E-09   4464.2866     .002250 

 408.480 -1.97E-08    -.047537    -.010574   1.245E-09   4464.2881     .001766 

 412.920 -1.43E-08    -.077484    -.003770   1.150E-09   4464.2896     .001299 

 417.360 -9.50E-09    -.081776     .001047   1.029E-09   4464.2898   8.700E-04 

 421.800 -5.21E-09    -.068875     .003453   9.150E-10   4464.2891   2.139E-04 

 426.240 -1.37E-09    -.051723     .004055   8.236E-10   4464.2883   5.724E-05 

 430.680  2.11E-09    -.033417     .003984   7.591E-10   4464.2874  -8.896E-05 



 435.120  5.37E-09    -.016847     .003278   7.210E-10   4464.2865  -2.294E-04 

 439.560  8.51E-09    -.004792     .001950   7.046E-10   4464.2860  -3.686E-04 

 444.000  1.16E-08      0.0000      0.0000   7.010E-10   4464.2857  -5.098E-04 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No. 10: 

 

Pile-head deflection             =     1.00000000 in 

Computed slope at pile head      =     -.01765424 

Maximum bending moment           =     687305.670 lbs-in 

Maximum shear force              =      19863.549 lbs 

Depth of maximum bending moment  =         53.280 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              9 

Number of zero deflection points =              6 

 

 

 

 

 

------------------------------------------------------------------------------ 

                        Summary of Pile-head Response 

------------------------------------------------------------------------------ 

 

Definition of symbols for pile-head boundary conditions: 

 

y = pile-head displacment, in 

M = pile-head moment, lbs-in 

V = pile-head shear force, lbs 

S = pile-head slope, radians 

R = rotational stiffness of pile-head, in-lbs/rad 

 

 BC    Boundary     Boundary       Axial    Pile Head    Maximum     Maximum  

Type  Condition    Condition       Load     Deflection    Moment      Shear 

          1            2            lbs         in        in-lbs       lbs 

---- ------------ ------------ ----------- ----------- ----------- ----------- 

  4  y=   .100000 M=     0.000  75000.0000     .100000  97015.5129   4011.8234 

  4  y=   .200000 M=     0.000  75000.0000       .2000   1.753E+05   6684.6030 

  4  y=   .300000 M=     0.000  75000.0000       .3000   2.484E+05   9060.4559 

  4  y=   .400000 M=     0.000  75000.0000       .4000   3.177E+05  11307.3307 

  4  y=   .500000 M=     0.000  75000.0000       .5000   3.844E+05  13262.2873 

  4  y=   .600000 M=     0.000  75000.0000       .6000   4.485E+05  14905.1218 

  4  y=   .700000 M=     0.000  75000.0000       .7000   5.116E+05  16356.1887 

  4  y=   .800000 M=     0.000  75000.0000       .8000   5.722E+05  17637.1198 

  4  y=   .900000 M=     0.000  75000.0000       .9000   6.309E+05  18804.3278 

  4  y=     1.000 M=     0.000  75000.0000      1.0000   6.873E+05  19863.5486 

 

 

------------------------------------------------------------------------------ 

                     Pile-head Deflection vs. Pile Length 

------------------------------------------------------------------------------ 

 

Boundary Condition Type 4, Deflection and Moment 



 

Deflection =          .10000  in 

Moment     =              0. in-lbs 

Axial Load =          75000. lbs 

 

 

 

   Pile       Pile Head       Maximum      Maximum 

  Length      Deflection      Moment        Shear  

    in           in           in-lbs         lbs 

-----------  ------------  ------------  ------------ 

   444.000     .10000000     97015.513      4011.823 

   421.800     .10000000     96901.608      4011.504 

   399.600     .10000000     97044.680      4011.398 

   377.400     .10000000     96952.967      4013.243 

   355.200     .10000000     96972.630      4013.165 

   333.000     .10000000     97047.562      4014.955 

   310.800     .10000000     97050.526      4015.779 

   288.600     .10000000     97031.865      4015.604 

   266.400     .10000000     96985.223      4015.981 

   244.200     .10000000     97041.802      4015.617 

 

The analysis ended normally.  

 



============================================================================== 

 

                    LPILE Plus for Windows, Version 4.0 

 

               Analysis of Individual Piles and Drilled Shafts 

              Subjected to Lateral Loading Using the p-y Method 

 

                   (c) Copyright ENSOFT, Inc., 1985-2001 

                             All Rights Reserved 

 

============================================================================== 

 

 

This program is licensed to:  

 

IT - San Jose 

URS Corporation 

 

Path to file locations:      X:\Route 84 - Isabel 

Avenue\geotech\Analysis\pile\lateral\ArroyoMocho\ 

Name of input data file:     ArroyoMocho_Abut_B20_ Fixed.lpd 

Name of output file:         ArroyoMocho_Abut_B20_ Fixed.lpo 

Name of plot output file:    ArroyoMocho_Abut_B20_ Fixed.lpp 

Name of runtime file:        ArroyoMocho_Abut_B20_ Fixed.lpr 

 

 

------------------------------------------------------------------------------ 

                          Time and Date of Analysis 

------------------------------------------------------------------------------ 

 

               Date:  October 29, 2009     Time:  11:37:25 

 

 

------------------------------------------------------------------------------ 

                                Problem Title 

------------------------------------------------------------------------------ 

 

SR84 Isabel Abutment - Arroyo Mocho Bridge Widen - H pile - Weak Axis            

 

 

------------------------------------------------------------------------------ 

                                Program Options 

------------------------------------------------------------------------------ 

 

Units Used in Computations - US Customary Units, inches, pounds 

 

Basic Program Options: 

 

Analysis Type 1:  

- Computation of Lateral Pile Response Using User-specified Constant EI 

 

Computation Options: 

- Only internally-generated p-y curves used in analysis 

- Analysis does not use p-y multipliers (individual pile or shaft action only) 

- Analysis assumes no shear resistance at pile tip 

- Analysis includes automatic computation of pile-top deflection vs. 

  pile embedment length 



- No computation of foundation stiffness matrix elements 

- Output pile response for full length of pile 

- Analysis assumes no soil movements acting on pile 

- Additional p-y curves computed at specified depths 

 

Solution Control Parameters: 

- Number of pile increments            =          100 

- Maximum number of iterations allowed =          100 

- Deflection tolerance for convergence =   1.0000E-05 in 

- Maximum allowable deflection         =   1.0000E+02 in 

 

Printing Options: 

- Values of pile-head deflection, bending moment, shear force, and  

  soil reaction are printed for full length of pile. 

- Printing Increment (spacing of output points) =  1 

 

 

------------------------------------------------------------------------------ 

                   Pile Structural Properties and Geometry 

------------------------------------------------------------------------------ 

 

Pile Length                               =     492.00 in 

Depth of ground surface below top of pile =     -36.00 in 

Slope angle of ground surface             =      21.80 deg. 

 

Structural properties of pile defined using  2 points 

 

Point    Depth         Pile      Moment of       Pile      Modulus of 

           X         Diameter     Inertia        Area      Elasticity 

           in           in         in**4        Sq.in      lbs/Sq.in 

-----  ---------   -----------   ----------   ----------   ----------- 

  1       0.0000        10.000     101.0000      16.8000  29000000.000 

  2     492.0000        10.000     101.0000      16.8000  29000000.000 

 

 

------------------------------------------------------------------------------ 

                      Soil and Rock Layering Information 

------------------------------------------------------------------------------ 

 

The soil profile is modelled using  4 layers 

 

Layer  1 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      -36.000 in 

Distance from top of pile to bottom of layer =      132.000 in 

p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3 

 

Layer  2 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      132.000 in 

Distance from top of pile to bottom of layer =      420.000 in 

p-y subgrade modulus k for top of soil layer =      225.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =      225.000 lbs/in**3 

 

Layer  3 is stiff clay without free water 

Distance from top of pile to top of layer    =      420.000 in 

Distance from top of pile to bottom of layer =      432.000 in 

p-y subgrade modulus k for top of soil layer =     1000.000 lbs/in**3 



p-y subgrade modulus k for bottom of layer   =     1000.000 lbs/in**3 

 

Layer  4 is stiff clay without free water 

Distance from top of pile to top of layer    =      432.000 in 

Distance from top of pile to bottom of layer =     1092.000 in 

p-y subgrade modulus k for top of soil layer =     1000.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =     1000.000 lbs/in**3 

 

 

(Depth of lowest layer extends  600.00 in below pile tip) 

 

 

------------------------------------------------------------------------------ 

                   Effective Unit Weight of Soil vs. Depth 

------------------------------------------------------------------------------ 

 

Distribution of effective unit weight of soil with depth 

is defined using  8 points 

 

Point        Depth X    Eff. Unit Weight 

 No.           in          lbs/in**3 

-----      ----------   ---------------- 

  1           -36.00         .07230 

  2           132.00         .07230 

  3           132.00         .07810 

  4           420.00         .07810 

  5           420.00         .04200 

  6           432.00         .04200 

  7           432.00         .04200 

  8          1092.00         .04200 

 

 

 

------------------------------------------------------------------------------ 

                           Shear Strength of Soils 

------------------------------------------------------------------------------ 

 

Distribution of shear strength parameters with depth 

defined using  8 points 

 

Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD 

 No.       in         lbs/in**2            Deg.            k_rm        % 

-----   --------     ----------     ------------------    ------    ------ 

  1      -36.000         .00000           32.00           ------    ------ 

  2      132.000         .00000           32.00           ------    ------ 

  3      132.000         .00000           40.00           ------    ------ 

  4      420.000         .00000           40.00           ------    ------ 

  5      420.000       20.83300             .00           .00500        .0 

  6      432.000       20.83300             .00           .00500        .0 

  7      432.000       20.83300             .00           .00500        .0 

  8     1092.000       20.83300             .00           .00500        .0 

 

Notes: 

 

(1)  Cohesion = uniaxial compressive strength for rock materials. 

(2)  Values of E50 are reported for clay strata.  

(3)  Default values will be generated for E50 when input values are 0. 



(4)  RQD and k_rm are reported only for weak rock strata. 

 

Static loading criteria was used for computation of  p-y curves 

 

 

 

------------------------------------------------------------------------------ 

              Pile-head Loading and Pile-head Fixity Conditions 

------------------------------------------------------------------------------ 

 

Number of loads specified = 10 

 

Load Case Number  1 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =            .100 in 

Slope at pile head          =            .000 in/in 

Axial load at pile head     =       75000.000 lbs 

 

Load Case Number  2 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =            .200 in 

Slope at pile head          =            .000 in/in 

Axial load at pile head     =       75000.000 lbs 

 

Load Case Number  3 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =            .300 in 

Slope at pile head          =            .000 in/in 

Axial load at pile head     =       75000.000 lbs 

 

Load Case Number  4 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =            .400 in 

Slope at pile head          =            .000 in/in 

Axial load at pile head     =       75000.000 lbs 

 

Load Case Number  5 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =            .500 in 

Slope at pile head          =            .000 in/in 

Axial load at pile head     =       75000.000 lbs 

 

Load Case Number  6 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =            .600 in 

Slope at pile head          =            .000 in/in 

Axial load at pile head     =       75000.000 lbs 

 

Load Case Number  7 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 



Deflection at pile head     =            .700 in 

Slope at pile head          =            .000 in/in 

Axial load at pile head     =       75000.000 lbs 

 

Load Case Number  8 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =            .800 in 

Slope at pile head          =            .000 in/in 

Axial load at pile head     =       75000.000 lbs 

 

Load Case Number  9 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =            .900 in 

Slope at pile head          =            .000 in/in 

Axial load at pile head     =       75000.000 lbs 

 

Load Case Number 10 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           1.000 in 

Slope at pile head          =            .000 in/in 

Axial load at pile head     =       75000.000 lbs 

 

 

 

 

------------------------------------------------------------------------------ 

                   Output of p-y Curves at Specified Depths 

------------------------------------------------------------------------------ 

 

 

 

p-y curves are generated and printed for verification at  1 depths. 

 

Depth      Depth Below Pile Head      Depth Below Ground Surface 

 No.                 in                         in 

-----      ---------------------      -------------------------- 

  1                60.000                     96.000 

 

Depth of ground surface below top of pile =     -36.00 in 

 

 

p-y Curve in Sand Computed Using Reese Criteria 

 

Soil Layer Number           =            1 

Depth below pile head       =       60.000 in 

Depth below ground surface  =       96.000 in 

Equivalent Depth (see note) =       96.000 in 

Pile Diameter               =       10.000 in 

Angle of Friction           =       32.000 deg. 

Avg. Eff. Unit Weight       =       .07230 lbs/in**3 

k                           =       90.000 pci   

A (static)                  =        .8800 

B (static)                  =        .5000 

Pst                         =      788.251 lbs/in 



Psd                         =     2555.186 lbs/in 

Ps                          =      788.251 lbs/in 

pu                          =      693.660 lbs/in 

Cbar                        =    1171.5214 

n                           =       1.6447 

m                           =    1437.7689 

yk                          =        .0061  in 

ym                          =        .1667  in 

yu                          =        .3750  in 

p-multiplier                =      1.00000 

y-multiplier                =      1.00000 

 

If Psd <= Pst then actual depth is used in place of equivalent depth in 

computations. 

 

        y, in             p, lbs/in 

----------------    ----------------- 

          .0000             .000 

          .0139           86.995 

          .0278          132.592 

          .0417          169.661 

          .0556          202.090 

          .0694          231.455 

          .0833          258.588 

          .0972          283.996 

          .1111          308.014 

          .1250          330.881 

          .1389          352.770 

          .1528          373.817 

          .1667          394.125 

          .3750          693.660 

        10.3750          693.660 

        20.3750          693.660 

        30.3750          693.660 

 

 

 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  1 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Specified deflection at pile head   =         .100000 in 

Specified slope at pile head        =       0.000E+00 in/in 

Specified axial load at pile head   =       75000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .100000  -2.568E+05   8233.4752      0.0000  17176.1846    -63.6751 

   4.920   .098939  -2.170E+05   7913.7151  -3.979E-04  15205.0160    -66.3086 



   9.840   .096085  -1.786E+05   7562.8855  -7.301E-04  13306.6501    -76.3050 

  14.760   .091755  -1.420E+05   7164.4218  -9.994E-04  11494.2425    -85.6721 

  19.680   .086251  -1.074E+05   6714.2610    -.001209   9780.1416    -97.3201 

  24.600   .079859 -75044.6614   6208.8005    -.001362   8179.3680   -108.1516 

  29.520   .072848 -45280.4814   5652.9274    -.001463   6705.8937   -117.8130 

  34.440   .065462 -18340.0649   5053.2014    -.001517   5372.2097   -125.9780 

  39.360   .057925   5562.2452   4417.6997    -.001527   4739.6444   -132.3560 

  44.280   .050434  26257.2453   3755.8219    -.001501   5764.1493   -136.7000 

  49.200   .043159  43626.9550   3078.0599    -.001442   6624.0360   -138.8130 

  54.120   .036245  57609.4602   2395.7402    -.001357   7316.2392   -138.5527 

  59.040   .029808  68202.3951   1720.7481    -.001251   7840.6419   -135.8343 

  63.960   .023934  75464.9965   1065.2451    -.001131   8200.1766   -130.6303 

  68.880   .018683  79518.7324    441.3980    -.001000   8400.8566   -122.9660 

  73.800   .014090  80546.6151   -138.8521  -8.659E-04   8451.7419   -112.9080 

  78.720   .010163  78791.4766   -663.9334  -7.321E-04   8364.8539   -100.5397 

  83.640   .006886  74553.7971  -1093.6721  -6.033E-04   8155.0677    -74.1509 

  88.560   .004226  68474.9815  -1392.6342  -4.832E-04   7854.1363    -47.3784 

  93.480   .002132  61206.8617  -1570.3033  -3.743E-04   7494.3284    -24.8447 

  98.400  5.44E-04  53299.4021  -1647.5958  -2.781E-04   7102.8700     -6.5750 

 103.320 -6.04E-04  45199.7496  -1645.1274  -1.954E-04   6701.8971      7.5784 

 108.240  -.001379  37255.5256  -1582.4530  -1.261E-04   6308.6187     17.8991 

 113.160  -.001845  29721.4814  -1477.4815  -6.986E-05   5935.6462     24.7723 

 118.080  -.002066  22768.6628  -1346.0566  -2.577E-05   5591.4472     28.6525 

 123.000  -.002099  16495.3042  -1201.6842   7.204E-06   5280.8849     30.0355 

 127.920  -.001995  10938.7738  -1055.3831   3.025E-05   5005.8092     29.4364 

 132.840  -.001801   6088.0136   -869.9009   4.455E-05   4765.6725     45.9628 

 137.760  -.001557   2346.0744   -654.8600   5.163E-05   4580.4280     41.4521 

 142.680  -.001293   -393.9117   -464.6651   5.327E-05   4483.7863     35.8629 

 147.600  -.001033  -2265.5424   -303.1747   5.104E-05   4576.4413     29.7836 

 152.520 -7.91E-04  -3414.8146   -171.6335   4.626E-05   4633.3359     23.6884 

 157.440 -5.78E-04  -3988.5597    -69.2418   4.005E-05   4661.7392     17.9343 

 162.360 -3.97E-04  -4125.7088      6.2844   3.323E-05   4668.5287     12.7675 

 167.280 -2.51E-04  -3951.2467     58.1968   2.645E-05   4659.8920      8.3351 

 172.200 -1.37E-04  -3572.5715     90.2657   2.013E-05   4641.1457      4.7010 

 177.120 -5.25E-05  -3077.8873    106.4119   1.454E-05   4616.6564      1.8625 

 182.040  6.34E-06  -2536.2115    110.4228   9.828E-06   4589.8407      -.2320 

 186.960  4.42E-05  -1998.5799    105.7520   6.020E-06   4563.2253     -1.6667 

 191.880  6.56E-05  -1500.0540     95.3929   3.081E-06   4538.5458     -2.5444 

 196.800  7.45E-05  -1062.1880     81.8163   9.293E-07   4516.8693     -2.9746 

 201.720  7.47E-05   -695.6674     66.9599  -5.471E-07   4498.7247     -3.0646 

 206.640  6.92E-05   -402.8987     52.2553  -1.470E-06   4484.2312     -2.9129 

 211.560  6.03E-05   -180.3902     38.6817  -1.960E-06   4473.2159     -2.6049 

 216.480  4.99E-05    -20.8242     26.8345  -2.129E-06   4465.3166     -2.2111 

 221.400  3.93E-05     85.2325     17.0006  -2.075E-06   4468.5051     -1.7865 

 226.320  2.95E-05    147.9925      9.2325  -1.879E-06   4471.6121     -1.3713 

 231.240  2.08E-05    177.4672      3.4176  -1.605E-06   4473.0712      -.9925 

 236.160  1.37E-05    182.8060      -.6630  -1.303E-06   4473.3355      -.6662 

 241.080  8.01E-06    171.9044     -3.2845  -1.005E-06   4472.7958      -.3994 

 246.000  3.78E-06    151.2285     -4.7404  -7.334E-07   4471.7723      -.1925 

 250.920  7.92E-07    125.7999     -5.3154  -5.007E-07   4470.5134    -.041257 

 255.840 -1.15E-06     99.2948     -5.2662  -3.117E-07   4469.2013     .061254 

 260.760 -2.27E-06     74.2108     -4.8117  -1.659E-07   4467.9595       .1235 

 265.680 -2.78E-06     52.0705     -4.1283  -5.988E-08   4466.8635       .1543 

 270.600 -2.86E-06     33.6324     -3.3507   1.210E-08   4465.9507       .1618 

 275.520 -2.67E-06     19.0911     -2.5747   5.638E-08   4465.2308       .1536 

 280.440 -2.31E-06      8.2556     -1.8633   7.935E-08   4464.6944       .1356 

 285.360 -1.88E-06       .6974     -1.2524   8.687E-08   4464.3202       .1128 



 290.280 -1.45E-06     -4.1317      -.7569   8.398E-08   4464.4903     .088625 

 295.200 -1.06E-06     -6.8130      -.3774   7.479E-08   4464.6230     .065656 

 300.120 -7.18E-07     -7.9007      -.1043   6.243E-08   4464.6768     .045366 

 305.040 -4.44E-07     -7.8853     .077463   4.918E-08   4464.6761     .028520 

 309.960 -2.34E-07     -7.1747       .1853   3.653E-08   4464.6409     .015325 

 314.880 -8.44E-08     -6.0887       .2368   2.539E-08   4464.5871     .005609 

 319.800  1.54E-08     -4.8631       .2481   1.619E-08   4464.5265    -.001039 

 324.720  7.49E-08     -3.6597       .2328   9.032E-09   4464.4669    -.005147 

 329.640  1.04E-07     -2.5786       .2023   3.792E-09   4464.4134    -.007276 

 334.560  1.12E-07     -1.6720       .1648   2.223E-10   4464.3685    -.007958 

 339.480  1.06E-07      -.9570       .1264  -1.986E-09   4464.3331    -.007664 

 344.400  9.27E-08      -.4269     .090856  -3.148E-09   4464.3068    -.006778 

 349.320  7.55E-08    -.060611     .060404  -3.557E-09   4464.2887    -.005600 

 354.240  5.77E-08       .1701     .035934  -3.465E-09   4464.2941    -.004347 

 359.160  4.14E-08       .2955     .017465  -3.074E-09   4464.3003    -.003161 

 364.080  2.75E-08       .3442     .004452  -2.537E-09   4464.3028    -.002129 

 369.000  1.64E-08       .3412    -.003955  -1.961E-09   4464.3026    -.001289 

 373.920  8.15E-09       .3068    -.008726  -1.417E-09   4464.3009  -6.502E-04 

 378.840  2.45E-09       .2564    -.010813  -9.439E-10   4464.2984  -1.980E-04 

 383.760 -1.14E-09       .2011    -.011071  -5.597E-10   4464.2957   9.316E-05 

 388.680 -3.06E-09       .1479    -.010216  -2.667E-10   4464.2930   2.542E-04 

 393.600 -3.76E-09       .1007    -.008812  -5.784E-11   4464.2907   3.166E-04 

 398.520 -3.63E-09     .061208    -.007272   7.818E-11   4464.2887   3.095E-04 

 403.440 -2.99E-09     .029127    -.005875   1.540E-10   4464.2872   2.584E-04 

 408.360 -2.11E-09     .003285    -.004784   1.813E-10   4464.2859   1.849E-04 

 413.280 -1.21E-09    -.018085    -.004066   1.688E-10   4464.2866   1.070E-04 

 418.200 -4.51E-10    -.036853    -.003704   1.227E-10   4464.2875   4.050E-05 

 423.120 -5.99E-17    -.054619     .003749   4.587E-11   4464.2884     .002989 

 428.040  4.53E-17  -1.821E-08     .005551   6.092E-18   4464.2857    -.002256 

 432.960  2.42E-23   5.476E-09   1.850E-09  -4.599E-18   4464.2857  -1.204E-09 

 437.880 -4.54E-24   4.021E-15  -5.565E-10  -2.455E-24   4464.2857   2.262E-10 

 442.800     0.000  -5.490E-16  -4.086E-16   4.611E-25   4464.2857   2.115E-16 

 447.720     0.000  -6.233E-22   5.579E-17      0.0000   4464.2857  -2.268E-17 

 452.640     0.000   5.504E-23   6.334E-23      0.0000   4464.2857  -3.029E-23 

 457.560     0.000      0.0000  -5.594E-24      0.0000   4464.2857   2.274E-24 

 462.480     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 467.400     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 472.320     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 477.240     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 482.160     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 487.080     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 492.000     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  1: 

 

Pile-head deflection             =      .10000000 in 

Computed slope at pile head      =          0.000 

Maximum bending moment           =    -256780.357 lbs-in 

Maximum shear force              =       8233.475 lbs 

Depth of maximum bending moment  =          0.000 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              7 



Number of zero deflection points =             13 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  2 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Specified deflection at pile head   =         .200000 in 

Specified slope at pile head        =       0.000E+00 in/in 

Specified axial load at pile head   =       75000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .200000  -4.616E+05  13882.4579      0.0000  27317.7125    -89.2458 

   4.920   .198092  -3.943E+05  13420.9364  -7.189E-04  23982.8312    -98.3645 

   9.840   .192926  -3.290E+05  12895.6766    -.001326  20753.7256   -115.1557 

  14.760   .185041  -2.664E+05  12289.1300    -.001826  17652.5187   -131.4079 

  19.680   .174954  -2.068E+05  11597.7271    -.002224  14700.6082   -149.6502 

  24.600   .163158  -1.506E+05  10818.7990    -.002524  11921.6842   -166.9873 

  29.520   .150117 -98453.9752   9958.1823    -.002733   9338.2449   -182.8569 

  34.440   .136263 -50633.7837   9024.3984    -.002858   6970.9087   -196.7300 

  39.360   .121990  -7544.3341   8028.3634    -.002907   4837.7676   -208.1622 

  44.280   .107654  30510.9332   6983.0477    -.002888   5974.7280   -216.7628 

  49.200   .093571  63300.2410   5903.1882    -.002809   7597.9610   -222.2044 

  54.120   .080011  90671.5444   4804.9576    -.002680   8952.9760   -224.2308 

  59.040   .067201   1.126E+05   3705.5992    -.002509  10036.5049   -222.6629 

  63.960   .055320   1.290E+05   2623.0404    -.002306  10849.7548   -217.4017 

  68.880   .044506   1.401E+05   1575.4983    -.002080  11398.5264   -208.4284 

  73.800   .034849   1.460E+05    581.1022    -.001840  11693.2326   -195.7977 

  78.720   .026399   1.471E+05   -342.4361    -.001594  11748.8265   -179.6243 

  83.640   .019165   1.438E+05  -1178.0413    -.001350  11584.6548   -160.0525 

  88.560   .013120   1.366E+05  -1909.2675    -.001114  11224.2728   -137.1939 

  93.480   .008203   1.259E+05  -2481.9119  -8.936E-04  10695.2964    -95.5883 

  98.400   .004326   1.128E+05  -2845.7904  -6.932E-04  10047.9107    -52.3298 

 103.320   .001382  98375.4106  -3017.1435  -5.158E-04   9334.3555    -17.3260 

 108.240 -7.50E-04  83481.2206  -3035.8265  -3.631E-04   8597.0194      9.7312 

 113.160  -.002191  68770.8443  -2939.5288  -2.352E-04   7868.7830     29.4142 

 118.080  -.003064  54729.8533  -2762.6388  -1.315E-04   7173.6844     42.4923 

 123.000  -.003485  41683.5250  -2535.4247  -5.052E-05   6527.8266     49.8712 

 127.920  -.003561  29818.5611  -2283.4921   9.529E-06   5940.4521     52.5405 

 132.840  -.003391  19206.9310  -1941.3695   5.070E-05   5415.1239     86.5337 

 137.760  -.003062  10678.0658  -1527.9246   7.580E-05   4992.9028     81.5333 

 142.680  -.002645   4116.2094  -1146.8929   8.823E-05   4668.0585     73.3577 

 147.600  -.002194   -672.4730   -810.7699   9.112E-05   4497.5765     63.2777 

 152.520  -.001749  -3929.0141   -526.2881   8.726E-05   4658.7914     52.3653 

 157.440  -.001336  -5915.5432   -295.4411   7.899E-05   4757.1344     41.4749 

 162.360 -9.72E-04  -6894.4483   -116.5575   6.823E-05   4805.5950     31.2420 

 167.280 -6.64E-04  -7112.8227     14.6598   5.647E-05   4816.4056     22.0983 

 172.200 -4.16E-04  -6791.8674    104.1873   4.479E-05   4800.5168     14.2950 

 177.120 -2.24E-04  -6120.6720    158.8685   3.394E-05   4767.2893      7.9331 

 182.040 -8.19E-05  -5253.6502    185.7548   2.439E-05   4724.3674      2.9962 



 186.960  1.64E-05  -4310.8440    191.6057   1.636E-05   4677.6938      -.6178 

 191.880  7.90E-05  -3380.3208    182.5407   9.896E-06   4631.6283     -3.0671 

 196.800  1.14E-04  -2521.9470    163.8263   4.939E-06   4589.1346     -4.5403 

 201.720  1.28E-04  -1771.9153    139.7776   1.333E-06   4552.0043     -5.2356 

 206.640  1.27E-04  -1147.5195    113.7501  -1.119E-06   4521.0936     -5.3447 

 211.560  1.17E-04   -651.7888     88.1982  -2.630E-06   4496.5525     -5.0422 

 216.480  1.01E-04   -277.7077     64.7781  -3.411E-06   4478.0336     -4.4782 

 221.400  8.31E-05    -11.8555     44.4745  -3.654E-06   4464.8726     -3.7753 

 226.320  6.51E-05    162.6183     27.7382  -3.527E-06   4472.3361     -3.0281 

 231.240  4.84E-05    263.6920     14.6187  -3.169E-06   4477.3398     -2.3051 

 236.160  3.39E-05    308.8051      4.8859  -2.689E-06   4479.5731     -1.6514 

 241.080  2.19E-05    313.7535     -1.8647  -2.166E-06   4479.8181     -1.0928 

 246.000  1.26E-05    292.0546     -6.1274  -1.657E-06   4478.7439      -.6400 

 250.920  5.61E-06    254.6830     -8.4204  -1.198E-06   4476.8938      -.2922 

 255.840  7.69E-07    210.0816     -9.2397  -8.073E-07   4474.6858    -.040903 

 260.760 -2.34E-06    164.3599     -9.0284  -4.929E-07   4472.4223       .1268 

 265.680 -4.08E-06    121.6055     -8.1603  -2.527E-07   4470.3058       .2261 

 270.600 -4.82E-06     84.2485     -6.9339  -7.979E-08   4468.4564       .2725 

 275.520 -4.87E-06     53.4349     -5.5739   3.585E-08   4466.9310       .2804 

 280.440 -4.47E-06     29.3749     -4.2386   1.054E-07   4465.7399       .2624 

 285.360 -3.83E-06     11.6491     -3.0295   1.399E-07   4464.8624       .2291 

 290.280 -3.09E-06      -.5387     -2.0023   1.492E-07   4464.3124       .1885 

 295.200 -2.36E-06     -8.1642     -1.1784   1.419E-07   4464.6899       .1465 

 300.120 -1.70E-06    -12.2389      -.5545   1.247E-07   4464.8916       .1071 

 305.040 -1.13E-06    -13.7127      -.1118   1.029E-07   4464.9646     .072826 

 309.960 -6.83E-07    -13.4151       .1772   8.016E-08   4464.9498     .044676 

 314.880 -3.45E-07    -12.0278       .3435   5.879E-08   4464.8811     .022901 

 319.800 -1.05E-07    -10.0786       .4173   4.022E-08   4464.7847     .007093 

 324.720  5.13E-08     -7.9515       .4260   2.508E-08   4464.6794    -.003524 

 329.640  1.42E-07     -5.9048       .3930   1.344E-08   4464.5780    -.009901 

 334.560  1.84E-07     -4.0941       .3366   5.046E-09   4464.4884    -.013018 

 339.480  1.92E-07     -2.5960       .2707  -5.729E-10   4464.4142    -.013790 

 344.400  1.78E-07     -1.4301       .2048  -3.954E-09   4464.3565    -.013012 

 349.320  1.53E-07      -.5782       .1449  -5.641E-09   4464.3143    -.011326 

 354.240  1.22E-07  -2.064E-04     .094335  -6.127E-09   4464.2857    -.009224 

 359.160  9.23E-08       .3545     .054286  -5.829E-09   4464.3033    -.007056 

 364.080  6.51E-08       .5383     .024513  -5.079E-09   4464.3124    -.005047 

 369.000  4.23E-08       .5995     .003907  -4.124E-09   4464.3154    -.003329 

 373.920  2.45E-08       .5798    -.009091  -3.133E-09   4464.3144    -.001955 

 378.840  1.15E-08       .5124    -.016186  -2.216E-09   4464.3111  -9.291E-04 

 383.760  2.70E-09       .4221    -.019016  -1.431E-09   4464.3066  -2.216E-04 

 388.680 -2.60E-09       .3263    -.019031  -8.028E-10   4464.3019   2.156E-04 

 393.600 -5.20E-09       .2355    -.017424  -3.310E-10   4464.2974   4.375E-04 

 398.520 -5.85E-09       .1551    -.015120  -3.001E-12   4464.2934   4.992E-04 

 403.440 -5.23E-09     .086679    -.012781   2.000E-10   4464.2900   4.516E-04 

 408.360 -3.88E-09     .029159    -.010834   2.973E-10   4464.2872   3.399E-04 

 413.280 -2.30E-09    -.020152    -.009497   3.049E-10   4464.2867   2.039E-04 

 418.200 -8.84E-10    -.064516    -.008800   2.338E-10   4464.2889   7.928E-05 

 423.120 -1.24E-16      -.1069     .006563   8.980E-11   4464.2910     .006166 

 428.040  8.86E-17  -3.640E-08     .010866   1.257E-17   4464.2857    -.004417 

 432.960  4.79E-23   1.072E-08   3.699E-09  -9.003E-18   4464.2857  -2.389E-09 

 437.880 -8.88E-24   7.948E-15  -1.089E-09  -4.870E-24   4464.2857   4.428E-10 

 442.800     0.000  -1.075E-15  -8.077E-16   9.027E-25   4464.2857   4.171E-16 

 447.720     0.000  -1.228E-21   1.092E-16      0.0000   4464.2857  -4.440E-17 

 452.640     0.000   1.078E-22   1.248E-22      0.0000   4464.2857  -5.962E-23 

 457.560     0.000      0.0000  -1.095E-23      0.0000   4464.2857   4.451E-24 

 462.480     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 



 467.400     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 472.320     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 477.240     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 482.160     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 487.080     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 492.000     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  2: 

 

Pile-head deflection             =      .20000000 in 

Computed slope at pile head      =          0.000 

Maximum bending moment           =    -461639.221 lbs-in 

Maximum shear force              =      13882.458 lbs 

Depth of maximum bending moment  =          0.000 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              8 

Number of zero deflection points =             13 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  3 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Specified deflection at pile head   =         .300000 in 

Specified slope at pile head        =       0.000E+00 in/in 

Specified axial load at pile head   =       75000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .300000  -6.518E+05  18979.3831      0.0000  36733.8670   -112.7447 

   4.920   .297306  -5.596E+05  18386.7623    -.001017  32168.7180   -128.1581 

   9.840   .289988  -4.702E+05  17699.6096    -.001882  27739.9735   -151.1723 

  14.760   .278784  -3.841E+05  16900.8592    -.002600  23477.9573   -173.5230 

  19.680   .264405  -3.019E+05  15989.2477    -.003176  19412.0949   -197.0508 

  24.600   .247532  -2.244E+05  14965.6070    -.003618  15573.1006   -219.0633 

  29.520   .228803  -1.520E+05  13838.6938    -.003934  11989.7322   -239.0315 

  34.440   .208819 -85321.8489  12619.5614    -.004134   8688.1396   -256.5508 

  39.360   .188129 -24786.9636  11320.9107    -.004226   5691.3631   -271.3560 

  44.280   .167234  29194.7328   9956.3821    -.004222   5909.5695   -283.3304 

  49.200   .146581  76299.9248   8541.2478    -.004134   8241.5097   -291.9275 

  54.120   .126558   1.163E+05   7094.1368    -.003972  10221.2813   -296.3290 

  59.040   .107497   1.490E+05   5636.3296    -.003749  11842.3826   -296.2755 

  63.960   .089667   1.745E+05   4190.1466    -.003477  13103.8729   -291.6038 

  68.880   .073279   1.928E+05   2778.4691    -.003169  14010.5687   -282.2489 

  73.800   .058485   2.042E+05   1424.2630    -.002835  14573.1183   -268.2414 

  78.720   .045379   2.089E+05    150.1327    -.002488  14807.9586   -249.6977 



  83.640   .033999   2.075E+05  -1022.0474    -.002139  14737.1656   -226.7982 

  88.560   .024335   2.005E+05  -2071.3399    -.001796  14388.2246   -199.7434 

  93.480   .016327   1.885E+05  -2977.6143    -.001469  13793.7726   -168.6608 

  98.400   .009876   1.722E+05  -3686.3975    -.001166  12991.4254   -119.4624 

 103.320   .004849   1.530E+05  -4129.8524  -8.932E-04  12040.6367    -60.8038 

 108.240   .001087   1.323E+05  -4314.1461  -6.536E-04  11012.2885    -14.1124 

 113.160  -.001582   1.111E+05  -4296.6214  -4.492E-04   9962.9703     21.2362 

 118.080  -.003333  90322.4069  -4130.6816  -2.800E-04   8935.6920     46.2190 

 123.000  -.004338  70634.1964  -3864.2890  -1.449E-04   7961.0281     62.0707 

 127.920  -.004758  52404.7127  -3538.9027  -4.153E-05   7058.5784     70.2001 

 132.840  -.004746  35842.0398  -3068.2901   3.259E-05   6238.6441    121.1058 

 137.760  -.004438  22188.6860  -2479.7264   8.133E-05   5562.7355    118.1478 

 142.680  -.003946  11381.5110  -1919.9054   1.095E-04   5027.7269    109.4217 

 147.600  -.003360   3215.9877  -1412.3680   1.218E-04   4623.4930     96.8943 

 152.520  -.002748  -2606.0666   -971.6143   1.223E-04   4593.2989     82.2739 

 157.440  -.002157  -6434.9516   -604.4838   1.147E-04   4782.8477     66.9662 

 162.360  -.001619  -8638.8380   -311.6784   1.020E-04   4891.9510     52.0604 

 167.280  -.001153  -9577.1750    -89.2959   8.674E-05   4938.4033     38.3390 

 172.200 -7.65E-04  -9581.5265     69.7300   7.065E-05   4938.6187     26.3057 

 177.120 -4.57E-04  -8943.1734    174.3543   5.509E-05   4907.0171     16.2245 

 182.040 -2.23E-04  -7906.5396    234.3539   4.094E-05   4855.6986      8.1655 

 186.960 -5.44E-05  -6667.3472    259.4870   2.870E-05   4794.3524      2.0512 

 191.880  5.92E-05  -5374.3702    258.8778   1.859E-05   4730.3436     -2.2988 

 196.800  1.28E-04  -4133.7083    240.6079   1.060E-05   4668.9247     -5.1280 

 201.720  1.64E-04  -3014.6139    211.4882   4.600E-06   4613.5240     -6.7093 

 206.640  1.74E-04  -2056.0584    176.9790   3.408E-07   4566.0708     -7.3189 

 211.560  1.67E-04  -1273.3917    141.2223  -2.456E-06   4527.3249     -7.2164 

 216.480  1.50E-04   -664.6191    107.1544  -4.083E-06   4497.1876     -6.6323 

 221.400  1.27E-04   -215.9785     76.6689  -4.823E-06   4474.9777     -5.7602 

 226.320  1.02E-04     93.3625     50.8030  -4.926E-06   4468.9076     -4.7544 

 231.240  7.83E-05    287.5583     29.9291  -4.606E-06   4478.5213     -3.7309 

 236.160  5.68E-05    391.2635     13.9355  -4.036E-06   4483.6552     -2.7705 

 241.080  3.86E-05    427.6623      2.3875  -3.348E-06   4485.4571     -1.9238 

 246.000  2.39E-05    417.2274     -5.3386  -2.638E-06   4484.9405     -1.2169 

 250.920  1.26E-05    377.0771     -9.9485  -1.971E-06   4482.9529      -.6570 

 255.840  4.47E-06    320.7885    -12.1503  -1.385E-06   4480.1663      -.2380 

 260.760 -1.01E-06    258.5399    -12.6003  -8.985E-07   4477.0847     .055093 

 265.680 -4.37E-06    197.4646    -11.8696  -5.156E-07   4474.0612       .2420 

 270.600 -6.09E-06    142.1239    -10.4280  -2.303E-07   4471.3216       .3440 

 275.520 -6.63E-06     95.0229     -8.6414  -3.117E-08   4468.9898       .3822 

 280.440 -6.39E-06     57.1155     -6.7773   9.661E-08   4467.1132       .3755 

 285.360 -5.68E-06     28.2626     -5.0171   1.683E-07   4465.6849       .3400 

 290.280 -4.74E-06      7.6234     -3.4702   1.985E-07   4464.6631       .2887 

 295.200 -3.73E-06     -6.0311     -2.1906   1.998E-07   4464.5843       .2315 

 300.120 -2.77E-06    -14.0791     -1.1905   1.829E-07   4464.9827       .1751 

 305.040 -1.93E-06    -17.8803      -.4546   1.561E-07   4465.1709       .1241 

 309.960 -1.24E-06    -18.6675     .049434   1.254E-07   4465.2098     .080834 

 314.880 -6.97E-07    -17.4864       .3623   9.500E-08   4465.1514     .046329 

 319.800 -3.02E-07    -15.1730       .5264   6.757E-08   4465.0369     .020396 

 324.720 -3.20E-08    -12.3565       .5820   4.445E-08   4464.8974     .002201 

 329.640  1.36E-07     -9.4791       .5641   2.611E-08   4464.7550    -.009463 

 334.560  2.25E-07     -6.8248       .5016   1.242E-08   4464.6236    -.015944 

 339.480  2.58E-07     -4.5523       .4167   2.861E-09   4464.5111    -.018561 

 344.400  2.53E-07     -2.7262       .3256  -3.252E-09   4464.4207    -.018500 

 349.320  2.26E-07     -1.3463       .2388  -6.673E-09   4464.3524    -.016756 

 354.240  1.87E-07      -.3711       .1629  -8.115E-09   4464.3041    -.014114 

 359.160  1.46E-07       .2626       .1007  -8.206E-09   4464.2987    -.011152 



 364.080  1.07E-07       .6262     .052969  -7.460E-09   4464.3167    -.008267 

 369.000  7.25E-08       .7893     .018605  -6.271E-09   4464.3248    -.005702 

 373.920  4.49E-08       .8139    -.004232  -4.924E-09   4464.3260    -.003582 

 378.840  2.40E-08       .7513    -.017825  -3.610E-09   4464.3229    -.001944 

 383.760  9.39E-09       .6412    -.024500  -2.440E-09   4464.3175  -7.694E-04 

 388.680  2.99E-11       .5120    -.026399  -1.472E-09   4464.3111  -2.480E-06 

 393.600 -5.09E-09       .3825    -.025350  -7.202E-10   4464.3047   4.289E-04 

 398.520 -7.06E-09       .2631    -.022814  -1.780E-10   4464.2987   6.019E-04 

 403.440 -6.85E-09       .1582    -.019879   1.758E-10   4464.2935   5.915E-04 

 408.360 -5.33E-09     .067392    -.017277   3.653E-10   4464.2891   4.661E-04 

 413.280 -3.25E-09    -.012125    -.015421   4.117E-10   4464.2863   2.881E-04 

 418.200 -1.28E-09    -.084659    -.014431   3.304E-10   4464.2899   1.145E-04 

 423.120 -1.86E-16      -.1544     .008613   1.297E-10   4464.2934     .009253 

 428.040  1.28E-16  -5.341E-08     .015688   1.886E-17   4464.2857    -.006377 

 432.960  6.99E-23   1.548E-08   5.427E-09  -1.300E-17   4464.2857  -3.485E-09 

 437.880 -1.28E-23   1.156E-14  -1.573E-09  -7.103E-24   4464.2857   6.394E-10 

 442.800     0.000  -1.552E-15  -1.175E-15   1.303E-24   4464.2857   6.058E-16 

 447.720     0.000  -1.781E-21   1.577E-16      0.0000   4464.2857  -6.410E-17 

 452.640     0.000   1.556E-22   1.810E-22      0.0000   4464.2857  -8.644E-23 

 457.560     0.000      0.0000  -1.581E-23      0.0000   4464.2857   6.427E-24 

 462.480     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 467.400     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 472.320     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 477.240     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 482.160     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 487.080     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 492.000     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  3: 

 

Pile-head deflection             =      .30000000 in 

Computed slope at pile head      =          0.000 

Maximum bending moment           =    -651845.543 lbs-in 

Maximum shear force              =      18979.383 lbs 

Depth of maximum bending moment  =          0.000 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              8 

Number of zero deflection points =             13 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  4 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Specified deflection at pile head   =         .400000 in 

Specified slope at pile head        =       0.000E+00 in/in 

Specified axial load at pile head   =       75000.000 lbs 

 



  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .400000  -8.353E+05  23819.2933      0.0000  45816.2416   -130.3688 

   4.920   .396548  -7.194E+05  23125.9226    -.001306  40080.0081   -151.4892 

   9.840   .387151  -6.068E+05  22303.7733    -.002420  34503.2339   -182.7178 

  14.760   .372739  -4.982E+05  21323.5830    -.003348  29126.7982   -215.7335 

  19.680   .354210  -3.945E+05  20191.0680    -.004097  23993.5973   -244.6384 

  24.600   .332420  -2.965E+05  18921.4953    -.004678  19141.4507   -271.4481 

  29.520   .308180  -2.049E+05  17526.9088    -.005099  14605.4930   -295.4570 

  34.440   .282248  -1.203E+05  16022.4450    -.005372  10417.3064   -316.1136 

  39.360   .255321 -43227.0860  14425.5262    -.005509   6604.2405   -333.0404 

  44.280   .228037  25761.9301  12754.9745    -.005524   5739.6288   -346.0457 

  49.200   .200967  86358.4579  11030.0872    -.005430   8739.4569   -355.1280 

  54.120   .174609   1.383E+05   9269.7119    -.005241  11311.0722   -360.4717 

  59.040   .149395   1.814E+05   7492.6427    -.004972  13446.4773   -361.9142 

  63.960   .125681   2.157E+05   5721.5181    -.004639  15142.6199   -358.0552 

  68.880   .103749   2.412E+05   3982.9170    -.004255  16403.0732   -348.6932 

  73.800   .083810   2.580E+05   2303.9055    -.003836  17238.2745   -333.8317 

  78.720   .066003   2.667E+05    711.2748    -.003395  17665.5154   -313.5792 

  83.640   .050401   2.675E+05   -768.9359    -.002947  17708.8003   -288.1325 

  88.560   .037009   2.613E+05  -2111.7879    -.002502  17398.5962   -257.7423 

  93.480   .025777   2.486E+05  -3293.5330    -.002074  16771.5130   -222.6419 

  98.400   .016599   2.304E+05  -4291.1410    -.001672  15870.0015   -182.8898 

 103.320   .009325   2.076E+05  -5028.6962    -.001304  14742.2568   -116.9294 

 108.240   .003768   1.819E+05  -5436.6591  -9.769E-04  13468.0208    -48.9092 

 113.160 -2.87E-04   1.548E+05  -5547.4922  -6.941E-04  12129.5943      3.8550 

 118.080  -.003062   1.278E+05  -5433.5451  -4.567E-04  10791.0363     42.4649 

 123.000  -.004781   1.017E+05  -5160.7724  -2.639E-04   9499.4441     68.4183 

 127.920  -.005659  77213.1529  -4787.0703  -1.137E-04   8286.7190     83.4931 

 132.840  -.005900  54689.3164  -4211.3517  -2.890E-06   7171.6776    150.5388 

 137.760  -.005688  35775.5844  -3468.5042   7.309E-05   6235.3542    151.4317 

 142.680  -.005180  20505.2949  -2742.5861   1.204E-04   5479.3993    143.6569 

 147.600  -.004504   8699.7128  -2069.7055   1.449E-04   4894.9646    129.8718 

 152.520  -.003755     32.4665  -1473.6307   1.522E-04   4465.8930    112.4350 

 157.440  -.003006  -5913.1527   -967.4435   1.473E-04   4757.0160     93.3321 

 162.360  -.002306  -9595.8722   -555.4564   1.343E-04   4939.3289     74.1423 

 167.280  -.001685 -11477.9250   -235.2069   1.166E-04   5032.4998     56.0404 

 172.200  -.001159 -11996.3276       .6202   9.684E-05   5058.1633     39.8243 

 177.120 -7.32E-04 -11543.2917    162.4522   7.707E-05   5035.7358     25.9611 

 182.040 -4.00E-04 -10454.6767    262.3383   5.860E-05   4981.8440     14.6430 

 186.960 -1.55E-04  -9005.1267    312.7457   4.225E-05   4910.0841      5.8478 

 191.880  1.55E-05  -7408.4407    325.6493   2.847E-05   4831.0402      -.6024 

 196.800  1.25E-04  -5821.7455    311.8989   1.735E-05   4752.4909     -4.9872 

 201.720  1.86E-04  -4352.1627    280.8341   8.810E-06   4679.7393     -7.6408 

 206.640  2.12E-04  -3064.8396    240.1060   2.580E-06   4616.0104     -8.9153 

 211.560  2.12E-04  -1991.4237    195.6631  -1.666E-06   4562.8710     -9.1509 

 216.480  1.95E-04  -1138.2847    151.8556  -4.295E-06   4520.6364     -8.6570 

 221.400  1.69E-04   -493.9951    111.6193  -5.666E-06   4488.7409     -7.6992 

 226.320  1.40E-04    -35.7692     76.7036  -6.111E-06   4466.0565     -6.4942 

 231.240  1.09E-04    265.2783     47.9143  -5.918E-06   4477.4183     -5.2088 

 236.160  8.13E-05    440.0748     25.3505  -5.325E-06   4486.0716     -3.9635 

 241.080  5.69E-05    518.6570      8.6201  -4.520E-06   4489.9618     -2.8375 

 246.000  3.68E-05    528.2326     -2.9751  -3.641E-06   4490.4358     -1.8760 

 250.920  2.11E-05    492.0694    -10.2897  -2.784E-06   4488.6456     -1.0974 

 255.840  9.41E-06    429.0366    -14.2201  -2.010E-06   4485.5252      -.5003 



 260.760  1.29E-06    353.6272    -15.6228  -1.353E-06   4481.7920    -.069908 

 265.680 -3.91E-06    276.3064    -15.2621  -8.240E-07   4477.9642       .2165 

 270.600 -6.82E-06    204.0561    -13.7812  -4.206E-07   4474.3875       .3855 

 275.520 -8.05E-06    141.0099    -11.6924  -1.307E-07   4471.2664       .4636 

 280.440 -8.11E-06     89.0995     -9.3806   6.251E-08   4468.6966       .4761 

 285.360 -7.43E-06     48.6589     -7.1155   1.782E-07   4466.6946       .4447 

 290.280 -6.35E-06     18.9516     -5.0691   2.350E-07   4465.2239       .3872 

 295.200 -5.12E-06     -1.3947     -3.3352   2.497E-07   4464.3548       .3176 

 300.120 -3.90E-06    -14.0515     -1.9486   2.368E-07   4464.9813       .2461 

 305.040 -2.79E-06    -20.7432      -.9023   2.075E-07   4465.3126       .1792 

 309.960 -1.85E-06    -23.0831      -.1632   1.707E-07   4465.4284       .1212 

 314.880 -1.11E-06    -22.4752       .3163   1.325E-07   4465.3983     .073739 

 319.800 -5.50E-07    -20.0684       .5892   9.674E-08   4465.2792     .037195 

 324.720 -1.57E-07    -16.7488       .7073   6.582E-08   4465.1149     .010805 

 329.640  9.73E-08    -13.1573       .7172   4.071E-08   4464.9371    -.006794 

 334.560  2.43E-07     -9.7220       .6580   2.149E-08   4464.7670    -.017246 

 339.480  3.09E-07     -6.6983       .5609   7.699E-09   4464.6173    -.022236 

 344.400  3.19E-07     -4.2086       .4488  -1.462E-09   4464.4941    -.023324 

 349.320  2.94E-07     -2.2809       .3377  -6.912E-09   4464.3986    -.021853 

 354.240  2.51E-07      -.8808       .2374  -9.568E-09   4464.3293    -.018907 

 359.160  2.00E-07     .062244       .1532  -1.025E-08   4464.2888    -.015308 

 364.080  1.50E-07       .6347     .086953  -9.670E-09   4464.3171    -.011637 

 369.000  1.05E-07       .9250     .037987  -8.360E-09   4464.3315    -.008268 

 373.920  6.78E-08      1.0146     .004343  -6.731E-09   4464.3359    -.005409 

 378.840  3.89E-08       .9727    -.016698  -5.062E-09   4464.3339    -.003145 

 383.760  1.80E-08       .8541    -.028065  -3.527E-09   4464.3280    -.001476 

 388.680  4.18E-09       .6991    -.032549  -2.223E-09   4464.3203  -3.472E-04 

 393.600 -3.87E-09       .5354    -.032602  -1.186E-09   4464.3122   3.257E-04 

 398.520 -7.49E-09       .3792    -.030230  -4.178E-10   4464.3045   6.389E-04 

 403.440 -7.98E-09       .2383    -.026962   1.008E-10   4464.2975   6.894E-04 

 408.360 -6.50E-09       .1138    -.023867   3.965E-10   4464.2913   5.687E-04 

 413.280 -4.08E-09     .003115    -.021579   4.948E-10   4464.2859   3.613E-04 

 418.200 -1.63E-09    -.098864    -.020331   4.144E-10   4464.2906   1.463E-04 

 423.120 -2.45E-16      -.1972     .010060   1.657E-10   4464.2955     .012207 

 428.040  1.63E-16  -6.918E-08     .020045   2.488E-17   4464.2857    -.008148 

 432.960  9.01E-23   1.978E-08   7.029E-09  -1.661E-17   4464.2857  -4.491E-09 

 437.880 -1.64E-23   1.486E-14  -2.010E-09  -9.154E-24   4464.2857   8.169E-10 

 442.800     0.000  -1.983E-15  -1.511E-15   1.665E-24   4464.2857   7.778E-16 

 447.720     0.000  -2.285E-21   2.015E-16      0.0000   4464.2857  -8.191E-17 

 452.640     0.000   1.988E-22   2.322E-22      0.0000   4464.2857  -1.108E-22 

 457.560     0.000      0.0000  -2.020E-23      0.0000   4464.2857   8.212E-24 

 462.480     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 467.400     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 472.320     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 477.240     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 482.160     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 487.080     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 492.000     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  4: 

 

Pile-head deflection             =      .40000000 in 



Computed slope at pile head      =          0.000 

Maximum bending moment           =    -835309.509 lbs-in 

Maximum shear force              =      23819.293 lbs 

Depth of maximum bending moment  =          0.000 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              8 

Number of zero deflection points =             13 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  5 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Specified deflection at pile head   =         .500000 in 

Specified slope at pile head        =       0.000E+00 in/in 

Specified axial load at pile head   =       75000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .500000  -1.006E+06  27759.7730      0.0000  54286.1712   -130.3688 

   4.920   .495841  -8.711E+05  27066.4025    -.001577  47587.5523   -151.4891 

   9.840   .484484  -7.389E+05  26244.2537    -.002929  41043.7393   -182.7177 

  14.760   .467019  -6.107E+05  25261.5648    -.004063  34696.2106   -216.7494 

  19.680   .444508  -4.873E+05  24099.4492    -.004985  28589.6819   -255.6553 

  24.600   .417969  -3.699E+05  22738.1358    -.005705  22774.5607   -297.7242 

  29.520   .388374  -2.594E+05  21162.0627    -.006233  17304.8641   -342.9559 

  34.440   .356635  -1.570E+05  19392.3176    -.006583  12238.1852   -376.4526 

  39.360   .323598 -63701.0838  17492.7761    -.006768   7617.8047   -395.7187 

  44.280   .290035  20091.1593  15510.7321    -.006805   5458.8976   -409.9902 

  49.200   .256638  93946.5620  13470.8618    -.006709   9115.1056   -419.2253 

  54.120   .224017   1.576E+05  11397.4942    -.006498  12266.0579   -423.6070 

  59.040   .192698   2.109E+05   9313.5353    -.006188  14904.5506   -423.5307 

  63.960   .163123   2.538E+05   7239.5312    -.005798  17029.0397   -419.5604 

  68.880   .135645   2.864E+05   5197.8086    -.005344  18642.9662   -410.4081 

  73.800   .110534   3.089E+05   3216.5082    -.004844  19756.2972   -394.9985 

  78.720   .087976   3.216E+05   1326.1804    -.004315  20386.8087   -373.4274 

  83.640   .068076   3.251E+05   -443.3595    -.003772  20559.9591   -345.8978 

  88.560   .050863   3.201E+05  -2063.4898    -.003230  20308.6310   -312.6917 

  93.480   .036295   3.072E+05  -3507.0259    -.002703  19672.7721   -274.1116 

  98.400   .024266   2.875E+05  -4748.0208    -.002203  18699.0086   -230.3579 

 103.320   .014613   2.621E+05  -5760.5200    -.001742  17440.3757   -181.2272 

 108.240   .007127   2.321E+05  -6433.9387    -.001327  15956.5287    -92.5203 

 113.160   .001559   1.998E+05  -6713.0292  -9.639E-04  14354.6881    -20.9311 

 118.080  -.002358   1.668E+05  -6684.0958  -6.560E-04  12721.6345     32.6927 

 123.000  -.004896   1.345E+05  -6431.3268  -4.029E-04  11122.6396     70.0590 

 127.920  -.006323   1.038E+05  -6029.5261  -2.028E-04   9603.4719     93.2747 

 132.840  -.006891  75317.8722  -5367.5028  -5.234E-05   8192.8932    175.8405 

 137.760  -.006838  51033.9643  -4487.1177   5.378E-05   6990.7196    182.0396 

 142.680  -.006362  31124.9473  -3605.2971   1.228E-04   6005.1247    176.4241 

 147.600  -.005629  15467.2300  -2771.9421   1.619E-04   5229.9902    162.3381 

 152.520  -.004769   3729.5465  -2021.2970   1.780E-04   4648.9167    142.8022 



 157.440  -.003878  -4553.7211  -1373.8095   1.773E-04   4689.7175    120.4041 

 162.360  -.003024  -9919.6170   -838.3983   1.652E-04   4955.3559     97.2428 

 167.280  -.002252 -12925.4675   -414.8818   1.460E-04   5104.1603     74.9184 

 172.200  -.001587 -14109.8011    -96.3718   1.233E-04   5162.7907     54.5572 

 177.120  -.001039 -13964.7560    128.5171   9.971E-05   5155.6103     36.8611 

 182.040 -6.06E-04 -12918.7812    273.7421   7.713E-05   5103.8293     22.1735 

 186.960 -2.80E-04 -11328.0588    354.2465   5.677E-05   5025.0807     10.5519 

 191.880 -4.74E-05  -9474.8924    384.7321   3.930E-05   4933.3398      1.8407 

 196.800  1.07E-04  -7571.2968    378.7798   2.498E-05   4839.1024     -4.2603 

 201.720  1.98E-04  -5766.1355    348.2840   1.378E-05   4749.7380     -8.1364 

 206.640  2.42E-04  -4154.3520    303.1568   5.448E-06   4669.9467    -10.2080 

 211.560  2.52E-04  -2787.0927    251.2487  -3.823E-07   4602.2606    -10.8928 

 216.480  2.39E-04  -1681.7823    198.4310  -4.136E-06   4547.5423    -10.5778 

 221.400  2.11E-04   -831.4797    148.7900  -6.246E-06   4505.4481     -9.6015 

 226.320  1.77E-04   -213.0792    104.8879  -7.124E-06   4474.8342     -8.2449 

 231.240  1.41E-04    205.8747     68.0529  -7.130E-06   4474.4775     -6.7287 

 236.160  1.07E-04    461.8235     38.6692  -6.569E-06   4487.1483     -5.2159 

 241.080  7.66E-05    591.2271     16.4464  -5.685E-06   4493.5544     -3.8177 

 246.000  5.10E-05    627.8509       .6556  -4.661E-06   4495.3674     -2.6013 

 250.920  3.07E-05    601.1179     -9.6760  -3.628E-06   4494.0440     -1.5986 

 255.840  1.53E-05    535.3166    -15.6136  -2.674E-06   4490.7865      -.8151 

 260.760  4.38E-06    449.4532    -18.2037  -1.847E-06   4486.5359      -.2378 

 265.680 -2.85E-06    357.5549    -18.4003  -1.169E-06   4481.9865       .1579 

 270.600 -7.12E-06    269.2575    -17.0213  -6.427E-07   4477.6153       .4026 

 275.520 -9.17E-06    190.5397    -14.7304  -2.565E-07   4473.7184       .5286 

 280.440 -9.65E-06    124.5000    -12.0360   8.063E-09   4470.4491       .5667 

 285.360 -9.10E-06     72.0999     -9.3033   1.732E-07   4467.8550       .5442 

 290.280 -7.95E-06     32.8279     -6.7735   2.613E-07   4465.9109       .4842 

 295.200 -6.52E-06      5.2558     -4.5867   2.933E-07   4464.5459       .4048 

 300.120 -5.06E-06    -12.5213     -2.8049   2.872E-07   4464.9056       .3195 

 305.040 -3.70E-06    -22.5567     -1.4344   2.577E-07   4465.4024       .2376 

 309.960 -2.52E-06    -26.8260      -.4441   2.163E-07   4465.6137       .1649 

 314.880 -1.57E-06    -27.0865       .2183   1.710E-07   4465.6266       .1044 

 319.800 -8.41E-07    -24.8041       .6148   1.274E-07   4465.5136     .056807 

 324.720 -3.16E-07    -21.1313       .8079   8.881E-08   4465.3318     .021725 

 329.640  3.34E-08    -16.9194       .8557   5.686E-08   4465.1233    -.002329 

 334.560  2.43E-07    -12.7535       .8075   3.193E-08   4464.9171    -.017243 

 339.480  3.48E-07     -8.9970       .7035   1.367E-08   4464.7311    -.025031 

 344.400  3.78E-07     -5.8409       .5740   1.205E-09   4464.5749    -.027614 

 349.320  3.59E-07     -3.3496       .4405  -6.514E-09   4464.4515    -.026681 

 354.240  3.14E-07     -1.5021       .3167  -1.059E-08   4464.3601    -.023621 

 359.160  2.55E-07      -.2254       .2106  -1.204E-08   4464.2969    -.019512 

 364.080  1.95E-07       .5791       .1254  -1.174E-08   4464.3144    -.015129 

 369.000  1.40E-07      1.0171     .061137  -1.040E-08   4464.3361    -.010989 

 373.920  9.27E-08      1.1884     .015909  -8.550E-09   4464.3445    -.007397 

 378.840  5.56E-08      1.1799    -.013344  -6.561E-09   4464.3441    -.004495 

 383.760  2.82E-08      1.0619    -.030085  -4.678E-09   4464.3383    -.002310 

 388.680  9.55E-09       .8874    -.037720  -3.041E-09   4464.3296  -7.938E-04 

 393.600 -1.74E-09       .6930    -.039313  -1.713E-09   4464.3200   1.463E-04 

 398.520 -7.30E-09       .5018    -.037421  -7.098E-10   4464.3106   6.230E-04 

 403.440 -8.72E-09       .3253    -.034034  -1.510E-11   4464.3018   7.536E-04 

 408.360 -7.45E-09       .1669    -.030576   3.983E-10   4464.2940   6.521E-04 

 413.280 -4.80E-09     .024159    -.027925   5.588E-10   4464.2869   4.256E-04 

 418.200 -1.95E-09      -.1083    -.026446   4.881E-10   4464.2911   1.753E-04 

 423.120 -3.02E-16      -.2364     .011020   1.986E-10   4464.2974     .015055 

 428.040  1.96E-16  -8.395E-08     .024028   3.069E-17   4464.2857    -.009767 

 432.960  1.09E-22   2.370E-08   8.530E-09  -1.991E-17   4464.2857  -5.426E-09 



 437.880 -1.96E-23   1.792E-14  -2.409E-09  -1.106E-23   4464.2857   9.793E-10 

 442.800     0.000  -2.377E-15  -1.821E-15   1.996E-24   4464.2857   9.366E-16 

 447.720     0.000  -2.750E-21   2.415E-16      0.0000   4464.2857  -9.818E-17 

 452.640     0.000   2.383E-22   2.794E-22      0.0000   4464.2857  -1.333E-22 

 457.560     0.000      0.0000  -2.421E-23      0.0000   4464.2857   9.843E-24 

 462.480     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 467.400     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 472.320     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 477.240     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 482.160     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 487.080     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 492.000     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  5: 

 

Pile-head deflection             =      .50000000 in 

Computed slope at pile head      =          0.000 

Maximum bending moment           =   -1006402.087 lbs-in 

Maximum shear force              =      27759.773 lbs 

Depth of maximum bending moment  =          0.000 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              9 

Number of zero deflection points =             13 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  6 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Specified deflection at pile head   =         .600000 in 

Specified slope at pile head        =       0.000E+00 in/in 

Specified axial load at pile head   =       75000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .600000  -1.164E+06  31061.2019      0.0000  62070.4961   -130.3688 

   4.920   .595192  -1.012E+06  30367.8314    -.001827  54565.3543   -151.4892 

   9.840   .582019  -8.635E+05  29545.6826    -.003403  47210.6934   -182.7177 

  14.760   .561711  -7.188E+05  28562.9936    -.004731  40048.4943   -216.7494 

  19.680   .535462  -5.789E+05  27400.8779    -.005821  33123.9778   -255.6554 

  24.600   .504429  -4.449E+05  26039.5641    -.006681  26488.0583   -297.7242 

  29.520   .469719  -3.178E+05  24463.4905    -.007322  20195.2618   -342.9561 

  34.440   .432382  -1.988E+05  22657.0953    -.007756  14303.6915   -391.3509 

  39.360   .393404 -89096.2802  20604.8163    -.007997   8874.9927   -442.9088 

  44.280   .353689   9897.4329  18345.1723    -.008064   4954.2576   -475.6457 

  49.200   .314055  97371.3424  15981.1540    -.007974   9284.6492   -485.3374 



  54.120   .275227   1.730E+05  13584.1583    -.007747  13030.4554   -489.0511 

  59.040   .237828   2.368E+05  11182.5538    -.007402  16184.9042   -487.2109 

  63.960   .202386   2.885E+05   8802.0611    -.006961  18748.2455   -480.4690 

  68.880   .169329   3.285E+05   6464.7086    -.006443  20726.9695   -469.6742 

  73.800   .138987   3.569E+05   4192.4125    -.005867  22132.7856   -454.0234 

  78.720   .111594   3.741E+05   2013.9807    -.005253  22983.5774   -431.5180 

  83.640   .087293   3.806E+05    -37.3320    -.004620  23305.7866   -402.3490 

  88.560   .066137   3.771E+05  -1929.4909    -.003983  23134.1678   -366.8214 

  93.480   .048098   3.646E+05  -3632.0894    -.003360  22511.4013   -325.2918 

  98.400   .033072   3.439E+05  -5116.3571    -.002765  21487.6397   -278.0690 

 103.320   .020887   3.162E+05  -6354.3644    -.002211  20120.1061   -225.1860 

 108.240   .011317   2.830E+05  -7269.7141    -.001708  18473.0200   -146.9074 

 113.160   .004084   2.460E+05  -7765.9925    -.001263  16641.2064    -54.8318 

 118.080  -.001115   2.075E+05  -7862.8495  -8.825E-04  14736.1382     15.4590 

 123.000  -.004599   1.693E+05  -7662.9137  -5.661E-04  12843.2283     65.8157 

 127.920  -.006685   1.325E+05  -7258.3967  -3.126E-04  11023.9943     98.6221 

 132.840  -.007676  98062.7408  -6533.9859  -1.190E-04   9318.8768    195.8538 

 137.760  -.007856  68299.5022  -5537.6816   2.074E-05   7845.4492    209.1480 

 142.680  -.007472  43556.6486  -4513.4939   1.147E-04   6620.5554    207.1885 

 147.600  -.006727  23802.0849  -3526.5759   1.713E-04   5642.6067    193.9977 

 152.520  -.005786   8728.7536  -2623.1003   1.986E-04   4896.4022    173.2688 

 157.440  -.004773  -2155.7743  -1832.2461   2.041E-04   4571.0072    148.2167 

 162.360  -.003778  -9451.1742  -1168.7566   1.944E-04   4932.1656    121.4945 

 167.280  -.002861 -13799.7713   -635.7690   1.748E-04   5147.4427     95.1671 

 172.200  -.002058 -15836.1609   -227.6638   1.499E-04   5248.2541     70.7293 

 177.120  -.001385 -16150.6340     67.2556   1.231E-04   5263.8221     49.1567 

 182.040 -8.47E-04 -15265.1898    264.3899   9.668E-05   5219.9882     30.9792 

 186.960 -4.34E-04 -13620.3890    380.8546   7.242E-05   5138.5624     16.3642 

 191.880 -1.34E-04 -11571.0280    433.9104   5.126E-05   5037.1089      5.2032 

 196.800  7.03E-05  -9388.5438    439.8081   3.366E-05   4929.0651     -2.8058 

 201.720  1.97E-04  -7268.1583    413.0167   1.967E-05   4824.0955     -8.0850 

 206.640  2.64E-04  -5338.9769    365.7849   9.083E-06   4728.5915    -11.1149 

 211.560  2.87E-04  -3675.5386    307.9745   1.512E-06   4646.2431    -12.3852 

 216.480  2.79E-04  -2309.6239    247.1039  -3.515E-06   4578.6235    -12.3589 

 221.400  2.52E-04  -1241.4422    188.5389  -6.497E-06   4525.7432    -11.4480 

 226.320  2.15E-04   -449.6066    135.7763  -7.917E-06   4486.5435    -10.0002 

 231.240  1.74E-04    100.4398     90.7749  -8.210E-06   4469.2580     -8.2931 

 236.160  1.34E-04    449.6782     54.2951  -7.748E-06   4486.5470     -6.5361 

 241.080  9.78E-05    640.4217     26.2212  -6.833E-06   4495.9898     -4.8760 

 246.000  6.68E-05    712.7379      5.8491  -5.696E-06   4499.5698     -3.4054 

 250.920  4.17E-05    702.1806     -7.8737  -4.508E-06   4499.0471     -2.1730 

 255.840  2.24E-05    638.5879    -16.1558  -3.382E-06   4495.8990     -1.1937 

 260.760  8.44E-06    545.7034    -20.2200  -2.387E-06   4491.3007      -.4584 

 265.680 -1.05E-06    441.3853    -21.2045  -1.558E-06   4486.1365     .058129 

 270.600 -6.89E-06    338.2008    -20.1034  -9.035E-07   4481.0283       .3895 

 275.520 -9.94E-06    244.2347    -17.7363  -4.144E-07   4476.3765       .5727 

 280.440 -1.10E-05    163.9812    -14.7427  -7.152E-08   4472.4036       .6442 

 285.360 -1.06E-05     99.2198    -11.5913   1.495E-07   4469.1976       .6369 

 290.280 -9.50E-06     49.8127     -8.6007   2.747E-07   4466.7517       .5788 

 295.200 -7.94E-06     14.3858     -5.9648   3.286E-07   4464.9979       .4927 

 300.120 -6.26E-06     -9.1236     -3.7796   3.330E-07   4464.7374       .3956 

 305.040 -4.66E-06    -23.0508     -2.0691   3.060E-07   4465.4268       .2997 

 309.960 -3.25E-06    -29.7096      -.8088   2.617E-07   4465.7565       .2126 

 314.880 -2.09E-06    -31.2025     .055803   2.106E-07   4465.8304       .1388 

 319.800 -1.18E-06    -29.3159       .5937   1.597E-07   4465.7370     .079830 

 324.720 -5.17E-07    -25.4787       .8773   1.137E-07   4465.5470     .035480 

 329.640 -6.24E-08    -20.7669       .9753   7.486E-08   4465.3138     .004354 



 334.560  2.20E-07    -15.9368       .9476   4.404E-08   4465.0747    -.015608 

 339.480  3.71E-07    -11.4746       .8435   2.101E-08   4464.8538    -.026712 

 344.400  4.27E-07     -7.6520       .7010   4.951E-09   4464.6645    -.031215 

 349.320  4.20E-07     -4.5801       .5476  -5.323E-09   4464.5125    -.031149 

 354.240  3.75E-07     -2.2595       .4016  -1.107E-08   4464.3976    -.028215 

 359.160  3.11E-07      -.6204       .2737  -1.349E-08   4464.3164    -.023753 

 364.080  2.42E-07       .4441       .1692  -1.363E-08   4464.3077    -.018753 

 369.000  1.77E-07      1.0543     .088872  -1.238E-08   4464.3379    -.013889 

 373.920  1.20E-07      1.3277     .031147  -1.038E-08   4464.3514    -.009576 

 378.840  7.45E-08      1.3685    -.007230  -8.111E-09   4464.3535    -.006025 

 383.760  4.02E-08      1.2625    -.030167  -5.901E-09   4464.3482    -.003299 

 388.680  1.64E-08      1.0760    -.041642  -3.937E-09   4464.3390    -.001365 

 393.600  1.51E-09       .8557    -.045313  -2.315E-09   4464.3281  -1.271E-04 

 398.520 -6.34E-09       .6318    -.044295  -1.065E-09   4464.3170   5.410E-04 

 403.440 -8.97E-09       .4206    -.041056  -1.815E-10   4464.3065   7.754E-04 

 408.360 -8.13E-09       .2279    -.037399   3.632E-10   4464.2970   7.113E-04 

 413.280 -5.40E-09     .052337    -.034472   5.986E-10   4464.2883   4.785E-04 

 418.200 -2.24E-09      -.1117    -.032801   5.488E-10   4464.2912   2.008E-04 

 423.120 -3.56E-16      -.2708     .011370   2.275E-10   4464.2991     .017755 

 428.040  2.24E-16  -9.740E-08     .027523   3.619E-17   4464.2857    -.011188 

 432.960  1.26E-22   2.715E-08   9.896E-09  -2.281E-17   4464.2857  -6.266E-09 

 437.880 -2.25E-23   2.065E-14  -2.759E-09  -1.277E-23   4464.2857   1.122E-09 

 442.800     0.000  -2.722E-15  -2.099E-15   2.286E-24   4464.2857   1.078E-15 

 447.720     0.000  -3.162E-21   2.767E-16      0.0000   4464.2857  -1.125E-16 

 452.640     0.000   2.729E-22   3.213E-22      0.0000   4464.2857  -1.532E-22 

 457.560     0.000      0.0000  -2.774E-23      0.0000   4464.2857   1.128E-23 

 462.480     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 467.400     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 472.320     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 477.240     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 482.160     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 487.080     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 492.000     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  6: 

 

Pile-head deflection             =      .60000000 in 

Computed slope at pile head      =          0.000 

Maximum bending moment           =   -1163645.450 lbs-in 

Maximum shear force              =      31061.202 lbs 

Depth of maximum bending moment  =          0.000 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              9 

Number of zero deflection points =             13 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  7 

------------------------------------------------------------------------------ 



 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Specified deflection at pile head   =         .700000 in 

Specified slope at pile head        =       0.000E+00 in/in 

Specified axial load at pile head   =       75000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .700000  -1.311E+06  33965.9859      0.0000  69346.9284   -130.3688 

   4.920   .694584  -1.145E+06  33272.6153    -.002062  61132.0297   -151.4892 

   9.840   .679708  -9.817E+05  32450.4664    -.003848  53063.5416   -182.7177 

  14.760   .656719  -8.225E+05  31467.7773    -.005363  45183.8876   -216.7494 

  19.680   .626932  -6.681E+05  30305.6612    -.006615  37538.7333   -255.6555 

  24.600   .591624  -5.194E+05  28944.3467    -.007613  30179.4397   -297.7244 

  29.520   .552023  -3.777E+05  27368.2718    -.008366  23160.9812   -342.9564 

  34.440   .509300  -2.440E+05  25561.8746    -.008888  16541.9112   -391.3514 

  39.360   .464561  -1.196E+05  23509.5926    -.009194  10384.3258   -442.9096 

  44.280   .418834  -5848.7097  21195.8629    -.009299   4753.8258   -497.6309 

  49.200   .373059  95845.1622  18610.6325    -.009223   9209.0957   -553.2757 

  54.120   .328076   1.841E+05  15880.3628    -.008988  13577.4942   -556.5900 

  59.040   .284614   2.587E+05  13150.2111    -.008616  17273.2620   -553.2278 

  63.960   .243290   3.198E+05  10451.2795    -.008130  20298.1372   -543.8988 

  68.880   .204610   3.676E+05   7810.6126    -.007553  22661.4242   -529.5430 

  73.800   .168968   4.023E+05   5250.1665    -.006907  24378.8614   -511.2888 

  78.720   .136650   4.243E+05   2791.7339    -.006212  25471.2588   -488.0740 

  83.640   .107839   4.343E+05    465.5518    -.005491  25965.7585   -457.5284 

  88.560   .082617   4.330E+05  -1693.0679    -.004763  25898.6579   -419.9593 

  93.480   .060974   4.212E+05  -3650.5428    -.004045  25315.0190   -375.7622 

  98.400   .042812   4.000E+05  -5375.2202    -.003356  24268.1666   -325.3262 

 103.320   .027955   3.708E+05  -6836.8955    -.002708  22819.1889   -268.8507 

 108.240   .016163   3.348E+05  -8004.7148    -.002116  21036.6606   -205.8726 

 113.160   .007138   2.936E+05  -8746.8825    -.001588  18997.1556    -95.8216 

 118.080  5.38E-04   2.499E+05  -9000.9734    -.001131  16833.8162     -7.4673 

 123.000  -.003996   2.058E+05  -8878.6766  -7.488E-04  14653.8613     57.1815 

 127.920  -.006829   1.631E+05  -8490.1634  -4.389E-04  12536.1134    100.7507 

 132.840  -.008315   1.226E+05  -7720.3750  -1.990E-04  10534.0955    212.1714 

 137.760  -.008788  87229.3063  -6622.9000  -2.278E-05   8782.5682    233.9566 

 142.680  -.008539  57457.6351  -5464.8453   9.874E-05   7308.7231    236.7973 

 147.600  -.007816  33382.3599  -4327.8534   1.750E-04   6116.8778    225.3945 

 152.520  -.006817  14742.3836  -3271.2246   2.155E-04   5194.1067    204.1294 

 157.440  -.005696   1034.5065  -2333.9687   2.287E-04   4515.4989    176.8690 

 162.360  -.004567  -8392.6507  -1537.6154   2.225E-04   4879.7635    146.8519 

 167.280  -.003506 -14259.8506   -889.4220   2.035E-04   5170.2189    116.6414 

 172.200  -.002564 -17294.7433   -385.6731   1.770E-04   5320.4611     88.1346 

 177.120  -.001765 -18185.4961    -14.8351   1.472E-04   5364.5578     62.6126 

 182.040  -.001116 -17549.3515    239.6079   1.172E-04   5333.0655     40.8195 

 186.960 -6.12E-04 -15914.2356    396.7424   8.908E-05   5252.1192     23.0563 

 191.880 -2.39E-04 -13711.1458    476.2903   6.420E-05   5143.0553      9.2803 

 196.800  2.00E-05 -11274.9158    497.1556   4.321E-05   5022.4499      -.7984 

 201.720  1.86E-04  -8851.0242    476.4236   2.631E-05   4902.4552     -7.6292 

 206.640  2.79E-04  -6606.3219    428.7597   1.332E-05   4791.3314    -11.7464 

 211.560  3.17E-04  -4641.8628    366.1393   3.878E-06   4694.0809    -13.7090 

 216.480  3.17E-04  -3006.3729    297.8384  -2.546E-06   4613.1161    -14.0556 

 221.400  2.92E-04  -1709.2544    230.6105  -6.506E-06   4548.9023    -13.2728 

 226.320  2.53E-04   -732.3639    168.9872  -8.557E-06   4500.5414    -11.7773 



 231.240  2.08E-04    -40.1056    115.6442  -9.206E-06   4466.2711     -9.9068 

 236.160  1.62E-04    412.3693     71.7896  -8.893E-06   4484.7000     -7.9203 

 241.080  1.20E-04    672.8674     37.5383  -7.982E-06   4497.5960     -6.0030 

 246.000  8.39E-05    787.6370     12.2516  -6.755E-06   4503.2776     -4.2762 

 250.920  5.39E-05    798.4079     -5.1744  -5.423E-06   4503.8109     -2.8075 

 255.840  3.05E-05    740.7233    -16.0748  -4.130E-06   4500.9552     -1.6235 

 260.760  1.33E-05    643.2797    -21.8403  -2.968E-06   4496.1312      -.7202 

 265.680  1.32E-06    528.0051    -23.7917  -1.984E-06   4490.4246    -.073106 

 270.600 -6.26E-06    410.6336    -23.1012  -1.196E-06   4484.6141       .3538 

 275.520 -1.04E-05    301.5713    -20.7502  -5.975E-07   4479.2150       .6019 

 280.440 -1.21E-05    206.8921    -17.5157  -1.705E-07   4474.5279       .7129 

 285.360 -1.21E-05    129.3424    -13.9773   1.119E-07   4470.6888       .7254 

 290.280 -1.10E-05     69.2724    -10.5379   2.787E-07   4467.7150       .6727 

 295.200 -9.38E-06     25.4435     -7.4511   3.583E-07   4465.5453       .5821 

 300.120 -7.51E-06     -4.3107     -4.8518   3.760E-07   4464.4991       .4745 

 305.040 -5.68E-06    -22.5757     -2.7863   3.534E-07   4465.4033       .3651 

 309.960 -4.04E-06    -31.9889     -1.2392   3.076E-07   4465.8693       .2638 

 314.880 -2.65E-06    -34.9961      -.1560   2.513E-07   4466.0182       .1765 

 319.800 -1.56E-06    -33.7098       .5379   1.936E-07   4465.9545       .1056 

 324.720 -7.49E-07    -29.8460       .9243   1.403E-07   4465.7632     .051472 

 329.640 -1.83E-07    -24.7177      1.0823   9.443E-08   4465.5094     .012745 

 334.560  1.80E-07    -19.2657      1.0823   5.749E-08   4465.2395    -.012752 

 339.480  3.83E-07    -14.1103       .9831   2.946E-08   4464.9842    -.027587 

 344.400  4.70E-07     -9.6140       .8307   9.533E-09   4464.7617    -.034345 

 349.320  4.77E-07     -5.9432       .6591  -3.533E-09   4464.5799    -.035398 

 354.240  4.35E-07     -3.1255       .4915  -1.115E-08   4464.4404    -.032766 

 359.160  3.67E-07     -1.0990       .3418  -1.470E-08   4464.3401    -.028068 

 364.080  2.90E-07       .2488       .2174  -1.541E-08   4464.2980    -.022515 

 369.000  2.16E-07      1.0514       .1203  -1.432E-08   4464.3378    -.016953 

 373.920  1.49E-07      1.4430     .049259  -1.222E-08   4464.3571    -.011919 

 378.840  9.53E-08      1.5451   9.889E-04  -9.715E-09   4464.3622    -.007703 

 383.760  5.38E-08      1.4599    -.028818  -7.191E-09   4464.3580    -.004414 

 388.680  2.45E-08      1.2669    -.044682  -4.901E-09   4464.3484    -.002035 

 393.600  5.62E-09      1.0238    -.050851  -2.977E-09   4464.3364  -4.728E-04 

 398.520 -4.80E-09       .7687    -.051007  -1.472E-09   4464.3238   4.095E-04 

 403.440 -8.87E-09       .5230    -.048115  -3.869E-10   4464.3116   7.660E-04 

 408.360 -8.61E-09       .2955    -.044378   3.006E-10   4464.3003   7.532E-04 

 413.280 -5.91E-09     .086081    -.041237   6.211E-10   4464.2900   5.235E-04 

 418.200 -2.50E-09      -.1107    -.039399   6.004E-10   4464.2912   2.240E-04 

 423.120 -4.09E-16      -.3020     .011272   2.537E-10   4464.3007     .020374 

 428.040  2.50E-16  -1.100E-07     .030696   4.153E-17   4464.2857    -.012478 

 432.960  1.41E-22   3.028E-08   1.118E-08  -2.543E-17   4464.2857  -7.046E-09 

 437.880 -2.51E-23   2.317E-14  -3.077E-09  -1.436E-23   4464.2857   1.251E-09 

 442.800     0.000  -3.036E-15  -2.355E-15   2.550E-24   4464.2857   1.208E-15 

 447.720     0.000  -3.541E-21   3.085E-16      0.0000   4464.2857  -1.254E-16 

 452.640     0.000   3.044E-22   3.598E-22      0.0000   4464.2857  -1.714E-22 

 457.560     0.000      0.0000  -3.093E-23      0.0000   4464.2857   1.257E-23 

 462.480     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 467.400     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 472.320     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 477.240     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 482.160     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 487.080     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 492.000     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 

Output Verification: 

 



Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  7: 

 

Pile-head deflection             =      .70000000 in 

Computed slope at pile head      =          0.000 

Maximum bending moment           =   -1310629.382 lbs-in 

Maximum shear force              =      33965.986 lbs 

Depth of maximum bending moment  =          0.000 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              9 

Number of zero deflection points =             13 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  8 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Specified deflection at pile head   =         .800000 in 

Specified slope at pile head        =       0.000E+00 in/in 

Specified axial load at pile head   =       75000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .800000  -1.448E+06  36546.3431      0.0000  76154.4809   -130.3688 

   4.920   .794016  -1.269E+06  35852.9725    -.002282  67308.9894   -151.4892 

   9.840   .777541  -1.094E+06  35030.8235    -.004267  58606.0798   -182.7177 

  14.760   .752027  -9.216E+05  34048.1340    -.005960  50088.5690   -216.7496 

  19.680   .718896  -7.542E+05  32886.0171    -.007367  41802.5179   -255.6557 

  24.600   .679533  -5.926E+05  31524.7011    -.008498  33799.6850   -297.7248 

  29.520   .635272  -4.378E+05  29948.6237    -.009364  26135.4437   -342.9570 

  34.440   .587393  -2.910E+05  28142.2225    -.009976  18868.7480   -391.3524 

  39.360   .537110  -1.535E+05  26089.9344    -.010349  12062.0959   -442.9110 

  44.280   .485558 -26607.5457  23776.1960    -.010500   5781.4909   -497.6330 

  49.200   .433786  88231.2621  21185.4433    -.010449   8832.1700   -555.5185 

  54.120   .382744   1.896E+05  18302.1113    -.010215  13848.8540   -616.5677 

  59.040   .333268   2.759E+05  15255.5254    -.009824  18120.8655   -621.8819 

  63.960   .286072   3.469E+05  12224.5028    -.009301  21639.1884   -610.2411 

  68.880   .241743   4.030E+05   9265.6232    -.008671  24415.5915   -592.5555 

  73.800   .200745   4.445E+05   6405.5696    -.007960  26469.5473   -570.0679 

  78.720   .163421   4.719E+05   3664.5629    -.007190  27826.7303   -544.1624 

  83.640   .129996   4.859E+05   1064.9711    -.006386  28517.3429   -512.5822 

  88.560   .100587   4.871E+05  -1360.4085    -.005568  28578.8005   -473.3445 

  93.480   .075204   4.766E+05  -3574.9536    -.004759  28058.0853   -426.8771 

  98.400   .053760   4.554E+05  -5544.2180    -.003976  27011.2035   -373.6369 

 103.320   .036079   4.250E+05  -7235.7073    -.003237  25502.6037   -313.9604 

 108.240   .021911   3.866E+05  -8617.4033    -.002555  23604.7334   -247.7046 

 113.160   .010938   3.421E+05  -9587.9605    -.001943  21398.1659   -146.8309 

 118.080   .002792   2.937E+05 -10044.3928    -.001409  19005.1494    -38.7107 

 123.000  -.002927   2.443E+05 -10036.5799  -9.572E-04  16556.7316     41.8867 



 127.920  -.006627   1.957E+05  -9693.0327  -5.877E-04  14151.0129     97.7667 

 132.840  -.008710   1.493E+05  -8905.8103  -2.979E-04  11856.4474    222.2425 

 137.760  -.009559   1.083E+05  -7733.0718  -8.158E-05   9823.6214    254.4805 

 142.680  -.009513  73288.4488  -6458.1327   7.089E-05   8092.4267    263.7874 

 147.600  -.008861  44658.2353  -5180.6209   1.700E-04   6675.0894    255.5263 

 152.520  -.007840  22185.7128  -3974.4903   2.261E-04   5562.5883    234.7707 

 157.440  -.006636   5382.3927  -2890.0419   2.492E-04   4730.7408    206.0620 

 162.360  -.005388  -6436.2455  -1956.9175   2.484E-04   4782.9117    173.2569 

 167.280  -.004192 -14056.9676  -1187.6410   2.312E-04   5160.1752    139.4571 

 172.200  -.003113 -18293.2231   -581.3472   2.040E-04   5369.8908    107.0038 

 177.120  -.002185 -19927.9625   -127.4060   1.719E-04   5450.8185     77.5251 

 182.040  -.001422 -19673.7455    191.2686   1.386E-04   5438.2335     52.0174 

 186.960 -8.21E-04 -18148.1811    395.3640   1.069E-04   5362.7105     30.9483 

 191.880 -3.70E-04 -15862.2220    506.8435   7.829E-05   5249.5442     14.3686 

 196.800 -5.07E-05 -13218.6187    547.1658   5.387E-05   5118.6728      2.0226 

 201.720  1.60E-04 -10517.8630    536.0269   3.393E-05   4984.9720     -6.5506 

 206.640  2.83E-04  -7969.1541    490.5691   1.840E-05   4858.7983    -11.9282 

 211.560  3.41E-04  -5704.2444    424.9846   6.919E-06   4746.6741    -14.7321 

 216.480  3.51E-04  -3792.4113    350.4325  -1.057E-06   4652.0288    -15.5736 

 221.400  3.30E-04  -2255.2080    275.1872  -6.136E-06   4575.9297    -15.0139 

 226.320  2.91E-04  -1080.0402    204.9433  -8.938E-06   4517.7531    -13.5405 

 231.240  2.42E-04   -231.9700    143.2103  -1.004E-05   4475.7694    -11.5542 

 236.160  1.92E-04    336.5581     91.7436  -9.952E-06   4480.9470     -9.3672 

 241.080  1.45E-04    678.1311     50.9699  -9.100E-06   4497.8566     -7.2074 

 246.000  1.03E-04    844.8178     20.3787  -7.820E-06   4506.1084     -5.2280 

 250.920  6.76E-05    884.4293     -1.1398  -6.368E-06   4508.0693     -3.5193 

 255.840  3.99E-05    838.3020    -15.0175  -4.921E-06   4505.7858     -2.1220 

 260.760  1.91E-05    740.2890    -22.7950  -3.595E-06   4500.9337     -1.0396 

 265.680  4.52E-06    616.6530    -25.9677  -2.456E-06   4494.8131      -.2502 

 270.600 -5.02E-06    486.5793    -25.8854  -1.529E-06   4488.3738       .2836 

 275.520 -1.05E-05    363.0695    -23.6949  -8.155E-07   4482.2595       .6068 

 280.440 -1.30E-05    254.0236    -20.3177  -2.973E-07   4476.8611       .7660 

 285.360 -1.35E-05    163.3626    -16.4527   5.330E-08   4472.3730       .8051 

 290.280 -1.25E-05     92.0900    -12.5952   2.679E-07   4468.8446       .7629 

 295.200 -1.08E-05     39.2280     -9.0668   3.781E-07   4466.2277       .6714 

 300.120 -8.80E-06      2.5940     -6.0482   4.133E-07   4464.4141       .5556 

 305.040 -6.75E-06    -20.5913     -3.6136   3.982E-07   4465.3051       .4340 

 309.960 -4.88E-06    -33.2574     -1.7610   3.529E-07   4465.9321       .3190 

 314.880 -3.28E-06    -38.1803      -.4396   2.929E-07   4466.1758       .2181 

 319.800 -2.00E-06    -37.7991       .4292   2.291E-07   4466.1570       .1350 

 324.720 -1.03E-06    -34.1259       .9349   1.687E-07   4465.9751     .070546 

 329.640 -3.38E-07    -28.7238      1.1665   1.159E-07   4465.7077     .023592 

 334.560  1.14E-07    -22.7329      1.2047   7.270E-08   4465.4111    -.008055 

 339.480  3.77E-07    -16.9228      1.1181   3.940E-08   4465.1235    -.027174 

 344.400  5.01E-07    -11.7601       .9611   1.531E-08   4464.8679    -.036651 

 349.320  5.28E-07     -7.4772       .7745  -8.516E-10   4464.6559    -.039188 

 354.240  4.93E-07     -4.1383       .5868  -1.061E-08   4464.4906    -.037130 

 359.160  4.24E-07     -1.6956       .4158  -1.551E-08   4464.3697    -.032379 

 364.080  3.40E-07    -.035694       .2712  -1.696E-08   4464.2875    -.026388 

 369.000  2.57E-07       .9855       .1566  -1.616E-08   4464.3345    -.020190 

 373.920  1.81E-07      1.5174     .071391  -1.406E-08   4464.3608    -.014456 

 378.840  1.18E-07      1.6984     .012288  -1.136E-08   4464.3698    -.009569 

 383.760  6.95E-08      1.6467    -.025259  -8.551E-09   4464.3672    -.005694 

 388.680  3.42E-08      1.4561    -.046255  -5.945E-09   4464.3578    -.002841 

 393.600  1.10E-08      1.1959    -.055513  -3.718E-09   4464.3449  -9.228E-04 

 398.520 -2.39E-09       .9126    -.057283  -1.947E-09   4464.3309   2.036E-04 

 403.440 -8.19E-09       .6337    -.055040  -6.479E-10   4464.3171   7.079E-04 



 408.360 -8.76E-09       .3715    -.051413   1.963E-10   4464.3041   7.668E-04 

 413.280 -6.26E-09       .1277    -.048161   6.155E-10   4464.2920   5.549E-04 

 418.200 -2.71E-09      -.1029    -.046199   6.364E-10   4464.2908   2.428E-04 

 423.120 -4.57E-16      -.3274     .010473   2.750E-10   4464.3019     .022795 

 428.040  2.71E-16  -1.210E-07     .033274   4.646E-17   4464.2857    -.013526 

 432.960  1.55E-22   3.283E-08   1.229E-08  -2.757E-17   4464.2857  -7.709E-09 

 437.880 -2.72E-23   2.529E-14  -3.336E-09  -1.571E-23   4464.2857   1.356E-09 

 442.800     0.000  -3.291E-15  -2.570E-15   2.764E-24   4464.2857   1.317E-15 

 447.720     0.000  -3.855E-21   3.345E-16      0.0000   4464.2857  -1.360E-16 

 452.640     0.000   3.300E-22   3.918E-22      0.0000   4464.2857  -1.865E-22 

 457.560     0.000      0.0000  -3.353E-23      0.0000   4464.2857   1.363E-23 

 462.480     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 467.400     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 472.320     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 477.240     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 482.160     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 487.080     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 492.000     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  8: 

 

Pile-head deflection             =      .80000000 in 

Computed slope at pile head      =          0.000 

Maximum bending moment           =   -1448141.942 lbs-in 

Maximum shear force              =      36546.343 lbs 

Depth of maximum bending moment  =          0.000 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              9 

Number of zero deflection points =             13 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  9 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Specified deflection at pile head   =         .900000 in 

Specified slope at pile head        =       0.000E+00 in/in 

Specified axial load at pile head   =       75000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .900000  -1.579E+06  38906.5024      0.0000  82623.6315   -130.3688 

   4.920   .893476  -1.388E+06  38213.1318    -.002492  73201.2844   -151.4891 

   9.840   .875477  -1.201E+06  37390.9831    -.004667  63917.8671   -182.7176 

  14.760   .847553  -1.017E+06  36408.2943    -.006530  54816.5560   -216.7493 

  19.680   .811223  -8.379E+05  35246.1793    -.008088  45943.7737   -255.6552 



  24.600   .767968  -6.643E+05  33884.8666    -.009350  37351.6422   -297.7239 

  29.520   .719223  -4.976E+05  32308.7950    -.010325  29095.8997   -342.9556 

  34.440   .666366  -3.388E+05  30502.4030    -.011028  21235.8660   -391.3501 

  39.360   .610709  -1.893E+05  28450.1289    -.011471  13834.4060   -442.9076 

  44.280   .553488 -50370.8162  26136.4112    -.011673   6957.8905   -497.6281 

  49.200   .495851  76520.2341  23545.6879    -.011651   8252.4161   -555.5115 

  54.120   .438846   1.899E+05  20662.3970    -.011427  13866.1135   -616.5580 

  59.040   .383411   2.883E+05  17470.9763    -.011025  18735.1394   -680.7675 

  63.960   .330358   3.700E+05  14126.1694    -.010472  22779.5311   -678.9100 

  68.880   .280362   4.350E+05  10837.1693    -.009796  25999.0077   -658.0819 

  73.800   .233962   4.838E+05   7664.7991    -.009025  28416.5328   -631.4995 

  78.720   .191560   5.171E+05   4633.5671    -.008184  30062.4626   -600.7086 

  83.640   .153432   5.355E+05   1761.2044    -.007300  30972.6748   -566.9185 

  88.560   .119729   5.398E+05   -927.9055    -.006397  31187.0971   -526.2156 

  93.480   .090487   5.311E+05  -3397.4881    -.005497  30754.3724   -477.6797 

  98.400   .065634   5.104E+05  -5610.2550    -.004623  29732.9312   -421.8190 

 103.320   .044999   4.793E+05  -7531.2528    -.003792  28190.3465   -359.0744 

 108.240   .028325   4.391E+05  -9126.8244    -.003020  26202.7638   -289.5320 

 113.160   .015280   3.917E+05 -10343.6825    -.002322  23854.7502   -205.1258 

 118.080   .005472   3.390E+05 -11034.9696    -.001709  21248.9080    -75.8852 

 123.000  -.001533   2.844E+05 -11167.6650    -.001185  18541.7262     21.9440 

 127.920  -.006189   2.300E+05 -10889.0677  -7.531E-04  15852.1150     91.3070 

 132.840  -.008944   1.778E+05 -10103.0532  -4.106E-04  13264.8618    228.2111 

 137.760  -.010229   1.309E+05  -8871.7142  -1.513E-04  10945.6275    272.3332 

 142.680  -.010432  90585.6283  -7490.1040   3.474E-05   8948.7228    289.2969 

 147.600  -.009887  57194.8420  -6077.0329   1.589E-04   7295.7135    285.1222 

 152.520  -.008869  30670.3871  -4722.2902   2.327E-04   5982.6217    265.5862 

 157.440  -.007598  10555.8073  -3488.5707   2.673E-04   4986.8504    235.9258 

 162.360  -.006239  -3854.4012  -2414.6063   2.729E-04   4655.0977    200.6451 

 167.280  -.004912 -13405.3246  -1519.0157   2.584E-04   5127.9156    163.4161 

 172.200  -.003696 -18992.2242   -804.4507   2.312E-04   5404.4948    127.0575 

 177.120  -.002637 -21491.7461   -261.6931   1.972E-04   5528.2335     93.5756 

 182.040  -.001756 -21712.8179    126.5515   1.609E-04   5539.1777     64.2473 

 186.960  -.001054 -20365.2344    382.3393   1.256E-04   5472.4656     39.7314 

 191.880 -5.20E-04 -18043.2727    529.7502   9.332E-05   5357.5170     20.1917 

 196.800 -1.36E-04 -15221.3586    592.7583   6.538E-05   5217.8183      5.4213 

 201.720  1.23E-04 -12258.7794    593.6937   4.230E-05   5071.1560     -5.0411 

 206.640  2.80E-04  -9410.6281    552.2426   2.410E-05   4930.1584    -11.8090 

 211.560  3.60E-04  -6842.4964    484.9065   1.045E-05   4803.0232    -15.5634 

 216.480  3.83E-04  -4646.8583    404.8320   7.971E-07   4694.3282    -16.9872 

 221.400  3.68E-04  -2859.5383    321.9198  -5.507E-06   4605.8470    -16.7170 

 226.320  3.29E-04  -1475.1031    243.1265  -9.148E-06   4537.3106    -15.3128 

 231.240  2.78E-04   -460.4224    172.8826  -1.077E-05   4487.0789    -13.2416 

 236.160  2.23E-04    234.0121    113.5639  -1.096E-05   4475.8705    -10.8717 

 241.080  1.70E-04    665.1377     65.9671  -1.021E-05   4497.2133     -8.4766 

 246.000  1.22E-04    890.6626     29.7532  -8.902E-06   4508.3779     -6.2445 

 250.920  8.24E-05    964.4786      3.8367  -7.344E-06   4512.0322     -4.2907 

 255.840  5.02E-05    933.8356    -13.2913  -5.749E-06   4510.5152     -2.6720 

 260.760  2.58E-05    837.9352    -23.3112  -4.261E-06   4505.7677     -1.4012 

 265.680  8.30E-06    707.5984    -27.8895  -2.963E-06   4499.3153      -.4600 

 270.600 -3.35E-06    565.6892    -28.5548  -1.894E-06   4492.2901       .1895 

 275.520 -1.03E-05    428.0173    -26.6237  -1.059E-06   4485.4747       .5954 

 280.440 -1.38E-05    304.4935    -23.1686  -4.440E-07   4479.3596       .8091 

 285.360 -1.47E-05    200.3657    -19.0141  -2.003E-08   4474.2048       .8798 

 290.280 -1.40E-05    117.4095    -14.7550   2.469E-07   4470.0981       .8516 

 295.200 -1.23E-05     54.9943    -10.7866   3.917E-07   4467.0082       .7616 

 300.120 -1.01E-05     10.9803     -7.3408   4.471E-07   4464.8293       .6391 



 305.040 -7.88E-06    -17.5694     -4.5236   4.415E-07   4465.1555       .5061 

 309.960 -5.78E-06    -33.8581     -2.3500   3.983E-07   4465.9619       .3775 

 314.880 -3.96E-06    -40.9874      -.7745   3.355E-07   4466.3148       .2629 

 319.800 -2.47E-06    -41.7264       .2837   2.660E-07   4466.3514       .1672 

 324.720 -1.34E-06    -38.3919       .9211   1.987E-07   4466.1863     .091895 

 329.640 -5.19E-07    -32.8092      1.2363   1.389E-07   4465.9099     .036207 

 334.560  2.92E-08    -26.3296      1.3202   8.926E-08   4465.5892    -.002069 

 339.480  3.60E-07    -19.8839      1.2515   5.044E-08   4465.2701    -.025889 

 344.400  5.26E-07    -14.0525      1.0932   2.194E-08   4464.9814    -.038426 

 349.320  5.75E-07     -9.1426       .8937   2.458E-09   4464.7383    -.042709 

 354.240  5.50E-07     -5.2608       .6867  -9.639E-09   4464.5461    -.041411 

 359.160  4.81E-07     -2.3782       .4945  -1.605E-08   4464.4034    -.036733 

 364.080  3.92E-07      -.3833       .3294  -1.837E-08   4464.3047    -.030378 

 369.000  3.00E-07       .8765       .1967  -1.796E-08   4464.3291    -.023577 

 373.920  2.15E-07      1.5651     .096464  -1.591E-08   4464.3632    -.017150 

 378.840  1.43E-07      1.8375     .025782  -1.305E-08   4464.3767    -.011582 

 383.760  8.66E-08      1.8284    -.020174  -9.972E-09   4464.3762    -.007099 

 388.680  4.51E-08      1.6463    -.046856  -7.054E-09   4464.3672    -.003747 

 393.600  1.72E-08      1.3725    -.059635  -4.518E-09   4464.3537    -.001448 

 398.520  6.39E-10      1.0629    -.063331  -2.473E-09   4464.3383  -5.451E-05 

 403.440 -7.14E-09       .7512    -.061948  -9.493E-10   4464.3229   6.165E-04 

 408.360 -8.70E-09       .4540    -.058558   6.291E-11   4464.3082   7.615E-04 

 413.280 -6.52E-09       .1749    -.055264   5.911E-10   4464.2944   5.775E-04 

 418.200 -2.89E-09    -.090256    -.053207   6.622E-10   4464.2902   2.589E-04 

 423.120 -5.04E-16      -.3491     .009194   2.932E-10   4464.3030     .025108 

 428.040  2.89E-16  -1.309E-07     .035479   5.118E-17   4464.2857    -.014423 

 432.960  1.66E-22   3.500E-08   1.330E-08  -2.940E-17   4464.2857  -8.300E-09 

 437.880 -2.90E-23   2.716E-14  -3.557E-09  -1.692E-23   4464.2857   1.446E-09 

 442.800     0.000  -3.509E-15  -2.760E-15   2.947E-24   4464.2857   1.412E-15 

 447.720     0.000  -4.130E-21   3.566E-16      0.0000   4464.2857  -1.450E-16 

 452.640     0.000   3.518E-22   4.197E-22      0.0000   4464.2857  -1.997E-22 

 457.560     0.000      0.0000  -3.576E-23      0.0000   4464.2857   1.453E-23 

 462.480     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 467.400     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 472.320     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 477.240     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 482.160     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 487.080     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 492.000     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  9: 

 

Pile-head deflection             =      .90000000 in 

Computed slope at pile head      =          0.000 

Maximum bending moment           =   -1578818.785 lbs-in 

Maximum shear force              =      38906.502 lbs 

Depth of maximum bending moment  =          0.000 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =             10 

Number of zero deflection points =             13 

 

 



 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number 10 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Specified deflection at pile head   =        1.000000 in 

Specified slope at pile head        =       0.000E+00 in/in 

Specified axial load at pile head   =       75000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000     1.000  -1.704E+06  41094.8322      0.0000  88810.1036   -130.3688 

   4.920   .992960  -1.503E+06  40401.4616    -.002693  78852.8401   -151.4891 

   9.840   .973501  -1.304E+06  39579.3128    -.005050  69031.0034   -182.7177 

  14.760   .943263  -1.109E+06  38596.6239    -.007078  59388.1036   -216.7494 

  19.680   .903856  -9.192E+05  37434.5084    -.008782  49970.8992   -255.6553 

  24.600   .856853  -7.346E+05  36073.1951    -.010171  40831.8495   -297.7241 

  29.520   .803778  -5.568E+05  34497.1223    -.011255  32027.0318   -342.9559 

  34.440   .746102  -3.869E+05  32690.7283    -.012048  23616.1066   -391.3506 

  39.360   .685228  -2.262E+05  30638.4513    -.012563  15662.2803   -442.9083 

  44.280   .622486 -76113.2090  28324.7293    -.012817   8232.2664   -497.6291 

  49.200   .559114  61974.4402  25733.9998    -.012828   7532.3273   -555.5130 

  54.120   .496254   1.866E+05  22850.7004    -.012620  13700.7564   -616.5600 

  59.040   .434937   2.961E+05  19659.2680    -.012214  19124.6140   -680.7703 

  63.960   .376066   3.890E+05  16144.1391    -.011639  23723.5927   -748.1439 

  68.880   .320411   4.636E+05  12517.6444    -.010923  27414.1057   -726.0409 

  73.800   .268587   5.203E+05   9020.5429    -.010096  30220.3523   -695.5451 

  78.720   .221063   5.598E+05   5685.9502    -.009189  32177.1374   -659.9804 

  83.640   .178165   5.830E+05   2534.3014    -.008229  33325.8666   -621.1776 

  88.560   .140086   5.908E+05   -417.9748    -.007244  33712.3266   -578.9346 

  93.480   .106889   5.842E+05  -3142.5117    -.006257  33386.8992   -528.6007 

  98.400   .078521   5.645E+05  -5600.0530    -.005292  32410.1032   -470.3998 

 103.320   .054817   5.330E+05  -7753.1925    -.004370  30852.2881   -404.8602 

 108.240   .035519   4.914E+05  -9566.4876    -.003510  28792.9583   -332.2516 

 113.160   .020283   4.415E+05 -11003.6623    -.002726  26320.3995   -251.9657 

 118.080   .008695   3.852E+05 -11920.1145    -.002032  23532.3539   -120.5758 

 123.000  2.90E-04   3.257E+05 -12226.9546    -.001435  20587.9990     -4.1559 

 127.920  -.005422   2.659E+05 -12040.3858  -9.378E-04  17628.6698     79.9969 

 132.840  -.008938   2.079E+05 -11282.5683  -5.399E-04  14757.0443    228.0590 

 137.760  -.010735   1.553E+05 -10018.4892  -2.348E-04  12152.3304    285.7943 

 142.680  -.011248   1.095E+05  -8548.1180  -1.240E-05   9885.3290    311.9176 

 147.600  -.010857  71194.1743  -7010.6239   1.394E-04   7988.7498    313.0801 

 152.520  -.009877  40417.6863  -5512.8841   2.331E-04   6465.1613    295.7572 

 157.440  -.008563  16775.3639  -4131.2247   2.811E-04   5294.7493    265.8930 

 162.360  -.007110   -441.0449  -2914.6210   2.949E-04   4486.1196    228.6614 

 167.280  -.005662 -12122.1116  -1888.8095   2.843E-04   5064.3903    188.3352 

 172.200  -.004313 -19236.7487  -1060.8233   2.580E-04   5416.6000    148.2446 

 177.120  -.003123 -22750.9938   -423.5524   2.227E-04   5590.5725    110.8086 

 182.040  -.002121 -23568.8603     39.9760   1.838E-04   5631.0610     77.6176 

 186.960  -.001315 -22493.2748    352.8106   1.451E-04   5577.8142     49.5509 

 191.880 -6.94E-04 -20204.2980    540.9057   1.093E-04   5464.4985     26.9105 

 196.800 -2.40E-04 -17251.3924    630.6197   7.780E-05   5318.3150      9.5587 



 201.720  7.19E-05 -14056.4131    646.8749   5.150E-05   5160.1477     -2.9509 

 206.640  2.67E-04 -10924.1509    611.9240   3.052E-05   5005.0853    -11.2568 

 211.560  3.72E-04  -8057.6046    544.6448   1.458E-05   4863.1770    -16.0925 

 216.480  4.11E-04  -5575.6045    460.2651   3.128E-06   4740.3057    -18.2083 

 221.400  4.03E-04  -3530.9047    370.4174  -4.521E-06   4639.0830    -18.3152 

 226.320  3.66E-04  -1927.3610    283.4268  -9.105E-06   4559.6996    -17.0468 

 231.240  3.13E-04   -735.2651    204.7446  -1.134E-05   4500.6850    -14.9378 

 236.160  2.55E-04     95.6953    137.4548  -1.188E-05   4469.0231    -12.4157 

 241.080  1.97E-04    626.0567     82.7974  -1.127E-05   4495.2786     -9.8028 

 246.000  1.44E-04    918.7402     40.6629  -9.975E-06   4509.7679     -7.3251 

 250.920  9.84E-05   1033.5409     10.0338  -8.335E-06   4515.4511     -5.1258 

 255.840  6.17E-05   1023.6244    -10.6458  -6.607E-06   4514.9602     -3.2806 

 260.760  3.34E-05    933.6627    -23.1768  -4.963E-06   4510.5066     -1.8134 

 265.680  1.28E-05    799.2272    -29.3870  -3.508E-06   4503.8514      -.7111 

 270.600 -1.12E-06    647.0837    -30.9801  -2.293E-06   4496.3196     .063465 

 275.520 -9.73E-06    496.0754    -29.4445  -1.333E-06   4488.8439       .5608 

 280.440 -1.42E-05    358.3339    -26.0075  -6.156E-07   4482.0250       .8364 

 285.360 -1.58E-05    240.6161    -21.6258  -1.126E-07   4476.1974       .9448 

 290.280 -1.53E-05    145.6188    -17.0005   2.118E-07   4471.4946       .9354 

 295.200 -1.37E-05     73.1745    -12.6074   3.956E-07   4467.9082       .8504 

 300.120 -1.15E-05     21.2705     -8.7353   4.749E-07   4465.3387       .7236 

 305.040 -9.03E-06    -13.1313     -5.5273   4.817E-07   4464.9358       .5805 

 309.960 -6.72E-06    -33.4735     -3.0191   4.426E-07   4465.9428       .4391 

 314.880 -4.68E-06    -43.1661     -1.1739   3.782E-07   4466.4226       .3110 

 319.800 -3.00E-06    -45.3042     .089107   3.039E-07   4466.5285       .2025 

 324.720 -1.69E-06    -42.5135       .8723   2.302E-07   4466.3903       .1159 

 329.640 -7.31E-07    -36.8905      1.2830   1.635E-07   4466.1120     .051018 

 334.560 -7.92E-08    -30.0096      1.4223   1.073E-07   4465.7713     .005612 

 339.480  3.25E-07    -22.9743      1.3786   6.278E-08   4465.4231    -.023377 

 344.400  5.39E-07    -16.4906      1.2242   2.963E-08   4465.1021    -.039378 

 349.320  6.16E-07    -10.9499      1.0148   6.584E-09   4464.8278    -.045737 

 354.240  6.03E-07     -6.5095       .7905  -8.080E-09   4464.6080    -.045451 

 359.160  5.37E-07     -3.1653       .5778  -1.621E-08   4464.4424    -.041024 

 364.080  4.44E-07      -.8122       .3922  -1.955E-08   4464.3259    -.034421 

 369.000  3.44E-07       .7083       .2409  -1.963E-08   4464.3208    -.027084 

 373.920  2.51E-07      1.5726       .1251  -1.772E-08   4464.3636    -.019994 

 378.840  1.70E-07      1.9520     .042063  -1.476E-08   4464.3823    -.013748 

 383.760  1.05E-07      1.9974    -.013025  -1.144E-08   4464.3846    -.008646 

 388.680  5.74E-08      1.8323    -.046031  -8.224E-09   4464.3764    -.004772 

 393.600  2.45E-08      1.5505    -.062852  -5.383E-09   4464.3625    -.002066 

 398.520  4.46E-09      1.2178    -.068872  -3.058E-09   4464.3460  -3.808E-04 

 403.440 -5.55E-09       .8751    -.068629  -1.300E-09   4464.3290   4.794E-04 

 408.360 -8.33E-09       .5434    -.065657  -1.088E-10   4464.3126   7.289E-04 

 413.280 -6.62E-09       .2291    -.062421   5.400E-10   4464.2971   5.866E-04 

 418.200 -3.02E-09    -.071178    -.060313   6.727E-10   4464.2892   2.706E-04 

 423.120 -5.45E-16      -.3649     .007257   3.064E-10   4464.3038     .027197 

 428.040  3.02E-16  -1.392E-07     .037080   5.543E-17   4464.2857    -.015073 

 432.960  1.76E-22   3.658E-08   1.414E-08  -3.072E-17   4464.2857  -8.771E-09 

 437.880 -3.03E-23   2.862E-14  -3.718E-09  -1.788E-23   4464.2857   1.511E-09 

 442.800     0.000  -3.668E-15  -2.908E-15   3.080E-24   4464.2857   1.485E-15 

 447.720     0.000  -4.340E-21   3.727E-16      0.0000   4464.2857  -1.515E-16 

 452.640     0.000   3.677E-22   4.410E-22      0.0000   4464.2857  -2.097E-22 

 457.560     0.000      0.0000  -3.737E-23      0.0000   4464.2857   1.519E-23 

 462.480     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 467.400     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 472.320     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 477.240     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 



 482.160     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 487.080     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 492.000     0.000      0.0000      0.0000      0.0000   4464.2857      0.0000 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No. 10: 

 

Pile-head deflection             =     1.00000000 in 

Computed slope at pile head      =          0.000 

Maximum bending moment           =   -1703785.521 lbs-in 

Maximum shear force              =      41094.832 lbs 

Depth of maximum bending moment  =          0.000 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =             10 

Number of zero deflection points =             13 

 

 

 

 

 

------------------------------------------------------------------------------ 

                        Summary of Pile-head Response 

------------------------------------------------------------------------------ 

 

Definition of symbols for pile-head boundary conditions: 

 

y = pile-head displacment, in 

M = pile-head moment, lbs-in 

V = pile-head shear force, lbs 

S = pile-head slope, radians 

R = rotational stiffness of pile-head, in-lbs/rad 

 

 BC    Boundary     Boundary       Axial    Pile Head    Maximum     Maximum  

Type  Condition    Condition       Load     Deflection    Moment      Shear 

          1            2            lbs         in        in-lbs       lbs 

---- ------------ ------------ ----------- ----------- ----------- ----------- 

  5  y=   .100000 S=     0.000  75000.0000     .100000  -2.568E+05   8233.4752 

  5  y=   .200000 S=     0.000  75000.0000       .2000  -4.616E+05  13882.4579 

  5  y=   .300000 S=     0.000  75000.0000       .3000  -6.518E+05  18979.3831 

  5  y=   .400000 S=     0.000  75000.0000       .4000  -8.353E+05  23819.2933 

  5  y=   .500000 S=     0.000  75000.0000       .5000  -1.006E+06  27759.7730 

  5  y=   .600000 S=     0.000  75000.0000       .6000  -1.164E+06  31061.2019 

  5  y=   .700000 S=     0.000  75000.0000       .7000  -1.311E+06  33965.9859 

  5  y=   .800000 S=     0.000  75000.0000       .8000  -1.448E+06  36546.3431 

  5  y=   .900000 S=     0.000  75000.0000       .9000  -1.579E+06  38906.5024 

  5  y=     1.000 S=     0.000  75000.0000      1.0000  -1.704E+06  41094.8322 

 

 

------------------------------------------------------------------------------ 

                     Pile-head Deflection vs. Pile Length 

------------------------------------------------------------------------------ 

 

 Boundary Condition Type 5, Deflection and Slope 



 

Deflection =          .10000  in 

Slope      =          .00000 

Axial Load =          75000. lbs 

 

 

 

   Pile       Pile Head       Maximum      Maximum 

  Length      Deflection      Moment        Shear  

    in           in           in-lbs         lbs 

-----------  ------------  ------------  ------------ 

   492.000     .10000000   -256780.357      8233.475 

   467.400     .10000000   -256879.457      8233.965 

   442.800     .10000000   -257002.238      8237.536 

   418.200     .10000000   -257082.194      8239.006 

   393.600     .10000000   -257148.891      8240.489 

   369.000     .10000000   -257230.255      8243.480 

   344.400     .10000000   -257308.986      8245.679 

   319.800     .10000000   -257403.270      8249.058 

   295.200     .10000000   -257465.237      8251.034 

   270.600     .10000000   -257509.831      8252.087 

 

The analysis ended normally.  

 



============================================================================== 

 

                    LPILE Plus for Windows, Version 4.0 

 

               Analysis of Individual Piles and Drilled Shafts 

              Subjected to Lateral Loading Using the p-y Method 

 

                   (c) Copyright ENSOFT, Inc., 1985-2001 

                             All Rights Reserved 

 

============================================================================== 

 

 

This program is licensed to:  

 

IT - San Jose 

URS Corporation 

 

Path to file locations:      X:\Route 84 - Isabel 

Avenue\geotech\Analysis\pile\lateral\ArroyoMocho\ 

Name of input data file:     ArroyoMocho_Abut_B19_ Free.lpd 

Name of output file:         ArroyoMocho_Abut_B19_ Free.lpo 

Name of plot output file:    ArroyoMocho_Abut_B19_ Free.lpp 

Name of runtime file:        ArroyoMocho_Abut_B19_ Free.lpr 

 

 

------------------------------------------------------------------------------ 

                          Time and Date of Analysis 

------------------------------------------------------------------------------ 

 

               Date:  October 29, 2009     Time:  11:33:17 

 

 

------------------------------------------------------------------------------ 

                                Problem Title 

------------------------------------------------------------------------------ 

 

SR84 Isabel Abutment - Arroyo Mocho Bridge Widen - H pile - Weak Axis            

 

 

------------------------------------------------------------------------------ 

                                Program Options 

------------------------------------------------------------------------------ 

 

Units Used in Computations - US Customary Units, inches, pounds 

 

Basic Program Options: 

 

Analysis Type 1:  

- Computation of Lateral Pile Response Using User-specified Constant EI 

 

Computation Options: 

- Only internally-generated p-y curves used in analysis 

- Analysis does not use p-y multipliers (individual pile or shaft action only) 

- Analysis assumes no shear resistance at pile tip 

- Analysis includes automatic computation of pile-top deflection vs. 

  pile embedment length 



- No computation of foundation stiffness matrix elements 

- Output pile response for full length of pile 

- Analysis assumes no soil movements acting on pile 

- Additional p-y curves computed at specified depths 

 

Solution Control Parameters: 

- Number of pile increments            =          100 

- Maximum number of iterations allowed =          100 

- Deflection tolerance for convergence =   1.0000E-05 in 

- Maximum allowable deflection         =   1.0000E+02 in 

 

Printing Options: 

- Values of pile-head deflection, bending moment, shear force, and  

  soil reaction are printed for full length of pile. 

- Printing Increment (spacing of output points) =  1 

 

 

------------------------------------------------------------------------------ 

                   Pile Structural Properties and Geometry 

------------------------------------------------------------------------------ 

 

Pile Length                               =     444.00 in 

Depth of ground surface below top of pile =     -36.00 in 

Slope angle of ground surface             =      21.80 deg. 

 

Structural properties of pile defined using  2 points 

 

Point    Depth         Pile      Moment of       Pile      Modulus of 

           X         Diameter     Inertia        Area      Elasticity 

           in           in         in**4        Sq.in      lbs/Sq.in 

-----  ---------   -----------   ----------   ----------   ----------- 

  1       0.0000        10.000     101.0000      16.8000  29000000.000 

  2     444.0000        10.000     101.0000      16.8000  29000000.000 

 

 

------------------------------------------------------------------------------ 

                      Soil and Rock Layering Information 

------------------------------------------------------------------------------ 

 

The soil profile is modelled using  4 layers 

 

Layer  1 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      -36.000 in 

Distance from top of pile to bottom of layer =      132.000 in 

p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3 

 

Layer  2 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      132.000 in 

Distance from top of pile to bottom of layer =      420.000 in 

p-y subgrade modulus k for top of soil layer =      225.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =      225.000 lbs/in**3 

 

Layer  3 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      420.000 in 

Distance from top of pile to bottom of layer =      732.000 in 

p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3 



p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3 

 

Layer  4 is stiff clay without free water 

Distance from top of pile to top of layer    =      732.000 in 

Distance from top of pile to bottom of layer =     1092.000 in 

p-y subgrade modulus k for top of soil layer =     1000.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =     1000.000 lbs/in**3 

 

 

(Depth of lowest layer extends  648.00 in below pile tip) 

 

 

------------------------------------------------------------------------------ 

                   Effective Unit Weight of Soil vs. Depth 

------------------------------------------------------------------------------ 

 

Distribution of effective unit weight of soil with depth 

is defined using  8 points 

 

Point        Depth X    Eff. Unit Weight 

 No.           in          lbs/in**3 

-----      ----------   ---------------- 

  1           -36.00         .07230 

  2           132.00         .07230 

  3           132.00         .07810 

  4           420.00         .07810 

  5           420.00         .04200 

  6           732.00         .04200 

  7           732.00         .04200 

  8          1092.00         .04200 

 

 

 

------------------------------------------------------------------------------ 

                           Shear Strength of Soils 

------------------------------------------------------------------------------ 

 

Distribution of shear strength parameters with depth 

defined using  8 points 

 

Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD 

 No.       in         lbs/in**2            Deg.            k_rm        % 

-----   --------     ----------     ------------------    ------    ------ 

  1      -36.000         .00000           35.00           ------    ------ 

  2      132.000         .00000           35.00           ------    ------ 

  3      132.000         .00000           40.00           ------    ------ 

  4      420.000         .00000           40.00           ------    ------ 

  5      420.000         .00000           40.00           ------    ------ 

  6      732.000         .00000           40.00           ------    ------ 

  7      732.000       27.77800             .00           .00500        .0 

  8     1092.000       27.77800             .00           .00500        .0 

 

Notes: 

 

(1)  Cohesion = uniaxial compressive strength for rock materials. 

(2)  Values of E50 are reported for clay strata.  

(3)  Default values will be generated for E50 when input values are 0. 



(4)  RQD and k_rm are reported only for weak rock strata. 

 

Static loading criteria was used for computation of  p-y curves 

 

 

 

------------------------------------------------------------------------------ 

              Pile-head Loading and Pile-head Fixity Conditions 

------------------------------------------------------------------------------ 

 

Number of loads specified = 10 

 

Load Case Number  1 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =            .100 in 

Bending moment at pile head =            .000 in-lbs 

Axial load at pile head     =       75000.000 lbs 

 

Load Case Number  2 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =            .200 in 

Bending moment at pile head =            .000 in-lbs 

Axial load at pile head     =       75000.000 lbs 

 

Load Case Number  3 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =            .300 in 

Bending moment at pile head =            .000 in-lbs 

Axial load at pile head     =       75000.000 lbs 

 

Load Case Number  4 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =            .400 in 

Bending moment at pile head =            .000 in-lbs 

Axial load at pile head     =       75000.000 lbs 

 

Load Case Number  5 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =            .500 in 

Bending moment at pile head =            .000 in-lbs 

Axial load at pile head     =       75000.000 lbs 

 

Load Case Number  6 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =            .600 in 

Bending moment at pile head =            .000 in-lbs 

Axial load at pile head     =       75000.000 lbs 

 

Load Case Number  7 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 



Deflection at pile head     =            .700 in 

Bending moment at pile head =            .000 in-lbs 

Axial load at pile head     =       75000.000 lbs 

 

Load Case Number  8 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =            .800 in 

Bending moment at pile head =            .000 in-lbs 

Axial load at pile head     =       75000.000 lbs 

 

Load Case Number  9 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =            .900 in 

Bending moment at pile head =            .000 in-lbs 

Axial load at pile head     =       75000.000 lbs 

 

Load Case Number 10 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           1.000 in 

Bending moment at pile head =            .000 in-lbs 

Axial load at pile head     =       75000.000 lbs 

 

 

 

 

------------------------------------------------------------------------------ 

                   Output of p-y Curves at Specified Depths 

------------------------------------------------------------------------------ 

 

 

 

p-y curves are generated and printed for verification at  1 depths. 

 

Depth      Depth Below Pile Head      Depth Below Ground Surface 

 No.                 in                         in 

-----      ---------------------      -------------------------- 

  1                60.000                     96.000 

 

Depth of ground surface below top of pile =     -36.00 in 

 

 

p-y Curve in Sand Computed Using Reese Criteria 

 

Soil Layer Number           =            1 

Depth below pile head       =       60.000 in 

Depth below ground surface  =       96.000 in 

Equivalent Depth (see note) =       96.000 in 

Pile Diameter               =       10.000 in 

Angle of Friction           =       35.000 deg. 

Avg. Eff. Unit Weight       =       .07230 lbs/in**3 

k                           =       90.000 pci   

A (static)                  =        .8800 

B (static)                  =        .5000 

Pst                         =      971.160 lbs/in 



Psd                         =     3733.696 lbs/in 

Ps                          =      971.160 lbs/in 

pu                          =      854.621 lbs/in 

Cbar                        =    1443.3672 

n                           =       1.6447 

m                           =    1771.3961 

yk                          =        .0104  in 

ym                          =        .1667  in 

yu                          =        .3750  in 

p-multiplier                =      1.00000 

y-multiplier                =      1.00000 

 

If Psd <= Pst then actual depth is used in place of equivalent depth in 

computations. 

 

        y, in             p, lbs/in 

----------------    ----------------- 

          .0000             .000 

          .0139          107.181 

          .0278          163.360 

          .0417          209.030 

          .0556          248.984 

          .0694          285.163 

          .0833          318.592 

          .0972          349.895 

          .1111          379.487 

          .1250          407.660 

          .1389          434.629 

          .1528          460.559 

          .1667          485.580 

          .3750          854.621 

        10.3750          854.621 

        20.3750          854.621 

        30.3750          854.621 

 

 

 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  1 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Specified deflection at pile head     =         .100000 in 

Specified bending moment at pile head =            .000 in-lbs 

Specified axial load at pile head     =       75000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .100000      0.0000   4011.8234    -.002138   4464.2857    -77.7271 

   4.440   .090508  17758.2790   3670.9065    -.002124   5343.4084    -75.8391 



   8.880   .081135  34012.5321   3320.0229    -.002085   6148.0744    -82.2166 

  13.320   .071991  48628.8316   2945.1090    -.002023   6871.6536    -86.6636 

  17.760   .063174  61512.1333   2546.8354    -.001939   7509.4408    -92.7390 

  22.200   .054772  72536.1653   2123.1535    -.001837   8055.1850    -98.1087 

  26.640   .046858  81589.5057   1678.9963    -.001721   8503.3702   -101.9621 

  31.080   .039492  88591.6213   1221.4758    -.001592   8850.0095   -104.1282 

  35.520   .032723  93496.2748    758.3895    -.001454   9092.8142   -104.4692 

  39.960   .026584  96294.2683    298.0736    -.001310   9231.3287   -102.8803 

  44.400   .021092  97015.5129   -150.7382    -.001163   9267.0339    -99.2872 

  48.840   .016253  95730.4775   -579.0338    -.001017   9203.4183    -93.6388 

  53.280   .012059  92551.1616   -977.5888  -8.745E-04   9046.0264    -85.8905 

  57.720   .008488  87631.9154  -1327.2017  -7.379E-04   8802.4993    -71.5927 

  62.160   .005506  81257.0836  -1594.1270  -6.099E-04   8486.9136    -48.6439 

  66.600   .003072  73882.2872  -1765.0810  -4.924E-04   8121.8247    -28.3624 

  71.040   .001134  65911.0717  -1852.2999  -3.864E-04   7727.2101    -10.9254 

  75.480 -3.60E-04  57691.2059  -1868.5423  -2.927E-04   7320.2860      3.6090 

  79.920  -.001465  49513.3654  -1826.5944  -2.115E-04   6915.4424     15.2864 

  84.360  -.002237  41611.8812  -1738.8516  -1.424E-04   6524.2798     24.2374 

  88.800  -.002730  34167.1980  -1616.9797  -8.496E-05   6155.7312     30.6599 

  93.240  -.002992  27309.6838  -1471.6569  -3.836E-05   5816.2503     34.8009 

  97.680  -.003070  21124.4343  -1312.3922  -1.653E-06   5510.0498     36.9400 

 102.120  -.003007  15656.7420  -1147.4140   2.622E-05   5239.3720     37.3745 

 106.560  -.002837  10917.9318   -983.6215   4.637E-05   5004.7774     36.4059 

 111.000  -.002595   6891.3024   -826.5876   5.987E-05   4805.4393     34.3301 

 115.440  -.002306   3537.9634   -680.6045   6.777E-05   4639.4324     31.4281 

 119.880  -.001993    802.4000   -548.7603   7.106E-05   4504.0085     27.9612 

 124.320  -.001675  -1382.3535   -433.0374   7.062E-05   4532.7191     24.1663 

 128.760  -.001366  -3090.0050   -334.4221   6.723E-05   4617.2563     20.2550 

 133.200  -.001078  -4396.7969   -223.3046   6.156E-05   4681.9489     29.7979 

 137.640 -8.19E-04  -5113.9464   -105.0506   5.435E-05   4717.4514     23.4697 

 142.080 -5.95E-04  -5365.8414    -13.7749   4.640E-05   4729.9214     17.6454 

 146.520 -4.07E-04  -5267.1728     53.1036   3.834E-05   4725.0368     12.4800 

 150.960 -2.55E-04  -4919.8192     98.7041   3.062E-05   4707.8411      8.0607 

 155.400 -1.35E-04  -4411.0758    126.4059   2.355E-05   4682.6558      4.4175 

 159.840 -4.56E-05  -3813.0201    139.6193   1.732E-05   4653.0491      1.5345 

 164.280  1.84E-05  -3182.7900    141.6073   1.202E-05   4621.8496      -.6390 

 168.720  6.11E-05  -2563.5495    135.3560   7.661E-06   4591.1941     -2.1770 

 173.160  8.65E-05  -1985.9303    123.4902   4.212E-06   4562.5991     -3.1680 

 177.600  9.85E-05  -1469.7617    108.2282   1.593E-06   4537.0462     -3.7068 

 182.040  1.01E-04  -1025.9247     91.3694  -2.985E-07   4515.0741     -3.8873 

 186.480  9.58E-05   -658.2030     74.3069  -1.575E-06   4496.8700     -3.7985 

 190.920  8.66E-05   -365.0309     58.0596  -2.351E-06   4482.3565     -3.5201 

 195.360  7.50E-05   -141.0682     43.3163  -2.734E-06   4471.2693     -3.1210 

 199.800  6.24E-05     21.4391     30.4865  -2.825E-06   4465.3471     -2.6582 

 204.240  4.99E-05    131.5334     19.7538  -2.709E-06   4470.7973     -2.1764 

 208.680  3.83E-05    198.6565     11.1276  -2.459E-06   4474.1202     -1.7092 

 213.120  2.81E-05    231.9840      4.4916  -2.132E-06   4475.7701     -1.2799 

 217.560  1.94E-05    239.9621      -.3544  -1.774E-06   4476.1650      -.9030 

 222.000  1.23E-05    230.0185     -3.6589  -1.418E-06   4475.6728      -.5855 

 226.440  6.77E-06    208.4156     -5.6898  -1.086E-06   4474.6033      -.3293 

 230.880  2.65E-06    180.2162     -6.7129  -7.914E-07   4473.2073      -.1316 

 235.320 -2.56E-07    149.3319     -6.9763  -5.416E-07   4471.6784     .012938 

 239.760 -2.16E-06    118.6273     -6.7003  -3.385E-07   4470.1584       .1114 

 244.200 -3.26E-06     90.0586     -6.0720  -1.803E-07   4468.7441       .1716 

 248.640 -3.76E-06     64.8278     -5.2436  -6.294E-08   4467.4950       .2016 

 253.080 -3.82E-06     43.5377     -4.3329   1.919E-08   4466.4410       .2087 

 257.520 -3.59E-06     26.3392     -3.4265   7.216E-08   4465.5896       .1996 



 261.960 -3.18E-06     13.0621     -2.5838   1.020E-07   4464.9324       .1800 

 266.400 -2.68E-06      3.3272     -1.8410   1.144E-07   4464.4504       .1546 

 270.840 -2.16E-06     -3.3622     -1.2164   1.144E-07   4464.4522       .1268 

 275.280 -1.67E-06     -7.5502      -.7143   1.061E-07   4464.6595     .099359 

 279.720 -1.22E-06     -9.7756      -.3294   9.301E-08   4464.7697     .073998 

 284.160 -8.41E-07    -10.5373    -.050138   7.762E-08   4464.8074     .051800 

 288.600 -5.32E-07    -10.2725       .1387   6.185E-08   4464.7943     .033283 

 293.040 -2.92E-07     -9.3464       .2538   4.698E-08   4464.7484     .018547 

 297.480 -1.14E-07     -8.0499       .3114   3.379E-08   4464.6842     .007395 

 301.920  8.48E-09     -6.6036       .3266   2.268E-08   4464.6126  -5.565E-04 

 306.360  8.70E-08     -5.1650       .3125   1.376E-08   4464.5414    -.005793 

 310.800  1.31E-07     -3.8379       .2800   6.940E-09   4464.4757    -.008836 

 315.240  1.49E-07     -2.6831       .2378   1.997E-09   4464.4185    -.010195 

 319.680  1.48E-07     -1.7280       .1922  -1.346E-09   4464.3713    -.010332 

 324.120  1.37E-07      -.9756       .1478  -3.395E-09   4464.3340    -.009648 

 328.560  1.18E-07      -.4129       .1076  -4.448E-09   4464.3062    -.008470 

 333.000  9.72E-08    -.016957     .073158  -4.773E-09   4464.2866    -.007053 

 337.440  7.59E-08       .2399     .045098  -4.604E-09   4464.2976    -.005586 

 341.880  5.63E-08       .3866     .023378  -4.129E-09   4464.3049    -.004197 

 346.320  3.92E-08       .4503     .007476  -3.495E-09   4464.3080    -.002966 

 350.760  2.52E-08       .4553    -.003398  -2.809E-09   4464.3083    -.001932 

 355.200  1.43E-08       .4220    -.010150  -2.144E-09   4464.3066    -.001109 

 359.640  6.19E-09       .3666    -.013691  -1.546E-09   4464.3039  -4.866E-04 

 364.080  5.59E-10       .3014    -.014870  -1.040E-09   4464.3006  -4.451E-05 

 368.520 -3.04E-09       .2352    -.014425  -6.332E-10   4464.2974   2.453E-04 

 372.960 -5.06E-09       .1738    -.012963  -3.232E-10   4464.2943   4.131E-04 

 377.400 -5.91E-09       .1203    -.010962  -1.003E-10   4464.2917   4.884E-04 

 381.840 -5.95E-09     .076481    -.008773   4.891E-11   4464.2895   4.976E-04 

 386.280 -5.48E-09     .042400    -.006639   1.390E-10   4464.2878   4.635E-04 

 390.720 -4.72E-09     .017433    -.004714   1.844E-10   4464.2866   4.039E-04 

 395.160 -3.84E-09   4.204E-04    -.003078   1.979E-10   4464.2857   3.326E-04 

 399.600 -2.96E-09    -.010035    -.001764   1.906E-10   4464.2862   2.594E-04 

 404.040 -2.15E-09    -.015372  -7.656E-04   1.714E-10   4464.2865   1.904E-04 

 408.480 -1.44E-09    -.016948  -5.654E-05   1.469E-10   4464.2866   1.290E-04 

 412.920 -8.45E-10    -.015972   3.998E-04   1.219E-10   4464.2865   7.655E-05 

 417.360 -3.58E-10    -.013479   6.424E-04   9.958E-11   4464.2864   3.275E-05 

 421.800  3.92E-11    -.010333   7.116E-04   8.154E-11   4464.2862  -1.612E-06 

 426.240  3.66E-10    -.007214   6.741E-04   6.824E-11   4464.2861  -1.526E-05 

 430.680  6.45E-10    -.004393   5.798E-04   5.944E-11   4464.2859  -2.722E-05 

 435.120  8.94E-10    -.002105   4.345E-04   5.451E-11   4464.2858  -3.823E-05 

 439.560  1.13E-09  -5.708E-04   2.410E-04   5.249E-11   4464.2857  -4.890E-05 

 444.000  1.36E-09      0.0000      0.0000   5.205E-11   4464.2857  -5.967E-05 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  1: 

 

Pile-head deflection             =      .10000000 in 

Computed slope at pile head      =     -.00213791 

Maximum bending moment           =      97015.513 lbs-in 

Maximum shear force              =       4011.823 lbs 

Depth of maximum bending moment  =         44.400 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              6 



Number of zero deflection points =              6 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  2 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Specified deflection at pile head     =         .200000 in 

Specified bending moment at pile head =            .000 in-lbs 

Specified axial load at pile head     =       75000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .200000      0.0000   6684.6030    -.004053   4464.2857   -108.9408 

   4.440   .182004  29955.5004   6193.4520    -.004030   5947.2313   -112.2984 

   8.880   .164210  57682.0733   5669.0484    -.003964   7319.8339   -123.9194 

  13.320   .146805  82936.6318   5097.9847    -.003857   8570.0596   -133.3165 

  17.760   .129957   1.055E+05   4482.8175    -.003715   9688.1063   -143.7858 

  22.200   .113820   1.252E+05   3823.8412    -.003540  10663.1926   -153.0504 

  26.640   .098525   1.418E+05   3128.4211    -.003337  11485.7847   -160.2019 

  31.080   .084185   1.552E+05   2406.5319    -.003112  12148.4881   -164.9735 

  35.520   .070890   1.653E+05   1669.2342    -.002869  12646.3116   -167.1426 

  39.960   .058707   1.720E+05    928.4739    -.002614  12976.8870   -166.5332 

  44.400   .047682   1.753E+05    196.8762    -.002350  13140.6421   -163.0153 

  48.840   .037836   1.753E+05   -512.4500    -.002085  13140.9274   -156.5009 

  53.280   .029169   1.721E+05  -1186.0730    -.001821  12984.1004   -146.9328 

  57.720   .021661   1.659E+05  -1810.3234    -.001565  12679.5778   -134.2611 

  62.160   .015270   1.571E+05  -2371.2167    -.001320  12239.8802   -118.3936 

  66.600   .009937   1.458E+05  -2837.7439    -.001091  11680.7148    -91.7539 

  71.040   .005584   1.326E+05  -3160.8548  -8.799E-04  11028.3621    -53.7915 

  75.480   .002123   1.183E+05  -3327.5677  -6.897E-04  10320.1997    -21.3044 

  79.920 -5.41E-04   1.035E+05  -3362.3374  -5.216E-04   9588.2899      5.6423 

  84.360  -.002508  88779.2898  -3289.4897  -3.759E-04   8859.3001     27.1720 

  88.800  -.003878  74544.5379  -3132.4587  -2.521E-04   8154.6094     43.5627 

  93.240  -.004747  61130.9340  -2913.1778  -1.492E-04   7490.5696     55.2125 

  97.680  -.005204  48774.9091  -2651.6204  -6.593E-05   6878.8852     62.6062 

 102.120  -.005332  37628.4561  -2365.4839  -4.448E-07   6327.0806     66.2842 

 106.560  -.005208  27769.7085  -2070.0024   4.912E-05   5839.0238     66.8156 

 111.000  -.004896  19214.1190  -1777.8721   8.473E-05   5415.4797     64.7746 

 115.440  -.004455  11925.7717  -1499.2693   1.083E-04   5054.6705     60.7221 

 119.880  -.003934   5828.4558  -1241.9419   1.218E-04   4752.8231     55.1911 

 124.320  -.003374    816.2140  -1011.3531   1.268E-04   4504.6923     48.6777 

 128.760  -.002808  -3236.8276   -810.8592   1.250E-04   4624.5247     41.6349 

 133.200  -.002264  -6467.4615   -579.5001   1.176E-04   4784.4571     62.5809 

 137.640  -.001763  -8461.1358   -328.4508   1.063E-04   4883.1538     50.5043 

 142.080  -.001320  -9454.9167   -129.4942   9.274E-05   4932.3509     39.1158 

 146.520 -9.40E-04  -9672.8118     21.2587   7.825E-05   4943.1378     28.7909 

 150.960 -6.25E-04  -9318.2523    129.0566   6.385E-05   4925.5853     19.7667 

 155.400 -3.73E-04  -8569.3154    199.9353   5.030E-05   4888.5092     12.1606 

 159.840 -1.78E-04  -7576.3237    240.2314   3.806E-05   4839.3512      5.9908 

 164.280 -3.46E-05  -6461.4069    256.1924   2.742E-05   4784.1573      1.1988 



 168.720  6.54E-05  -5319.5959    253.6809   1.849E-05   4727.6320     -2.3301 

 173.160  1.30E-04  -4221.0343    237.9696   1.126E-05   4673.2478     -4.7471 

 177.600  1.65E-04  -3213.9236    213.6159   5.622E-06   4623.3908     -6.2231 

 182.040  1.79E-04  -2327.8697    184.4053   1.422E-06   4579.5268     -6.9349 

 186.480  1.78E-04  -1577.3515    153.3502  -1.538E-06   4542.3724     -7.0539 

 190.920  1.66E-04   -965.0956    122.7307  -3.465E-06   4512.0627     -6.7386 

 195.360  1.47E-04   -485.1949     94.1655  -4.564E-06   4488.3053     -6.1286 

 199.800  1.25E-04   -125.8667     68.7002  -5.027E-06   4470.5167     -5.3422 

 204.240  1.03E-04    128.2111     46.9059  -5.025E-06   4470.6328     -4.4751 

 208.680  8.07E-05    294.0045     28.9770  -4.705E-06   4478.8404     -3.6010 

 213.120  6.08E-05    388.6609     14.8257  -4.188E-06   4483.5264     -2.7735 

 217.560  4.35E-05    428.4457      4.1659  -3.569E-06   4485.4959     -2.0282 

 222.000  2.91E-05    428.0312     -3.4129  -2.920E-06   4485.4754     -1.3857 

 226.440  1.76E-05    400.0838     -8.3861  -2.292E-06   4484.0918      -.8545 

 230.880  8.74E-06    355.0894    -11.2463  -1.720E-06   4481.8644      -.4339 

 235.320  2.30E-06    301.3622    -12.4684  -1.222E-06   4479.2046      -.1166 

 239.760 -2.11E-06    245.1838    -12.4858  -8.077E-07   4476.4235       .1088 

 244.200 -4.87E-06    191.0261    -11.6756  -4.771E-07   4473.7425       .2562 

 248.640 -6.34E-06    141.8224    -10.3517  -2.248E-07   4471.3066       .3402 

 253.080 -6.86E-06     99.2529     -8.7641  -4.210E-08   4469.1992       .3750 

 257.520 -6.72E-06     64.0249     -7.1023   8.166E-08   4467.4553       .3736 

 261.960 -6.14E-06     36.1302     -5.5011   1.576E-07   4466.0743       .3476 

 266.400 -5.32E-06     15.0699     -4.0492   1.964E-07   4465.0317       .3064 

 270.840 -4.40E-06     .042909     -2.7968   2.078E-07   4464.2878       .2577 

 275.280 -3.47E-06     -9.9045     -1.7652   2.004E-07   4464.7760       .2070 

 279.720 -2.62E-06    -15.7655      -.9534   1.809E-07   4465.0662       .1586 

 284.160 -1.87E-06    -18.4916      -.3460   1.549E-07   4465.2011       .1150 

 288.600 -1.24E-06    -18.9412     .081796   1.266E-07   4465.2234     .077698 

 293.040 -7.43E-07    -17.8496       .3592   9.868E-08   4465.1694     .047248 

 297.480 -3.65E-07    -15.8175       .5164   7.316E-08   4465.0688     .023564 

 301.920 -9.31E-08    -13.3128       .5823   5.108E-08   4464.9448     .006109 

 306.360  8.89E-08    -10.6811       .5827   3.290E-08   4464.8145    -.005921 

 310.800  1.99E-07     -8.1606       .5397   1.862E-08   4464.6897    -.013454 

 315.240  2.54E-07     -5.9013       .4711   7.957E-09   4464.5779    -.017439 

 319.680  2.70E-07     -3.9827       .3907   4.658E-10   4464.4829    -.018770 

 324.120  2.58E-07     -2.4322       .3085  -4.396E-09   4464.4061    -.018239 

 328.560  2.31E-07     -1.2400       .2314  -7.180E-09   4464.3471    -.016513 

 333.000  1.95E-07      -.3727       .1634  -8.402E-09   4464.3042    -.014126 

 337.440  1.56E-07       .2163       .1065  -8.521E-09   4464.2964    -.011483 

 341.880  1.19E-07       .5788     .061329  -7.918E-09   4464.3144    -.008871 

 346.320  8.57E-08       .7662     .027252  -6.899E-09   4464.3236    -.006479 

 350.760  5.77E-08       .8254     .003065  -5.692E-09   4464.3266    -.004416 

 355.200  3.52E-08       .7972    -.012796  -4.462E-09   4464.3252    -.002728 

 359.640  1.80E-08       .7147    -.021998  -3.317E-09   4464.3211    -.001417 

 364.080  5.71E-09       .6040    -.026152  -2.317E-09   4464.3156  -4.543E-04 

 368.520 -2.55E-09       .4841    -.026705  -1.492E-09   4464.3097   2.052E-04 

 372.960 -7.54E-09       .3679    -.024883  -8.466E-10   4464.3039   6.154E-04 

 377.400 -1.01E-08       .2637    -.021672  -3.679E-10   4464.2988   8.312E-04 

 381.840 -1.08E-08       .1757    -.017821  -3.491E-11   4464.2944   9.036E-04 

 386.280 -1.04E-08       .1054    -.013867   1.782E-10   4464.2909   8.775E-04 

 390.720 -9.23E-09     .052427    -.010165   2.978E-10   4464.2883   7.898E-04 

 395.160 -7.73E-09     .014965    -.006926   3.489E-10   4464.2865   6.692E-04 

 399.600 -6.13E-09    -.009310    -.004249   3.532E-10   4464.2862   5.369E-04 

 404.040 -4.59E-09    -.022997    -.002153   3.287E-10   4464.2869   4.069E-04 

 408.480 -3.21E-09    -.028652  -6.116E-04   2.895E-10   4464.2871   2.877E-04 

 412.920 -2.02E-09    -.028621   4.336E-04   2.461E-10   4464.2871   1.832E-04 

 417.360 -1.03E-09    -.024966     .001049   2.055E-10   4464.2870   9.392E-05 



 421.800 -1.97E-10    -.019446     .001275   1.718E-10   4464.2867   8.096E-06 

 426.240  5.01E-10    -.013757     .001247   1.467E-10   4464.2864  -2.084E-05 

 430.680  1.11E-09    -.008471     .001097   1.298E-10   4464.2861  -4.665E-05 

 435.120  1.65E-09    -.004101   8.365E-04   1.203E-10   4464.2859  -7.069E-05 

 439.560  2.17E-09    -.001123   4.706E-04   1.163E-10   4464.2858  -9.414E-05 

 444.000  2.69E-09      0.0000      0.0000   1.155E-10   4464.2857  -1.178E-04 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  2: 

 

Pile-head deflection             =      .20000000 in 

Computed slope at pile head      =     -.00405306 

Maximum bending moment           =     175268.162 lbs-in 

Maximum shear force              =       6684.603 lbs 

Depth of maximum bending moment  =         48.840 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              7 

Number of zero deflection points =              6 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  3 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Specified deflection at pile head     =         .300000 in 

Specified bending moment at pile head =            .000 in-lbs 

Specified axial load at pile head     =       75000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .300000      0.0000   9060.4559    -.005892   4464.2857   -137.6254 

   4.440   .273839  40833.9472   8432.4007    -.005861   6485.7683   -145.2824 

   8.880   .247953  78783.2436   7753.6292    -.005770   8364.4463   -160.4705 

  13.320   .222597   1.135E+05   7013.0086    -.005625  10084.5490   -173.1424 

  17.760   .198005   1.448E+05   6214.8473    -.005429  11632.8415   -186.3897 

  22.200   .174388   1.723E+05   5360.5506    -.005189  12995.6138   -198.4286 

  26.640   .151931   1.959E+05   4457.2453    -.004909  14160.4290   -208.4657 

  31.080   .130792   2.152E+05   3515.7018    -.004598  15116.9037   -215.6530 

  35.520   .111101   2.301E+05   2549.3268    -.004260  15857.5408   -219.6510 

  39.960   .092960   2.407E+05   1572.8038    -.003904  16378.0648   -220.2242 

  44.400   .076438   2.467E+05    601.7346    -.003534  16677.6535   -217.1943 

  48.840   .061576   2.484E+05   -347.6087    -.003159  16759.1126   -210.4378 

  53.280   .048386   2.457E+05  -1258.5081    -.002784  16628.9948   -199.8773 

  57.720   .036850   2.390E+05  -2113.9652    -.002417  16297.6720   -185.4637 

  62.160   .026923   2.286E+05  -2896.7410    -.002063  15779.3779   -167.1380 

  66.600   .018534   2.147E+05  -3589.1307    -.001727  15092.2588   -144.7493 

  71.040   .011590   1.978E+05  -4158.3441    -.001414  14258.5109   -111.6531 



  75.480   .005978   1.787E+05  -4539.3568    -.001129  13310.8544    -59.9742 

  79.920   .001568   1.583E+05  -4708.8140  -8.732E-04  12300.2022    -16.3579 

  84.360  -.001776   1.375E+05  -4702.4101  -6.490E-04  11269.6306     19.2425 

  88.800  -.004195   1.170E+05  -4555.0774  -4.562E-04  10254.4029     47.1235 

  93.240  -.005827  97322.7023  -4299.9883  -2.938E-04   9282.2413     67.7815 

  97.680  -.006804  78972.1271  -3967.7779  -1.602E-04   8373.7970     81.8628 

 102.120  -.007250  62195.4990  -3585.9812  -5.316E-05   7543.2708     90.1177 

 106.560  -.007276  47164.0191  -3178.6662   2.973E-05   6799.1381     93.3575 

 111.000  -.006986  33949.1445  -2766.2422   9.121E-05   6144.9364     92.4191 

 115.440  -.006466  22539.0452  -2365.4145   1.340E-04   5580.0800     88.1340 

 119.880  -.005795  12855.0062  -1989.2583   1.608E-04   5100.6722     81.3057 

 124.320  -.005038   4767.3068  -1647.3814   1.742E-04   4700.2910     72.6929 

 128.760  -.004249  -1889.7603  -1346.1455   1.764E-04   4557.8382     62.9990 

 133.200  -.003472  -7303.9372   -993.2170   1.694E-04   4825.8668     95.9778 

 137.640  -.002744 -10822.3589   -605.6464   1.557E-04   5000.0461     78.6036 

 142.080  -.002089 -12785.7586   -293.6514   1.378E-04   5097.2441     61.9347 

 146.520  -.001521 -13521.7480    -52.7165   1.178E-04   5133.6792     46.5945 

 150.960  -.001043 -13332.3662    123.9780   9.749E-05   5124.3038     32.9976 

 155.400 -6.55E-04 -12485.7529    244.6854   7.792E-05   5082.3923     21.3751 

 159.840 -3.51E-04 -11211.4563    318.3438   5.996E-05   5019.3083     11.8043 

 164.280 -1.22E-04  -9698.7946    353.9621   4.411E-05   4944.4241      4.2400 

 168.720  4.08E-05  -8097.6518    360.1457   3.062E-05   4865.1596     -1.4546 

 173.160  1.50E-04  -6521.0964    344.7542   1.954E-05   4787.1123     -5.4785 

 177.600  2.14E-04  -5049.2510    314.6811   1.077E-05   4714.2486     -8.0679 

 182.040  2.45E-04  -3733.9041    275.7385   4.118E-06   4649.1325     -9.4738 

 186.480  2.51E-04  -2603.4359    232.6278  -6.857E-07   4593.1687     -9.9454 

 190.920  2.39E-04  -1667.7130    188.9786  -3.923E-06   4546.8458     -9.7164 

 195.360  2.16E-04   -922.6932    147.4360  -5.886E-06   4509.9636     -8.9965 

 199.800  1.87E-04   -354.5611    109.7795  -6.854E-06   4481.8382     -7.9659 

 204.240  1.55E-04     56.7141     77.0600  -7.080E-06   4467.0933     -6.7727 

 208.680  1.24E-04    334.4468     49.7406  -6.784E-06   4480.8425     -5.5334 

 213.120  9.50E-05    502.9283     27.8344  -6.149E-06   4489.1832     -4.3343 

 217.560  6.94E-05    585.7114     11.0302  -5.324E-06   4493.2813     -3.2351 

 222.000  4.77E-05    604.4226     -1.1969  -4.422E-06   4494.2076     -2.2726 

 226.440  3.01E-05    578.0282     -9.4932  -3.526E-06   4492.9010     -1.4645 

 230.880  1.64E-05    522.4714    -14.5522  -2.691E-06   4490.1506      -.8143 

 235.320  6.22E-06    450.5973    -17.0588  -1.954E-06   4486.5925      -.3148 

 239.760 -9.41E-07    372.2901    -17.6499  -1.330E-06   4482.7159     .048559 

 244.200 -5.59E-06    294.7523    -16.8886  -8.247E-07   4478.8774       .2944 

 248.640 -8.26E-06    222.8686    -15.2514  -4.323E-07   4475.3188       .4431 

 253.080 -9.43E-06    159.6075    -13.1239  -1.425E-07   4472.1871       .5152 

 257.520 -9.53E-06    106.4229    -10.8036   5.918E-08   4469.5542       .5300 

 261.960 -8.91E-06     63.6320     -8.5075   1.881E-07   4467.4358       .5043 

 266.400 -7.86E-06     30.7511     -6.3827   2.596E-07   4465.8080       .4528 

 270.840 -6.60E-06      6.7805     -4.5184   2.881E-07   4464.6214       .3870 

 275.280 -5.30E-06     -9.5643     -2.9578   2.859E-07   4464.7592       .3160 

 279.720 -4.06E-06    -19.6751     -1.7095   2.638E-07   4465.2597       .2463 

 284.160 -2.96E-06    -24.9208      -.7582   2.300E-07   4465.5194       .1823 

 288.600 -2.02E-06    -26.5609    -.072660   1.910E-07   4465.6006       .1265 

 293.040 -1.26E-06    -25.6932       .3865   1.514E-07   4465.5577     .080304 

 297.480 -6.77E-07    -23.2294       .6619   1.143E-07   4465.4357     .043732 

 301.920 -2.48E-07    -19.8918       .7950   8.160E-08   4465.2705     .016248 

 306.360  4.77E-08    -16.2239       .8240   5.422E-08   4465.0889    -.003177 

 310.800  2.34E-07    -12.6104       .7819   3.237E-08   4464.9100    -.015810 

 315.240  3.35E-07     -9.3022       .6958   1.576E-08   4464.7462    -.022992 

 319.680  3.74E-07     -6.4425       .5870   3.827E-09   4464.6047    -.026018 

 324.120  3.69E-07     -4.0925       .4713  -4.158E-09   4464.4883    -.026060 



 328.560  3.37E-07     -2.2542       .3599  -8.969E-09   4464.3973    -.024121 

 333.000  2.89E-07      -.8903       .2597  -1.135E-08   4464.3298    -.021016 

 337.440  2.36E-07     .059834       .1745  -1.198E-08   4464.2887    -.017375 

 341.880  1.83E-07       .6674       .1056  -1.143E-08   4464.3188    -.013657 

 346.320  1.35E-07      1.0053     .052715  -1.016E-08   4464.3355    -.010174 

 350.760  9.28E-08      1.1422     .014343  -8.535E-09   4464.3423    -.007111 

 355.200  5.88E-08      1.1384    -.011571  -6.806E-09   4464.3421    -.004562 

 359.640  3.24E-08      1.0440    -.027351  -5.152E-09   4464.3374    -.002547 

 364.080  1.30E-08       .8989    -.035308  -3.679E-09   4464.3302    -.001038 

 368.520 -2.70E-10       .7329    -.037564  -2.442E-09   4464.3220   2.177E-05 

 372.960 -8.65E-09       .5670    -.035949  -1.457E-09   4464.3138   7.055E-04 

 377.400 -1.32E-08       .4147    -.031961  -7.129E-10   4464.3062     .001091 

 381.840 -1.50E-08       .2837    -.026760  -1.836E-10   4464.2998     .001252 

 386.280 -1.48E-08       .1772    -.021194   1.657E-10   4464.2945     .001255 

 390.720 -1.35E-08     .095351    -.015841   3.722E-10   4464.2904     .001156 

 395.160 -1.15E-08     .036262    -.011058   4.720E-10   4464.2875   9.986E-04 

 399.600 -9.32E-09    -.003159    -.007030   4.971E-10   4464.2859   8.159E-04 

 404.040 -7.12E-09    -.026493    -.003818   4.746E-10   4464.2870   6.306E-04 

 408.480 -5.10E-09    -.037382    -.001404   4.262E-10   4464.2876   4.570E-04 

 412.920 -3.33E-09    -.039243   2.812E-04   3.681E-10   4464.2877   3.021E-04 

 417.360 -1.83E-09    -.035130     .001324   3.117E-10   4464.2875   1.678E-04 

 421.800 -5.66E-10    -.027691     .001748   2.641E-10   4464.2871   2.327E-05 

 426.240  5.13E-10    -.019780     .001753   2.282E-10   4464.2867  -2.137E-05 

 430.680  1.46E-09    -.012280     .001568   2.039E-10   4464.2863  -6.160E-05 

 435.120  2.32E-09    -.005988     .001211   1.900E-10   4464.2860  -9.933E-05 

 439.560  3.15E-09    -.001651   6.881E-04   1.842E-10   4464.2858  -1.363E-04 

 444.000  3.96E-09      0.0000      0.0000   1.830E-10   4464.2857  -1.737E-04 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  3: 

 

Pile-head deflection             =      .30000000 in 

Computed slope at pile head      =     -.00589210 

Maximum bending moment           =     248355.502 lbs-in 

Maximum shear force              =       9060.456 lbs 

Depth of maximum bending moment  =         48.840 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              7 

Number of zero deflection points =              6 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  4 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Specified deflection at pile head     =         .400000 in 

Specified bending moment at pile head =            .000 in-lbs 

Specified axial load at pile head     =       75000.000 lbs 

 



  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .400000      0.0000  11307.3307    -.007690   4464.2857   -159.1388 

   4.440   .365858  51196.5700  10558.1446    -.007651   6998.7694   -178.3323 

   8.880   .332061  98851.7242   9724.5131    -.007537   9357.9354   -197.1774 

  13.320   .298930   1.426E+05   8813.9418    -.007354  11522.2017   -212.9899 

  17.760   .266757   1.820E+05   7834.1899    -.007108  13475.0440   -228.3398 

  22.200   .235810   2.169E+05   6790.7700    -.006806  15200.4963   -241.6692 

  26.640   .206323   2.469E+05   5693.8587    -.006454  16684.6791   -252.4350 

  31.080   .178497   2.717E+05   4554.7548    -.006061  17916.3366   -260.6749 

  35.520   .152500   2.913E+05   3384.8955    -.005634  18886.8056   -266.2888 

  39.960   .128463   3.055E+05   2198.5938    -.005182  19590.1177   -268.0814 

  44.400   .106484   3.143E+05   1013.6303    -.004712  20024.1682   -265.6860 

  48.840   .086619   3.177E+05   -151.0526    -.004233  20191.0759   -258.9459 

  53.280   .068893   3.158E+05  -1275.9464    -.003753  20097.3341   -247.7630 

  57.720   .053292   3.089E+05  -2341.2020    -.003280  19753.9039   -232.0819 

  62.160   .039770   2.972E+05  -3326.7511    -.002820  19176.2622   -211.8591 

  66.600   .028248   2.812E+05  -4212.2102    -.002382  18384.4364   -186.9963 

  71.040   .018619   2.614E+05  -4976.3085    -.001971  17403.0903   -157.1921 

  75.480   .010748   2.383E+05  -5564.6810    -.001592  16261.8057   -107.8405 

  79.920   .004482   2.130E+05  -5907.8936    -.001250  15009.3222    -46.7598 

  84.360 -3.51E-04   1.867E+05  -6003.2663  -9.470E-04  13705.8818      3.7991 

  88.800  -.003927   1.603E+05  -5896.9129  -6.839E-04  12401.4840     44.1078 

  93.240  -.006424   1.348E+05  -5633.1086  -4.603E-04  11136.1253     74.7230 

  97.680  -.008014   1.106E+05  -5253.1699  -2.743E-04   9940.3225     96.4206 

 102.120  -.008860  88305.6862  -4794.6180  -1.235E-04   8835.8543    110.1343 

 106.560  -.009111  68121.9973  -4290.6058  -4.953E-06   7836.6618    116.8982 

 111.000  -.008904  50208.4053  -3769.5826   8.473E-05   6949.8503    117.7970 

 115.440  -.008359  34591.6711  -3255.1614   1.490E-04   6176.7447    113.9243 

 119.880  -.007581  21203.3336  -2766.1532   1.913E-04   5513.9557    106.3497 

 124.320  -.006660   9900.8276  -2316.7280   2.149E-04   4954.4257     96.0941 

 128.760  -.005673    487.6851  -1916.6645   2.227E-04   4488.4285     84.1146 

 133.200  -.004682  -7267.5012  -1442.5882   2.176E-04   4824.0630    129.4332 

 137.640  -.003740 -12467.4240   -917.4055   2.026E-04   5081.4849    107.1356 

 142.080  -.002882 -15549.0258   -489.8793   1.814E-04   5234.0395     85.4438 

 146.520  -.002129 -16938.3740   -155.3504   1.568E-04   5302.8191     65.2449 

 150.960  -.001490 -17032.9597     94.1630   1.310E-04   5307.5015     47.1485 

 155.400 -9.66E-04 -16189.4809    268.8002   1.059E-04   5265.7452     31.5169 

 159.840 -5.50E-04 -14716.5174    379.8443   8.244E-05   5192.8262     18.5029 

 164.280 -2.34E-04 -12871.3667    438.8793   6.153E-05   5101.4821      8.0895 

 168.720 -3.68E-06 -10860.2459    457.1288   4.354E-05   5001.9217       .1310 

 173.160  1.53E-04  -8841.0604    444.9681   2.861E-05   4901.9620     -5.6088 

 177.600  2.50E-04  -6927.9817    411.5989   1.666E-05   4807.2551     -9.4224 

 182.040  3.01E-04  -5197.1545    364.8654   7.466E-06   4721.5706    -11.6288 

 186.480  3.17E-04  -3692.9489    311.1885   7.274E-07   4647.1050    -12.5500 

 190.920  3.07E-04  -2434.2854    255.5938  -3.917E-06   4584.7949    -12.4926 

 195.360  2.82E-04  -1420.6674    201.8091  -6.839E-06   4534.6158    -11.7347 

 199.800  2.47E-04   -637.6662    152.4077  -8.399E-06   4495.8534    -10.5181 

 204.240  2.07E-04    -61.6934    108.9797  -8.929E-06   4467.3398     -9.0441 

 208.680  1.67E-04    336.0197     72.3126  -8.721E-06   4480.9204     -7.4727 

 213.120  1.30E-04    586.2503     42.5702  -8.022E-06   4493.3080     -5.9248 

 217.560  9.62E-05    719.3854     19.4585  -7.032E-06   4499.8989     -4.4859 

 222.000  6.74E-05    763.7248      2.3730  -5.908E-06   4502.0939     -3.2103 

 226.440  4.37E-05    744.3925     -9.4759  -4.765E-06   4501.1368     -2.1271 

 230.880  2.51E-05    682.7520    -16.9625  -3.683E-06   4498.0853     -1.2452 



 235.320  1.10E-05    596.2186    -20.9674  -2.714E-06   4493.8015      -.5588 

 239.760  9.94E-07    498.3692    -22.3217  -1.884E-06   4488.9575    -.051326 

 244.200 -5.69E-06    399.2564    -21.7704  -1.204E-06   4484.0509       .2997 

 248.640 -9.70E-06    305.8495    -19.9509  -6.695E-07   4479.4268       .5199 

 253.080 -1.16E-05    222.5380    -17.3853  -2.690E-07   4475.3024       .6358 

 257.520 -1.21E-05    151.6472    -14.4817   1.458E-08   4471.7930       .6722 

 261.960 -1.15E-05     93.9308    -11.5427   2.007E-07   4468.9358       .6517 

 266.400 -1.03E-05     49.0141     -8.7781   3.091E-07   4466.7122       .5936 

 270.840 -8.77E-06     15.7752     -6.3196   3.582E-07   4465.0667       .5138 

 275.280 -7.12E-06     -7.3423     -4.2363   3.646E-07   4464.6492       .4246 

 279.720 -5.53E-06    -22.0855     -2.5497   3.423E-07   4465.3791       .3351 

 284.160 -4.08E-06    -30.2112     -1.2471   3.026E-07   4465.7813       .2516 

 288.600 -2.84E-06    -33.3618      -.2936   2.544E-07   4465.9373       .1779 

 293.040 -1.82E-06    -32.9881       .3590   2.041E-07   4465.9188       .1160 

 297.480 -1.03E-06    -30.3102       .7641   1.562E-07   4465.7862     .066475 

 301.920 -4.38E-07    -26.3066       .9754   1.133E-07   4465.5880     .028704 

 306.360 -2.32E-08    -21.7238      1.0426   7.685E-08   4465.3611     .001545 

 310.800  2.45E-07    -17.0996      1.0093   4.742E-08   4465.1322    -.016557 

 315.240  3.98E-07    -12.7931       .9119   2.477E-08   4464.9190    -.027299 

 319.680  4.65E-07     -9.0184       .7795   8.234E-09   4464.7322    -.032353 

 324.120  4.71E-07     -5.8769       .6338  -3.055E-09   4464.5766    -.033256 

 328.560  4.38E-07     -3.3880       .4904  -1.008E-08   4464.4534    -.031339 

 333.000  3.82E-07     -1.5152       .3594  -1.379E-08   4464.3607    -.027700 

 337.440  3.15E-07      -.1878       .2464  -1.508E-08   4464.2950    -.023199 

 341.880  2.48E-07       .6824       .1539  -1.471E-08   4464.3195    -.018470 

 346.320  1.85E-07      1.1882     .081872  -1.329E-08   4464.3445    -.013953 

 350.760  1.30E-07      1.4183     .028865  -1.132E-08   4464.3559    -.009924 

 355.200  8.41E-08      1.4521    -.007650  -9.141E-09   4464.3576    -.006525 

 359.640  4.84E-08      1.3565    -.030578  -7.012E-09   4464.3529    -.003803 

 364.080  2.18E-08      1.1852    -.042875  -5.086E-09   4464.3444    -.001737 

 368.520  3.23E-09       .9791    -.047308  -3.445E-09   4464.3342  -2.599E-04 

 372.960 -8.78E-09       .7674    -.046295  -2.122E-09   4464.3237   7.161E-04 

 377.400 -1.56E-08       .5694    -.041842  -1.108E-09   4464.3139     .001290 

 381.840 -1.86E-08       .3966    -.035525  -3.761E-10   4464.3053     .001556 

 386.280 -1.90E-08       .2542    -.028510   1.172E-10   4464.2983     .001603 

 390.720 -1.76E-08       .1433    -.021611   4.185E-10   4464.2928     .001504 

 395.160 -1.52E-08     .062046    -.015343   5.742E-10   4464.2888     .001319 

 399.600 -1.25E-08     .006722    -.009988   6.263E-10   4464.2860     .001093 

 404.040 -9.67E-09    -.027060    -.005659   6.109E-10   4464.2871   8.570E-04 

 408.480 -7.05E-09    -.043933    -.002353   5.571E-10   4464.2879   6.319E-04 

 412.920 -4.73E-09    -.048328   2.136E-07   4.872E-10   4464.2881   4.282E-04 

 417.360 -2.73E-09    -.044256     .001505   4.170E-10   4464.2879   2.498E-04 

 421.800 -1.02E-09    -.035238     .002153   3.568E-10   4464.2875   4.209E-05 

 426.240  4.41E-10    -.025372     .002206   3.108E-10   4464.2870  -1.836E-05 

 430.680  1.74E-09    -.015856     .002003   2.796E-10   4464.2865  -7.324E-05 

 435.120  2.92E-09    -.007776     .001562   2.617E-10   4464.2861  -1.250E-04 

 439.560  4.06E-09    -.002156   8.947E-04   2.541E-10   4464.2858  -1.758E-04 

 444.000  5.18E-09      0.0000      0.0000   2.525E-10   4464.2857  -2.272E-04 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  4: 

 

Pile-head deflection             =      .40000000 in 



Computed slope at pile head      =     -.00768955 

Maximum bending moment           =     317681.161 lbs-in 

Maximum shear force              =      11307.331 lbs 

Depth of maximum bending moment  =         48.840 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              8 

Number of zero deflection points =              6 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  5 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Specified deflection at pile head     =         .500000 in 

Specified bending moment at pile head =            .000 in-lbs 

Specified axial load at pile head     =       75000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .500000      0.0000  13262.2873    -.009454   4464.2857   -159.1388 

   4.440   .458025  60464.0924  12505.8117    -.009408   7457.5576   -181.6159 

   8.880   .416457   1.173E+05  11623.2872    -.009273  10272.0758   -215.9176 

  13.320   .375678   1.699E+05  10582.9504    -.009056  12872.9438   -252.7026 

  17.760   .336043   2.173E+05   9421.1817    -.008762  15222.9495   -270.6167 

  22.200   .297870   2.594E+05   8186.9113    -.008401  17303.4240   -285.3609 

  26.640   .261443   2.956E+05   6894.5605    -.007980  19098.9277   -296.7791 

  31.080   .227005   3.259E+05   5558.8430    -.007509  20597.4112   -304.8954 

  35.520   .194761   3.500E+05   4194.0565    -.006997  21790.1971   -309.8733 

  39.960   .164873   3.678E+05   2813.4948    -.006453  22671.8254   -312.0013 

  44.400   .137460   3.793E+05   1431.9683    -.005887  23239.7741   -310.3079 

  48.840   .112599   3.844E+05     68.8235    -.005308  23495.4093   -303.7212 

  53.280   .090326   3.834E+05  -1253.9466    -.004726  23445.0299   -292.1212 

  57.720   .070634   3.764E+05  -2513.9399    -.004150  23099.9822   -275.4433 

  62.160   .053475   3.639E+05  -3688.5281    -.003589  22476.7165   -253.6504 

  66.600   .038765   3.461E+05  -4754.8542    -.003051  21596.8157   -226.6766 

  71.040   .026384   3.237E+05  -5689.4335    -.002543  20487.0481   -194.3051 

  75.480   .016182   2.972E+05  -6466.8030    -.002073  19179.5662   -155.8613 

  79.920   .007980   2.676E+05  -6997.6376    -.001644  17712.5478    -83.2534 

  84.360   .001579   2.362E+05  -7220.4422    -.001263  16157.5932    -17.1090 

  88.800  -.003231   2.043E+05  -7177.8511  -9.286E-04  14580.0389     36.2942 

  93.240  -.006667   1.731E+05  -6925.1272  -6.426E-04  13032.7986     77.5454 

  97.680  -.008937   1.433E+05  -6514.2677  -4.028E-04  11556.9111    107.5265 

 102.120  -.010244   1.155E+05  -5992.8742  -2.067E-04  10182.3807    127.3354 

 106.560  -.010772  90191.9398  -5403.3550  -5.075E-05   8929.2332    138.2138 

 111.000  -.010694  67557.5238  -4782.4264   6.882E-05   7808.7176    141.4838 

 115.440  -.010161  47678.1597  -4160.8761   1.562E-04   6824.5906    138.4939 

 119.880  -.009307  30504.9413  -3563.5405   2.154E-04   5974.4313    130.5762 

 124.320  -.008248  15890.4513  -3009.4509   2.506E-04   5250.9417    119.0137 

 128.760  -.007082   3614.1288  -2512.0985   2.654E-04   4643.2030    105.0189 

 133.200  -.005892  -6593.7175  -1917.3546   2.631E-04   4790.7074    162.8838 

 137.640  -.004746 -13587.2101  -1253.9592   2.478E-04   5136.9199    135.9430 



 142.080  -.003691 -17893.9180   -709.2459   2.240E-04   5350.1232    109.4233 

 146.520  -.002757 -20034.4653   -278.7647   1.952E-04   5456.0909     84.4871 

 150.960  -.001958 -20499.3545     46.3280   1.645E-04   5479.1052     61.9510 

 155.400  -.001297 -19732.6179    277.8129   1.340E-04   5441.1480     42.3214 

 159.840 -7.68E-04 -18121.6124    429.1273   1.053E-04   5361.3952     25.8382 

 164.280 -3.62E-04 -15992.0958    514.2907   7.944E-05   5255.9736     12.5237 

 168.720 -6.27E-05 -13607.6186    547.0503   5.701E-05   5137.9302      2.2328 

 173.160  1.45E-04 -11172.2551    540.2415   3.822E-05   5017.3677     -5.2999 

 177.600  2.77E-04  -8835.7318    505.3504   2.306E-05   4901.6982    -10.4168 

 182.040  3.49E-04  -6700.1015    452.2545   1.128E-05   4795.9739    -13.5002 

 186.480  3.77E-04  -4827.2271    389.1139   2.548E-06   4703.2574    -14.9415 

 190.920  3.72E-04  -3246.4669    322.3824  -3.571E-06   4625.0019    -15.1177 

 195.360  3.45E-04  -1962.0925    256.9099  -7.519E-06   4561.4190    -14.3744 

 199.800  3.05E-04   -960.0992    196.1062  -9.734E-06   4511.8154    -13.0146 

 204.240  2.59E-04   -214.1865    142.1432  -1.062E-05   4474.8890    -11.2930 

 208.680  2.11E-04    309.2081     96.1730  -1.055E-05   4479.5930     -9.4143 

 213.120  1.65E-04    646.8575     58.5461  -9.827E-06   4496.3084     -7.5348 

 217.560  1.24E-04    835.6425     29.0166  -8.704E-06   4505.6542     -5.7668 

 222.000  8.78E-05    910.3219      6.9264  -7.380E-06   4509.3512     -4.1838 

 226.440  5.81E-05    902.0644     -8.6378  -6.007E-06   4508.9424     -2.8271 

 230.880  3.45E-05    837.6190    -18.7154  -4.688E-06   4505.7520     -1.7124 

 235.320  1.65E-05    738.9937    -24.3724  -3.493E-06   4500.8696      -.8358 

 239.760  3.49E-06    623.5187    -26.6275  -2.461E-06   4495.1530      -.1800 

 244.200 -5.34E-06    504.1800    -26.4035  -1.606E-06   4489.2451       .2809 

 248.640 -1.08E-05    390.1251    -24.4975  -9.280E-07   4483.5988       .5776 

 253.080 -1.36E-05    287.2598    -21.5687  -4.146E-07   4478.5065       .7417 

 257.520 -1.45E-05    198.8710    -18.1376  -4.611E-08   4474.1308       .8039 

 261.960 -1.40E-05    126.2289    -14.5947   2.003E-07   4470.5347       .7920 

 266.400 -1.27E-05     69.1364    -11.2153   3.484E-07   4467.7083       .7303 

 270.840 -1.09E-05     26.4052     -8.1763   4.208E-07   4465.5929       .6386 

 275.280 -8.94E-06     -3.7495     -5.5756   4.380E-07   4464.4713       .5328 

 279.720 -7.01E-06    -23.3979     -3.4499   4.174E-07   4465.4440       .4247 

 284.160 -5.23E-06    -34.6627     -1.7915   3.734E-07   4466.0017       .3224 

 288.600 -3.69E-06    -39.5551      -.5629   3.171E-07   4466.2439       .2311 

 293.040 -2.42E-06    -39.8720       .2913   2.569E-07   4466.2596       .1537 

 297.480 -1.41E-06    -37.1391       .8347   1.985E-07   4466.1243     .091064 

 301.920 -6.53E-07    -32.5923      1.1319   1.457E-07   4465.8992     .042835 

 306.360 -1.16E-07    -27.1846      1.2441   1.004E-07   4465.6315     .007706 

 310.800  2.39E-07    -21.6113      1.2254   6.341E-08   4465.3556    -.016128 

 315.240  4.47E-07    -16.3449      1.1215   3.464E-08   4465.0949    -.030690 

 319.680  5.46E-07    -11.6754       .9690   1.340E-08   4464.8637    -.038013 

 324.120  5.66E-07     -7.7493       .7958  -1.323E-09   4464.6693    -.039985 

 328.560  5.34E-07     -4.6076       .6221  -1.069E-08   4464.5138    -.038263 

 333.000  4.71E-07     -2.2178       .4612  -1.586E-08   4464.3955    -.034226 

 337.440  3.94E-07      -.5016       .3209  -1.792E-08   4464.3105    -.028964 

 341.880  3.12E-07       .6438       .2049  -1.782E-08   4464.3176    -.023295 

 346.320  2.35E-07      1.3297       .1137  -1.632E-08   4464.3515    -.017791 

 350.760  1.67E-07      1.6642     .045735  -1.405E-08   4464.3681    -.012818 

 355.200  1.11E-07      1.7452    -.001768  -1.147E-08   4464.3721    -.008579 

 359.640  6.55E-08      1.6562    -.032248  -8.888E-09   4464.3677    -.005150 

 364.080  3.16E-08      1.4648    -.049271  -6.523E-09   4464.3582    -.002518 

 368.520  7.61E-09      1.2230    -.056223  -4.486E-09   4464.3463  -6.130E-04 

 372.960 -8.19E-09       .9685    -.056099  -2.825E-09   4464.3337   6.686E-04 

 377.400 -1.75E-08       .7267    -.051411  -1.540E-09   4464.3217     .001443 

 381.840 -2.19E-08       .5130    -.044149  -6.002E-10   4464.3111     .001828 

 386.280 -2.28E-08       .3351    -.035808   4.252E-11   4464.3023     .001929 

 390.720 -2.15E-08       .1950    -.027442   4.443E-10   4464.2954     .001839 



 395.160 -1.89E-08     .091072    -.019733   6.611E-10   4464.2902     .001633 

 399.600 -1.56E-08     .019312    -.013070   7.447E-10   4464.2867     .001368 

 404.040 -1.22E-08    -.025487    -.007624   7.400E-10   4464.2870     .001085 

 408.480 -9.05E-09    -.048884    -.003416   6.837E-10   4464.2881   8.106E-04 

 412.920 -6.18E-09    -.056277  -3.743E-04   6.040E-10   4464.2885   5.596E-04 

 417.360 -3.69E-09    -.052610     .001617   5.214E-10   4464.2883   3.375E-04 

 421.800 -1.55E-09    -.042264     .002507   4.495E-10   4464.2878   6.356E-05 

 426.240  3.07E-10    -.030643     .002620   3.943E-10   4464.2872  -1.277E-05 

 430.680  1.95E-09    -.019259     .002409   3.565E-10   4464.2867  -8.246E-05 

 435.120  3.47E-09    -.009490     .001896   3.347E-10   4464.2862  -1.484E-04 

 439.560  4.93E-09    -.002643     .001093   3.255E-10   4464.2858  -2.133E-04 

 444.000  6.36E-09      0.0000      0.0000   3.235E-10   4464.2857  -2.791E-04 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  5: 

 

Pile-head deflection             =      .50000000 in 

Computed slope at pile head      =     -.00945386 

Maximum bending moment           =     384428.696 lbs-in 

Maximum shear force              =      13262.287 lbs 

Depth of maximum bending moment  =         48.840 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              8 

Number of zero deflection points =              6 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  6 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Specified deflection at pile head     =         .600000 in 

Specified bending moment at pile head =            .000 in-lbs 

Specified axial load at pile head     =       75000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .600000      0.0000  14905.1218    -.011172   4464.2857   -159.1388 

   4.440   .550397  68330.3387  14148.6461    -.011120   7846.9757   -181.6159 

   8.880   .501255   1.330E+05  13266.1216    -.010967  11050.7155   -215.9176 

  13.320   .453007   1.934E+05  12225.7846    -.010720  14040.4119   -252.7026 

  17.760   .406062   2.488E+05  11011.2393    -.010385  16778.6568   -294.3898 

  22.200   .360791   2.981E+05   9625.8511    -.009970  19223.3843   -329.6589 

  26.640   .317526   3.409E+05   8134.9945    -.009486  21338.9406   -341.8981 

  31.080   .276556   3.767E+05   6598.8351    -.008942  23112.3134   -350.0656 

  35.520   .238121   4.054E+05   5035.0746    -.008349  24534.6366   -354.3311 

  39.960   .202415   4.270E+05   3460.3224    -.007718  25601.0295   -355.0167 

  44.400   .169582   4.413E+05   1889.4523    -.007060  26310.2847   -352.5824 



  48.840   .139719   4.484E+05    337.9242    -.006386  26664.4198   -346.3041 

  53.280   .112875   4.485E+05  -1173.4810    -.005706  26669.3831   -334.5091 

  57.720   .089049   4.418E+05  -2620.0742    -.005031  26336.6833   -317.1095 

  62.160   .068198   4.286E+05  -3976.8962    -.004371  25683.4689   -294.0716 

  66.600   .050231   4.094E+05  -5218.8223    -.003736  24732.5527   -265.3545 

  71.040   .035020   3.848E+05  -6320.2999    -.003134  23512.4403   -230.8065 

  75.480   .022398   3.554E+05  -7254.3166    -.002573  22057.4637   -189.9217 

  79.920   .012168   3.221E+05  -7957.7694    -.002060  20408.2579   -126.9489 

  84.360   .004106   2.861E+05  -8338.3423    -.001599  18627.1116    -44.4803 

  88.800  -.002030   2.491E+05  -8386.4637    -.001193  16795.4068     22.8040 

  93.240  -.006490   2.124E+05  -8168.2455  -8.435E-04  14979.7324     75.4924 

  97.680  -.009521   1.771E+05  -7746.3624  -5.483E-04  13232.4246    114.5450 

 102.120  -.011359   1.440E+05  -7178.6063  -3.049E-04  11592.4776    141.2010 

 106.560  -.012228   1.136E+05  -6516.8401  -1.097E-04  10086.7334    156.8919 

 111.000  -.012333  86192.9827  -5806.3150   4.173E-05   8731.2651    163.1644 

 115.440  -.011858  61985.5721  -5085.3072   1.540E-04   7532.8784    161.6139 

 119.880  -.010965  40932.8629  -4385.0208   2.320E-04   6490.6651    153.8305 

 124.320  -.009797  22892.0443  -3729.7007   2.804E-04   5597.5552    141.3587 

 128.760  -.008475   7626.3594  -3136.8997   3.036E-04   4841.8283    125.6688 

 133.200  -.007101  -5165.7915  -2422.0805   3.054E-04   4720.0180    196.3218 

 137.640  -.005763 -14085.1244  -1619.7892   2.908E-04   5161.5691    165.0706 

 142.080  -.004519 -19743.2109   -955.9525   2.652E-04   5441.6724    133.9549 

 146.520  -.003408 -22750.5974   -426.7473   2.330E-04   5590.5529    104.4258 

 150.960  -.002450 -23687.8918    -22.8235   1.978E-04   5636.9536     77.5219 

 155.400  -.001652 -23084.9937    268.9508   1.623E-04   5607.1072     53.9080 

 159.840  -.001009 -21407.7213    463.9415   1.286E-04   5524.0739     33.9256 

 164.280 -5.10E-04 -19050.8472    578.4373   9.794E-05   5407.3970     17.6491 

 168.720 -1.39E-04 -16336.4285    628.5968   7.112E-05   5273.0198      4.9452 

 173.160  1.22E-04 -13516.2756    629.6489   4.850E-05   5133.4083     -4.4713 

 177.600  2.92E-04 -10777.4443    595.3359   3.008E-05   4997.8226    -10.9851 

 182.040  3.89E-04  -8249.7280    537.5696   1.566E-05   4872.6881    -15.0358 

 186.480  4.31E-04  -6014.2566    466.2720   4.850E-06   4762.0212    -17.0803 

 190.920  4.32E-04  -4112.4628    389.3630  -2.825E-06   4667.8730    -17.5635 

 195.360  4.06E-04  -2554.8319    312.8609  -7.878E-06   4590.7625    -16.8969 

 199.800  3.62E-04  -1329.0107    241.0626  -1.082E-05   4530.0783    -15.4446 

 204.240  3.10E-04   -406.9881    176.7721  -1.214E-05   4484.4336    -13.5150 

 208.680  2.55E-04    248.8098    121.5535  -1.226E-05   4476.6030    -11.3582 

 213.120  2.01E-04    680.5703     75.9865  -1.155E-05   4497.9773     -9.1674 

 217.560  1.52E-04    931.2642     39.9102  -1.033E-05   4510.3879     -7.0831 

 222.000  1.09E-04   1041.8537     12.6429  -8.836E-06   4515.8626     -5.1994 

 226.440  7.34E-05   1049.4176     -6.8282  -7.251E-06   4516.2371     -3.5713 

 230.880  4.48E-05    986.0484    -19.6900  -5.708E-06   4513.1000     -2.2223 

 235.320  2.28E-05    878.3722    -27.1809  -4.295E-06   4507.7695     -1.1520 

 239.760  6.64E-06    747.5432    -30.4992  -3.063E-06   4501.2928      -.3428 

 244.200 -4.44E-06    609.5789    -30.7412  -2.034E-06   4494.4629       .2338 

 248.640 -1.14E-05    475.9160    -28.8623  -1.212E-06   4487.8459       .6126 

 253.080 -1.52E-05    354.0888    -25.6591  -5.825E-07   4481.8149       .8303 

 257.520 -1.66E-05    248.4516    -21.7665  -1.258E-07   4476.5853       .9231 

 261.960 -1.63E-05    160.8865    -17.6660   1.844E-07   4472.2504       .9240 

 266.400 -1.50E-05     91.4549    -13.7013   3.757E-07   4468.8132       .8619 

 270.840 -1.30E-05     38.9684    -10.0984   4.745E-07   4466.2148       .7610 

 275.280 -1.07E-05      1.4651     -6.9868   5.052E-07   4464.3582       .6406 

 279.720 -8.50E-06    -23.4105     -4.4212   4.885E-07   4465.4447       .5151 

 284.160 -6.41E-06    -38.1203     -2.4013   4.419E-07   4466.1729       .3948 

 288.600 -4.57E-06    -45.0283      -.8891   3.789E-07   4466.5148       .2864 

 293.040 -3.04E-06    -46.2681       .1763   3.097E-07   4466.5762       .1936 

 297.480 -1.82E-06    -43.6686       .8677   2.415E-07   4466.4475       .1178 



 301.920 -8.98E-07    -38.7241      1.2601   1.791E-07   4466.2027     .058946 

 306.360 -2.34E-07    -32.5980      1.4255   1.250E-07   4465.8995     .015567 

 310.800  2.12E-07    -26.1486      1.4283   8.048E-08   4465.5802    -.014307 

 315.240  4.81E-07    -19.9680      1.3233   4.553E-08   4465.2742    -.032998 

 319.680  6.16E-07    -14.4278      1.1549   1.946E-08   4465.0000    -.042872 

 324.120  6.54E-07     -9.7256       .9572   1.154E-09   4464.7672    -.046160 

 328.560  6.26E-07     -5.9283       .7552  -1.071E-08   4464.5792    -.044836 

 333.000  5.59E-07     -3.0120       .5656  -1.749E-08   4464.4348    -.040561 

 337.440  4.71E-07      -.8938       .3987  -2.045E-08   4464.3300    -.034659 

 341.880  3.77E-07       .5416       .2593  -2.071E-08   4464.3125    -.028133 

 346.320  2.87E-07      1.4222       .1486  -1.923E-08   4464.3561    -.021695 

 350.760  2.06E-07      1.8744     .065381  -1.673E-08   4464.3785    -.015809 

 355.200  1.38E-07      2.0139     .006436  -1.378E-08   4464.3854    -.010742 

 359.640  8.40E-08      1.9407    -.032074  -1.078E-08   4464.3818    -.006605 

 364.080  4.27E-08      1.7363    -.054280  -7.996E-09   4464.3717    -.003398 

 368.520  1.30E-08      1.4640    -.064156  -5.570E-09   4464.3582    -.001050 

 372.960 -6.77E-09      1.1703    -.065262  -3.573E-09   4464.3436   5.523E-04 

 377.400 -1.87E-08       .8869    -.060608  -2.014E-09   4464.3296     .001544 

 381.840 -2.47E-08       .6334    -.052605  -8.618E-10   4464.3171     .002061 

 386.280 -2.63E-08       .4203    -.043082  -6.316E-11   4464.3065     .002229 

 390.720 -2.52E-08       .2509    -.033343   4.456E-10   4464.2981     .002158 

 395.160 -2.24E-08       .1239    -.024247   7.297E-10   4464.2918     .001939 

 399.600 -1.87E-08     .035105    -.016300   8.502E-10   4464.2875     .001641 

 404.040 -1.48E-08    -.021383    -.009738   8.606E-10   4464.2868     .001315 

 408.480 -1.11E-08    -.051941    -.004613   8.050E-10   4464.2883   9.938E-04 

 412.920 -7.69E-09    -.062881  -8.594E-04   7.180E-10   4464.2888   6.969E-04 

 417.360 -4.72E-09    -.060050     .001647   6.248E-10   4464.2887   4.320E-04 

 421.800 -2.15E-09    -.048672     .002802   5.424E-10   4464.2881   8.815E-05 

 426.240  9.91E-11    -.035531     .002988   4.786E-10   4464.2875  -4.128E-06 

 430.680  2.10E-09    -.022454     .002782   4.347E-10   4464.2868  -8.881E-05 

 435.120  3.96E-09    -.011116     .002209   4.092E-10   4464.2863  -1.693E-04 

 439.560  5.74E-09    -.003109     .001282   3.984E-10   4464.2859  -2.485E-04 

 444.000  7.50E-09      0.0000      0.0000   3.961E-10   4464.2857  -3.288E-04 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  6: 

 

Pile-head deflection             =      .60000000 in 

Computed slope at pile head      =     -.01117177 

Maximum bending moment           =     448542.968 lbs-in 

Maximum shear force              =      14905.122 lbs 

Depth of maximum bending moment  =         53.280 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              8 

Number of zero deflection points =              6 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  7 

------------------------------------------------------------------------------ 



 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Specified deflection at pile head     =         .700000 in 

Specified bending moment at pile head =            .000 in-lbs 

Specified axial load at pile head     =       75000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .700000      0.0000  16356.1887    -.012851   4464.2857   -159.1388 

   4.440   .642943  75332.1487  15599.7136    -.012794   8193.6000   -181.6157 

   8.880   .586393   1.470E+05  14717.1908    -.012625  11743.7892   -215.9171 

  13.320   .530833   2.144E+05  13676.8575    -.012351  15079.5859   -252.7015 

  17.760   .476716   2.767E+05  12462.3188    -.011979  18163.4074   -294.3880 

  22.200   .424461   3.331E+05  11054.7266    -.011517  20953.0145   -339.6626 

  26.640   .374449   3.826E+05   9440.0019    -.010974  23402.8145   -387.6908 

  31.080   .327011   4.242E+05   7700.0788    -.010363  25464.6990   -396.0583 

  35.520   .282428   4.578E+05   5933.3670    -.009694  27129.4612   -399.7578 

  39.960   .240926   4.834E+05   4159.8230    -.008981  28392.6505   -399.1360 

  44.400   .202678   5.008E+05   2397.5097    -.008235  29254.2359   -394.6988 

  48.840   .167800   5.101E+05    661.9389    -.007469  29718.1129   -387.0898 

  53.280   .136356   5.116E+05  -1030.4202    -.006694  29791.4731   -375.2341 

  57.720   .108355   5.054E+05  -2656.6056    -.005923  29485.8497   -357.2818 

  62.160   .083755   4.920E+05  -4189.4678    -.005167  28818.9170   -333.1966 

  66.600   .062467   4.717E+05  -5601.7236    -.004437  27814.5168   -302.9546 

  71.040   .044354   4.452E+05  -6865.8079    -.003742  26502.6701   -266.4527 

  75.480   .029237   4.132E+05  -7953.0728    -.003092  24919.6619   -223.3062 

  79.920   .016900   3.766E+05  -8831.3113    -.002493  23108.3990   -172.2967 

  84.360   .007099   3.364E+05  -9384.5251    -.001953  21119.5768    -76.8988 

  88.800 -4.38E-04   2.946E+05  -9544.3164    -.001474  19047.3002      4.9207 

  93.240  -.005993   2.527E+05  -9378.6530    -.001059  16972.4644     69.7024 

  97.680  -.009846   2.120E+05  -8960.9246  -7.073E-04  14959.3388    118.4635 

 102.120  -.012273   1.736E+05  -8359.2359  -4.151E-04  13056.5264    152.5675 

 106.560  -.013532   1.380E+05  -7635.0930  -1.789E-04  11298.2705    173.6231 

 111.000  -.013862   1.059E+05  -6842.5186   5.996E-06   9706.0073    183.3924 

 115.440  -.013479  77280.9351  -6027.5461   1.448E-04   8290.0746    183.7123 

 119.880  -.012576  52261.7146  -5228.0325   2.430E-04   7051.4993    176.4290 

 124.320  -.011321  30694.1630  -4473.7264   3.059E-04   5983.7987    163.3486 

 128.760  -.009860  12331.3061  -3786.5240   3.385E-04   5074.7464    146.2020 

 133.200  -.008315  -3155.6072  -2951.6293   3.454E-04   4620.5039    229.8767 

 137.640  -.006792 -14109.2309  -2009.3950   3.324E-04   5162.7625    194.5532 

 142.080  -.005364 -21220.3887  -1224.5038   3.056E-04   5514.8000    159.0014 

 146.520  -.004078 -25186.3446   -594.0817   2.704E-04   5711.1345    124.9725 

 150.960  -.002963 -26675.9286   -108.5418   2.311E-04   5784.8762     93.7392 

 155.400  -.002026 -26304.1105    246.3825   1.909E-04   5766.4694     66.1366 

 159.840  -.001267 -24615.2236    487.8195   1.524E-04   5682.8611     42.6188 

 164.280 -6.73E-04 -22073.7410    634.2094   1.170E-04   5557.0452     23.3226 

 168.720 -2.28E-04 -19061.3441    704.0448   8.579E-05   5407.9166      8.1348 

 173.160  8.85E-05 -15878.9586    714.9070   5.931E-05   5250.3728     -3.2420 

 177.600  2.98E-04 -12752.4683    682.7805   3.761E-05   5095.5960    -11.2294 

 182.040  4.22E-04  -9840.9128    621.6204   2.048E-05   4951.4596    -16.3202 

 186.480  4.80E-04  -7246.1198    543.1345   7.530E-06   4823.0045    -19.0338 

 190.920  4.89E-04  -5022.8932    456.7433  -1.769E-06   4712.9438    -19.8812 

 195.360  4.65E-04  -3189.0615    369.6736  -7.993E-06   4622.1600    -19.3393 

 199.800  4.18E-04  -1734.8681    287.1511  -1.173E-05   4550.1703    -17.8330 

 204.240  3.60E-04   -631.3511    212.6528  -1.352E-05   4495.5407    -15.7248 



 208.680  2.98E-04    162.4919    148.1925  -1.387E-05   4472.3299    -13.3113 

 213.120  2.37E-04    693.8383     94.6129  -1.322E-05   4498.6341    -10.8236 

 217.560  1.81E-04   1011.4622     51.8663  -1.193E-05   4514.3581     -8.4316 

 222.000  1.31E-04   1162.3582     19.2705  -1.028E-05   4521.8282     -6.2512 

 226.440  8.95E-05   1189.4341     -4.2688  -8.502E-06   4523.1686     -4.3521 

 230.880  5.58E-05   1130.1140    -20.0729  -6.744E-06   4520.2320     -2.7669 

 235.320  2.96E-05   1015.6787    -29.5436  -5.118E-06   4514.5668     -1.4992 

 239.760  1.03E-05    871.1754    -34.0535  -3.688E-06   4507.4132      -.5323 

 244.200 -3.13E-06    715.7395    -34.8694  -2.485E-06   4499.7184       .1647 

 248.640 -1.18E-05    563.1900    -33.1044  -1.516E-06   4492.1664       .6303 

 253.080 -1.66E-05    422.7819    -29.6936  -7.683E-07   4485.2155       .9061 

 257.520 -1.86E-05    300.0223    -25.3884  -2.204E-07   4479.1383      1.0332 

 261.960 -1.85E-05    197.4799    -20.7635   1.566E-07   4474.0619      1.0500 

 266.400 -1.72E-05    115.5378    -16.2342   3.939E-07   4470.0054       .9902 

 270.840 -1.50E-05     53.0578    -12.0778   5.217E-07   4466.9123       .8821 

 275.280 -1.26E-05      7.9398     -8.4582   5.679E-07   4464.6788       .7484 

 279.720 -1.00E-05    -22.4289     -5.4504   5.569E-07   4465.3961       .6065 

 284.160 -7.61E-06    -40.8308     -3.0634   5.090E-07   4466.3070       .4688 

 288.600 -5.49E-06    -49.9711     -1.2603   4.402E-07   4466.7595       .3435 

 293.040 -3.70E-06    -52.3152     .024659   3.626E-07   4466.8756       .2353 

 297.480 -2.27E-06    -49.9937       .8721   2.851E-07   4466.7606       .1464 

 301.920 -1.17E-06    -44.7613      1.3671   2.133E-07   4466.5016     .076631 

 306.360 -3.72E-07    -37.9956      1.5922   1.505E-07   4466.1667     .024759 

 310.800  1.69E-07    -30.7227      1.6218   9.847E-08   4465.8066    -.011416 

 315.240  5.03E-07    -23.6592      1.5199   5.725E-08   4465.4570    -.034484 

 319.680  6.77E-07    -17.2637      1.3387   2.623E-08   4465.1404    -.047137 

 324.120  7.36E-07    -11.7887      1.1188   4.211E-09   4464.8693    -.051934 

 328.560  7.15E-07     -7.3315       .8899  -1.028E-08   4464.6487    -.051167 

 333.000  6.44E-07     -3.8794       .6725  -1.878E-08   4464.4778    -.046776 

 337.440  5.48E-07     -1.3473       .4791  -2.274E-08   4464.3524    -.040322 

 341.880  4.42E-07       .3905       .3164  -2.347E-08   4464.3050    -.032999 

 346.320  3.39E-07      1.4776       .1861  -2.205E-08   4464.3589    -.025664 

 350.760  2.47E-07      2.0579     .087224  -1.937E-08   4464.3876    -.018886 

 355.200  1.67E-07      2.2650     .016446  -1.609E-08   4464.3978    -.012996 

 359.640  1.04E-07      2.2147    -.030491  -1.270E-08   4464.3954    -.008147 

 364.080  5.47E-08      2.0027    -.058247  -9.501E-09   4464.3849    -.004356 

 368.520  1.93E-08      1.7038    -.071368  -6.692E-09   4464.3701    -.001554 

 372.960 -4.69E-09      1.3734    -.073968  -4.360E-09   4464.3537   3.830E-04 

 377.400 -1.94E-08      1.0499    -.069555  -2.523E-09   4464.3377     .001605 

 381.840 -2.71E-08       .7574    -.060964  -1.153E-09   4464.3232     .002265 

 386.280 -2.97E-08       .5093    -.050365  -1.930E-10   4464.3109     .002510 

 390.720 -2.88E-08       .3103    -.039319   4.283E-10   4464.3011     .002466 

 395.160 -2.59E-08       .1598    -.028873   7.846E-10   4464.2936     .002240 

 399.600 -2.18E-08     .053409    -.019654   9.462E-10   4464.2884     .001913 

 404.040 -1.75E-08    -.015327    -.011973   9.751E-10   4464.2865     .001547 

 408.480 -1.32E-08    -.053560    -.005917   9.229E-10   4464.2884     .001181 

 412.920 -9.27E-09    -.068481    -.001431   8.304E-10   4464.2891   8.395E-04 

 417.360 -5.81E-09    -.066819     .001614   7.278E-10   4464.2890   5.322E-04 

 421.800 -2.80E-09    -.054632     .003051   6.358E-10   4464.2884   1.152E-04 

 426.240 -1.65E-10    -.040146     .003323   5.639E-10   4464.2877   6.885E-06 

 430.680  2.20E-09    -.025503     .003131   5.142E-10   4464.2870  -9.298E-05 

 435.120  4.40E-09    -.012681     .002507   4.852E-10   4464.2863  -1.881E-04 

 439.560  6.51E-09    -.003562     .001464   4.729E-10   4464.2859  -2.820E-04 

 444.000  8.60E-09      0.0000      0.0000   4.702E-10   4464.2857  -3.772E-04 

 

Output Verification: 

 



Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  7: 

 

Pile-head deflection             =      .70000000 in 

Computed slope at pile head      =     -.01285066 

Maximum bending moment           =     511609.185 lbs-in 

Maximum shear force              =      16356.189 lbs 

Depth of maximum bending moment  =         53.280 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              9 

Number of zero deflection points =              6 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  8 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Specified deflection at pile head     =         .800000 in 

Specified bending moment at pile head =            .000 in-lbs 

Specified axial load at pile head     =       75000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .800000      0.0000  17637.1198    -.014486   4464.2857   -159.1388 

   4.440   .735684  81563.9064  16880.6446    -.014424   8502.1029   -181.6157 

   8.880   .671917   1.595E+05  15998.1216    -.014241  12360.6392   -215.9171 

  13.320   .609224   2.331E+05  14957.7880    -.013943  16004.4715   -252.7016 

  17.760   .548099   3.016E+05  13743.2486    -.013538  19395.8618   -294.3881 

  22.200   .489005   3.642E+05  12335.6553    -.013034  22492.4152   -339.6629 

  26.640   .432361   4.198E+05  10719.9418    -.012439  25248.3842   -388.1360 

  31.080   .378544   4.676E+05   8881.9072    -.011767  27615.0717   -439.8075 

  35.520   .327874   5.065E+05   6914.6270    -.011028  29540.8557   -446.3548 

  39.960   .280613   5.364E+05   4936.6980    -.010238  31018.3745   -444.6043 

  44.400   .236962   5.572E+05   2976.5811    -.009409  32048.5906   -438.3313 

  48.840   .197062   5.691E+05   1052.7928    -.008555  32637.1059   -428.2401 

  53.280   .160991   5.722E+05   -819.4323    -.007690  32793.4716   -415.1046 

  57.720   .128773   5.669E+05  -2621.9126    -.006827  32530.4278   -396.8234 

  62.160   .100370   5.535E+05  -4328.5893    -.005978  31865.9485   -371.9499 

  66.600   .075692   5.325E+05  -5910.1727    -.005154  30824.6435   -340.4751 

  71.040   .054599   5.045E+05  -7337.2200    -.004368  29437.7554   -302.3390 

  75.480   .036900   4.702E+05  -8579.5317    -.003630  27743.2021   -257.2608 

  79.920   .022367   4.307E+05  -9604.2068    -.002947  25785.8318   -204.3046 

  84.360   .010732   3.869E+05 -10315.8536    -.002327  23618.3136   -116.2571 

  88.800   .001702   3.406E+05 -10616.3785    -.001776  21327.6690    -19.1145 

  93.240  -.005036   2.938E+05 -10528.7702    -.001295  19009.8577     58.5777 

  97.680  -.009796   2.480E+05 -10137.0728  -8.842E-04  16741.8712    117.8625 

 102.120  -.012888   2.044E+05  -9519.7692  -5.413E-04  14582.7117    160.2022 

 106.560  -.014603   1.638E+05  -8748.1768  -2.622E-04  12574.7891    187.3620 

 111.000  -.015216   1.269E+05  -7885.3374  -4.184E-05  10745.6229    201.3044 



 115.440  -.014975  93838.2412  -6985.3459   1.254E-04   9109.7432    204.0971 

 119.880  -.014102  64769.5914  -6093.0531   2.457E-04   7670.7011    197.8366 

 124.320  -.012793  39568.3179  -5244.0694   3.247E-04   6423.1133    184.5885 

 128.760  -.011218  17985.9750  -4464.9958   3.684E-04   5354.6805    166.3455 

 133.200  -.009522   -326.1778  -3511.3196   3.818E-04   4480.4331    263.2384 

 137.640  -.007828 -13448.7898  -2429.1386   3.713E-04   5130.0674    224.2305 

 142.080  -.006225 -22144.2223  -1521.7091   3.443E-04   5560.5343    184.5215 

 146.520  -.004770 -27190.8936   -787.5608   3.069E-04   5810.3696    146.1760 

 150.960  -.003499 -29342.1851   -217.2622   2.641E-04   5916.8691    110.7153 

 155.400  -.002425 -29296.0682    204.2622   2.196E-04   5914.5861     79.1606 

 159.840  -.001549 -27674.6228    495.6459   1.765E-04   5834.3165     52.0933 

 164.280 -8.58E-04 -25012.2611    677.2854   1.365E-04   5702.5165     29.7263 

 168.720 -3.36E-04 -21751.2607    769.8720   1.011E-04   5541.0808     11.9793 

 173.160  3.95E-05 -18243.1247    793.2532   7.078E-05   5367.4107     -1.4473 

 177.600  2.92E-04 -14754.3107    765.6128   4.577E-05   5194.6971    -11.0033 

 182.040  4.46E-04 -11474.9644    702.9390   2.589E-05   5032.3533    -17.2281 

 186.480  5.22E-04  -8529.4535    618.7416   1.073E-05   4886.5359    -20.6987 

 190.920  5.41E-04  -5987.6828    523.9745  -2.770E-07   4760.7057    -21.9892 

 195.360  5.20E-04  -3876.3756    427.1183  -7.753E-06   4656.1855    -21.6397 

 199.800  4.72E-04  -2189.7089    334.3776  -1.235E-05   4572.6871    -20.1354 

 204.240  4.10E-04   -898.8771    249.9543  -1.469E-05   4508.7846    -17.8931 

 208.680  3.42E-04     39.6706    176.3620  -1.534E-05   4466.2496    -15.2566 

 213.120  2.74E-04    677.4360    114.7515  -1.480E-05   4497.8221    -12.4959 

 217.560  2.10E-04   1068.5206     65.2282  -1.348E-05   4517.1828     -9.8119 

 222.000  1.54E-04   1265.6379     27.1428  -1.171E-05   4526.9411     -7.3437 

 226.440  1.06E-04   1317.3455      -.6539  -9.750E-06   4529.5008     -5.1773 

 230.880  6.76E-05   1266.3242    -19.5970  -7.791E-06   4526.9750     -3.3556 

 235.320  3.73E-05   1148.5127    -31.2372  -5.961E-06   4521.1428     -1.8877 

 239.760  1.47E-05    992.9083    -37.1110  -4.338E-06   4513.4396      -.7582 

 244.200 -1.23E-06    821.8556    -38.6505  -2.962E-06   4504.9716     .064778 

 248.640 -1.16E-05    651.6651    -37.1237  -1.846E-06   4496.5464       .6230 

 253.080 -1.76E-05    493.4267    -33.6042  -9.777E-07   4488.7128       .9624 

 257.520 -2.03E-05    353.9111    -28.9612  -3.355E-07   4481.8061      1.1291 

 261.960 -2.06E-05    236.4745    -23.8657   1.120E-07   4475.9924      1.1662 

 266.400 -1.93E-05    141.9091    -18.8074   3.988E-07   4471.3109      1.1123 

 270.840 -1.71E-05     69.1995    -14.1185   5.588E-07   4467.7114       .9998 

 275.280 -1.43E-05     16.1647    -10.0007   6.235E-07   4465.0859       .8551 

 279.720 -1.15E-05    -20.0221     -6.5523   6.206E-07   4465.2769       .6983 

 284.160 -8.83E-06    -42.4330     -3.7940   5.733E-07   4466.3864       .5442 

 288.600 -6.43E-06    -54.0949     -1.6922   5.001E-07   4466.9637       .4026 

 293.040 -4.39E-06    -57.7932      -.1784   4.153E-07   4467.1468       .2793 

 297.480 -2.74E-06    -55.9554       .8351   3.291E-07   4467.0558       .1772 

 301.920 -1.47E-06    -50.5967      1.4424   2.483E-07   4466.7905     .096400 

 306.360 -5.37E-07    -43.3122      1.7358   1.771E-07   4466.4299     .035773 

 310.800  1.04E-07    -35.3005      1.7997   1.176E-07   4466.0333    -.007008 

 315.240  5.07E-07    -27.4092      1.7069   7.003E-08   4465.6426    -.034770 

 319.680  7.26E-07    -20.1895      1.5177   3.395E-08   4465.2852    -.050497 

 324.120  8.08E-07    -13.9551      1.2789   8.071E-09   4464.9766    -.057068 

 328.560  7.97E-07     -8.8386      1.0255  -9.206E-09   4464.7233    -.057078 

 333.000  7.27E-07     -4.8429       .7816  -1.958E-08   4464.5255    -.052748 

 337.440  6.23E-07     -1.8846       .5627  -2.467E-08   4464.3790    -.045877 

 341.880  5.07E-07       .1702       .3768  -2.597E-08   4464.2941    -.037854 

 346.320  3.93E-07      1.4787       .2269  -2.472E-08   4464.3589    -.029687 

 350.760  2.88E-07      2.2012       .1120  -2.193E-08   4464.3947    -.022052 

 355.200  1.98E-07      2.4879     .028958  -1.838E-08   4464.4089    -.015357 

 359.640  1.25E-07      2.4706    -.026887  -1.462E-08   4464.4080    -.009798 

 364.080  6.81E-08      2.2589    -.060666  -1.104E-08   4464.3975    -.005417 



 368.520  2.67E-08      1.9392    -.077460  -7.856E-09   4464.3817    -.002148 

 372.960 -1.70E-09      1.5762    -.081920  -5.192E-09   4464.3637   1.390E-04 

 377.400 -1.94E-08      1.2152    -.078046  -3.076E-09   4464.3459     .001606 

 381.840 -2.90E-08       .8853    -.069095  -1.484E-09   4464.3295     .002426 

 386.280 -3.26E-08       .6027    -.057583  -3.562E-10   4464.3155     .002760 

 390.720 -3.22E-08       .3742    -.045342   3.842E-10   4464.3042     .002754 

 395.160 -2.92E-08       .1998    -.033611   8.192E-10   4464.2956     .002530 

 399.600 -2.49E-08     .075140    -.023153   1.028E-09   4464.2894     .002181 

 404.040 -2.01E-08    -.006517    -.014359   1.080E-09   4464.2860     .001780 

 408.480 -1.53E-08    -.053085    -.007361   1.034E-09   4464.2883     .001372 

 412.920 -1.09E-08    -.072571    -.002121   9.391E-10   4464.2893   9.879E-04 

 417.360 -6.98E-09    -.072545     .001491   8.291E-10   4464.2893   6.393E-04 

 421.800 -3.54E-09    -.059880     .003234   7.288E-10   4464.2887   1.456E-04 

 426.240 -5.09E-10    -.044315     .003604   6.498E-10   4464.2879   2.120E-05 

 430.680  2.23E-09    -.028309     .003442   5.948E-10   4464.2871  -9.397E-05 

 435.120  4.77E-09    -.014141     .002781   5.626E-10   4464.2864  -2.040E-04 

 439.560  7.22E-09    -.003989     .001634   5.488E-10   4464.2859  -3.128E-04 

 444.000  9.65E-09      0.0000      0.0000   5.458E-10   4464.2857  -4.231E-04 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  8: 

 

Pile-head deflection             =      .80000000 in 

Computed slope at pile head      =     -.01448557 

Maximum bending moment           =     572249.554 lbs-in 

Maximum shear force              =      17637.120 lbs 

Depth of maximum bending moment  =         53.280 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              9 

Number of zero deflection points =              6 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  9 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Specified deflection at pile head     =         .900000 in 

Specified bending moment at pile head =            .000 in-lbs 

Specified axial load at pile head     =       75000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .900000      0.0000  18804.3278    -.016088   4464.2857   -159.1388 

   4.440   .828570  87279.8396  18047.8526    -.016022   8785.0699   -181.6157 

   8.880   .757728   1.709E+05  17165.3297    -.015826  12926.4304   -215.9171 

  13.320   .688036   2.502E+05  16124.9962    -.015507  16852.8013   -252.7016 

  17.760   .620029   3.245E+05  14910.4572    -.015071  20526.3019   -294.3881 



  22.200   .554205   3.927E+05  13502.8644    -.014528  23904.3952   -339.6628 

  26.640   .491024   4.540E+05  11887.1516    -.013886  26941.1915   -388.1358 

  31.080   .430900   5.075E+05  10049.1183    -.013157  29587.8520   -439.8072 

  35.520   .374190   5.520E+05   7976.4118    -.012354  31792.6134   -493.8444 

  39.960   .321197   5.866E+05   5789.8345    -.011491  33501.6269   -491.1004 

  44.400   .272151   6.111E+05   3627.0773    -.010583  34716.7076   -483.1146 

  48.840   .227218   6.258E+05   1509.7246    -.009646  35445.0358   -470.6479 

  53.280   .186497   6.309E+05   -544.3451    -.008693  35698.4102   -454.6087 

  57.720   .150023   6.268E+05  -2520.2499    -.007740  35492.3560   -435.4385 

  62.160   .117767   6.137E+05  -4396.9267    -.006800  34845.6857   -409.9115 

  66.600   .089641   5.923E+05  -6144.6479    -.005886  33783.6382   -377.3503 

  71.040   .065502   5.631E+05  -7732.1221    -.005010  32338.5267   -337.7282 

  75.480   .045152   5.269E+05  -9127.5527    -.004184  30549.7487   -290.8442 

  79.920   .028349   4.848E+05 -10297.0777    -.003417  28463.9622   -235.9689 

  84.360   .014809   4.378E+05 -11177.0433    -.002718  26135.7741   -160.4120 

  88.800   .004215   3.874E+05 -11638.2492    -.002092  23640.0970    -47.3384 

  93.240  -.003772   3.358E+05 -11645.9323    -.001544  21088.5418     43.8775 

  97.680  -.009499   2.850E+05 -11294.8135    -.001074  18571.4158    114.2841 

 102.120  -.013308   2.362E+05 -10673.8576  -6.788E-04  16158.7010    165.4258 

 106.560  -.015527   1.906E+05  -9864.3614  -3.553E-04  13901.5254    199.2121 

 111.000  -.016462   1.489E+05  -8938.6012  -9.793E-05  11834.0013    217.7970 

 115.440  -.016396   1.113E+05  -7958.9808   9.928E-05   9975.3097    223.4735 

 119.880  -.015581  78126.3865  -6977.6096   2.429E-04   8331.9286    218.5856 

 124.320  -.014240  49199.7607  -6036.2305   3.394E-04   6899.9174    205.4590 

 128.760  -.012567  24298.6365  -5166.4139   3.951E-04   5667.1885    186.3502 

 133.200  -.010731   3058.8804  -4094.1137   4.158E-04   4615.7154    296.6679 

 137.640  -.008875 -12334.0275  -2871.1662   4.088E-04   5074.8811    254.2094 

 142.080  -.007101 -22709.3274  -1839.5061   3.822E-04   5588.5098    210.5023 

 146.520  -.005480 -28923.4048   -999.3744   3.431E-04   5896.1374    167.9354 

 150.960  -.004054 -31812.2711   -341.7542   2.971E-04   6039.1506    128.2899 

 155.400  -.002843 -32156.0228    149.0300   2.486E-04   6056.1680     92.7840 

 159.840  -.001847 -30654.4353    492.9552   2.010E-04   5981.8320     62.1372 

 164.280  -.001058 -27912.4253    712.2586   1.566E-04   5846.0889     36.6481 

 168.720 -4.57E-04 -24433.8598    829.7528   1.169E-04   5673.8827     16.2772 

 173.160 -1.99E-05 -20622.0774    867.5088   8.275E-05   5485.1806       .7300 

 177.600  2.78E-04 -16785.4950    845.8939   5.440E-05   5295.2508    -10.4664 

 182.040  4.63E-04 -13146.7699    782.9349   3.171E-05   5115.1159    -17.8935 

 186.480  5.60E-04  -9854.1540    693.9641   1.428E-05   4952.1151    -22.1834 

 190.920  5.90E-04  -6993.8791    591.5004   1.510E-06   4810.5174    -23.9714 

 195.360  5.73E-04  -4602.6367    485.3144  -7.279E-06   4692.1390    -23.8601 

 199.800  5.25E-04  -2679.4399    382.6288  -1.280E-05   4596.9313    -22.3946 

 204.240  4.59E-04  -1196.3692    288.4089  -1.574E-05   4523.5119    -20.0468 

 208.680  3.86E-04   -107.8889    205.7032  -1.672E-05   4469.6267    -17.2080 

 213.120  3.11E-04    641.4135    136.0028  -1.632E-05   4496.0389    -14.1885 

 217.560  2.41E-04   1110.6853     79.5932  -1.499E-05   4519.2701    -11.2212 

 222.000  1.78E-04   1358.1861     35.8800  -1.312E-05   4531.5227     -8.4694 

 226.440  1.24E-04   1438.0383      3.6765  -1.100E-05   4535.4757     -6.0366 

 230.880  8.01E-05   1398.1609    -18.5534  -8.852E-06   4533.5016     -3.9769 

 235.320  4.55E-05   1279.1796    -32.5002  -6.823E-06   4527.6114     -2.3055 

 239.760  1.96E-05   1114.1025    -39.8596  -5.009E-06   4519.4393     -1.0095 

 244.200  1.07E-06    928.5624    -42.2252  -3.460E-06   4510.2542    -.056113 

 248.640 -1.12E-05    741.4474    -41.0198  -2.195E-06   4500.9910       .5991 

 253.080 -1.84E-05    565.7686    -37.4560  -1.204E-06   4492.2941      1.0062 

 257.520 -2.19E-05    409.6402    -32.5226  -4.646E-07   4484.5649      1.2160 

 261.960 -2.25E-05    277.2771    -26.9890   5.603E-08   4478.0123      1.2766 

 266.400 -2.14E-05    169.9404    -21.4221   3.950E-07   4472.6986      1.2310 

 270.840 -1.90E-05     86.7860    -16.2115   5.896E-07   4468.5821      1.1161 



 275.280 -1.61E-05     25.5894    -11.5991   6.748E-07   4465.5525       .9616 

 279.720 -1.30E-05    -16.6632     -7.7084   6.815E-07   4465.1106       .7909 

 284.160 -1.01E-05    -43.3154     -4.5740   6.361E-07   4466.4300       .6210 

 288.600 -7.40E-06    -57.7038     -2.1667   5.595E-07   4467.1423       .4634 

 293.040 -5.11E-06    -62.9285      -.4164   4.681E-07   4467.4010       .3251 

 297.480 -3.24E-06    -61.7127       .7707   3.736E-07   4467.3408       .2096 

 301.920 -1.79E-06    -56.3335      1.4972   2.841E-07   4467.0745       .1177 

 306.360 -7.21E-07    -48.6065      1.8651   2.046E-07   4466.6920     .048052 

 310.800  2.33E-08    -39.9076      1.9683   1.375E-07   4466.2613    -.001577 

 315.240  4.99E-07    -31.2197      1.8887   8.358E-08   4465.8312    -.034267 

 319.680  7.66E-07    -23.1915      1.6944   4.234E-08   4465.4338    -.053283 

 324.120  8.75E-07    -16.2020      1.4388   1.248E-08   4465.0878    -.061810 

 328.560  8.76E-07    -10.4229      1.1623  -7.698E-09   4464.8017    -.062748 

 333.000  8.07E-07     -5.8755       .8929  -2.005E-08   4464.5766    -.058596 

 337.440  6.98E-07     -2.4802       .6488  -2.638E-08   4464.4085    -.051395 

 341.880  5.73E-07    -.096881       .4398  -2.834E-08   4464.2905    -.042731 

 346.320  4.47E-07      1.4441       .2700  -2.732E-08   4464.3572    -.033767 

 350.760  3.30E-07      2.3187       .1389  -2.446E-08   4464.4005    -.025295 

 355.200  2.29E-07      2.6935     .043188  -2.067E-08   4464.4191    -.017802 

 359.640  1.47E-07      2.7160    -.021933  -1.657E-08   4464.4202    -.011532 

 364.080  8.23E-08      2.5098    -.062080  -1.260E-08   4464.4100    -.006552 

 368.520  3.48E-08      2.1731    -.082852  -9.055E-09   4464.3933    -.002805 

 372.960  1.91E-09      1.7801    -.089424  -6.059E-09   4464.3738  -1.557E-04 

 377.400 -1.90E-08      1.3831    -.086285  -3.661E-09   4464.3542     .001569 

 381.840 -3.06E-08      1.0163    -.077122  -1.843E-09   4464.3360     .002558 

 386.280 -3.54E-08       .6995    -.064801  -5.424E-10   4464.3203     .002992 

 390.720 -3.54E-08       .4413    -.051429   3.222E-10   4464.3076     .003032 

 395.160 -3.25E-08       .2426    -.038450   8.405E-10   4464.2977     .002815 

 399.600 -2.80E-08     .099253    -.026766   1.100E-09   4464.2906     .002449 

 404.040 -2.27E-08     .004156    -.016858   1.178E-09   4464.2859     .002014 

 408.480 -1.75E-08    -.051230    -.008906   1.142E-09   4464.2883     .001567 

 412.920 -1.26E-08    -.075691    -.002893   1.046E-09   4464.2895     .001141 

 417.360 -8.21E-09    -.077619     .001309   9.299E-10   4464.2896   7.516E-04 

 421.800 -4.34E-09    -.064690     .003373   8.221E-10   4464.2889   1.783E-04 

 426.240 -9.07E-10    -.048215     .003853   7.365E-10   4464.2881   3.777E-05 

 430.680  2.20E-09    -.030970     .003730   6.765E-10   4464.2872  -9.286E-05 

 435.120  5.10E-09    -.015540     .003040   6.412E-10   4464.2865  -2.180E-04 

 439.560  7.89E-09    -.004401     .001797   6.261E-10   4464.2859  -3.419E-04 

 444.000  1.07E-08      0.0000      0.0000   6.228E-10   4464.2857  -4.676E-04 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  9: 

 

Pile-head deflection             =      .90000000 in 

Computed slope at pile head      =     -.01608776 

Maximum bending moment           =     630929.315 lbs-in 

Maximum shear force              =      18804.328 lbs 

Depth of maximum bending moment  =         53.280 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              9 

Number of zero deflection points =              6 

 

 



 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number 10 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Specified deflection at pile head     =        1.000000 in 

Specified bending moment at pile head =            .000 in-lbs 

Specified axial load at pile head     =       75000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000     1.000      0.0000  19863.5486    -.017654   4464.2857   -159.1388 

   4.440   .921615  92504.4186  19107.0733    -.017584   9043.7124   -181.6158 

   8.880   .843853   1.814E+05  18224.5499    -.017377  13443.5848   -215.9173 

  13.320   .767311   2.659E+05  17184.2154    -.017038  17628.2064   -252.7019 

  17.760   .692560   3.453E+05  15969.6746    -.016574  21559.5660   -294.3886 

  22.200   .620132   4.188E+05  14562.0789    -.015995  25194.9962   -339.6636 

  26.640   .550523   4.853E+05  12946.3617    -.015310  28488.4772   -388.1370 

  31.080   .484180   5.439E+05  11108.3218    -.014530  31391.0400   -439.8089 

  35.520   .421498   5.936E+05   9033.7577    -.013668  33850.7920   -494.6795 

  39.960   .362812   6.332E+05   6739.4810    -.012738  35812.9421   -538.7785 

  44.400   .308387   6.619E+05   4368.4975    -.011756  37233.4626   -529.2321 

  48.840   .258417   6.799E+05   2051.3574    -.010739  38120.9531   -514.5247 

  53.280   .213024   6.873E+05   -191.1968    -.009703  38489.3189   -495.6349 

  57.720   .172256   6.846E+05  -2343.0539    -.008663  38356.8088   -473.6701 

  62.160   .136096   6.723E+05  -4388.2729    -.007635  37744.9258   -447.5997 

  66.600   .104461   6.507E+05  -6301.3364    -.006632  36679.4213   -414.1407 

  71.040   .077205   6.207E+05  -8049.3065    -.005668  35193.4866   -373.2333 

  75.480   .054128   5.830E+05  -9598.8187    -.004756  33327.7940   -324.7452 

  79.920   .034974   5.387E+05 -10914.9705    -.003906  31130.6060   -268.1160 

  84.360   .019446   4.887E+05 -11957.5404    -.003127  28658.2972   -201.5101 

  88.800   .007208   4.346E+05 -12584.6203    -.002427  25977.1177    -80.9583 

  93.240  -.002106   3.786E+05 -12709.9660    -.001811  23206.0698     24.4963 

  97.680  -.008872   3.229E+05 -12418.6248    -.001279  20449.4679    106.7385 

 102.120  -.013464   2.692E+05 -11810.0991  -8.303E-04  17788.9651    167.3722 

 106.560  -.016245   2.186E+05 -10975.8113  -4.607E-04  15285.0782    208.4331 

 111.000  -.017555   1.720E+05  -9997.4874  -1.646E-04  12979.1434    232.2533 

 115.440  -.017707   1.299E+05  -8946.1059   6.420E-05  10895.5711    241.3420 

 119.880  -.016985  92515.9482  -7881.3328   2.328E-04   9044.2832    238.2856 

 124.320  -.015640  59770.6962  -6851.3571   3.482E-04   7423.2311    225.6674 

 128.760  -.013893  31443.9901  -5893.0350   4.173E-04   6020.9189    206.0092 

 133.200  -.011934   7162.5947  -4703.2678   4.466E-04   4818.8696    329.9220 

 137.640  -.009927 -10618.4663  -3339.5752   4.440E-04   4989.9524    284.3540 

 142.080  -.007991 -22788.5271  -2182.4038   4.187E-04   5592.4306    236.8944 

 146.520  -.006209 -30277.0425  -1234.1042   3.784E-04   5963.1492    190.2675 

 150.960  -.004631 -33999.4166   -486.4189   3.297E-04   6147.4252    146.5277 

 155.400  -.003281 -34816.0404     76.6420   2.776E-04   6187.8521    107.1034 

 159.840  -.002166 -33503.6966    476.1724   2.258E-04   6122.8846     72.8653 

 164.280  -.001276 -30738.0032    736.0792   1.771E-04   5985.9690     44.2098 

 168.720 -5.93E-04 -27085.2592    881.1765   1.333E-04   5805.1401     21.1493 

 173.160 -9.29E-05 -23001.9132    935.6832   9.531E-05   5602.9943      3.4032 

 177.600  2.53E-04 -18839.8667    922.1116   6.359E-05   5396.9524     -9.5166 



 182.040  4.72E-04 -14855.9155    860.5181   3.805E-05   5199.7271    -18.2282 

 186.480  5.91E-04 -11223.8095    768.0712   1.829E-05   5019.9198    -23.4145 

 190.920  6.34E-04  -8047.6227    658.8835   3.680E-06   4862.6829    -25.7691 

 195.360  6.23E-04  -5375.3750    544.0550  -6.494E-06   4730.3934    -25.9555 

 199.800  5.77E-04  -3212.0893    431.8707  -1.300E-05   4623.3000    -24.5780 

 204.240  5.08E-04  -1531.7038    328.1041  -1.660E-05   4540.1126    -22.1636 

 208.680  4.29E-04   -287.4704    236.3829  -1.798E-05   4478.5169    -19.1522 

 213.120  3.48E-04    579.3486    158.5780  -1.776E-05   4492.9663    -15.8950 

 217.560  2.71E-04   1132.5271     95.1899  -1.646E-05   4520.3514    -12.6582 

 222.000  2.02E-04   1435.5956     45.7084  -1.451E-05   4535.3548     -9.6308 

 226.440  1.43E-04   1548.0822      8.9328  -1.225E-05   4540.9234     -6.9348 

 230.880  9.34E-05   1523.0777    -16.7560  -9.922E-06   4539.6856     -4.6368 

 235.320  5.45E-05   1405.8968    -33.1756  -7.702E-06   4533.8846     -2.7594 

 239.760  2.50E-05   1233.6080    -42.1715  -5.702E-06   4525.3554     -1.2928 

 244.200  3.88E-06   1035.2115    -45.4945  -3.982E-06   4515.5338      -.2041 

 248.640 -1.03E-05    832.2684    -44.7195  -2.567E-06   4505.4871       .5532 

 253.080 -1.89E-05    639.8113    -41.1982  -1.451E-06   4495.9595      1.0330 

 257.520 -2.32E-05    467.3947    -36.0403  -6.117E-07   4487.4241      1.2904 

 261.960 -2.43E-05    320.1806    -30.1158  -1.475E-08   4480.1362      1.3783 

 266.400 -2.33E-05    199.9759    -24.0717   3.795E-07   4474.1855      1.3443 

 270.840 -2.10E-05    106.1712    -18.3581   6.115E-07   4469.5417      1.2294 

 275.280 -1.79E-05     36.5489    -13.2596   7.197E-07   4466.0951      1.0672 

 279.720 -1.46E-05    -12.0536     -8.9281   7.383E-07   4464.8824       .8839 

 284.160 -1.13E-05    -43.2245     -5.4139   6.964E-07   4466.4255       .6990 

 288.600 -8.40E-06    -60.5929     -2.6945   6.177E-07   4467.2854       .5259 

 293.040 -5.86E-06    -67.5633      -.6994   5.206E-07   4467.6304       .3728 

 297.480 -3.78E-06    -67.1501       .6700   4.184E-07   4467.6100       .2440 

 301.920 -2.15E-06    -61.8922      1.5242   3.206E-07   4467.3497       .1407 

 306.360 -9.30E-07    -53.8287      1.9741   2.329E-07   4466.9505     .061928 

 310.800 -7.67E-08    -44.5172      2.1231   1.584E-07   4466.4895     .005184 

 315.240  4.77E-07    -35.0810      2.0620   9.806E-08   4466.0224    -.032709 

 319.680  7.94E-07    -26.2720      1.8667   5.156E-08   4465.5863    -.055274 

 324.120  9.35E-07    -18.5393      1.5975   1.760E-08   4465.2035    -.065988 

 328.560  9.50E-07    -12.0981      1.2999  -5.623E-09   4464.8846    -.068049 

 333.000  8.85E-07     -6.9923      1.0062  -2.009E-08   4464.6319    -.064230 

 337.440  7.72E-07     -3.1492       .7375  -2.778E-08   4464.4416    -.056816 

 341.880  6.38E-07      -.4246       .5057  -3.049E-08   4464.3067    -.047596 

 346.320  5.01E-07      1.3620       .3159  -2.978E-08   4464.3531    -.037892 

 350.760  3.74E-07      2.4008       .1683  -2.693E-08   4464.4046    -.028617 

 355.200  2.62E-07      2.8744     .059612  -2.293E-08   4464.4280    -.020340 

 359.640  1.70E-07      2.9455    -.015207  -1.852E-08   4464.4315    -.013362 

 364.080  9.77E-08      2.7517    -.062135  -1.420E-08   4464.4219    -.007777 

 368.520  4.39E-08      2.4032    -.087260  -1.029E-08   4464.4047    -.003540 

 372.960  6.32E-09      1.9837    -.096264  -6.966E-09   4464.3839  -5.159E-04 

 377.400 -1.79E-08      1.5530    -.094122  -4.286E-09   4464.3626     .001481 

 381.840 -3.17E-08      1.1507    -.084946  -2.236E-09   4464.3427     .002653 

 386.280 -3.78E-08       .8002    -.071960  -7.578E-10   4464.3253     .003197 

 390.720 -3.85E-08       .5122    -.057555   2.368E-10   4464.3111     .003292 

 395.160 -3.57E-08       .2889    -.043387   8.440E-10   4464.3000     .003090 

 399.600 -3.10E-08       .1264    -.030505   1.159E-09   4464.2920     .002712 

 404.040 -2.54E-08     .017246    -.019489   1.268E-09   4464.2866     .002250 

 408.480 -1.97E-08    -.047537    -.010574   1.245E-09   4464.2881     .001766 

 412.920 -1.43E-08    -.077484    -.003770   1.150E-09   4464.2896     .001299 

 417.360 -9.50E-09    -.081776     .001047   1.029E-09   4464.2898   8.700E-04 

 421.800 -5.21E-09    -.068875     .003453   9.150E-10   4464.2891   2.139E-04 

 426.240 -1.37E-09    -.051723     .004055   8.236E-10   4464.2883   5.724E-05 

 430.680  2.11E-09    -.033417     .003984   7.591E-10   4464.2874  -8.896E-05 



 435.120  5.37E-09    -.016847     .003278   7.210E-10   4464.2865  -2.294E-04 

 439.560  8.51E-09    -.004792     .001950   7.046E-10   4464.2860  -3.686E-04 

 444.000  1.16E-08      0.0000      0.0000   7.010E-10   4464.2857  -5.098E-04 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No. 10: 

 

Pile-head deflection             =     1.00000000 in 

Computed slope at pile head      =     -.01765424 

Maximum bending moment           =     687305.670 lbs-in 

Maximum shear force              =      19863.549 lbs 

Depth of maximum bending moment  =         53.280 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              9 

Number of zero deflection points =              6 

 

 

 

 

 

------------------------------------------------------------------------------ 

                        Summary of Pile-head Response 

------------------------------------------------------------------------------ 

 

Definition of symbols for pile-head boundary conditions: 

 

y = pile-head displacment, in 

M = pile-head moment, lbs-in 

V = pile-head shear force, lbs 

S = pile-head slope, radians 

R = rotational stiffness of pile-head, in-lbs/rad 

 

 BC    Boundary     Boundary       Axial    Pile Head    Maximum     Maximum  

Type  Condition    Condition       Load     Deflection    Moment      Shear 

          1            2            lbs         in        in-lbs       lbs 

---- ------------ ------------ ----------- ----------- ----------- ----------- 

  4  y=   .100000 M=     0.000  75000.0000     .100000  97015.5129   4011.8234 

  4  y=   .200000 M=     0.000  75000.0000       .2000   1.753E+05   6684.6030 

  4  y=   .300000 M=     0.000  75000.0000       .3000   2.484E+05   9060.4559 

  4  y=   .400000 M=     0.000  75000.0000       .4000   3.177E+05  11307.3307 

  4  y=   .500000 M=     0.000  75000.0000       .5000   3.844E+05  13262.2873 

  4  y=   .600000 M=     0.000  75000.0000       .6000   4.485E+05  14905.1218 

  4  y=   .700000 M=     0.000  75000.0000       .7000   5.116E+05  16356.1887 

  4  y=   .800000 M=     0.000  75000.0000       .8000   5.722E+05  17637.1198 

  4  y=   .900000 M=     0.000  75000.0000       .9000   6.309E+05  18804.3278 

  4  y=     1.000 M=     0.000  75000.0000      1.0000   6.873E+05  19863.5486 

 

 

------------------------------------------------------------------------------ 

                     Pile-head Deflection vs. Pile Length 

------------------------------------------------------------------------------ 

 

Boundary Condition Type 4, Deflection and Moment 



 

Deflection =          .10000  in 

Moment     =              0. in-lbs 

Axial Load =          75000. lbs 

 

 

 

   Pile       Pile Head       Maximum      Maximum 

  Length      Deflection      Moment        Shear  

    in           in           in-lbs         lbs 

-----------  ------------  ------------  ------------ 

   444.000     .10000000     97015.513      4011.823 

   421.800     .10000000     96901.608      4011.504 

   399.600     .10000000     97044.680      4011.398 

   377.400     .10000000     96952.967      4013.243 

   355.200     .10000000     96972.630      4013.165 

   333.000     .10000000     97047.562      4014.955 

   310.800     .10000000     97050.526      4015.779 

   288.600     .10000000     97031.865      4015.604 

   266.400     .10000000     96985.223      4015.981 

   244.200     .10000000     97041.802      4015.617 

 

The analysis ended normally.  

 



============================================================================== 

 

                    LPILE Plus for Windows, Version 4.0 

 

               Analysis of Individual Piles and Drilled Shafts 

              Subjected to Lateral Loading Using the p-y Method 

 

                   (c) Copyright ENSOFT, Inc., 1985-2001 

                             All Rights Reserved 

 

============================================================================== 

 

 

This program is licensed to:  

 

IT - San Jose 

URS Corporation 

 

Path to file locations:      X:\Route 84 - Isabel 

Avenue\geotech\Analysis\pile\lateral\ArroyoMocho\ 

Name of input data file:     ArroyoMocho_Abut_B19_ Fixed.lpd 

Name of output file:         ArroyoMocho_Abut_B19_ Fixed.lpo 

Name of plot output file:    ArroyoMocho_Abut_B19_ Fixed.lpp 

Name of runtime file:        ArroyoMocho_Abut_B19_ Fixed.lpr 

 

 

------------------------------------------------------------------------------ 

                          Time and Date of Analysis 

------------------------------------------------------------------------------ 

 

               Date:  October 29, 2009     Time:  11:26:42 

 

 

------------------------------------------------------------------------------ 

                                Problem Title 

------------------------------------------------------------------------------ 

 

SR84 Isabel Abutment - Arroyo Mocho Bridge Widen - H pile - Weak Axis            

 

 

------------------------------------------------------------------------------ 

                                Program Options 

------------------------------------------------------------------------------ 

 

Units Used in Computations - US Customary Units, inches, pounds 

 

Basic Program Options: 

 

Analysis Type 1:  

- Computation of Lateral Pile Response Using User-specified Constant EI 

 

Computation Options: 

- Only internally-generated p-y curves used in analysis 

- Analysis does not use p-y multipliers (individual pile or shaft action only) 

- Analysis assumes no shear resistance at pile tip 

- Analysis includes automatic computation of pile-top deflection vs. 

  pile embedment length 



- No computation of foundation stiffness matrix elements 

- Output pile response for full length of pile 

- Analysis assumes no soil movements acting on pile 

- Additional p-y curves computed at specified depths 

 

Solution Control Parameters: 

- Number of pile increments            =          100 

- Maximum number of iterations allowed =          100 

- Deflection tolerance for convergence =   1.0000E-05 in 

- Maximum allowable deflection         =   1.0000E+02 in 

 

Printing Options: 

- Values of pile-head deflection, bending moment, shear force, and  

  soil reaction are printed for full length of pile. 

- Printing Increment (spacing of output points) =  1 

 

 

------------------------------------------------------------------------------ 

                   Pile Structural Properties and Geometry 

------------------------------------------------------------------------------ 

 

Pile Length                               =     444.00 in 

Depth of ground surface below top of pile =     -36.00 in 

Slope angle of ground surface             =      21.80 deg. 

 

Structural properties of pile defined using  2 points 

 

Point    Depth         Pile      Moment of       Pile      Modulus of 

           X         Diameter     Inertia        Area      Elasticity 

           in           in         in**4        Sq.in      lbs/Sq.in 

-----  ---------   -----------   ----------   ----------   ----------- 

  1       0.0000        10.000     101.0000      16.8000  29000000.000 

  2     444.0000        10.000     101.0000      16.8000  29000000.000 

 

 

------------------------------------------------------------------------------ 

                      Soil and Rock Layering Information 

------------------------------------------------------------------------------ 

 

The soil profile is modelled using  4 layers 

 

Layer  1 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      -36.000 in 

Distance from top of pile to bottom of layer =      132.000 in 

p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3 

 

Layer  2 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      132.000 in 

Distance from top of pile to bottom of layer =      420.000 in 

p-y subgrade modulus k for top of soil layer =      225.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =      225.000 lbs/in**3 

 

Layer  3 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =      420.000 in 

Distance from top of pile to bottom of layer =      732.000 in 

p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3 



p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3 

 

Layer  4 is stiff clay without free water 

Distance from top of pile to top of layer    =      732.000 in 

Distance from top of pile to bottom of layer =     1092.000 in 

p-y subgrade modulus k for top of soil layer =     1000.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =     1000.000 lbs/in**3 

 

 

(Depth of lowest layer extends  648.00 in below pile tip) 

 

 

------------------------------------------------------------------------------ 

                   Effective Unit Weight of Soil vs. Depth 

------------------------------------------------------------------------------ 

 

Distribution of effective unit weight of soil with depth 

is defined using  8 points 

 

Point        Depth X    Eff. Unit Weight 

 No.           in          lbs/in**3 

-----      ----------   ---------------- 

  1           -36.00         .07230 

  2           132.00         .07230 

  3           132.00         .07810 

  4           420.00         .07810 

  5           420.00         .04200 

  6           732.00         .04200 

  7           732.00         .04200 

  8          1092.00         .04200 

 

 

 

------------------------------------------------------------------------------ 

                           Shear Strength of Soils 

------------------------------------------------------------------------------ 

 

Distribution of shear strength parameters with depth 

defined using  8 points 

 

Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD 

 No.       in         lbs/in**2            Deg.            k_rm        % 

-----   --------     ----------     ------------------    ------    ------ 

  1      -36.000         .00000           35.00           ------    ------ 

  2      132.000         .00000           35.00           ------    ------ 

  3      132.000         .00000           40.00           ------    ------ 

  4      420.000         .00000           40.00           ------    ------ 

  5      420.000         .00000           40.00           ------    ------ 

  6      732.000         .00000           40.00           ------    ------ 

  7      732.000       27.77800             .00           .00500        .0 

  8     1092.000       27.77800             .00           .00500        .0 

 

Notes: 

 

(1)  Cohesion = uniaxial compressive strength for rock materials. 

(2)  Values of E50 are reported for clay strata.  

(3)  Default values will be generated for E50 when input values are 0. 



(4)  RQD and k_rm are reported only for weak rock strata. 

 

Static loading criteria was used for computation of  p-y curves 

 

 

 

------------------------------------------------------------------------------ 

              Pile-head Loading and Pile-head Fixity Conditions 

------------------------------------------------------------------------------ 

 

Number of loads specified = 10 

 

Load Case Number  1 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =            .100 in 

Slope at pile head          =            .000 in/in 

Axial load at pile head     =       75000.000 lbs 

 

Load Case Number  2 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =            .200 in 

Slope at pile head          =            .000 in/in 

Axial load at pile head     =       75000.000 lbs 

 

Load Case Number  3 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =            .300 in 

Slope at pile head          =            .000 in/in 

Axial load at pile head     =       75000.000 lbs 

 

Load Case Number  4 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =            .400 in 

Slope at pile head          =            .000 in/in 

Axial load at pile head     =       75000.000 lbs 

 

Load Case Number  5 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =            .500 in 

Slope at pile head          =            .000 in/in 

Axial load at pile head     =       75000.000 lbs 

 

Load Case Number  6 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =            .600 in 

Slope at pile head          =            .000 in/in 

Axial load at pile head     =       75000.000 lbs 

 

Load Case Number  7 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 



Deflection at pile head     =            .700 in 

Slope at pile head          =            .000 in/in 

Axial load at pile head     =       75000.000 lbs 

 

Load Case Number  8 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =            .800 in 

Slope at pile head          =            .000 in/in 

Axial load at pile head     =       75000.000 lbs 

 

Load Case Number  9 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =            .900 in 

Slope at pile head          =            .000 in/in 

Axial load at pile head     =       75000.000 lbs 

 

Load Case Number 10 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Deflection at pile head     =           1.000 in 

Slope at pile head          =            .000 in/in 

Axial load at pile head     =       75000.000 lbs 

 

 

 

 

------------------------------------------------------------------------------ 

                   Output of p-y Curves at Specified Depths 

------------------------------------------------------------------------------ 

 

 

 

p-y curves are generated and printed for verification at  1 depths. 

 

Depth      Depth Below Pile Head      Depth Below Ground Surface 

 No.                 in                         in 

-----      ---------------------      -------------------------- 

  1                60.000                     96.000 

 

Depth of ground surface below top of pile =     -36.00 in 

 

 

p-y Curve in Sand Computed Using Reese Criteria 

 

Soil Layer Number           =            1 

Depth below pile head       =       60.000 in 

Depth below ground surface  =       96.000 in 

Equivalent Depth (see note) =       96.000 in 

Pile Diameter               =       10.000 in 

Angle of Friction           =       35.000 deg. 

Avg. Eff. Unit Weight       =       .07230 lbs/in**3 

k                           =       90.000 pci   

A (static)                  =        .8800 

B (static)                  =        .5000 

Pst                         =      971.160 lbs/in 



Psd                         =     3733.696 lbs/in 

Ps                          =      971.160 lbs/in 

pu                          =      854.621 lbs/in 

Cbar                        =    1443.3672 

n                           =       1.6447 

m                           =    1771.3961 

yk                          =        .0104  in 

ym                          =        .1667  in 

yu                          =        .3750  in 

p-multiplier                =      1.00000 

y-multiplier                =      1.00000 

 

If Psd <= Pst then actual depth is used in place of equivalent depth in 

computations. 

 

        y, in             p, lbs/in 

----------------    ----------------- 

          .0000             .000 

          .0139          107.181 

          .0278          163.360 

          .0417          209.030 

          .0556          248.984 

          .0694          285.163 

          .0833          318.592 

          .0972          349.895 

          .1111          379.487 

          .1250          407.660 

          .1389          434.629 

          .1528          460.559 

          .1667          485.580 

          .3750          854.621 

        10.3750          854.621 

        20.3750          854.621 

        30.3750          854.621 

 

 

 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  1 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Specified deflection at pile head   =         .100000 in 

Specified slope at pile head        =       0.000E+00 in/in 

Specified axial load at pile head   =       75000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .100000  -2.783E+05   9347.4951      0.0000  18241.8653    -77.7271 

   4.440   .099063  -2.375E+05   8997.8350  -3.909E-04  16221.7177    -79.7775 



   8.880   .096528  -1.981E+05   8618.7934  -7.211E-04  14273.4917    -90.9620 

  13.320   .092660  -1.605E+05   8192.7601  -9.930E-04  12409.0857   -100.9449 

  17.760   .087711  -1.247E+05   7717.3278    -.001209  10639.1836   -113.2138 

  22.200   .081923 -91149.8029   7187.7957    -.001373   8976.6522   -125.3141 

  26.640   .075521 -59991.0494   6607.0439    -.001487   7434.1396   -136.2858 

  31.080   .068715 -31488.6971   5980.7871    -.001557   6023.1321   -145.8119 

  35.520   .061698  -5844.9265   5316.0799    -.001585   4753.6385   -153.6058 

  39.960   .054641  16773.6715   4621.1667    -.001577   5294.6655   -159.4182 

  44.400   .047697  36241.0959   3905.3037    -.001536   6258.3994   -163.0426 

  48.840   .040997  52476.0699   3178.5592    -.001469   7062.1110   -164.3198 

  53.280   .034650  65445.2197   2451.5964    -.001380   7704.1481   -163.1409 

  57.720   .028743  75165.2384   1735.4483    -.001273   8185.3371   -159.4483 

  62.160   .023343  81704.0148   1041.2951    -.001154   8509.0389   -153.2333 

  66.600   .018492  85180.7679    380.2598    -.001028   8681.1554   -144.5303 

  71.040   .014215  85765.3098   -236.7525  -8.983E-04   8710.0931   -133.4031 

  75.480   .010515  83676.7024   -767.1183  -7.699E-04   8606.6967   -105.5004 

  79.920   .007378  79466.0641  -1172.2163  -6.463E-04   8398.2493    -76.9762 

  84.360   .004776  73697.8342  -1457.9635  -5.302E-04   8112.6933    -51.7388 

  88.800   .002670  66872.4454  -1639.4082  -4.236E-04   7774.8028    -29.9931 

  93.240   .001014  59422.0282  -1732.1880  -3.279E-04   7405.9703    -11.7996 

  97.680 -2.42E-04  51709.0035  -1751.9326  -2.437E-04   7024.1374      2.9056 

 102.120  -.001149  44027.1567  -1713.7622  -1.711E-04   6643.8479     14.2883 

 106.560  -.001761  36604.7589  -1631.8822  -1.100E-04   6276.4025     22.5946 

 111.000  -.002126  29609.3045  -1519.2730  -5.982E-05   5930.0929     28.1303 

 115.440  -.002292  23153.4523  -1387.4674  -1.983E-05   5610.4962     31.2416 

 119.880  -.002302  17301.7978  -1246.4063   1.084E-05   5320.8104     32.2994 

 124.320  -.002196  12078.1472  -1104.3608   3.311E-05   5062.2138     31.6850 

 128.760  -.002008   7473.0259   -967.9079   4.792E-05   4834.2375     29.7802 

 133.200  -.001770   3451.2080   -793.1417   5.620E-05   4635.1376     48.9433 

 137.640  -.001509    392.4962   -588.5144   5.912E-05   4483.7162     43.2312 

 142.080  -.001245  -1814.1717   -410.5811   5.804E-05   4554.0962     36.9190 

 146.520 -9.94E-04  -3292.1181   -261.0135   5.417E-05   4627.2619     30.4538 

 150.960 -7.64E-04  -4168.0479   -139.7105   4.851E-05   4670.6247     24.1871 

 155.400 -5.63E-04  -4565.0584    -45.2167   4.190E-05   4690.2787     18.3777 

 159.840 -3.92E-04  -4597.4744     24.8845   3.495E-05   4691.8835     13.1994 

 164.280 -2.53E-04  -4367.3612     73.6168   2.816E-05   4680.4917      8.7521 

 168.720 -1.42E-04  -3962.5089    104.3087   2.184E-05   4660.4495      5.0731 

 173.160 -5.87E-05  -3455.6477    120.3456   1.622E-05   4635.3574      2.1508 

 177.600  1.68E-06  -2904.6427    124.9797   1.140E-05   4608.0799    -.063337 

 182.040  4.25E-05  -2353.4200    121.1920   7.414E-06   4580.7917     -1.6428 

 186.480  6.75E-05  -1833.3951    111.6041   4.241E-06   4555.0478     -2.6761 

 190.920  8.02E-05  -1365.2004     98.4305   1.817E-06   4531.8699     -3.2579 

 195.360  8.37E-05   -960.5424     83.4665   5.379E-08   4511.8373     -3.4826 

 199.800  8.07E-05   -624.0534     68.1017  -1.147E-06   4495.1794     -3.4385 

 204.240  7.35E-05   -355.0348     53.3526  -1.889E-06   4481.8617     -3.2052 

 208.680  6.39E-05   -149.0236     39.9080  -2.271E-06   4471.6631     -2.8509 

 213.120  5.33E-05       .8607     28.1805  -2.384E-06   4464.3283     -2.4317 

 217.560  4.27E-05    102.8068     18.3607  -2.305E-06   4469.3752     -1.9916 

 222.000  3.28E-05    165.4390     10.4687  -2.102E-06   4472.4758     -1.5633 

 226.440  2.41E-05    197.1685      4.4019  -1.827E-06   4474.0465     -1.1694 

 230.880  1.66E-05    205.7445    -.023269  -1.522E-06   4474.4711      -.8239 

 235.320  1.05E-05    197.9752     -3.0367  -1.216E-06   4474.0865      -.5335 

 239.760  5.81E-06    179.5885     -4.8867  -9.294E-07   4473.1762      -.2998 

 244.200  2.29E-06    155.2005     -5.8193  -6.757E-07   4471.9689      -.1203 

 248.640 -1.92E-07    128.3628     -6.0636  -4.607E-07   4470.6403     .010274 

 253.080 -1.81E-06    101.6628     -5.8219  -2.864E-07   4469.3185     .098602 

 257.520 -2.73E-06     76.8553     -5.2653  -1.511E-07   4468.0904       .1521 



 261.960 -3.15E-06     55.0074     -4.5321  -5.114E-08   4467.0089       .1782 

 266.400 -3.19E-06     36.6440     -3.7287   1.833E-08   4466.0998       .1837 

 270.840 -2.98E-06     21.8839     -2.9326   6.269E-08   4465.3691       .1749 

 275.280 -2.63E-06     10.5610     -2.1959   8.728E-08   4464.8085       .1569 

 279.720 -2.21E-06      2.3259     -1.5504   9.705E-08   4464.4009       .1339 

 284.160 -1.77E-06     -3.2708     -1.0110   9.633E-08   4464.4476       .1091 

 288.600 -1.35E-06     -6.7157      -.5807   8.876E-08   4464.6182     .084749 

 293.040 -9.82E-07     -8.4865      -.2539   7.724E-08   4464.7058     .062469 

 297.480 -6.68E-07     -9.0215    -.019422   6.397E-08   4464.7323     .043137 

 301.920 -4.14E-07     -8.7015       .1366   5.054E-08   4464.7165     .027161 

 306.360 -2.19E-07     -7.8417       .2293   3.800E-08   4464.6739     .014579 

 310.800 -7.66E-08     -6.6906       .2732   2.699E-08   4464.6169     .005175 

 315.240  2.07E-08     -5.4340       .2815   1.780E-08   4464.5547    -.001423 

 319.680  8.15E-08     -4.2028       .2657   1.049E-08   4464.4938    -.005671 

 324.120  1.14E-07     -3.0812       .2353   4.971E-09   4464.4383    -.008043 

 328.560  1.26E-07     -2.1167       .1975   1.032E-09   4464.3905    -.008995 

 333.000  1.23E-07     -1.3284       .1577  -1.580E-09   4464.3515    -.008935 

 337.440  1.12E-07      -.7155       .1196  -3.129E-09   4464.3211    -.008213 

 341.880  9.53E-08      -.2642     .085584  -3.871E-09   4464.2988    -.007109 

 346.320  7.72E-08     .047053     .056844  -4.036E-09   4464.2880    -.005837 

 350.760  5.95E-08       .2432     .033775  -3.816E-09   4464.2978    -.004554 

 355.200  4.33E-08       .3495     .016200  -3.367E-09   4464.3030    -.003362 

 359.640  2.96E-08       .3893     .003578  -2.807E-09   4464.3050    -.002323 

 364.080  1.84E-08       .3832    -.004833  -2.221E-09   4464.3047    -.001465 

 368.520  9.84E-09       .3479    -.009846  -1.667E-09   4464.3029  -7.928E-04 

 372.960  3.61E-09       .2968    -.012259  -1.178E-09   4464.3004  -2.942E-04 

 377.400 -6.27E-10       .2398    -.012797  -7.716E-10   4464.2976   5.175E-05 

 381.840 -3.25E-09       .1837    -.012080  -4.506E-10   4464.2948   2.713E-04 

 386.280 -4.63E-09       .1328    -.010609  -2.107E-10   4464.2923   3.915E-04 

 390.720 -5.12E-09     .089638    -.008768  -4.205E-11   4464.2902   4.379E-04 

 395.160 -5.00E-09     .055017    -.006834   6.759E-11   4464.2884   4.330E-04 

 399.600 -4.52E-09     .028904    -.004995   1.312E-10   4464.2871   3.955E-04 

 404.040 -3.84E-09     .010575    -.003362   1.611E-10   4464.2862   3.398E-04 

 408.480 -3.09E-09    -.001060    -.001994   1.683E-10   4464.2858   2.764E-04 

 412.920 -2.34E-09    -.007247  -9.099E-04   1.620E-10   4464.2861   2.121E-04 

 417.360 -1.65E-09    -.009248  -1.043E-04   1.495E-10   4464.2862   1.508E-04 

 421.800 -1.01E-09    -.008272   3.229E-04   1.363E-10   4464.2861   4.168E-05 

 426.240 -4.36E-10    -.006471   4.558E-04   1.251E-10   4464.2860   1.819E-05 

 430.680  9.72E-11    -.004308   4.871E-04   1.169E-10   4464.2859  -4.104E-06 

 435.120  6.02E-10    -.002224   4.208E-04   1.120E-10   4464.2858  -2.575E-05 

 439.560  1.09E-09  -6.458E-04   2.586E-04   1.098E-10   4464.2857  -4.730E-05 

 444.000  1.58E-09      0.0000      0.0000   1.093E-10   4464.2857  -6.921E-05 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  1: 

 

Pile-head deflection             =      .10000000 in 

Computed slope at pile head      =          0.000 

Maximum bending moment           =    -278307.107 lbs-in 

Maximum shear force              =       9347.495 lbs 

Depth of maximum bending moment  =          0.000 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              7 



Number of zero deflection points =              6 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  2 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Specified deflection at pile head   =         .200000 in 

Specified slope at pile head        =       0.000E+00 in/in 

Specified axial load at pile head   =       75000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .200000  -5.010E+05  15770.3993      0.0000  29266.3351   -108.9408 

   4.440   .198314  -4.319E+05  15266.2441  -7.071E-04  25846.8690   -118.1561 

   8.880   .193721  -3.650E+05  14700.2378    -.001311  22531.9203   -136.8017 

  13.320   .186671  -3.005E+05  14053.7989    -.001815  19341.3589   -154.3870 

  17.760   .177599  -2.390E+05  13324.9195    -.002224  16293.9573   -173.9370 

  22.200   .166919  -1.807E+05  12509.9462    -.002542  13410.3329   -193.1681 

  26.640   .155022  -1.262E+05  11612.6227    -.002775  10710.7095   -211.0317 

  31.080   .142276 -75741.8687  10640.2549    -.002928   8213.8832   -226.9718 

  35.520   .129021 -29742.1751   9602.3529    -.003008   5936.6706   -240.5516 

  39.960   .115565  11530.3944   8510.2664    -.003022   5035.0973   -251.3793 

  44.400   .102186  47841.5523   7376.9646    -.002977   6832.6794   -259.1170 

  48.840   .089130  79020.4316   6216.7829    -.002881   8376.1883   -263.4873 

  53.280   .076606   1.050E+05   5045.1411    -.002741   9660.5797   -264.2793 

  57.720   .064788   1.256E+05   3878.2404    -.002566  10684.4325   -261.3517 

  62.160   .053815   1.411E+05   2732.7510    -.002364  11450.0869   -254.6345 

  66.600   .043793   1.515E+05   1625.5018    -.002143  11963.7118   -244.1264 

  71.040   .034790   1.570E+05    573.1916    -.001909  12235.3031   -229.8872 

  75.480   .026844   1.578E+05   -407.8471    -.001670  12278.6200   -212.0221 

  79.920   .019959   1.545E+05  -1301.7827    -.001433  12111.0755   -190.6516 

  84.360   .014115   1.472E+05  -2064.4679    -.001205  11753.6102   -152.9003 

  88.800   .009262   1.369E+05  -2634.8477  -9.893E-04  11243.2468   -104.0275 

  93.240   .005330   1.245E+05  -3003.4201  -7.912E-04  10627.9388    -61.9961 

  97.680   .002236   1.108E+05  -3200.7791  -6.128E-04   9949.0161    -26.9044 

 102.120 -1.12E-04  96491.0099  -3257.4200  -4.557E-04   9241.0684      1.3905 

 106.560  -.001811  82169.1691  -3202.7637  -3.203E-04   8532.0664     23.2294 

 111.000  -.002956  68263.7864  -3064.3718  -2.063E-04   7843.6811     39.1093 

 115.440  -.003642  55094.9293  -2867.3429  -1.128E-04   7191.7575     49.6425 

 119.880  -.003958  42876.8940  -2633.8777  -3.852E-05   6586.9042     55.5219 

 124.320  -.003984  31731.7522  -2382.9924   1.802E-05   6035.1645     57.4895 

 128.760  -.003798  21703.9169  -2130.3544   5.853E-05   5538.7370     56.3115 

 133.200  -.003465  12775.2275  -1792.7076   8.466E-05   5096.7227     95.7817 

 137.640  -.003046   5728.2910  -1386.3896   9.868E-05   4747.8645     87.2444 

 142.080  -.002588    398.3648  -1022.3721   1.033E-04   4484.0067     76.7274 

 146.520  -.002128  -3419.1890   -707.2616   1.010E-04   4633.5525     65.2143 

 150.960  -.001691  -5949.4084   -443.6936   9.394E-05   4758.8109     53.5100 

 155.400  -.001294  -7421.7495   -231.1298   8.380E-05   4831.6991     42.2394 

 159.840 -9.47E-04  -8057.6530    -66.6382   7.207E-05   4863.1794     31.8559 

 164.280 -6.54E-04  -8061.4950     54.3811   5.985E-05   4863.3696     22.6573 



 168.720 -4.15E-04  -7614.6101    137.5524   4.797E-05   4841.2466     14.8072 

 173.160 -2.28E-04  -6871.9776    188.9792   3.699E-05   4804.4826      8.3580 

 177.600 -8.70E-05  -5961.1101    214.8047   2.726E-05   4759.3902      3.2751 

 182.040  1.40E-05  -4982.6692    220.8775   1.897E-05   4710.9525      -.5396 

 186.480  8.14E-05  -4012.3514    212.5154   1.215E-05   4662.9170     -3.2271 

 190.920  1.22E-04  -3103.6251    194.3580   6.758E-06   4617.9305     -4.9519 

 195.360  1.41E-04  -2290.9528    170.2933   2.669E-06   4577.6992     -5.8880 

 199.800  1.46E-04  -1593.1982    143.4449  -2.748E-07   4543.1569     -6.2059 

 204.240  1.39E-04  -1016.9792    116.2055  -2.253E-06   4514.6312     -6.0641 

 208.680  1.26E-04   -559.7925     90.3028  -3.448E-06   4491.9982     -5.6038 

 213.120  1.08E-04   -212.7939     66.8852  -4.034E-06   4474.8201     -4.9447 

 217.560  8.97E-05     36.8347     46.6185  -4.167E-06   4466.1092     -4.1845 

 222.000  7.14E-05    203.9538     29.7836  -3.985E-06   4474.3824     -3.3988 

 226.440  5.44E-05    303.9667     16.3702  -3.600E-06   4479.3336     -2.6432 

 230.880  3.94E-05    351.7186      6.1617  -3.103E-06   4481.6975     -1.9552 

 235.320  2.68E-05    360.7494     -1.1914  -2.563E-06   4482.1446     -1.3571 

 239.760  1.66E-05    342.8457     -6.1113  -2.029E-06   4481.2583      -.8591 

 244.200  8.79E-06    307.8325     -9.0449  -1.536E-06   4479.5249      -.4623 

 248.640  3.00E-06    263.5503    -10.4283  -1.103E-06   4477.3328      -.1609 

 253.080 -1.01E-06    215.9637    -10.6628  -7.398E-07   4474.9770     .055234 

 257.520 -3.57E-06    169.3570    -10.0995  -4.478E-07   4472.6697       .1985 

 261.960 -4.99E-06    126.5781     -9.0320  -2.235E-07   4470.5520       .2824 

 266.400 -5.55E-06     89.3018     -7.6948  -5.983E-08   4468.7066       .3200 

 270.840 -5.52E-06     58.2882     -6.2664   5.203E-08   4467.1713       .3235 

 275.280 -5.09E-06     33.6220     -4.8744   1.217E-07   4465.9502       .3035 

 279.720 -4.44E-06     14.9223     -3.6034   1.585E-07   4465.0244       .2690 

 284.160 -3.68E-06      1.5180     -2.5023   1.709E-07   4464.3609       .2270 

 288.600 -2.92E-06     -7.4124     -1.5926   1.665E-07   4464.6527       .1828 

 293.040 -2.21E-06    -12.7350      -.8752   1.512E-07   4464.9162       .1403 

 297.480 -1.58E-06    -15.2851      -.3375   1.300E-07   4465.0424       .1019 

 301.920 -1.05E-06    -15.8187     .041874   1.064E-07   4465.0688     .068994 

 306.360 -6.32E-07    -14.9842       .2886   8.305E-08   4465.0275     .042125 

 310.800 -3.14E-07    -13.3116       .4292   6.160E-08   4464.9447     .021236 

 315.240 -8.54E-08    -11.2137       .4894   4.302E-08   4464.8408     .005858 

 319.680  6.79E-08     -8.9947       .4919   2.770E-08   4464.7310    -.004724 

 324.120  1.61E-07     -6.8643       .4562   1.568E-08   4464.6255    -.011337 

 328.560  2.07E-07     -4.9539       .3981   6.722E-09   4464.5310    -.014829 

 333.000  2.20E-07     -3.3333       .3297   4.408E-10   4464.4507    -.015992 

 337.440  2.11E-07     -2.0262       .2597  -3.621E-09   4464.3860    -.015530 

 341.880  1.88E-07     -1.0244       .1941  -5.934E-09   4464.3364    -.014033 

 346.320  1.58E-07      -.2986       .1364  -6.936E-09   4464.3005    -.011969 

 350.760  1.27E-07       .1913     .088300  -7.018E-09   4464.2952    -.009691 

 355.200  9.60E-08       .4902     .050248  -6.501E-09   4464.3100    -.007450 

 359.640  6.88E-08       .6419     .021707  -5.643E-09   4464.3175    -.005407 

 364.080  4.59E-08       .6867     .001595  -4.636E-09   4464.3197    -.003653 

 368.520  2.76E-08       .6591    -.011456  -3.616E-09   4464.3183    -.002226 

 372.960  1.38E-08       .5874    -.018895  -2.671E-09   4464.3148    -.001125 

 377.400  3.90E-09       .4931    -.022107  -1.852E-09   4464.3101  -3.221E-04 

 381.840 -2.67E-09       .3923    -.022327  -1.181E-09   4464.3051   2.228E-04 

 386.280 -6.59E-09       .2956    -.020595  -6.600E-10   4464.3003   5.575E-04 

 390.720 -8.53E-09       .2098    -.017737  -2.768E-10   4464.2961   7.297E-04 

 395.160 -9.05E-09       .1383    -.014378  -1.296E-11   4464.2926   7.835E-04 

 399.600 -8.64E-09     .082172    -.010958   1.542E-10   4464.2898   7.568E-04 

 404.040 -7.68E-09     .040907    -.007767   2.474E-10   4464.2877   6.803E-04 

 408.480 -6.44E-09     .013033    -.004976   2.883E-10   4464.2864   5.773E-04 

 412.920 -5.12E-09    -.003468    -.002664   2.956E-10   4464.2859   4.638E-04 

 417.360 -3.82E-09    -.010824  -8.583E-04   2.847E-10   4464.2863   3.498E-04 



 421.800 -2.59E-09    -.011279   1.547E-04   2.680E-10   4464.2863   1.066E-04 

 426.240 -1.44E-09    -.009628   5.245E-04   2.521E-10   4464.2862   5.999E-05 

 430.680 -3.52E-10    -.006790   6.907E-04   2.397E-10   4464.2861   1.488E-05 

 435.120  6.89E-10    -.003655   6.583E-04   2.318E-10   4464.2859  -2.948E-05 

 439.560  1.71E-09    -.001099   4.287E-04   2.282E-10   4464.2858  -7.393E-05 

 444.000  2.72E-09      0.0000      0.0000   2.273E-10   4464.2857  -1.192E-04 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  2: 

 

Pile-head deflection             =      .20000000 in 

Computed slope at pile head      =          0.000 

Maximum bending moment           =    -501001.397 lbs-in 

Maximum shear force              =      15770.399 lbs 

Depth of maximum bending moment  =          0.000 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              7 

Number of zero deflection points =              6 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  3 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Specified deflection at pile head   =         .300000 in 

Specified slope at pile head        =       0.000E+00 in/in 

Specified axial load at pile head   =       75000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .300000  -7.078E+05  21565.9241      0.0000  39503.5358   -137.6254 

   4.440   .297618  -6.132E+05  20918.9092    -.001001  34821.6151   -153.8227 

   8.880   .291109  -5.214E+05  20179.3668    -.001861  30274.4892   -179.3045 

  13.320   .281091  -4.328E+05  19329.1476    -.002584  25889.3216   -203.6772 

  17.760   .268160  -3.480E+05  18368.1711    -.003176  21692.1117   -229.1951 

  22.200   .252886  -2.676E+05  17296.1645    -.003643  17709.8817   -253.6907 

  26.640   .235812  -1.920E+05  16119.8993    -.003991  13968.5476   -276.1585 

  31.080   .217446  -1.218E+05  14849.3083    -.004229  10491.9246   -296.1798 

  35.520   .198260 -57307.8312  13495.9102    -.004365   7301.3071   -313.4590 

  39.960   .178689    992.1673  12072.2447    -.004407   4513.4029   -327.8318 

  44.400   .159124  52828.9201  10591.4737    -.004366   7079.5788   -339.1822 

  48.840   .139915  97952.5041   9069.0509    -.004252   9313.4196   -346.5939 

  53.280   .121365   1.362E+05   7523.5394    -.004075  11206.5644   -349.5825 

  57.720   .103732   1.675E+05   5975.0514    -.003845  12755.1411   -347.9346 

  62.160   .087225   1.918E+05   4444.4554    -.003572  13959.9759   -341.5230 

  66.600   .072010   2.093E+05   2952.9948    -.003268  14826.7181   -330.3061 

  71.040   .058204   2.202E+05   1521.9171    -.002943  15365.8768   -314.3235 



  75.480   .045880   2.248E+05    172.1381    -.002605  15592.7778   -293.6850 

  79.920   .035069   2.235E+05  -1076.0186    -.002266  15527.4479   -268.5477 

  84.360   .025762   2.167E+05  -2202.9365    -.001932  15194.4521   -239.0730 

  88.800   .017913   2.052E+05  -3180.3513    -.001612  14622.7236   -201.2039 

  93.240   .011446   1.896E+05  -3922.5927    -.001313  13849.5082   -133.1391 

  97.680   .006255   1.712E+05  -4385.2323    -.001039  12941.6221    -75.2572 

 102.120   .002217   1.513E+05  -4613.4720  -7.949E-04  11956.0117    -27.5535 

 106.560 -8.04E-04   1.308E+05  -4651.7539  -5.811E-04  10939.7295     10.3094 

 111.000  -.002943   1.104E+05  -4542.4230  -3.982E-04   9930.2398     38.9387 

 115.440  -.004340  90732.4675  -4324.6673  -2.458E-04   8955.9920     59.1494 

 119.880  -.005126  72172.9108  -4033.7174  -1.223E-04   8037.2021     71.9091 

 124.320  -.005426  54994.5086  -3700.2803  -2.592E-05   7186.7861     78.2879 

 128.760  -.005356  39331.6813  -3350.1735   4.558E-05   6411.3987     79.4179 

 133.200  -.005021  25214.6131  -2865.7085   9.450E-05   5712.5339    138.8096 

 137.640  -.004517  13821.2530  -2270.3357   1.241E-04   5148.5062    129.3764 

 142.080  -.003919   4971.3904  -1725.2054   1.383E-04   4710.3941    116.1778 

 146.520  -.003288  -1590.6987  -1243.6029   1.409E-04   4543.0332    100.7602 

 150.960  -.002668  -6165.6381   -832.5009   1.350E-04   4769.5153     84.4208 

 155.400  -.002089  -9073.2266   -493.6899   1.235E-04   4913.4553     68.1968 

 159.840  -.001572 -10631.8316   -224.9202   1.085E-04   4990.6140     52.8707 

 164.280  -.001126 -11142.7985    -20.9919   9.203E-05   5015.9094     38.9890 

 168.720 -7.55E-04 -10879.5280    125.2564   7.533E-05   5002.8762     26.8886 

 173.160 -4.57E-04 -10080.6936    222.0889   5.945E-05   4963.3300     16.7296 

 177.600 -2.27E-04  -8946.9704    278.1626   4.503E-05   4907.2050      8.5288 

 182.040 -5.68E-05  -7640.5967    301.9695   3.245E-05   4842.5331      2.1950 

 186.480  6.16E-05  -6287.0945    301.4258   2.190E-05   4775.5280     -2.4400 

 190.920  1.38E-04  -4978.5190    283.5947   1.336E-05   4710.7471     -5.5921 

 195.360  1.80E-04  -3777.6701    254.5277   6.721E-06   4651.2991     -7.5012 

 199.800  1.97E-04  -2722.7893    219.2018   1.794E-06   4599.0773     -8.4114 

 204.240  1.96E-04  -1832.3530    181.5335  -1.658E-06   4554.9963     -8.5563 

 208.680  1.83E-04  -1109.6674    144.4490  -3.888E-06   4519.2197     -8.1484 

 213.120  1.62E-04   -547.0568    109.9919  -5.144E-06   4491.3677     -7.3728 

 217.560  1.37E-04   -129.5140     79.4530  -5.657E-06   4470.6973     -6.3835 

 222.000  1.11E-04    162.2530     53.5082  -5.632E-06   4472.3180     -5.3034 

 226.440  8.69E-05    349.3898     32.3547  -5.244E-06   4481.5822     -4.2253 

 230.880  6.48E-05    453.0549     15.8372  -4.636E-06   4486.7142     -3.2150 

 235.320  4.57E-05    493.1115      3.5606  -3.919E-06   4488.6972     -2.3150 

 239.760  3.00E-05    487.2830     -5.0155  -3.176E-06   4488.4086     -1.5481 

 244.200  1.75E-05    450.6889    -10.5003  -2.465E-06   4486.5970      -.9225 

 248.640  8.10E-06    395.6822    -13.5128  -1.823E-06   4483.8739      -.4345 

 253.080  1.34E-06    331.9097    -14.6400  -1.272E-06   4480.7169    -.073217 

 257.520 -3.19E-06    266.5262    -14.4088  -8.182E-07   4477.4801       .1774 

 261.960 -5.92E-06    204.5047    -13.2704  -4.611E-07   4474.4097       .3354 

 266.400 -7.28E-06    148.9926    -11.5940  -1.932E-07   4471.6616       .4197 

 270.840 -7.64E-06    101.6784     -9.6682  -3.218E-09   4469.3193       .4478 

 275.280 -7.31E-06     63.1414     -7.7062   1.217E-07   4467.4115       .4359 

 279.720 -6.56E-06     33.1661     -5.8558   1.947E-07   4465.9276       .3976 

 284.160 -5.58E-06     11.0121     -4.2094   2.282E-07   4464.8309       .3440 

 288.600 -4.53E-06     -4.3658     -2.8156   2.332E-07   4464.5018       .2838 

 293.040 -3.51E-06    -14.1461     -1.6895   2.192E-07   4464.9860       .2234 

 297.480 -2.59E-06    -19.5145      -.8224   1.937E-07   4465.2518       .1671 

 301.920 -1.79E-06    -21.5783      -.1903   1.625E-07   4465.3539       .1176 

 306.360 -1.14E-06    -21.3125       .2399   1.300E-07   4465.3408     .076174 

 310.800 -6.38E-07    -19.5344       .5048   9.906E-08   4465.2528     .043136 

 315.240 -2.64E-07    -16.8960       .6408   7.145E-08   4465.1221     .018108 

 319.680 -3.56E-09    -13.8921       .6815   4.812E-08   4464.9734   2.477E-04 

 324.120  1.63E-07    -10.8763       .6565   2.934E-08   4464.8241    -.011532 



 328.560  2.57E-07     -8.0823       .5900   1.498E-08   4464.6858    -.018403 

 333.000  2.96E-07     -5.6471       .5014   4.569E-09   4464.5653    -.021512 

 337.440  2.98E-07     -3.6331       .4050  -2.465E-09   4464.4656    -.021903 

 341.880  2.74E-07     -2.0490       .3109  -6.771E-09   4464.3872    -.020472 

 346.320  2.37E-07      -.8675       .2256  -8.982E-09   4464.3287    -.017952 

 350.760  1.95E-07    -.039476       .1527  -9.669E-09   4464.2877    -.014911 

 355.200  1.52E-07       .4947     .093456  -9.324E-09   4464.3102    -.011764 

 359.640  1.12E-07       .7966     .047823  -8.346E-09   4464.3252    -.008792 

 364.080  7.75E-08       .9249     .014611  -7.041E-09   4464.3315    -.006168 

 368.520  4.93E-08       .9311    -.007910  -5.634E-09   4464.3318    -.003977 

 372.960  2.75E-08       .8584    -.021712  -4.278E-09   4464.3282    -.002241 

 377.400  1.14E-08       .7411    -.028768  -3.066E-09   4464.3224  -9.379E-04 

 381.840  2.38E-10       .6050    -.030895  -2.045E-09   4464.3157  -1.992E-05 

 386.280 -6.81E-09       .4681    -.029661  -1.232E-09   4464.3089   5.758E-04 

 390.720 -1.07E-08       .3424    -.026349  -6.177E-10   4464.3027   9.160E-04 

 395.160 -1.23E-08       .2346    -.021952  -1.804E-10   4464.2973     .001064 

 399.600 -1.23E-08       .1476    -.017197   1.092E-10   4464.2930     .001078 

 404.040 -1.13E-08     .081775    -.012578   2.831E-10   4464.2898     .001003 

 408.480 -9.79E-09     .035699    -.008404   3.721E-10   4464.2875   8.771E-04 

 412.920 -8.02E-09     .006897    -.004845   4.044E-10   4464.2861   7.263E-04 

 417.360 -6.20E-09    -.007591    -.001972   4.039E-10   4464.2861   5.678E-04 

 421.800 -4.43E-09    -.010883  -3.069E-04   3.899E-10   4464.2863   1.822E-04 

 426.240 -2.74E-09    -.010576   3.510E-04   3.736E-10   4464.2862   1.141E-04 

 430.680 -1.11E-09    -.008015   7.088E-04   3.595E-10   4464.2861   4.707E-05 

 435.120  4.55E-10    -.004521   7.701E-04   3.500E-10   4464.2859  -1.945E-05 

 439.560  1.99E-09    -.001409   5.351E-04   3.455E-10   4464.2858  -8.640E-05 

 444.000  3.52E-09      0.0000      0.0000   3.444E-10   4464.2857  -1.546E-04 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  3: 

 

Pile-head deflection             =      .30000000 in 

Computed slope at pile head      =          0.000 

Maximum bending moment           =    -707792.852 lbs-in 

Maximum shear force              =      21565.924 lbs 

Depth of maximum bending moment  =          0.000 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              8 

Number of zero deflection points =              6 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  4 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Specified deflection at pile head   =         .400000 in 

Specified slope at pile head        =       0.000E+00 in/in 

Specified axial load at pile head   =       75000.000 lbs 

 



  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .400000  -9.072E+05  27067.2038      0.0000  49373.5149   -159.1388 

   4.440   .396947  -7.883E+05  26310.7288    -.001285  43490.4086   -181.6157 

   8.880   .388588  -6.727E+05  25428.2062    -.002392  37764.8449   -215.9170 

  13.320   .375702  -5.609E+05  24387.8732    -.003327  32233.1895   -252.7015 

  17.760   .359041  -4.539E+05  23194.9539    -.004097  26934.1333   -284.6496 

  22.200   .339325  -3.522E+05  21864.7407    -.004708  21901.5300   -314.5456 

  26.640   .317238  -2.566E+05  20407.9534    -.005169  17167.0962   -341.6650 

  31.080   .293424  -1.676E+05  18838.1786    -.005491  12759.6881   -365.4408 

  35.520   .268482 -85657.0536  17171.1812    -.005682   8704.7339   -385.4589 

  39.960   .242963 -11302.5231  15424.1984    -.005756   5023.8166   -401.4703 

  44.400   .217369  55143.2884  13615.1952    -.005723   7194.1515   -413.3960 

  48.840   .192146   1.134E+05  11762.1095    -.005595  10078.7283   -421.3272 

  53.280   .167686   1.633E+05   9882.1139    -.005385  12549.2890   -425.5176 

  57.720   .144325   2.048E+05   7993.2790    -.005106  14600.4970   -425.3089 

  62.160   .122342   2.377E+05   6117.7500    -.004771  16231.5206   -419.5240 

  66.600   .101959   2.623E+05   4280.4680    -.004392  17447.1821   -408.0806 

  71.040   .083342   2.786E+05   2506.5199    -.003982  18258.0357   -390.9952 

  75.480   .066599   2.872E+05    820.7243    -.003553  18680.3460   -368.3722 

  79.920   .051789   2.883E+05   -752.7196    -.003117  18735.9782   -340.3863 

  84.360   .038920   2.826E+05  -2190.4659    -.002684  18452.2162   -307.2472 

  88.800   .027952   2.706E+05  -3470.0320    -.002265  17861.5443   -269.1339 

  93.240   .018806   2.533E+05  -4553.1287    -.001868  17001.4563   -218.7476 

  97.680   .011365   2.314E+05  -5342.2895    -.001501  15921.5595   -136.7303 

 102.120   .005481   2.068E+05  -5797.0768    -.001168  14702.4412    -68.1289 

 106.560  9.89E-04   1.807E+05  -5976.4815  -8.747E-04  13411.6665    -12.6841 

 111.000  -.002287   1.543E+05  -5937.4692  -6.208E-04  12103.9966     30.2572 

 115.440  -.004524   1.284E+05  -5733.4138  -4.065E-04  10821.9989     61.6597 

 119.880  -.005897   1.037E+05  -5412.8830  -2.306E-04   9596.9669     82.7236 

 124.320  -.006571  80512.9554  -5018.7457  -9.095E-05   8450.0756     94.8157 

 128.760  -.006704  59174.2693  -4587.5605   1.493E-05   7393.7050     99.4118 

 133.200  -.006439  39765.4772  -3971.7027   8.992E-05   6432.8737    178.0016 

 137.640  -.005906  23845.6652  -3200.9926   1.381E-04   5644.7642    169.1651 

 142.080  -.005212  11248.6691  -2482.4428   1.647E-04   5021.1505    154.5060 

 146.520  -.004443   1691.8634  -1837.2061   1.745E-04   4548.0413    136.1412 

 150.960  -.003662  -5181.9630  -1277.7208   1.719E-04   4720.8185    115.8792 

 155.400  -.002917  -9768.7771   -809.1341   1.606E-04   4947.8885     95.1959 

 159.840  -.002236 -12474.0064   -430.7790   1.437E-04   5081.8108     75.2343 

 164.280  -.001640 -13689.8000   -137.6137   1.239E-04   5141.9986     56.8221 

 168.720  -.001137 -13778.5142     78.4474   1.031E-04   5146.3904     40.5027 

 173.160 -7.25E-04 -13061.8197    227.3573   8.271E-05   5110.9105     26.5739 

 177.600 -4.02E-04 -11814.6648    319.9448   6.385E-05   5049.1701     15.1322 

 182.040 -1.58E-04 -10263.2360    367.1175   4.712E-05   4972.3667      6.1168 

 186.480  1.63E-05  -8586.0433    379.2582   3.283E-05   4889.3374      -.6480 

 190.920  1.33E-04  -6917.2901    365.8016   2.108E-05   4806.7258     -5.4136 

 195.360  2.04E-04  -5351.7664    334.9699   1.178E-05   4729.2246     -8.4745 

 199.800  2.38E-04  -3950.6047    293.6447   4.733E-06   4659.8602    -10.1404 

 204.240  2.46E-04  -2747.3535    247.3460  -3.440E-07   4600.2933    -10.7148 

 208.680  2.35E-04  -1753.9429    200.2949  -3.756E-06   4551.1146    -10.4794 

 213.120  2.12E-04   -966.2333    155.5327  -5.817E-06   4512.1190     -9.6838 

 217.560  1.83E-04   -368.9385    115.0761  -6.829E-06   4482.5500     -8.5399 

 222.000  1.52E-04     60.1906     80.0900  -7.063E-06   4467.2654     -7.2196 

 226.440  1.20E-04    346.9650     51.0622  -6.755E-06   4481.4622     -5.8560 

 230.880  9.16E-05    518.1221     27.9700  -6.099E-06   4489.9353     -4.5459 



 235.320  6.63E-05    599.4007     10.4302  -5.252E-06   4493.9590     -3.3549 

 239.760  4.50E-05    614.2403     -2.1711  -4.332E-06   4494.6937     -2.3214 

 244.200  2.78E-05    583.0062    -10.5725  -3.425E-06   4493.1474     -1.4630 

 248.640  1.46E-05    522.6377    -15.5531  -2.587E-06   4490.1589      -.7806 

 253.080  4.83E-06    446.6173    -17.8718  -1.852E-06   4486.3955      -.2639 

 257.520 -1.89E-06    365.1693    -18.2244  -1.237E-06   4482.3634       .1051 

 261.960 -6.15E-06    285.6085    -17.2179  -7.436E-07   4478.4247       .3483 

 266.400 -8.49E-06    212.7699    -15.3584  -3.659E-07   4474.8189       .4893 

 270.840 -9.40E-06    149.4700    -13.0488  -9.133E-08   4471.6852       .5510 

 275.280 -9.30E-06     96.9577    -10.5942   9.545E-08   4469.0856       .5546 

 279.720 -8.55E-06     55.3301     -8.2119   2.109E-07   4467.0248       .5185 

 284.160 -7.43E-06     23.8951     -6.0446   2.709E-07   4465.4686       .4578 

 288.600 -6.15E-06      1.4739     -4.1736   2.901E-07   4464.3587       .3849 

 293.040 -4.85E-06    -13.3599     -2.6336   2.811E-07   4464.9471       .3088 

 297.480 -3.65E-06    -22.0994     -1.4243   2.543E-07   4465.3797       .2359 

 301.920 -2.60E-06    -26.1772      -.5224   2.177E-07   4465.5816       .1704 

 306.360 -1.72E-06    -26.8831       .1099   1.775E-07   4465.6166       .1145 

 310.800 -1.02E-06    -25.3191       .5173   1.379E-07   4465.5391     .069025 

 315.240 -4.94E-07    -22.3815       .7457   1.017E-07   4465.3937     .033889 

 319.680 -1.18E-07    -18.7646       .8391   7.055E-08   4465.2147     .008185 

 324.120  1.32E-07    -14.9769       .8366   4.497E-08   4465.0271    -.009354 

 328.560  2.82E-07    -11.3660       .7710   2.501E-08   4464.8484    -.020176 

 333.000  3.55E-07     -8.1471       .6691   1.022E-08   4464.6890    -.025741 

 337.440  3.73E-07     -5.4315       .5511  -7.315E-11   4464.5546    -.027417 

 341.880  3.54E-07     -3.2537       .4316  -6.656E-09   4464.4468    -.026401 

 346.320  3.13E-07     -1.5947       .3204  -1.033E-08   4464.3647    -.023693 

 350.760  2.62E-07      -.4020       .2232  -1.184E-08   4464.3056    -.020082 

 355.200  2.08E-07       .3951       .1427  -1.185E-08   4464.3053    -.016158 

 359.640  1.57E-07       .8734     .079475  -1.089E-08   4464.3290    -.012336 

 364.080  1.12E-07      1.1081     .032379  -9.386E-09   4464.3406    -.008879 

 368.520  7.36E-08      1.1672  -5.014E-04  -7.662E-09   4464.3435    -.005932 

 372.960  4.35E-08      1.1087    -.021553  -5.937E-09   4464.3406    -.003551 

 377.400  2.09E-08       .9797    -.033265  -4.354E-09   4464.3342    -.001725 

 381.840  4.85E-09       .8162    -.037996  -2.993E-09   4464.3261  -4.058E-04 

 386.280 -5.69E-09       .6443    -.037829  -1.886E-09   4464.3176   4.809E-04 

 390.720 -1.19E-08       .4816    -.034502  -1.032E-09   4464.3096     .001018 

 395.160 -1.49E-08       .3386    -.029389  -4.106E-10   4464.3025     .001286 

 399.600 -1.55E-08       .2209    -.023513   1.343E-11   4464.2966     .001361 

 404.040 -1.47E-08       .1298    -.017595   2.792E-10   4464.2921     .001305 

 408.480 -1.31E-08     .064426    -.012101   4.264E-10   4464.2889     .001170 

 412.920 -1.09E-08     .022067    -.007303   4.920E-10   4464.2868   9.915E-04 

 417.360 -8.69E-09  -7.564E-04    -.003336   5.081E-10   4464.2858   7.956E-04 

 421.800 -6.43E-09    -.007895  -9.825E-04   5.016E-10   4464.2861   2.646E-04 

 426.240 -4.23E-09    -.009815  -3.583E-06   4.882E-10   4464.2862   1.764E-04 

 430.680 -2.10E-09    -.008252   5.848E-04   4.745E-10   4464.2861   8.864E-05 

 435.120 -2.01E-11    -.004938   7.835E-04   4.645E-10   4464.2860   8.590E-07 

 439.560  2.03E-09    -.001604   5.905E-04   4.595E-10   4464.2858  -8.778E-05 

 444.000  4.06E-09      0.0000      0.0000   4.583E-10   4464.2857  -1.782E-04 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  4: 

 

Pile-head deflection             =      .40000000 in 



Computed slope at pile head      =          0.000 

Maximum bending moment           =    -907166.430 lbs-in 

Maximum shear force              =      27067.204 lbs 

Depth of maximum bending moment  =          0.000 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              8 

Number of zero deflection points =              6 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  5 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Specified deflection at pile head   =         .500000 in 

Specified slope at pile head        =       0.000E+00 in/in 

Specified axial load at pile head   =       75000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .500000  -1.093E+06  31534.9780      0.0000  58570.2993   -159.1388 

   4.440   .496322  -9.542E+05  30778.5030    -.001552  51702.8461   -181.6157 

   8.880   .486222  -8.186E+05  29895.9803    -.002895  44988.7901   -215.9171 

  13.320   .470612  -6.868E+05  28855.6469    -.004036  38464.9958   -252.7016 

  17.760   .450379  -5.597E+05  27641.1076    -.004981  32170.6551   -294.3882 

  22.200   .426380  -4.380E+05  26233.5136    -.005737  26149.6281   -339.6632 

  26.640   .399432  -3.229E+05  24617.7981    -.006314  20449.1391   -388.1366 

  31.080   .370311  -2.152E+05  22789.2548    -.006722  15119.3716   -435.5315 

  35.520   .339742  -1.160E+05  20804.4515    -.006973  10209.2700   -458.5240 

  39.960   .308391 -25845.2070  18728.8528    -.007081   5743.7514   -476.4304 

  44.400   .276867  54979.1567  16585.3359    -.007058   7186.0261   -489.1178 

  48.840   .245712   1.261E+05  14396.9130    -.006921  10708.5181   -496.6583 

  53.280   .215407   1.874E+05  12185.8386    -.006684  13743.1590   -499.3212 

  57.720   .186363   2.388E+05   9972.7630    -.006360  16285.8180   -497.5598 

  62.160   .158926   2.802E+05   7776.2565    -.005967  18336.9309   -491.8576 

  66.600   .133375   3.118E+05   5617.6771    -.005518  19901.0269   -480.4754 

  71.040   .109924   3.338E+05   3523.8883    -.005029  20988.4247   -462.6727 

  75.480   .088718   3.465E+05   1523.1868    -.004513  21615.9495   -438.5442 

  79.920   .069844   3.503E+05   -356.7474    -.003985  21806.8319   -408.2730 

  84.360   .053329   3.459E+05  -2089.1778    -.003458  21590.5179   -372.1011 

  88.800   .039141   3.341E+05  -3648.4523    -.002942  21002.4177   -330.2748 

  93.240   .027203   3.155E+05  -5009.7763    -.002450  20083.6472   -282.9342 

  97.680   .017387   2.912E+05  -6102.2889    -.001990  18880.8708   -209.1886 

 102.120   .009532   2.626E+05  -6829.7322    -.001570  17466.6657   -118.4886 

 106.560   .003444   2.316E+05  -7190.8821    -.001196  15930.2617    -44.1916 

 111.000  -.001084   1.996E+05  -7257.1374  -8.687E-04  14344.9423     14.3469 

 115.440  -.004270   1.677E+05  -7096.0933  -5.903E-04  12768.6367     58.1955 

 119.880  -.006326   1.370E+05  -6769.8729  -3.593E-04  11244.9334     88.7506 

 124.320  -.007461   1.079E+05  -6333.8688  -1.738E-04   9804.4209    107.6477 

 128.760  -.007869  80840.0481  -5835.8489  -3.072E-05   8466.2683    116.6856 

 133.200  -.007733  56068.8532  -5102.1847   7.305E-05   7239.9715    213.7937 

 137.640  -.007220  35483.9989  -4168.4123   1.424E-04   6220.9193    206.8245 



 142.080  -.006469  18958.4886  -3283.5751   1.837E-04   5402.8248    191.7508 

 146.520  -.005589   6203.5064  -2477.6803   2.028E-04   4771.3900    171.2649 

 150.960  -.004668  -3178.3595  -1769.5765   2.051E-04   4621.6302    147.7008 

 155.400  -.003768  -9646.9065  -1168.6331   1.953E-04   4941.8553    122.9944 

 159.840  -.002933 -13685.9213   -676.5284   1.777E-04   5141.8066     98.6744 

 164.280  -.002191 -15772.8004   -289.0245   1.553E-04   5245.1174     75.8769 

 168.720  -.001554 -16355.9101      2.3630   1.310E-04   5273.9842     55.3787 

 173.160  -.001027 -15839.0503    208.8679   1.066E-04   5248.3971     37.6416 

 177.600 -6.08E-04 -14572.1444    343.1916   8.353E-05   5185.6790     22.8646 

 182.040 -2.86E-04 -12847.1392    418.4549   6.275E-05   5100.2827     11.0378 

 186.480 -5.03E-05 -10898.0540    447.3878   4.475E-05   5003.7933      1.9950 

 190.920  1.12E-04  -8904.1387    441.7431   2.974E-05   4905.0847     -4.5377 

 195.360  2.14E-04  -6995.1826    411.9134   1.769E-05   4810.5819     -8.8991 

 199.800  2.69E-04  -5258.1294    366.7217   8.403E-06   4724.5892    -11.4575 

 204.240  2.88E-04  -3744.2901    313.3548   1.579E-06   4649.6466    -12.5817 

 208.680  2.83E-04  -2476.5908    257.4062  -3.136E-06   4586.8892    -12.6204 

 213.120  2.61E-04  -1456.4346    202.9990  -6.117E-06   4536.3864    -11.8874 

 217.560  2.28E-04   -669.8863    152.9596  -7.728E-06   4497.4484    -10.6529 

 222.000  1.92E-04    -93.0061    109.0205  -8.306E-06   4468.8900     -9.1396 

 226.440  1.55E-04    303.7477     72.0302  -8.147E-06   4479.3227     -7.5227 

 230.880  1.20E-04    552.0477     42.1583  -7.498E-06   4491.6148     -5.9331 

 235.320  8.81E-05    683.1069     19.0829  -6.562E-06   4498.1029     -4.4613 

 239.760  6.13E-05    725.8737      2.1548  -5.494E-06   4500.2201     -3.1640 

 244.200  3.93E-05    705.9006     -9.4650  -4.409E-06   4499.2313     -2.0702 

 248.640  2.21E-05    644.7608    -16.6964  -3.385E-06   4496.2046     -1.1872 

 253.080  9.28E-06    559.8907    -20.4576  -2.472E-06   4492.0031      -.5070 

 257.520  1.90E-07    464.7440    -21.6065  -1.695E-06   4487.2928    -.010581 

 261.960 -5.77E-06    369.1540    -20.9043  -1.063E-06   4482.5607       .3269 

 266.400 -9.25E-06    279.8216    -18.9952  -5.715E-07   4478.1383       .5331 

 270.840 -1.08E-05    200.8571    -16.4001  -2.072E-07   4474.2291       .6359 

 275.280 -1.11E-05    134.3265    -13.5205   4.687E-08   4470.9355       .6613 

 279.720 -1.04E-05     80.7638    -10.6488   2.099E-07   4468.2839       .6323 

 284.160 -9.23E-06     39.6256     -7.9828   3.011E-07   4466.2474       .5686 

 288.600 -7.76E-06      9.6761     -5.6422   3.385E-07   4464.7647       .4857 

 293.040 -6.22E-06    -10.7028     -3.6852   3.377E-07   4464.8156       .3958 

 297.480 -4.76E-06    -23.2735     -2.1239   3.120E-07   4465.4379       .3075 

 301.920 -3.45E-06    -29.7712      -.9386   2.718E-07   4465.7595       .2265 

 306.360 -2.35E-06    -31.7891    -.088972   2.251E-07   4465.8594       .1562 

 310.800 -1.45E-06    -30.7112       .4759   1.777E-07   4465.8061     .098230 

 315.240 -7.67E-07    -27.6813       .8108   1.335E-07   4465.6561     .052629 

 319.680 -2.68E-07    -23.5999       .9690   9.462E-08   4465.4540     .018626 

 324.120  7.31E-08    -19.1395       .9989   6.223E-08   4465.2332    -.005161 

 328.560  2.85E-07    -14.7711       .9421   3.653E-08   4465.0170    -.020405 

 333.000  3.97E-07    -10.7975       .8328   1.715E-08   4464.8202    -.028855 

 337.440  4.37E-07     -7.3873       .6973   3.363E-09   4464.6514    -.032181 

 341.880  4.27E-07     -4.6078       .5551  -5.728E-09   4464.5138    -.031877 

 346.320  3.86E-07     -2.4544       .4195  -1.108E-08   4464.4072    -.029209 

 350.760  3.29E-07      -.8755       .2987  -1.360E-08   4464.3291    -.025194 

 355.200  2.66E-07       .2071       .1970  -1.411E-08   4464.2960    -.020607 

 359.640  2.04E-07       .8834       .1157  -1.328E-08   4464.3294    -.016003 

 364.080  1.48E-07      1.2437     .054139  -1.167E-08   4464.3473    -.011748 

 368.520  10.0E-07      1.3719     .010176  -9.690E-09   4464.3536    -.008056 

 372.960  6.15E-08      1.3406    -.018856  -7.634E-09   4464.3521    -.005022 

 377.400  3.22E-08      1.2095    -.035901  -5.702E-09   4464.3456    -.002656 

 381.840  1.09E-08      1.0256    -.043823  -4.008E-09   4464.3365  -9.125E-04 

 386.280 -3.43E-09       .8231    -.045205  -2.606E-09   4464.3265   2.898E-04 

 390.720 -1.22E-08       .6259    -.042238  -1.508E-09   4464.3167     .001047 



 395.160 -1.68E-08       .4490    -.036682  -6.936E-10   4464.3079     .001456 

 399.600 -1.84E-08       .3006    -.029873  -1.254E-10   4464.3006     .001611 

 404.040 -1.79E-08       .1838    -.022771   2.417E-10   4464.2948     .001589 

 408.480 -1.62E-08     .098225    -.016014   4.555E-10   4464.2906     .001455 

 412.920 -1.39E-08     .041286    -.009991   5.612E-10   4464.2878     .001258 

 417.360 -1.13E-08     .009128    -.004909   5.994E-10   4464.2862     .001031 

 421.800 -8.57E-09    -.002709    -.001839   6.043E-10   4464.2858   3.522E-04 

 426.240 -5.89E-09    -.007601  -5.115E-04   5.965E-10   4464.2861   2.456E-04 

 430.680 -3.27E-09    -.007648   3.402E-04   5.849E-10   4464.2861   1.381E-04 

 435.120 -6.98E-10    -.004969   7.130E-04   5.753E-10   4464.2860   2.988E-05 

 439.560  1.84E-09    -.001699   6.024E-04   5.703E-10   4464.2858  -7.972E-05 

 444.000  4.37E-09      0.0000      0.0000   5.690E-10   4464.2857  -1.916E-04 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  5: 

 

Pile-head deflection             =      .50000000 in 

Computed slope at pile head      =          0.000 

Maximum bending moment           =   -1092941.474 lbs-in 

Maximum shear force              =      31534.978 lbs 

Depth of maximum bending moment  =          0.000 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              8 

Number of zero deflection points =              6 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  6 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Specified deflection at pile head   =         .600000 in 

Specified slope at pile head        =       0.000E+00 in/in 

Specified axial load at pile head   =       75000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .600000  -1.264E+06  35283.6907      0.0000  67036.6085   -159.1388 

   4.440   .595746  -1.109E+06  34527.2157    -.001798  59343.0440   -181.6157 

   8.880   .584032  -9.562E+05  33644.6934    -.003363  51799.0200   -215.9169 

  13.320   .565882  -8.075E+05  32604.3609    -.004700  44441.8198   -252.7013 

  17.760   .542297  -6.635E+05  31389.8236    -.005815  37311.0560   -294.3876 

  22.200   .514246  -5.249E+05  29982.2333    -.006716  30451.0105   -339.6621 

  26.640   .482662  -3.928E+05  28366.5242    -.007411  23909.3306   -388.1348 

  31.080   .448434  -2.681E+05  26528.4959    -.007912  17736.6239   -439.8059 

  35.520   .412402  -1.519E+05  24453.9478    -.008231  11986.4332   -494.6752 

  39.960   .375347 -45468.6556  22128.6795    -.008380   6715.2093   -552.7429 

  44.400   .337986  50136.4665  19643.0714    -.008377   6946.2890   -566.9004 



  48.840   .300963   1.345E+05  17109.4887    -.008237  11124.7131   -574.3531 

  53.280   .264845   2.076E+05  14556.2052    -.007977  14739.2520   -575.7746 

  57.720   .230124   2.691E+05  12008.9013    -.007616  17786.6938   -571.6596 

  62.160   .197214   3.193E+05   9490.6261    -.007170  20269.5162   -562.6986 

  66.600   .166454   3.582E+05   7020.9939    -.006657  22195.2111   -549.7484 

  71.040   .138103   3.860E+05   4620.5603    -.006093  23575.4447   -531.5280 

  75.480   .112351   4.033E+05   2316.6985    -.005494  24427.3020   -506.2476 

  79.920   .089313   4.103E+05    140.3447    -.004878  24775.0248   -474.0920 

  84.360   .069037   4.077E+05  -1878.5613    -.004258  24649.8187   -435.3251 

  88.800   .051505   3.964E+05  -3711.3225    -.003648  24089.5804   -390.2430 

  93.240   .036641   3.772E+05  -5330.4272    -.003062  23138.5893   -339.0834 

  97.680   .024316   3.511E+05  -6708.8571    -.002510  21847.2531   -281.8310 

 102.120   .014354   3.193E+05  -7730.6401    -.002002  20272.0975   -178.4316 

 106.560   .006541   2.838E+05  -8313.0796    -.001544  18514.8271    -83.9285 

 111.000  6.39E-04   2.465E+05  -8518.1692    -.001143  16668.5567     -8.4542 

 115.440  -.003604   2.089E+05  -8427.8856  -7.973E-04  14807.8751     49.1225 

 119.880  -.006441   1.722E+05  -8118.2314  -5.084E-04  12989.9118     90.3614 

 124.320  -.008119   1.372E+05  -7657.5718  -2.739E-04  11255.8304    117.1430 

 128.760  -.008873   1.044E+05  -7105.4211  -9.078E-05   9632.6431    131.5736 

 133.200  -.008925  74153.5226  -6265.5878   4.455E-05   8135.2522    246.7297 

 137.640  -.008477  48732.7259  -5178.7629   1.377E-04   6876.7969    242.8310 

 142.080  -.007702  28074.4026  -4132.8177   1.959E-04   5854.1076    228.3155 

 146.520  -.006738  11902.8286  -3167.6142   2.262E-04   5053.5347    206.4608 

 150.960  -.005693   -204.6672  -2309.3500   2.351E-04   4474.4178    180.1446 

 155.400  -.004650  -8760.7607  -1572.4628   2.283E-04   4897.9867    151.7866 

 159.840  -.003666 -14320.1721   -961.7083   2.108E-04   5173.2051    123.3280 

 164.280  -.002778 -17441.1151   -474.2632   1.867E-04   5327.7073     96.2418 

 168.720  -.002008 -18655.9817   -101.7315   1.594E-04   5387.8492     71.5653 

 173.160  -.001363 -18450.6211    168.0323   1.312E-04   5377.6828     49.9499 

 177.600 -8.43E-04 -17251.2541    349.3394   1.042E-04   5318.3082     31.7199 

 182.040 -4.38E-04 -15417.8648    457.3549   7.941E-05   5227.5463     16.9357 

 186.480 -1.38E-04 -13242.8297    507.0645   5.769E-05   5119.8713      5.4560 

 190.920  7.39E-05 -10953.5518    512.5106   3.935E-05   5006.5408     -3.0028 

 195.360  2.12E-04  -8717.9410    486.2747   2.444E-05   4895.8670     -8.8152 

 199.800  2.91E-04  -6651.7080    439.1736   1.279E-05   4793.5782    -12.4015 

 204.240  3.25E-04  -4826.5966    380.1340   4.089E-06   4703.2261    -14.1928 

 208.680  3.27E-04  -3278.8410    316.2070  -2.055E-06   4626.6046    -14.6031 

 213.120  3.07E-04  -2017.3099    252.6853  -6.069E-06   4564.1525    -14.0103 

 217.560  2.73E-04  -1030.9533    193.2907  -8.379E-06   4515.3230    -12.7441 

 222.000  2.33E-04   -295.3078    140.4012  -9.385E-06   4478.9049    -11.0800 

 226.440  1.90E-04    222.0597     95.2951  -9.440E-06   4475.2788     -9.2381 

 230.880  1.49E-04    557.1997     58.3918  -8.849E-06   4491.8699     -7.3850 

 235.320  1.11E-04    746.4730     29.4772  -7.861E-06   4501.2398     -5.6396 

 239.760  7.90E-05    824.1931      7.9026  -6.671E-06   4505.0874     -4.0787 

 244.200  5.22E-05    821.0905     -7.2463  -5.424E-06   4504.9338     -2.7451 

 248.640  3.08E-05    763.4584    -17.0124  -4.223E-06   4502.0807     -1.6541 

 253.080  1.47E-05    672.8329    -22.4630  -3.134E-06   4497.5943      -.8012 

 257.520  3.02E-06    566.0742    -24.6140  -2.195E-06   4492.3092      -.1678 

 261.960 -4.83E-06    455.7227    -24.3799  -1.421E-06   4486.8462       .2732 

 266.400 -9.60E-06    350.5270    -22.5454  -8.097E-07   4481.6385       .5531 

 270.840 -1.20E-05    256.0584    -19.7540  -3.499E-07   4476.9619       .7043 

 275.280 -1.27E-05    175.3447    -16.5087  -2.297E-08   4472.9661       .7576 

 279.720 -1.22E-05    109.4766    -13.1826   1.929E-07   4469.7053       .7407 

 284.160 -1.10E-05     58.1545    -10.0345   3.200E-07   4467.1646       .6774 

 288.600 -9.38E-06     20.1570     -7.2271   3.793E-07   4465.2836       .5872 

 293.040 -7.63E-06     -6.2752     -4.8466   3.898E-07   4464.5964       .4851 

 297.480 -5.92E-06    -23.1408     -2.9211   3.675E-07   4465.4313       .3823 



 301.920 -4.36E-06    -32.4590     -1.4370   3.254E-07   4465.8926       .2862 

 306.360 -3.03E-06    -36.1183      -.3540   2.734E-07   4466.0737       .2016 

 310.800 -1.93E-06    -35.7847       .3839   2.189E-07   4466.0572       .1308 

 315.240 -1.08E-06    -32.8548       .8392   1.669E-07   4465.9122     .074298 

 319.680 -4.53E-07    -28.4435      1.0741   1.204E-07   4465.6938     .031496 

 324.120 -1.35E-08    -23.3970      1.1461   8.115E-08   4465.4440   9.506E-04 

 328.560  2.68E-07    -18.3199      1.1056   4.953E-08   4465.1926    -.019197 

 333.000  4.26E-07    -13.6120       .9943   2.533E-08   4464.9596    -.030955 

 337.440  4.93E-07     -9.5075       .8450   7.806E-09   4464.7564    -.036287 

 341.880  4.96E-07     -6.1136       .6824  -4.034E-09   4464.5884    -.036978 

 346.320  4.57E-07     -3.4455       .5235  -1.128E-08   4464.4563    -.034564 

 350.760  3.96E-07     -1.4570       .3795  -1.499E-08   4464.3578    -.030297 

 355.200  3.24E-07    -.065136       .2565  -1.615E-08   4464.2889    -.025145 

 359.640  2.52E-07       .8311       .1566  -1.557E-08   4464.3269    -.019817 

 364.080  1.86E-07      1.3363     .079821  -1.393E-08   4464.3519    -.014790 

 368.520  1.28E-07      1.5492     .024000  -1.174E-08   4464.3624    -.010355 

 372.960  8.16E-08      1.5572    -.013765  -9.384E-09   4464.3628    -.006656 

 377.400  4.52E-08      1.4332    -.036822  -7.117E-09   4464.3567    -.003730 

 381.840  1.84E-08      1.2350    -.048513  -5.095E-09   4464.3469    -.001536 

 386.280 -8.50E-11      1.0058    -.051907  -3.397E-09   4464.3355   7.192E-06 

 390.720 -1.18E-08       .7763    -.049653  -2.046E-09   4464.3241     .001008 

 395.160 -1.83E-08       .5662    -.043906  -1.028E-09   4464.3137     .001580 

 399.600 -2.09E-08       .3871    -.036332  -3.057E-10   4464.3049     .001832 

 404.040 -2.10E-08       .2438    -.028142   1.724E-10   4464.2978     .001857 

 408.480 -1.94E-08       .1371    -.020164   4.611E-10   4464.2925     .001736 

 412.920 -1.69E-08     .064455    -.012917   6.139E-10   4464.2889     .001528 

 417.360 -1.39E-08     .021947    -.006692   6.794E-10   4464.2868     .001276 

 421.800 -1.08E-08     .004577    -.002871   6.995E-10   4464.2859   4.457E-04 

 426.240 -7.72E-09    -.004009    -.001167   6.999E-10   4464.2859   3.217E-04 

 430.680 -4.62E-09    -.006252  -1.933E-05   6.921E-10   4464.2860   1.953E-04 

 435.120 -1.57E-09    -.004642   5.636E-04   6.839E-10   4464.2859   6.729E-05 

 439.560  1.45E-09    -.001703   5.737E-04   6.790E-10   4464.2858  -6.276E-05 

 444.000  4.46E-09      0.0000      0.0000   6.778E-10   4464.2857  -1.956E-04 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  6: 

 

Pile-head deflection             =      .60000000 in 

Computed slope at pile head      =          0.000 

Maximum bending moment           =   -1263960.920 lbs-in 

Maximum shear force              =      35283.691 lbs 

Depth of maximum bending moment  =          0.000 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              9 

Number of zero deflection points =              6 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  7 

------------------------------------------------------------------------------ 



 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Specified deflection at pile head   =         .700000 in 

Specified slope at pile head        =       0.000E+00 in/in 

Specified axial load at pile head   =       75000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .700000  -1.422E+06  38533.3452      0.0000  74880.5632   -159.1388 

   4.440   .695213  -1.253E+06  37776.8702    -.002027  66470.7384   -181.6157 

   8.880   .681996  -1.086E+06  36894.3479    -.003800  58206.8562   -215.9169 

  13.320   .661473  -9.224E+05  35854.0154    -.005322  50126.5632   -252.7013 

  17.760   .634741  -7.637E+05  34639.4780    -.006599  42269.8370   -294.3876 

  22.200   .602870  -6.104E+05  33231.8875    -.007641  34681.3261   -339.6621 

  26.640   .566890  -4.635E+05  31616.1782    -.008455  27409.0453   -388.1349 

  31.080   .527791  -3.240E+05  29778.1495    -.009052  20503.9712   -439.8060 

  35.520   .486511  -1.930E+05  27703.6009    -.009444  14020.0163   -494.6754 

  39.960   .443932 -71704.2639  25378.3319    -.009644   8014.0017   -552.7431 

  44.400   .400871  38756.8682  22788.1414    -.009669   6382.9426   -614.0093 

  48.840   .358070   1.371E+05  19971.6909    -.009536  11251.1225   -654.6621 

  53.280   .316192   2.225E+05  17063.8319    -.009263  15476.9781   -655.1843 

  57.720   .275811   2.948E+05  14168.4839    -.008871  19057.8667   -649.0265 

  62.160   .237415   3.542E+05  11313.6281    -.008379  21997.9902   -636.9446 

  66.600   .201402   4.008E+05   8523.4534    -.007807  24307.6555   -619.8909 

  71.040   .168087   4.351E+05   5817.5667    -.007174  26002.3397   -598.9770 

  75.480   .137700   4.573E+05   3215.9872    -.006497  27101.5977   -572.9056 

  79.920   .110391   4.680E+05    746.9521    -.005796  27630.3181   -539.2724 

  84.360   .086231   4.678E+05  -1556.5729    -.005087  27621.0575   -498.3515 

  88.800   .065220   4.575E+05  -3662.9762    -.004386  27113.7561   -450.4788 

  93.240   .047288   4.382E+05  -5542.0944    -.003707  26155.3899   -395.9708 

  97.680   .032305   4.108E+05  -7164.7795    -.003063  24799.6382   -334.9684 

 102.120   .020087   3.766E+05  -8462.7316    -.002466  23106.7188   -249.6947 

 106.560   .010403   3.373E+05  -9313.3707    -.001925  21160.7067   -133.4761 

 111.000   .002989   2.952E+05  -9697.4886    -.001446  19076.0044    -39.5500 

 115.440  -.002438   2.521E+05  -9711.5298    -.001031  16945.3287     33.2252 

 119.880  -.006168   2.096E+05  -9445.6688  -6.813E-04  14840.7778     86.5320 

 124.320  -.008488   1.687E+05  -8981.6960  -3.946E-04  12815.4374    122.4647 

 128.760  -.009672   1.301E+05  -8391.4425  -1.681E-04  10905.3973    143.4152 

 133.200  -.009980  94289.1968  -7460.5547   1.999E-06   9132.0677    275.9036 

 137.640  -.009654  63859.3975  -6234.1509   1.219E-04   7625.6420    276.5305 

 142.080  -.008898  38848.7743  -5034.6955   1.997E-04   6387.4924    263.7647 

 146.520  -.007880  19018.2932  -3913.0601   2.436E-04   5405.7854    241.4764 

 150.960  -.006735   3938.5817  -2903.8892   2.610E-04   4659.2650    213.1051 

 155.400  -.005563  -6942.0503  -2027.6889   2.587E-04   4807.9516    181.5798 

 159.840  -.004438 -14239.5863  -1293.1696   2.426E-04   5169.2157    149.2847 

 164.280  -.003408 -18586.9954   -699.6619   2.178E-04   5384.4340    118.0611 

 168.720  -.002504 -20597.6127   -239.4558   1.881E-04   5483.9695     89.2390 

 173.160  -.001738 -20838.6114    100.0442   1.567E-04   5495.9001     63.6890 

 177.600  -.001113 -19813.5518    334.4246   1.258E-04   5445.1546     41.8877 

 182.040 -6.21E-04 -17952.7325    480.6709   9.722E-05   5353.0348     23.9890 

 186.480 -2.50E-04 -15609.9420    555.8954   7.178E-05   5237.0551      9.8960 

 190.920  1.65E-05 -13064.1864    576.3776   5.005E-05   5111.0276      -.6698 

 195.360  1.95E-04 -10525.0398    556.8937   3.217E-05   4985.3273     -8.1068 

 199.800  3.02E-04  -8140.3939    510.3030   1.802E-05   4867.2755    -12.8800 

 204.240  3.55E-04  -6005.5504    447.3495   7.299E-06   4761.5902    -15.4774 



 208.680  3.67E-04  -4172.7915    376.6346  -4.159E-07   4670.8595    -16.3761 

 213.120  3.51E-04  -2660.7584    304.7203  -5.595E-06   4596.0064    -16.0177 

 217.560  3.17E-04  -1463.1488    236.3215  -8.721E-06   4536.7188    -14.7926 

 222.000  2.74E-04   -556.4153    174.5535  -1.025E-05   4491.8310    -13.0309 

 226.440  2.26E-04     93.7136    121.2051  -1.060E-05   4468.9250    -10.9999 

 230.880  1.79E-04    526.9476     77.0151  -1.013E-05   4490.3722     -8.9055 

 235.320  1.36E-04    784.3553     41.9328  -9.138E-06   4503.1152     -6.8973 

 239.760  9.83E-05    905.3966     15.3538  -7.857E-06   4509.1073     -5.0752 

 244.200  6.65E-05    925.9302     -3.6787  -6.469E-06   4510.1238     -3.4980 

 248.640  4.09E-05    877.0381    -16.3091  -5.103E-06   4507.7034     -2.1913 

 253.080  2.12E-05    784.5042    -23.7399  -3.843E-06   4503.1226     -1.1559 

 257.520  6.74E-06    668.7873    -27.1380  -2.742E-06   4497.3940      -.3748 

 261.960 -3.19E-06    545.3448    -27.5696  -1.822E-06   4491.2830       .1803 

 266.400 -9.44E-06    425.1822    -25.9620  -1.086E-06   4485.3343       .5438 

 270.840 -1.28E-05    315.5253    -23.0853  -5.247E-07   4479.9058       .7520 

 275.280 -1.41E-05    220.5344    -19.5500  -1.184E-07   4475.2033       .8404 

 279.720 -1.39E-05    142.0001    -15.8164   1.564E-07   4471.3154       .8414 

 284.160 -1.27E-05     79.9811    -12.2101   3.246E-07   4468.2452       .7830 

 288.600 -1.10E-05     33.3584     -8.9429   4.105E-07   4465.9371       .6887 

 293.040 -9.06E-06       .2947     -6.1341   4.360E-07   4464.3003       .5766 

 297.480 -7.13E-06    -21.4030     -3.8319   4.200E-07   4465.3453       .4605 

 301.920 -5.33E-06    -34.0124     -2.0327   3.780E-07   4465.9695       .3500 

 306.360 -3.77E-06    -39.7055      -.6983   3.222E-07   4466.2513       .2511 

 310.800 -2.47E-06    -40.4279       .2304   2.614E-07   4466.2871       .1672 

 315.240 -1.45E-06    -37.8334       .8223   2.021E-07   4466.1587     .099402 

 319.680 -6.79E-07    -33.2602      1.1479   1.482E-07   4465.9323     .047255 

 324.120 -1.33E-07    -27.7386      1.2736   1.020E-07   4465.6589     .009374 

 328.560  2.27E-07    -22.0182      1.2584   6.427E-08   4465.3757    -.016230 

 333.000  4.38E-07    -16.6067      1.1518   3.499E-08   4465.1078    -.031793 

 337.440  5.37E-07    -11.8135       .9934   1.345E-08   4464.8705    -.039553 

 341.880  5.57E-07     -7.7942       .8133  -1.410E-09   4464.6716    -.041579 

 346.320  5.25E-07     -4.5905       .6329  -1.080E-08   4464.5130    -.039680 

 350.760  4.61E-07     -2.1668       .4663  -1.592E-08   4464.3930    -.035349 

 355.200  3.84E-07      -.4388       .3218  -1.789E-08   4464.3074    -.029760 

 359.640  3.03E-07       .7027       .2029  -1.769E-08   4464.3205    -.023783 

 364.080  2.26E-07      1.3750       .1101  -1.612E-08   4464.3538    -.018021 

 368.520  1.59E-07      1.6914     .041585  -1.379E-08   4464.3694    -.012853 

 372.960  1.04E-07      1.7535    -.005772  -1.118E-08   4464.3725    -.008479 

 377.400  6.02E-08      1.6476    -.035630  -8.605E-09   4464.3673    -.004970 

 381.840  2.75E-08      1.4428    -.051768  -6.263E-09   4464.3571    -.002300 

 386.280  4.56E-09      1.1920    -.057730  -4.266E-09   4464.3447  -3.858E-04 

 390.720 -1.04E-08       .9330    -.056616  -2.655E-09   4464.3319   8.873E-04 

 395.160 -1.90E-08       .6911    -.050991  -1.424E-09   4464.3199     .001647 

 399.600 -2.30E-08       .4812    -.042861  -5.356E-10   4464.3095     .002016 

 404.040 -2.38E-08       .3108    -.033711   6.469E-11   4464.3011     .002106 

 408.480 -2.24E-08       .1818    -.024574   4.380E-10   4464.2947     .002010 

 412.920 -1.99E-08     .092303    -.016113   6.458E-10   4464.2903     .001801 

 417.360 -1.67E-08     .038276    -.008718   7.448E-10   4464.2876     .001530 

 421.800 -1.33E-08     .014387    -.004111   7.847E-10   4464.2864   5.456E-04 

 426.240 -9.74E-09     .001248    -.001999   7.965E-10   4464.2858   4.058E-04 

 430.680 -6.20E-09    -.003894  -5.173E-04   7.945E-10   4464.2859   2.616E-04 

 435.120 -2.68E-09    -.003875   3.182E-04   7.886E-10   4464.2859   1.147E-04 

 439.560  8.07E-10    -.001593   4.952E-04   7.845E-10   4464.2858  -3.499E-05 

 444.000  4.29E-09      0.0000      0.0000   7.833E-10   4464.2857  -1.881E-04 

 

Output Verification: 

 



Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  7: 

 

Pile-head deflection             =      .70000000 in 

Computed slope at pile head      =          0.000 

Maximum bending moment           =   -1422408.805 lbs-in 

Maximum shear force              =      38533.345 lbs 

Depth of maximum bending moment  =          0.000 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              9 

Number of zero deflection points =              6 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  8 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Specified deflection at pile head   =         .800000 in 

Specified slope at pile head        =       0.000E+00 in/in 

Specified axial load at pile head   =       75000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .800000  -1.572E+06  41470.8383      0.0000  82291.9876   -159.1388 

   4.440   .794709  -1.389E+06  40714.3632    -.002244  73234.6255   -181.6157 

   8.880   .780069  -1.209E+06  39831.8408    -.004214  64319.7915   -215.9170 

  13.320   .757291  -1.033E+06  38791.5081    -.005913  55585.4612   -252.7014 

  17.760   .727563  -8.607E+05  37576.9703    -.007348  47071.9421   -294.3877 

  22.200   .692042  -6.941E+05  36169.3791    -.008526  38824.2143   -339.6623 

  26.640   .651849  -5.338E+05  34553.6684    -.009457  30890.6256   -388.1353 

  31.080   .608064  -3.809E+05  32715.6375    -.010150  23322.4866   -439.8066 

  35.520   .561715  -2.365E+05  30641.0857    -.010618  16174.0446   -494.6762 

  39.960   .513774  -1.018E+05  28315.8119    -.010875   9502.4564   -552.7444 

  44.400   .465148  22149.8234  25725.6147    -.010935   5560.8116   -614.0111 

  48.840   .416671   1.340E+05  22856.2925    -.010817  11095.7285   -678.4764 

  53.280   .369095   2.323E+05  19713.9316    -.010539  15965.1587   -737.0015 

  57.720   .323084   3.160E+05  16459.2342    -.010123  20109.5284   -729.0784 

  62.160   .279199   3.852E+05  13255.3400    -.009592  23534.4777   -714.1172 

  66.600   .237907   4.401E+05  10131.1860    -.008966  26252.8789   -693.1594 

  71.040   .199577   4.812E+05   7110.6717    -.008268  28283.8129   -667.4327 

  75.480   .164486   5.088E+05   4211.9634    -.007518  29651.3616   -638.2918 

  79.920   .132819   5.236E+05   1455.2728    -.006735  30383.2740   -603.4607 

  84.360   .104675   5.262E+05  -1129.1353    -.005940  30513.1730   -560.6870 

  88.800   .080074   5.175E+05  -3506.8087    -.005149  30082.7367   -510.3370 

  93.240   .058955   4.985E+05  -5644.9495    -.004379  29141.3200   -452.7895 

  97.680   .041191   4.703E+05  -7512.1846    -.003644  27745.5600   -388.3073 

 102.120   .026593   4.342E+05  -9077.4072    -.002959  25959.0908   -316.7479 

 106.560   .014917   3.916E+05 -10205.4643    -.002333  23852.6504   -191.3859 

 111.000   .005876   3.451E+05 -10802.9344    -.001774  21549.6454    -77.7447 



 115.440 -8.41E-04   2.969E+05 -10950.0825    -.001288  19162.1434     11.4618 

 119.880  -.005560   2.487E+05 -10751.4710  -8.743E-04  16778.4078     78.0029 

 124.320  -.008605   2.020E+05 -10302.6716  -5.327E-04  14464.5808    124.1590 

 128.760  -.010290   1.576E+05  -9688.2931  -2.601E-04  12266.8753    152.5880 

 133.200  -.010915   1.161E+05  -8679.6782  -5.262E-05  10214.1449    301.7430 

 137.640  -.010758  80571.8120  -7325.7308   9.648E-05   8452.9893    308.1432 

 142.080  -.010058  51030.4101  -5979.7507   1.962E-04   6990.5436    298.1541 

 146.520  -.009015  27340.9396  -4704.5893   2.556E-04   5817.7976    276.2429 

 150.960  -.007788   9083.4104  -3544.2658   2.832E-04   4913.9595    246.4253 

 155.400  -.006500  -4320.7739  -2526.2049   2.868E-04   4678.1854    212.1607 

 159.840  -.005241 -13540.3266  -1663.8208   2.733E-04   5134.5989    176.3006 

 164.280  -.004073 -19277.5244   -959.2321   2.484E-04   5418.6186    141.0817 

 168.720  -.003035 -22223.7630   -405.9307   2.170E-04   5564.4720    108.1531 

 173.160  -.002146 -23026.6954      8.7286   1.827E-04   5604.2211     78.6303 

 177.600  -.001413 -22267.9179    301.3137   1.483E-04   5566.6579     53.1648 

 182.040 -8.29E-04 -20449.8297    490.4327   1.160E-04   5476.6535     32.0239 

 186.480 -3.83E-04 -17990.1123    595.2070   8.684E-05   5354.8853     15.1717 

 190.920 -5.78E-05 -15222.2247    634.1010   6.166E-05   5217.8612      2.3481 

 195.360  1.65E-04 -12400.3637    624.0853   4.073E-05   5078.1651     -6.8596 

 199.800  3.04E-04  -9707.4714    580.0988   2.397E-05   4944.8536    -12.9541 

 204.240  3.78E-04  -7265.0508    514.7643   1.111E-05   4823.9417    -16.4759 

 208.680  4.02E-04  -5143.7620    438.3102   1.702E-06   4718.9274    -17.9629 

 213.120  3.93E-04  -3373.9893    358.6505  -4.754E-06   4631.3149    -17.9199 

 217.560  3.60E-04  -1955.7791    281.5755  -8.794E-06   4561.1065    -16.7986 

 222.000  3.15E-04   -867.7426    211.0146  -1.093E-05   4507.2433    -14.9856 

 226.440  2.63E-04    -74.6873    149.3366  -1.165E-05   4467.9831    -12.7974 

 230.880  2.11E-04    466.1238     97.6578  -1.135E-05   4487.3611    -10.4814 

 235.320  1.62E-04    800.0737     56.1398  -1.039E-05   4503.8933     -8.2204 

 239.760  1.19E-04    971.5663     24.2602  -9.049E-06   4512.3831     -6.1398 

 244.200  8.20E-05   1021.5307      1.0472  -7.538E-06   4514.8565     -4.3165 

 248.640  5.20E-05    985.8856    -14.7251  -6.017E-06   4513.0919     -2.7881 

 253.080  2.86E-05    894.7789    -24.3827  -4.591E-06   4508.5817     -1.5621 

 257.520  1.12E-05    772.4251    -29.2368  -3.328E-06   4502.5246      -.6244 

 261.960 -9.50E-07    637.3728    -30.5035  -2.259E-06   4495.8388     .053785 

 266.400 -8.84E-06    503.0590    -29.2538  -1.395E-06   4489.1896       .5091 

 270.840 -1.33E-05    378.5276    -26.3882  -7.267E-07   4483.0247       .7817 

 275.280 -1.53E-05    269.2158    -22.6293  -2.358E-07   4477.6132       .9115 

 279.720 -1.54E-05    177.7364    -18.5296   1.030E-07   4473.0845       .9353 

 284.160 -1.44E-05    104.6048    -14.4871   3.170E-07   4469.4642       .8857 

 288.600 -1.26E-05     48.8801    -10.7674   4.333E-07   4466.7055       .7899 

 293.040 -1.05E-05      8.7018     -7.5273   4.770E-07   4464.7165       .6696 

 297.480 -8.38E-06    -18.2802     -4.8388   4.697E-07   4465.1907       .5414 

 301.920 -6.36E-06    -34.5795     -2.7111   4.296E-07   4465.9976       .4170 

 306.360 -4.56E-06    -42.6406     -1.1103   3.711E-07   4466.3966       .3041 

 310.800 -3.06E-06    -44.6862     .024053   3.049E-07   4466.4979       .2069 

 315.240 -1.86E-06    -42.6301       .7663   2.387E-07   4466.3961       .1274 

 319.680 -9.41E-07    -38.0407      1.1945   1.776E-07   4466.1689     .065472 

 324.120 -2.80E-07    -32.1415      1.3837   1.244E-07   4465.8769     .019777 

 328.560  1.64E-07    -25.8361      1.4015   8.046E-08   4465.5647    -.011748 

 333.000  4.34E-07    -19.7494      1.3055   4.591E-08   4465.2634    -.031537 

 337.440  5.72E-07    -14.2743      1.1420   2.012E-08   4464.9924    -.042082 

 341.880  6.13E-07     -9.6216       .9471   2.012E-09   4464.7620    -.045735 

 346.320  5.90E-07     -5.8657       .7466  -9.727E-09   4464.5761    -.044575 

 350.760  5.27E-07     -2.9856       .5581  -1.644E-08   4464.4335    -.040344 

 355.200  4.44E-07      -.8993       .3921  -1.938E-08   4464.3302    -.034428 

 359.640  3.55E-07       .5088       .2538  -1.968E-08   4464.3109    -.027871 

 364.080  2.69E-07      1.3672       .1444  -1.825E-08   4464.3534    -.021408 



 368.520  1.93E-07      1.8028     .062382  -1.585E-08   4464.3750    -.015516 

 372.960  1.28E-07      1.9317     .004713  -1.302E-08   4464.3813    -.010461 

 377.400  7.69E-08      1.8533    -.032610  -1.015E-08   4464.3775    -.006351 

 381.840  3.81E-08      1.6489    -.053773  -7.497E-09   4464.3673    -.003182 

 386.280  1.03E-08      1.3808    -.062775  -5.201E-09   4464.3541  -8.732E-04 

 390.720 -8.12E-09      1.0949    -.063171  -3.325E-09   4464.3399   6.952E-04 

 395.160 -1.92E-08       .8221    -.057937  -1.872E-09   4464.3264     .001662 

 399.600 -2.47E-08       .5817    -.049435  -8.078E-10   4464.3145     .002167 

 404.040 -2.64E-08       .3836    -.039438  -7.611E-11   4464.3047     .002336 

 408.480 -2.54E-08       .2315    -.029196   3.901E-10   4464.2972     .002277 

 412.920 -2.29E-08       .1241    -.019534   6.597E-10   4464.2919     .002075 

 417.360 -1.96E-08     .057599    -.010950   7.974E-10   4464.2886     .001791 

 421.800 -1.58E-08     .026358    -.005529   8.611E-10   4464.2870   6.508E-04 

 426.240 -1.19E-08     .007932    -.002981   8.870E-10   4464.2861   4.966E-04 

 430.680 -7.95E-09  -7.085E-04    -.001134   8.925E-10   4464.2857   3.357E-04 

 435.120 -3.99E-09    -.002730  -9.541E-06   8.899E-10   4464.2858   1.707E-04 

 439.560 -4.77E-11    -.001386   3.740E-04   8.868E-10   4464.2858   2.066E-06 

 444.000  3.89E-09      0.0000      0.0000   8.857E-10   4464.2857  -1.705E-04 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  8: 

 

Pile-head deflection             =      .80000000 in 

Computed slope at pile head      =          0.000 

Maximum bending moment           =   -1572119.578 lbs-in 

Maximum shear force              =      41470.838 lbs 

Depth of maximum bending moment  =          0.000 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              9 

Number of zero deflection points =              6 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  9 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Specified deflection at pile head   =         .900000 in 

Specified slope at pile head        =       0.000E+00 in/in 

Specified axial load at pile head   =       75000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .900000  -1.714E+06  44141.8354      0.0000  89306.5168   -159.1388 

   4.440   .894233  -1.519E+06  43385.3604    -.002450  79660.2938   -181.6157 

   8.880   .878242  -1.327E+06  42502.8379    -.004607  70153.3554   -215.9170 

  13.320   .853320  -1.138E+06  41462.5051    -.006476  60823.9758   -252.7014 

  17.760   .820736  -9.544E+05  40247.9671    -.008062  51712.7633   -294.3878 



  22.200   .781729  -7.757E+05  38840.3755    -.009373  42864.9995   -339.6625 

  26.640   .737500  -6.033E+05  37224.6642    -.010419  34329.3351   -388.1354 

  31.080   .689211  -4.382E+05  35386.6323    -.011208  26157.3848   -439.8068 

  35.520   .637973  -2.816E+05  33312.0791    -.011754  18403.7007   -494.6766 

  39.960   .584840  -1.346E+05  30986.8033    -.012069  11125.7453   -552.7449 

  44.400   .530801   1624.5460  28396.6033    -.012170   4544.7088   -614.0118 

  48.840   .476773   1.257E+05  25527.2774    -.012073  10687.3240   -678.4774 

  53.280   .423591   2.363E+05  22364.6230    -.011799  16164.6577   -746.1417 

  57.720   .372000   3.322E+05  18905.7406    -.011368  20907.9101   -811.9134 

  62.160   .322644   4.118E+05  15339.8204    -.010804  24850.4987   -794.3570 

  66.600   .276060   4.756E+05  11867.5360    -.010131  28007.5671   -769.7351 

  71.040   .232677   5.239E+05   8517.2870    -.009374  30401.5507   -739.3860 

  75.480   .192820   5.575E+05   5311.1664    -.008554  32060.8594   -704.8124 

  79.920   .156715   5.768E+05   2265.0260    -.007695  33018.3965   -667.3229 

  84.360   .124493   5.827E+05   -599.5381    -.006816  33310.2656   -623.0212 

  88.800   .096192   5.760E+05  -3249.2355    -.005938  32979.5543   -570.5361 

  93.240   .071767   5.578E+05  -5648.6881    -.005078  32077.6507   -510.2984 

  97.680   .051097   5.292E+05  -7764.2800    -.004254  30663.7975   -442.6709 

 102.120   .033989   4.917E+05  -9563.3422    -.003480  28804.7074   -367.7174 

 106.560   .020191   4.466E+05 -10954.7756    -.002769  26574.4674   -259.0544 

 111.000   .009398   3.962E+05 -11805.8978    -.002130  24080.2500   -124.3340 

 115.440   .001272   3.432E+05 -12120.4073    -.001570  21454.7905    -17.3369 

 119.880  -.004544   2.897E+05 -12017.3760    -.001090  18803.8350     63.7475 

 124.320  -.008410   2.372E+05 -11606.4589  -6.910E-04  16207.8536    121.3503 

 128.760  -.010680   1.871E+05 -10985.4839  -3.694E-04  13724.3724    158.3681 

 133.200  -.011691   1.399E+05  -9916.4059  -1.216E-04  11390.7717    323.1985 

 137.640  -.011760  99077.0603  -8451.0821   5.953E-05   9369.0907    336.8572 

 142.080  -.011162  64829.7604  -6968.6906   1.838E-04   7673.6798    330.8867 

 146.520  -.010128  37072.7034  -5545.1417   2.610E-04   6299.5681    310.3515 

 150.960  -.008845  15415.0786  -4234.8827   3.008E-04   5227.4084    279.8552 

 155.400  -.007457   -733.3740  -3073.2389   3.119E-04   4500.5914    243.4078 

 159.840  -.006075 -12083.0123  -2079.2064   3.022E-04   5062.4546    204.3546 

 164.280  -.004774 -19397.9873  -1258.4484   2.783E-04   5424.5821    165.3562 

 168.720  -.003603 -23443.4037   -606.2849   2.459E-04   5624.8503    128.4111 

 173.160  -.002591 -24945.5409   -110.5165   2.092E-04   5699.2135     94.9080 

 177.600  -.001746 -24564.1077    246.0338   1.717E-04   5680.3307     65.7003 

 182.040  -.001066 -22875.0861    483.3345   1.357E-04   5596.7157     41.1919 

 186.480 -5.41E-04 -20362.4764    622.3505   1.029E-04   5472.3291     21.4279 

 190.920 -1.52E-04 -17417.1666    683.6456   7.430E-05   5326.5217      6.1825 

 195.360  1.19E-04 -14341.1855    686.3622   5.023E-05   5174.2454     -4.9588 

 199.800  2.94E-04 -11355.7216    647.5429   3.075E-05   5026.4502    -12.5273 

 204.240  3.92E-04  -8611.4845    581.7471   1.562E-05   4890.5968    -17.1104 

 208.680  4.33E-04  -6200.2083    500.9086   4.390E-06   4771.2267    -19.3033 

 213.120  4.31E-04  -4166.3397    414.3818  -3.467E-06   4670.5402    -19.6728 

 217.560  4.02E-04  -2518.1888    329.1233  -8.534E-06   4588.9485    -18.7320 

 222.000  3.55E-04  -1238.0417    249.9641  -1.138E-05   4525.5749    -16.9253 

 226.440  3.01E-04   -290.9278    179.9319  -1.254E-05   4478.6881    -14.6208 

 230.880  2.44E-04    368.1052    120.5901  -1.248E-05   4482.5087    -12.1098 

 235.320  1.90E-04    788.2247     72.3699  -1.160E-05   4503.3067     -9.6110 

 239.760  1.41E-04   1018.4781     34.8764  -1.024E-05   4514.7054     -7.2779 

 244.200  9.90E-05   1104.7433      7.1579  -8.626E-06   4518.9760     -5.2079 

 248.640  6.44E-05   1087.7853    -12.0681  -6.964E-06   4518.1365     -3.4525 

 253.080  3.71E-05   1002.2166    -24.2348  -5.380E-06   4513.9004     -2.0280 

 257.520  1.66E-05    876.1633    -30.7885  -3.956E-06   4507.6601      -.9241 

 261.960  2.00E-06    731.4498    -33.0913  -2.738E-06   4500.4961      -.1132 

 266.400 -7.70E-06    584.1361    -32.3582  -1.741E-06   4493.2033       .4434 

 270.840 -1.35E-05    445.2679    -29.6228  -9.604E-07   4486.3287       .7888 



 275.280 -1.62E-05    321.7254    -25.7246  -3.790E-07   4480.2127       .9671 

 279.720 -1.68E-05    217.0862    -21.3137   2.934E-08   4475.0326      1.0197 

 284.160 -1.60E-05    132.4399    -16.8666   2.943E-07   4470.8421       .9835 

 288.600 -1.42E-05     67.1151    -12.7080   4.455E-07   4467.6082       .8897 

 293.040 -1.20E-05     19.2963     -9.0372   5.110E-07   4465.2410       .7637 

 297.480 -9.67E-06    -13.4760     -5.9543   5.154E-07   4464.9528       .6250 

 301.920 -7.43E-06    -33.9213     -3.4848   4.795E-07   4465.9650       .4875 

 306.360 -5.42E-06    -44.7399     -1.6019   4.199E-07   4466.5006       .3607 

 310.800 -3.70E-06    -48.4256      -.2456   3.493E-07   4466.6830       .2502 

 315.240 -2.31E-06    -47.1536       .6623   2.768E-07   4466.6201       .1587 

 319.680 -1.24E-06    -42.7286      1.2068   2.087E-07   4466.4010     .086546 

 324.120 -4.61E-07    -36.5759      1.4712   1.486E-07   4466.0964     .032522 

 328.560  7.60E-08    -29.7636      1.5313   9.830E-08   4465.7592    -.005439 

 333.000  4.12E-07    -23.0434      1.4528   5.827E-08   4465.4265    -.029929 

 337.440  5.93E-07    -16.9017      1.2894   2.800E-08   4465.1224    -.043676 

 341.880  6.61E-07    -11.6124      1.0830   6.386E-09   4464.8606    -.049299 

 346.320  6.50E-07     -7.2892       .8644  -7.941E-09   4464.6466    -.049148 

 350.760  5.90E-07     -3.9311       .6549  -1.644E-08   4464.4803    -.045218 

 355.200  5.04E-07     -1.4625       .4677  -2.053E-08   4464.3581    -.039116 

 359.640  4.08E-07       .2358       .3097  -2.146E-08   4464.2974    -.032068 

 364.080  3.14E-07      1.3017       .1831  -2.030E-08   4464.3502    -.024954 

 368.520  2.28E-07      1.8751     .086939  -1.789E-08   4464.3785    -.018357 

 372.960  1.55E-07      2.0857     .018174  -1.489E-08   4464.3890    -.012618 

 377.400  9.56E-08      2.0464    -.027362  -1.176E-08   4464.3870    -.007893 

 381.840  5.03E-08      1.8505    -.054212  -8.802E-09   4464.3773    -.004201 

 386.280  1.74E-08      1.5709    -.066809  -6.209E-09   4464.3635    -.001473 

 390.720 -4.87E-09      1.2614    -.069153  -4.062E-09   4464.3482   4.169E-04 

 395.160 -1.87E-08       .9595    -.064640  -2.379E-09   4464.3332     .001616 

 399.600 -2.60E-08       .6890    -.055997  -1.129E-09   4464.3198     .002277 

 404.040 -2.87E-08       .4630    -.045300  -2.564E-10   4464.3086     .002542 

 408.480 -2.83E-08       .2869    -.034035   3.120E-10   4464.2999     .002533 

 412.920 -2.59E-08       .1606    -.023199   6.511E-10   4464.2937     .002348 

 417.360 -2.25E-08     .080432    -.013414   8.338E-10   4464.2897     .002060 

 421.800 -1.85E-08     .040878    -.007151   9.257E-10   4464.2877   7.615E-04 

 426.240 -1.43E-08     .016315    -.004140   9.691E-10   4464.2865   5.947E-04 

 430.680 -9.91E-09     .003467    -.001891   9.841E-10   4464.2859   4.186E-04 

 435.120 -5.53E-09    -.001130  -4.359E-04   9.858E-10   4464.2858   2.367E-04 

 439.560 -1.16E-09    -.001060   2.010E-04   9.842E-10   4464.2858   5.022E-05 

 444.000  3.21E-09      0.0000      0.0000   9.834E-10   4464.2857  -1.408E-04 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  9: 

 

Pile-head deflection             =      .90000000 in 

Computed slope at pile head      =          0.000 

Maximum bending moment           =   -1713813.067 lbs-in 

Maximum shear force              =      44141.835 lbs 

Depth of maximum bending moment  =          0.000 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              9 

Number of zero deflection points =              6 

 

 



 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number 10 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Slope (BC Type 5) 

Specified deflection at pile head   =        1.000000 in 

Specified slope at pile head        =       0.000E+00 in/in 

Specified axial load at pile head   =       75000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000     1.000  -1.849E+06  46598.8897      0.0000  95989.0133   -159.1388 

   4.440   .993778  -1.643E+06  45842.4147    -.002647  85801.0383   -181.6157 

   8.880   .976498  -1.440E+06  44959.8924    -.004983  75749.2481   -215.9169 

  13.320   .949527  -1.240E+06  43919.5601    -.007015  65872.1920   -252.7012 

  17.760   .914207  -1.045E+06  42705.0231    -.008747  56210.7544   -294.3875 

  22.200   .871851  -8.554E+05  41297.4334    -.010188  46810.4947   -339.6619 

  26.640   .823739  -6.718E+05  39681.7252    -.011345  37720.3424   -388.1346 

  31.080   .771105  -4.955E+05  37843.6984    -.012230  28992.1915   -439.8054 

  35.520   .715136  -3.276E+05  35769.1527    -.012854  20680.8745   -494.6746 

  39.960   .656962  -1.693E+05  33443.8878    -.013230  12844.1348   -552.7420 

  44.400   .597649 -21781.8976  30853.7032    -.013375   5542.5975   -614.0078 

  48.840   .538190   1.136E+05  27984.3985    -.013306  10088.8326   -678.4718 

  53.280   .479495   2.356E+05  24821.7728    -.013041  16126.7173   -746.1343 

  57.720   .422386   3.427E+05  21351.6254    -.012603  21430.5470   -816.9952 

  62.160   .367584   4.336E+05  17590.1726    -.012014  25928.4897   -877.3529 

  66.600   .315699   5.069E+05  13757.0289    -.011301  29559.3707   -849.2885 

  71.040   .267227   5.633E+05  10063.4510    -.010490  32348.7458   -814.4853 

  75.480   .222546   6.033E+05   6535.7336    -.009606  34329.1719   -774.5766 

  79.920   .181925   6.277E+05   3192.6297    -.008673  35538.5973   -731.3261 

  84.360   .145528   6.374E+05     48.2798    -.007714  36018.6205   -685.0478 

  88.800   .113422   6.333E+05  -2872.5526    -.006751  35814.1631   -630.6425 

  93.240   .085578   6.164E+05  -5533.3563    -.005804  34978.4236   -567.9177 

  97.680   .061882   5.880E+05  -7898.1762    -.004891  33573.0383   -497.3165 

 102.120   .042144   5.495E+05  -9932.5379    -.004029  31667.6177   -419.0627 

 106.560   .026104   5.025E+05 -11601.4640    -.003232  29339.4933   -332.7059 

 111.000   .013447   4.486E+05 -12735.0067    -.002511  26674.1177   -177.8989 

 115.440   .003808   3.911E+05 -13245.1784    -.001874  23823.9156    -51.9081 

 119.880  -.003198   3.323E+05 -13260.8257    -.001326  20913.2827     44.8598 

 124.320  -.007967   2.742E+05 -12906.0272  -8.664E-04  18038.1263    114.9594 

 128.760  -.010892   2.182E+05 -12292.2743  -4.932E-04  15268.3091    161.5059 

 133.200  -.012347   1.654E+05 -11175.9550  -2.025E-04  12650.6553    341.3406 

 137.640  -.012690   1.191E+05  -9611.2428   1.317E-05  10361.9904    363.4847 

 142.080  -.012230  80008.0600  -7999.4587   1.641E-04   8425.0808    362.5441 

 146.520  -.011232  47989.1485  -6430.5199   2.611E-04   6839.9861    344.1850 

 150.960  -.009911  22731.1385  -4970.2099   3.147E-04   5589.5896    313.6123 

 155.400  -.008438   3644.0812  -3662.5877   3.347E-04   4644.6858    275.4068 

 159.840  -.006939 -10015.5570  -2532.9669   3.299E-04   4960.1054    233.4314 

 164.280  -.005508 -19068.3658  -1591.1792   3.078E-04   5408.2642    190.7973 

 168.720  -.004206 -24350.2477   -834.8805   2.749E-04   5669.7435    149.8778 

 173.160  -.003067 -26665.2073   -252.7128   2.363E-04   5784.3455    112.3599 

 177.600  -.002108 -26751.6883    172.8194   1.958E-04   5788.6267     79.3213 



 182.040  -.001328 -25260.9573    462.8480   1.564E-04   5714.8282     51.3222 

 186.480 -7.19E-04 -22745.7292    640.0638   1.200E-04   5590.3119     28.5047 

 190.920 -2.63E-04 -19657.0890    727.0770   8.783E-05   5437.4089     10.6904 

 195.360  6.07E-05 -16347.7794    745.1992   6.054E-05   5273.5817     -2.5273 

 199.800  2.74E-04 -13080.0390    713.6117   3.823E-05   5111.8124    -11.7013 

 204.240  4.00E-04 -10036.3714    648.8699   2.071E-05   4961.1358    -17.4616 

 208.680  4.58E-04  -7331.8690    564.6872   7.549E-06   4827.2495    -20.4585 

 213.120  4.67E-04  -5026.9768    471.9387  -1.818E-06   4713.1459    -21.3201 

 217.560  4.42E-04  -3139.8429    378.8277  -8.008E-06   4619.7235    -20.6218 

 222.000  3.96E-04  -1657.6540    291.1622  -1.164E-05   4546.3478    -18.8671 

 226.440  3.39E-04   -546.5673    212.6965  -1.331E-05   4491.3435    -16.4778 

 230.880  2.78E-04    239.9586    145.4987  -1.355E-05   4476.1649    -13.7915 

 235.320  2.19E-04    754.4834     90.3170  -1.279E-05   4501.6364    -11.0651 

 239.760  1.64E-04   1050.4934     46.9214  -1.143E-05   4516.2903     -8.4824 

 244.200  1.17E-04   1178.7550     14.4082  -9.736E-06   4522.6399     -6.1632 

 248.640  7.79E-05   1184.9221     -8.5431  -7.944E-06   4522.9452     -4.1752 

 253.080  4.66E-05   1108.1830    -23.4604  -6.206E-06   4519.1463     -2.5443 

 257.520  2.28E-05    980.7272    -31.9186  -4.623E-06   4512.8366     -1.2657 

 261.960  5.53E-06    827.8243    -35.4240  -3.252E-06   4505.2671      -.3133 

 266.400 -6.12E-06    668.3279    -35.3367  -2.118E-06   4497.3713       .3526 

 270.840 -1.33E-05    515.4451    -32.8266  -1.221E-06   4489.8028       .7781 

 275.280 -1.70E-05    377.6409    -28.8547  -5.439E-07   4482.9808      1.0111 

 279.720 -1.81E-05    259.5776    -24.1741  -6.089E-08   4477.1361      1.0973 

 284.160 -1.75E-05    163.0156    -19.3443   2.594E-07   4472.3558      1.0783 

 288.600 -1.58E-05     87.6276    -14.7544   4.494E-07   4468.6237       .9893 

 293.040 -1.35E-05     31.6974    -10.6504   5.398E-07   4465.8549       .8594 

 297.480 -1.10E-05     -7.3071     -7.1638   5.583E-07   4464.6475       .7111 

 301.920 -8.55E-06    -32.2891     -4.3394   5.283E-07   4465.8842       .5611 

 306.360 -6.32E-06    -46.1932     -2.1599   4.688E-07   4466.5725       .4207 

 310.800 -4.39E-06    -51.7814      -.5673   3.946E-07   4466.8492       .2967 

 315.240 -2.81E-06    -51.4936       .5197   3.163E-07   4466.8349       .1929 

 319.680 -1.58E-06    -47.3768      1.1923   2.413E-07   4466.6311       .1100 

 324.120 -6.69E-07    -41.0671      1.5413   1.743E-07   4466.3187     .047213 

 328.560 -3.30E-08    -33.8058      1.6514   1.176E-07   4465.9593     .002362 

 333.000  3.75E-07    -26.4810      1.5962   7.187E-08   4465.5967    -.027241 

 337.440  6.05E-07    -19.6798      1.4368   3.688E-08   4465.2600    -.044541 

 341.880  7.03E-07    -13.7467      1.2216   1.154E-08   4464.9662    -.052420 

 346.320  7.08E-07     -8.8401       .9864  -5.576E-09   4464.7233    -.053500 

 350.760  6.53E-07     -4.9836       .7566  -1.605E-08   4464.5324    -.050032 

 355.200  5.65E-07     -2.1110       .5481  -2.143E-08   4464.3902    -.043852 

 359.640  4.63E-07      -.1018       .3700  -2.311E-08   4464.2908    -.036380 

 364.080  3.60E-07      1.1903       .2257  -2.228E-08   4464.3446    -.028649 

 368.520  2.65E-07      1.9169       .1146  -1.993E-08   4464.3806    -.021358 

 372.960  1.83E-07      2.2216     .034086  -1.679E-08   4464.3957    -.014930 

 377.400  1.16E-07      2.2308    -.020313  -1.342E-08   4464.3961    -.009574 

 381.840  6.39E-08      2.0501    -.053416  -1.017E-08   4464.3872    -.005338 

 386.280  2.56E-08      1.7632    -.070071  -7.281E-09   4464.3730    -.002165 

 390.720 -8.01E-10      1.4328    -.074725  -4.859E-09   4464.3566   6.858E-05 

 395.160 -1.76E-08      1.1029    -.071199  -2.937E-09   4464.3403     .001520 

 399.600 -2.69E-08       .8025    -.062598  -1.493E-09   4464.3254     .002354 

 404.040 -3.08E-08       .5480    -.051313  -4.691E-10   4464.3128     .002729 

 408.480 -3.10E-08       .3471    -.039080   2.094E-10   4464.3029     .002781 

 412.920 -2.89E-08       .2009    -.027084   6.247E-10   4464.2957     .002622 

 417.360 -2.55E-08       .1062    -.016079   8.575E-10   4464.2910     .002335 

 421.800 -2.13E-08     .057521    -.008947   9.816E-10   4464.2886   8.772E-04 

 426.240 -1.68E-08     .026101    -.005447   1.045E-09   4464.2870   6.994E-04 

 430.680 -1.21E-08     .008457    -.002764   1.071E-09   4464.2861   5.091E-04 



 435.120 -7.27E-09   8.431E-04  -9.433E-04   1.078E-09   4464.2858   3.111E-04 

 439.560 -2.48E-09  -6.383E-04  -1.407E-05   1.078E-09   4464.2857   1.075E-04 

 444.000  2.30E-09      0.0000      0.0000   1.078E-09   4464.2857  -1.012E-04 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No. 10: 

 

Pile-head deflection             =     1.00000000 in 

Computed slope at pile head      =          0.000 

Maximum bending moment           =   -1848799.497 lbs-in 

Maximum shear force              =      46598.890 lbs 

Depth of maximum bending moment  =          0.000 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =             10 

Number of zero deflection points =              6 

 

 

 

 

 

------------------------------------------------------------------------------ 

                        Summary of Pile-head Response 

------------------------------------------------------------------------------ 

 

Definition of symbols for pile-head boundary conditions: 

 

y = pile-head displacment, in 

M = pile-head moment, lbs-in 

V = pile-head shear force, lbs 

S = pile-head slope, radians 

R = rotational stiffness of pile-head, in-lbs/rad 

 

 BC    Boundary     Boundary       Axial    Pile Head    Maximum     Maximum  

Type  Condition    Condition       Load     Deflection    Moment      Shear 

          1            2            lbs         in        in-lbs       lbs 

---- ------------ ------------ ----------- ----------- ----------- ----------- 

  5  y=   .100000 S=     0.000  75000.0000     .100000  -2.783E+05   9347.4951 

  5  y=   .200000 S=     0.000  75000.0000       .2000  -5.010E+05  15770.3993 

  5  y=   .300000 S=     0.000  75000.0000       .3000  -7.078E+05  21565.9241 

  5  y=   .400000 S=     0.000  75000.0000       .4000  -9.072E+05  27067.2038 

  5  y=   .500000 S=     0.000  75000.0000       .5000  -1.093E+06  31534.9780 

  5  y=   .600000 S=     0.000  75000.0000       .6000  -1.264E+06  35283.6907 

  5  y=   .700000 S=     0.000  75000.0000       .7000  -1.422E+06  38533.3452 

  5  y=   .800000 S=     0.000  75000.0000       .8000  -1.572E+06  41470.8383 

  5  y=   .900000 S=     0.000  75000.0000       .9000  -1.714E+06  44141.8354 

  5  y=     1.000 S=     0.000  75000.0000      1.0000  -1.849E+06  46598.8897 

 

 

------------------------------------------------------------------------------ 

                     Pile-head Deflection vs. Pile Length 

------------------------------------------------------------------------------ 

 

 Boundary Condition Type 5, Deflection and Slope 



 

Deflection =          .10000  in 

Slope      =          .00000 

Axial Load =          75000. lbs 

 

 

 

   Pile       Pile Head       Maximum      Maximum 

  Length      Deflection      Moment        Shear  

    in           in           in-lbs         lbs 

-----------  ------------  ------------  ------------ 

   444.000     .10000000   -278307.107      9347.495 

   421.800     .10000000   -278433.218      9350.109 

   399.600     .10000000   -278513.243      9351.286 

   377.400     .10000000   -278622.604      9356.042 

   355.200     .10000000   -278655.410      9356.647 

   333.000     .10000000   -278740.441      9360.382 

   310.800     .10000000   -278837.664      9363.569 

   288.600     .10000000   -278903.281      9365.281 

   266.400     .10000000   -278970.538      9366.999 

   244.200     .10000000   -278997.907      9367.093 

 

The analysis ended normally.  

 



============================================================================== 

 

                    LPILE Plus for Windows, Version 4.0 

 

               Analysis of Individual Piles and Drilled Shafts 

              Subjected to Lateral Loading Using the p-y Method 

 

                   (c) Copyright ENSOFT, Inc., 1985-2001 

                             All Rights Reserved 

 

============================================================================== 

 

 

This program is licensed to:  

 

IT - San Jose 

URS Corporation 

 

Path to file locations:      X:\Route 84 - Isabel 

Avenue\geotech\Analysis\pile\lateral\ArroyoMocho\ 

Name of input data file:     ArroyoMocho_Pier_B20_Free.lpd 

Name of output file:         ArroyoMocho_Pier_B20_Free.lpo 

Name of plot output file:    ArroyoMocho_Pier_B20_Free.lpp 

Name of runtime file:        ArroyoMocho_Pier_B20_Free.lpr 

 

 

------------------------------------------------------------------------------ 

                          Time and Date of Analysis 

------------------------------------------------------------------------------ 

 

               Date:  October 29, 2009     Time:  12: 4: 9 

 

 

------------------------------------------------------------------------------ 

                                Problem Title 

------------------------------------------------------------------------------ 

 

SR84 Isabel Pier - Arroyo Mocho Bridge Widen - H pile                            

 

 

------------------------------------------------------------------------------ 

                                Program Options 

------------------------------------------------------------------------------ 

 

Units Used in Computations - US Customary Units, inches, pounds 

 

Basic Program Options: 

 

Analysis Type 1:  

- Computation of Lateral Pile Response Using User-specified Constant EI 

 

Computation Options: 

- Only internally-generated p-y curves used in analysis 

- Analysis does not use p-y multipliers (individual pile or shaft action only) 

- Analysis assumes no shear resistance at pile tip 

- Analysis includes automatic computation of pile-top deflection vs. 

  pile embedment length 



- No computation of foundation stiffness matrix elements 

- Output pile response for full length of pile 

- Analysis assumes no soil movements acting on pile 

- Additional p-y curves computed at specified depths 

 

Solution Control Parameters: 

- Number of pile increments            =          100 

- Maximum number of iterations allowed =          100 

- Deflection tolerance for convergence =   1.0000E-05 in 

- Maximum allowable deflection         =   1.0000E+02 in 

 

Printing Options: 

- Values of pile-head deflection, bending moment, shear force, and  

  soil reaction are printed for full length of pile. 

- Printing Increment (spacing of output points) =  1 

 

 

------------------------------------------------------------------------------ 

                   Pile Structural Properties and Geometry 

------------------------------------------------------------------------------ 

 

Pile Length                               =     492.00 in 

Depth of ground surface below top of pile =    -216.00 in 

Slope angle of ground surface             =        .00 deg. 

 

Structural properties of pile defined using  2 points 

 

Point    Depth         Pile      Moment of       Pile      Modulus of 

           X         Diameter     Inertia        Area      Elasticity 

           in           in         in**4        Sq.in      lbs/Sq.in 

-----  ---------   -----------   ----------   ----------   ----------- 

  1       0.0000        10.000     101.0000      16.8000  29000000.000 

  2     492.0000        10.000     101.0000      16.8000  29000000.000 

 

 

------------------------------------------------------------------------------ 

                      Soil and Rock Layering Information 

------------------------------------------------------------------------------ 

 

The soil profile is modelled using  4 layers 

 

Layer  1 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =     -216.000 in 

Distance from top of pile to bottom of layer =     -180.000 in 

p-y subgrade modulus k for top of soil layer =       90.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =       90.000 lbs/in**3 

 

Layer  2 is sand, p-y criteria by Reese et al., 1974 

Distance from top of pile to top of layer    =     -180.000 in 

Distance from top of pile to bottom of layer =      108.000 in 

p-y subgrade modulus k for top of soil layer =      225.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =      225.000 lbs/in**3 

 

Layer  3 is stiff clay without free water 

Distance from top of pile to top of layer    =      108.000 in 

Distance from top of pile to bottom of layer =      120.000 in 

p-y subgrade modulus k for top of soil layer =     1000.000 lbs/in**3 



p-y subgrade modulus k for bottom of layer   =     1000.000 lbs/in**3 

 

Layer  4 is stiff clay without free water 

Distance from top of pile to top of layer    =      120.000 in 

Distance from top of pile to bottom of layer =      780.000 in 

p-y subgrade modulus k for top of soil layer =     1000.000 lbs/in**3 

p-y subgrade modulus k for bottom of layer   =     1000.000 lbs/in**3 

 

 

(Depth of lowest layer extends  288.00 in below pile tip) 

 

 

------------------------------------------------------------------------------ 

                   Effective Unit Weight of Soil vs. Depth 

------------------------------------------------------------------------------ 

 

Distribution of effective unit weight of soil with depth 

is defined using  8 points 

 

Point        Depth X    Eff. Unit Weight 

 No.           in          lbs/in**3 

-----      ----------   ---------------- 

  1          -216.00         .07230 

  2          -180.00         .07230 

  3          -180.00         .07810 

  4           108.00         .07810 

  5           108.00         .04200 

  6           120.00         .04200 

  7           120.00         .04200 

  8           780.00         .04200 

 

 

 

------------------------------------------------------------------------------ 

                           Shear Strength of Soils 

------------------------------------------------------------------------------ 

 

Distribution of shear strength parameters with depth 

defined using  8 points 

 

Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD 

 No.       in         lbs/in**2            Deg.            k_rm        % 

-----   --------     ----------     ------------------    ------    ------ 

  1     -216.000         .00000           32.00           ------    ------ 

  2     -180.000         .00000           32.00           ------    ------ 

  3     -180.000         .00000           40.00           ------    ------ 

  4      108.000         .00000           40.00           ------    ------ 

  5      108.000       20.83300             .00           .00500        .0 

  6      120.000       20.83300             .00           .00500        .0 

  7      120.000       20.83300             .00           .00500        .0 

  8      780.000       20.83300             .00           .00500        .0 

 

Notes: 

 

(1)  Cohesion = uniaxial compressive strength for rock materials. 

(2)  Values of E50 are reported for clay strata.  

(3)  Default values will be generated for E50 when input values are 0. 



(4)  RQD and k_rm are reported only for weak rock strata. 

 

Static loading criteria was used for computation of  p-y curves 

 

 

 

------------------------------------------------------------------------------ 

              Pile-head Loading and Pile-head Fixity Conditions 

------------------------------------------------------------------------------ 

 

Number of loads specified = 10 

 

Load Case Number  1 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =            .100 in 

Bending moment at pile head =            .000 in-lbs 

Axial load at pile head     =      200000.000 lbs 

 

Load Case Number  2 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =            .200 in 

Bending moment at pile head =            .000 in-lbs 

Axial load at pile head     =      200000.000 lbs 

 

Load Case Number  3 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =            .300 in 

Bending moment at pile head =            .000 in-lbs 

Axial load at pile head     =      200000.000 lbs 

 

Load Case Number  4 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =            .400 in 

Bending moment at pile head =            .000 in-lbs 

Axial load at pile head     =      200000.000 lbs 

 

Load Case Number  5 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =            .500 in 

Bending moment at pile head =            .000 in-lbs 

Axial load at pile head     =      200000.000 lbs 

 

Load Case Number  6 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =            .600 in 

Bending moment at pile head =            .000 in-lbs 

Axial load at pile head     =      200000.000 lbs 

 

Load Case Number  7 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 



Deflection at pile head     =            .700 in 

Bending moment at pile head =            .000 in-lbs 

Axial load at pile head     =      200000.000 lbs 

 

Load Case Number  8 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =            .800 in 

Bending moment at pile head =            .000 in-lbs 

Axial load at pile head     =      200000.000 lbs 

 

Load Case Number  9 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =            .900 in 

Bending moment at pile head =            .000 in-lbs 

Axial load at pile head     =      200000.000 lbs 

 

Load Case Number 10 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Deflection at pile head     =           1.000 in 

Bending moment at pile head =            .000 in-lbs 

Axial load at pile head     =      200000.000 lbs 

 

 

 

 

------------------------------------------------------------------------------ 

                   Output of p-y Curves at Specified Depths 

------------------------------------------------------------------------------ 

 

 

 

p-y curves are generated and printed for verification at  1 depths. 

 

Depth      Depth Below Pile Head      Depth Below Ground Surface 

 No.                 in                         in 

-----      ---------------------      -------------------------- 

  1                60.000                    276.000 

 

Depth of ground surface below top of pile =    -216.00 in 

 

 

p-y Curve in Sand Computed Using Reese Criteria 

 

Soil Layer Number           =            2 

Depth below pile head       =       60.000 in 

Depth below ground surface  =      276.000 in 

Equivalent Depth (see note) =      276.000 in 

Pile Diameter               =       10.000 in 

Angle of Friction           =       40.000 deg. 

Avg. Eff. Unit Weight       =       .07734 lbs/in**3 

k                           =      225.000 pci   

A (static)                  =        .8800 

B (static)                  =        .5000 

Pst                         =    28178.350 lbs/in 



Psd                         =    22232.297 lbs/in 

Ps                          =    22232.297 lbs/in 

pu                          =    19564.422 lbs/in 

Cbar                        =   33042.3027 

n                           =       1.6447 

m                           =   40551.7102 

yk                          =        .2000  in 

ym                          =        .1667  in 

yu                          =        .3750  in 

p-multiplier                =      1.00000 

y-multiplier                =      1.00000 

 

If Psd <= Pst then actual depth is used in place of equivalent depth in 

computations. 

 

        y, in             p, lbs/in 

----------------    ----------------- 

          .0000             .000 

          .0139          862.500 

          .0278         1725.000 

          .0417         2587.500 

          .0556         3450.000 

          .0694         4312.500 

          .0833         5175.000 

          .0972         6037.500 

          .1111         6900.000 

          .1250         7762.500 

          .1389         8625.000 

          .1528         9487.500 

          .1667        10350.000 

          .3750        19564.422 

        10.3750        19564.422 

        20.3750        19564.422 

        30.3750        19564.422 

 

 

 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  1 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Specified deflection at pile head     =         .100000 in 

Specified bending moment at pile head =            .000 in-lbs 

Specified axial load at pile head     =      200000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .100000      0.0000  55124.8231    -.004532  11904.7619  -4860.0000 

   4.920   .077701   2.169E+05  33667.9557    -.004350  22640.0241  -3862.3038 



   9.840   .057195   3.399E+05  17017.1782    -.003883  28729.2021  -2906.3049 

  14.760   .039497   3.919E+05   4822.8613    -.003268  31307.8396  -2050.7345 

  19.680   .025039   3.937E+05  -3488.2043    -.002608  31396.9360  -1327.7475 

  24.600   .013834   3.628E+05  -8596.7732    -.001973  29862.7258   -748.9065 

  29.520   .005627   3.130E+05 -11203.8221    -.001405  27401.3911   -310.8694 

  34.440  7.79E-06   2.553E+05 -11969.6402  -9.278E-04  24541.9161      -.4387 

  39.360  -.003502   1.971E+05 -11475.7147  -5.479E-04  21661.0276    201.2215 

  44.280  -.005383   1.434E+05 -10205.1453  -2.619E-04  19005.1444    315.2701 

  49.200  -.006079  97173.3701  -8537.2047  -5.983E-05  16715.3248    362.7545 

  54.120  -.005972  59539.3797  -6751.9201   7.179E-05  14852.2560    362.9709 

  59.040  -.005373  30593.1972  -5041.0626   1.475E-04  13419.2766    332.4996 

  63.960  -.004521   9645.0663  -3522.5663   1.813E-04  12382.2404    284.7753 

  68.880  -.003589  -4425.6210  -2256.0828   1.857E-04  12123.8521    230.0553 

  73.800  -.002694 -12920.1822  -1258.0300   1.711E-04  12544.3749    175.6572 

  78.720  -.001906 -17141.3588   -515.0730   1.459E-04  12753.3440    126.3578 

  83.640  -.001259 -18275.5351      4.5317   1.161E-04  12809.4914     84.8636 

  88.560 -7.63E-04 -17325.2620    341.9231   8.620E-05  12762.4481     52.2874 

  93.480 -4.10E-04 -15080.6633    540.8663   5.899E-05  12651.3294     28.5839 

  98.400 -1.83E-04 -12119.2256    642.9569   3.614E-05  12504.7236     12.9164 

 103.320 -5.48E-05  -8825.0979    684.4242   1.855E-05  12341.6479      3.9403 

 108.240 -3.11E-08  -5421.0026    718.9653   6.588E-06  12173.1284     10.1008 

 113.160  9.98E-06  -1763.4435    553.2235   5.536E-07  11992.0611    -77.4755 

 118.080  5.42E-06     21.6273    219.9296  -9.093E-07  11905.8326    -58.0098 

 123.000  1.03E-06    402.4533     10.9927  -5.531E-07  11924.6853    -26.9239 

 127.920 -2.61E-08    130.8845    -41.1739  -1.052E-07  11911.2413      5.7179 

 132.840 -2.75E-09     -2.4907    -13.3352   2.657E-09  11904.8852      5.5986 

 137.760  2.43E-11      -.3392       .2535   2.800E-10  11904.7787    -.074773 

 142.680  1.84E-13     .002893     .034473  -2.467E-12  11904.7620    -.014250 

 147.600 -3.86E-16   2.237E-05  -2.940E-04  -1.871E-14  11904.7619   1.177E-04 

 152.520 -1.22E-19  -4.668E-08  -2.273E-06   3.923E-17  11904.7619   9.279E-07 

 157.440  3.86E-23  -1.476E-11   4.743E-09   1.239E-20  11904.7619  -1.927E-09 

 162.360     0.000   4.674E-15   1.500E-12  -3.928E-24  11904.7619  -6.102E-13 

 167.280     0.000   1.482E-18  -4.750E-16      0.0000  11904.7619   1.930E-16 

 172.200     0.000  -4.680E-22  -1.506E-19      0.0000  11904.7619   6.125E-20 

 177.120     0.000  -1.488E-25   4.756E-23      0.0000  11904.7619  -1.932E-23 

 182.040     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 186.960     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 191.880     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 196.800     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 201.720     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 206.640     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 211.560     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 216.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 221.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 226.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 231.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 236.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 241.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 246.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 250.920     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 255.840     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 260.760     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 265.680     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 270.600     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 275.520     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 280.440     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 285.360     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 



 290.280     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 295.200     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 300.120     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 305.040     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 309.960     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 314.880     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 319.800     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 324.720     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 329.640     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 334.560     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 339.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 344.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 349.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 354.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 359.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 364.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 369.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 373.920     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 378.840     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 383.760     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 388.680     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 393.600     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 398.520     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 403.440     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 408.360     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 413.280     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 418.200     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 423.120     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 428.040     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 432.960     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 437.880     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 442.800     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 447.720     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 452.640     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 457.560     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 462.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 467.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 472.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 477.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 482.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 487.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 492.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  1: 

 

Pile-head deflection             =      .10000000 in 

Computed slope at pile head      =     -.00453223 

Maximum bending moment           =     393741.917 lbs-in 

Maximum shear force              =      55124.823 lbs 

Depth of maximum bending moment  =         19.680 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              5 



Number of zero deflection points =             40 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  2 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Specified deflection at pile head     =         .200000 in 

Specified bending moment at pile head =            .000 in-lbs 

Specified axial load at pile head     =      200000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .200000      0.0000   1.102E+05    -.009064  11904.7619  -9720.0000 

   4.920   .155403   4.337E+05  67335.7722    -.008700  33375.2541  -7724.6118 

   9.840   .114390   6.797E+05  34034.1862    -.007765  45553.5728  -5812.6182 

  14.760   .078995   7.839E+05   9645.5022    -.006536  50710.8007  -4101.4810 

  19.680   .050078   7.875E+05  -6976.6955    -.005216  50888.9321  -2655.5099 

  24.600   .027668   7.255E+05 -17193.9098    -.003945  47820.4326  -1497.8292 

  29.520   .011255   6.261E+05 -22408.0848    -.002810  42897.6653   -621.7541 

  34.440  1.58E-05   5.105E+05 -23939.7850    -.001856  37178.5997      -.8883 

  39.360  -.007004   3.941E+05 -22951.9648    -.001096  31416.6951    402.4412 

  44.280  -.010767   2.868E+05 -20410.7969  -5.239E-04  26104.7997    630.5539 

  49.200  -.012159   1.943E+05 -17074.7918  -1.198E-04  21525.0491    725.5457 

  54.120  -.011945   1.191E+05 -13503.9622   1.435E-04  17798.8455    726.0110 

  59.040  -.010748  61168.4955 -10081.8010   2.948E-04  14932.9052    665.1114 

  63.960  -.009044  19275.3511  -7044.1240   3.624E-04  12858.9872    569.7167 

  68.880  -.007182  -8858.8639  -4510.1845   3.711E-04  12343.3195    460.3401 

  73.800  -.005392 -25835.2608  -2512.7787   3.420E-04  13183.7352    351.6135 

  78.720  -.003817 -34257.6574  -1025.2234   2.915E-04  13600.6855    253.0838 

  83.640  -.002524 -36497.1835     15.9381   2.321E-04  13711.5532    170.1526 

  88.560  -.001533 -34557.6024    692.8837   1.724E-04  13615.5343    105.0286 

  93.480 -8.27E-04 -30018.5386   1092.9430   1.182E-04  13390.8282     57.5972 

  98.400 -3.70E-04 -24035.6374   1298.9692   7.279E-05  13094.6449     26.1533 

 103.320 -1.11E-04 -17379.9312   1382.9083   3.801E-05  12765.1545      7.9683 

 108.240  4.26E-06 -10502.6140   1318.7630   1.459E-05  12424.6933    -34.0437 

 113.160  3.26E-05  -4432.0117    990.1751   2.044E-06  12124.1684    -99.5286 

 118.080  2.44E-05   -763.3135    527.7447  -2.319E-06  11942.5497    -88.4512 

 123.000  9.81E-06    765.5604    158.8250  -2.317E-06  11942.6609    -61.5161 

 127.920  1.57E-06    804.0853    -58.6322  -9.991E-07  11944.5681    -26.8811 

 132.840 -1.87E-08    190.5854    -81.0940  -1.637E-07  11914.1968     17.7503 

 137.760 -3.64E-08      6.4421    -19.7941   1.814E-09  11905.0808      7.1683 

 142.680 -8.85E-10     -4.1920      -.6652   3.704E-09  11904.9694       .6076 

 147.600  1.58E-11      -.1109       .4262   8.992E-11  11904.7674      -.1639 

 152.520  4.51E-14     .001898     .011267  -1.603E-12  11904.7620    -.004737 

 157.440 -1.06E-16   5.486E-06  -1.929E-04  -4.586E-15  11904.7619   7.796E-05 

 162.360 -2.05E-20  -1.280E-08  -5.576E-07   1.076E-17  11904.7619   2.277E-07 

 167.280  1.06E-23  -2.484E-12   1.301E-09   2.084E-21  11904.7619  -5.288E-10 

 172.200     0.000   1.283E-15   2.524E-13  -1.078E-24  11904.7619  -1.027E-13 

 177.120     0.000   2.495E-19  -1.304E-16      0.0000  11904.7619   5.297E-17 

 182.040     0.000  -1.285E-22  -2.536E-20      0.0000  11904.7619   1.032E-20 



 186.960     0.000      0.0000   1.306E-23      0.0000  11904.7619  -5.307E-24 

 191.880     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 196.800     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 201.720     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 206.640     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 211.560     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 216.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 221.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 226.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 231.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 236.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 241.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 246.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 250.920     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 255.840     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 260.760     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 265.680     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 270.600     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 275.520     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 280.440     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 285.360     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 290.280     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 295.200     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 300.120     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 305.040     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 309.960     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 314.880     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 319.800     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 324.720     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 329.640     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 334.560     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 339.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 344.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 349.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 354.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 359.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 364.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 369.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 373.920     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 378.840     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 383.760     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 388.680     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 393.600     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 398.520     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 403.440     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 408.360     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 413.280     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 418.200     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 423.120     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 428.040     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 432.960     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 437.880     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 442.800     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 447.720     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 452.640     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 457.560     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 462.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 



 467.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 472.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 477.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 482.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 487.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 492.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  2: 

 

Pile-head deflection             =      .20000000 in 

Computed slope at pile head      =     -.00906445 

Maximum bending moment           =     787480.238 lbs-in 

Maximum shear force              =     110249.517 lbs 

Depth of maximum bending moment  =         19.680 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              5 

Number of zero deflection points =             39 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  3 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Specified deflection at pile head     =         .300000 in 

Specified bending moment at pile head =            .000 in-lbs 

Specified axial load at pile head     =      200000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .300000      0.0000   1.591E+05    -.013557  11904.7619 -12895.9432 

   4.920   .233300   6.399E+05   1.002E+05    -.013019  43584.3040 -11033.6261 

   9.840   .171888   1.012E+06  51583.1229    -.011632  61989.4853  -8734.3341 

  14.760   .118838   1.170E+06  14918.0004    -.009800  69845.2101  -6170.1872 

  19.680   .075460   1.178E+06 -10104.3663    -.007827  70211.2051  -4001.5066 

  24.600   .041816   1.086E+06 -25516.8295    -.005926  65685.6747  -2263.7224 

  29.520   .017150   9.384E+05 -33416.2529    -.004225  58358.5496   -947.4253 

  34.440  2.40E-04   7.659E+05 -35780.1447    -.002794  49819.3075    -13.5063 

  39.360  -.010342   5.918E+05 -34351.6711    -.001654  41201.2122    594.1866 

  44.280  -.016032   4.311E+05 -30580.3069  -7.945E-04  33246.7291    938.8883 

  49.200  -.018160   2.924E+05 -25605.0006  -1.868E-04  26382.0745   1083.5939 

  54.120  -.017871   1.795E+05 -20267.5013   2.096E-04  20792.0009   1086.1212 

  59.040  -.016098  92597.0998 -15145.0045   4.381E-04  16488.7767    996.1946 

  63.960  -.013560  29633.2035 -10593.1852   5.408E-04  13371.7522    854.1385 

  68.880  -.010777 -12704.0553  -6792.7216   5.550E-04  12533.6755    690.7654 

  73.800  -.008099 -38299.3714  -3794.3696   5.121E-04  13800.7704    528.0768 

  78.720  -.005737 -51048.5441  -1559.3977   4.371E-04  14431.9176    380.4483 



  83.640  -.003798 -54504.0559      6.3501   3.484E-04  14602.9825    256.0345 

  88.560  -.002309 -51671.8045   1025.3513   2.593E-04  14462.7720    158.1936 

  93.480  -.001246 -44924.8484   1628.0146   1.781E-04  14128.7643     86.7915 

  98.400 -5.56E-04 -36002.7280   1938.2044   1.102E-04  13687.0752     39.3019 

 103.320 -1.62E-04 -26069.7407   2063.5716   5.804E-05  13195.3431     11.6603 

 108.240  1.55E-05 -15811.4088   1919.2528   2.287E-05  12687.5049    -70.3265 

 113.160  6.27E-05  -7229.2939   1436.3215   3.515E-06  12262.6477   -125.9871 

 118.080  5.01E-05  -1684.9231    837.5846  -3.972E-06  11988.1739   -117.4019 

 123.000  2.36E-05   1020.3553    323.2363  -4.530E-06  11955.2745    -91.6828 

 127.920  5.56E-06   1504.6373    -36.5064  -2.409E-06  11979.2489    -54.5541 

 132.840 -7.71E-08    665.8735   -148.9116  -5.863E-07  11937.7259      8.8610 

 137.760 -2.10E-07     40.5012    -70.0471   6.994E-09  11906.7669     23.1978 

 142.680 -8.30E-09    -23.4035     -4.2151   2.135E-08  11905.9205      3.5632 

 147.600  5.52E-11     -1.0177      2.3792   8.436E-10  11904.8123      -.8826 

 152.520  7.18E-13     .006503       .1034  -5.608E-12  11904.7622    -.042575 

 157.440 -1.15E-17   8.687E-05  -6.609E-04  -7.295E-14  11904.7619   2.615E-04 

 162.360 -7.20E-20  -1.379E-09  -8.828E-06   1.173E-18  11904.7619   3.589E-06 

 167.280  1.13E-24  -8.710E-12   1.401E-10   7.315E-21  11904.7619  -5.625E-11 

 172.200     0.000   1.348E-16   8.851E-13  -1.146E-25  11904.7619  -3.598E-13 

 177.120     0.000   8.733E-19  -1.370E-17      0.0000  11904.7619   5.495E-18 

 182.040     0.000  -1.316E-23  -8.875E-20      0.0000  11904.7619   3.608E-20 

 186.960     0.000      0.0000   1.337E-24      0.0000  11904.7619  -5.365E-25 

 191.880     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 196.800     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 201.720     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 206.640     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 211.560     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 216.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 221.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 226.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 231.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 236.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 241.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 246.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 250.920     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 255.840     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 260.760     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 265.680     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 270.600     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 275.520     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 280.440     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 285.360     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 290.280     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 295.200     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 300.120     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 305.040     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 309.960     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 314.880     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 319.800     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 324.720     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 329.640     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 334.560     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 339.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 344.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 349.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 354.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 359.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 



 364.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 369.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 373.920     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 378.840     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 383.760     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 388.680     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 393.600     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 398.520     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 403.440     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 408.360     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 413.280     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 418.200     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 423.120     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 428.040     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 432.960     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 437.880     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 442.800     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 447.720     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 452.640     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 457.560     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 462.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 467.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 472.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 477.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 482.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 487.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 492.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  3: 

 

Pile-head deflection             =      .30000000 in 

Computed slope at pile head      =     -.01355694 

Maximum bending moment           =    1177790.153 lbs-in 

Maximum shear force              =     159079.045 lbs 

Depth of maximum bending moment  =         19.680 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              6 

Number of zero deflection points =             39 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  4 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Specified deflection at pile head     =         .400000 in 

Specified bending moment at pile head =            .000 in-lbs 

Specified axial load at pile head     =      200000.000 lbs 

 



  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .400000      0.0000   2.014E+05    -.017936  11904.7619 -15269.6852 

   4.920   .311753   8.239E+05   1.305E+05    -.017244  52690.1169 -13573.9339 

   9.840   .230315   1.318E+06  69569.5364    -.015446  77141.9163 -11183.5403 

  14.760   .159768   1.539E+06  21651.5625    -.013046  88084.2406  -8295.3109 

  19.680   .101938   1.557E+06 -12052.6134    -.010447  88960.0746  -5405.5737 

  24.600   .056972   1.441E+06 -32937.3971    -.007929  83230.8487  -3084.1758 

  29.520   .023913   1.248E+06 -43774.1341    -.005671  73687.8486  -1321.0018 

  34.440   .001168   1.021E+06 -47185.7287    -.003765  62459.7236    -65.8252 

  39.360  -.013137   7.911E+05 -45490.8553    -.002243  51069.1567    754.7982 

  44.280  -.020904   5.780E+05 -40622.5184    -.001093  40518.3581   1224.2006 

  49.200  -.023894   3.935E+05 -34103.5930  -2.772E-04  31387.2692   1425.7691 

  54.120  -.023632   2.430E+05 -27062.9387   2.573E-04  23932.5293   1436.2855 

  59.040  -.021362   1.267E+05 -20277.6473   5.679E-04  18179.0625   1321.9631 

  63.960  -.018044  42311.3229 -14229.4947   7.098E-04  13999.3819   1136.6356 

  68.880  -.014377 -14674.3072  -9166.3597   7.330E-04  12631.2128    921.5494 

  73.800  -.010831 -49328.2884  -5161.9688   6.793E-04  14346.7564    706.2518 

  78.720  -.007693 -66804.9236  -2169.6533   5.818E-04  15211.9363    510.1367 

  83.640  -.005107 -71822.5665    -67.7500   4.653E-04  15460.3345    344.2956 

  88.560  -.003114 -68387.3387   1304.1902   3.476E-04  15290.2737    213.4037 

  93.480  -.001687 -59673.3400   2118.1034   2.400E-04  14858.8876    117.4553 

  98.400 -7.53E-04 -48017.5381   2537.9968   1.496E-04  14281.8677     53.2330 

 103.320 -2.15E-04 -34993.7886   2706.9663   7.984E-05  13637.1277     15.4538 

 108.240  3.31E-05 -21538.1185   2499.2644   3.236E-05  12971.0054    -99.8855 

 113.160  1.03E-04 -10464.7156   1886.9846   5.484E-06  12422.8171   -149.0088 

 118.080  8.71E-05  -2980.9820   1170.9130  -5.809E-06  12052.3353   -142.0773 

 123.000  4.62E-05   1068.4999    531.4677  -7.415E-06  11957.6579   -117.8598 

 127.920  1.41E-05   2263.2537     41.9093  -4.617E-06  12016.8042    -81.1477 

 132.840  7.60E-07   1489.9732   -214.1794  -1.465E-06  11978.5230    -22.9534 

 137.760 -2.89E-07    158.6106   -154.3012  -8.011E-08  11912.6139     47.2942 

 142.680 -2.82E-08    -28.1929    -16.4622   2.943E-08  11906.1576      8.7380 

 147.600  9.75E-11     -3.4352      2.8669   2.866E-09  11904.9320      -.8806 

 152.520  1.26E-12     .011490       .3491  -9.906E-12  11904.7625      -.1429 

 157.440 -3.64E-17   1.523E-04    -.001168  -1.279E-13  11904.7619   4.621E-04 

 162.360 -1.26E-19  -4.375E-09  -1.548E-05   3.700E-18  11904.7619   6.294E-06 

 167.280  3.60E-24  -1.528E-11   4.447E-10   1.283E-20  11904.7619  -1.795E-10 

 172.200     0.000   4.325E-16   1.552E-12  -3.659E-25  11904.7619  -6.311E-13 

 177.120     0.000   1.532E-18  -4.396E-17      0.0000  11904.7619   1.774E-17 

 182.040     0.000  -4.275E-23  -1.557E-19      0.0000  11904.7619   6.328E-20 

 186.960     0.000  -1.536E-25   4.345E-24      0.0000  11904.7619  -1.753E-24 

 191.880     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 196.800     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 201.720     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 206.640     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 211.560     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 216.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 221.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 226.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 231.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 236.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 241.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 246.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 250.920     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 255.840     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 



 260.760     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 265.680     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 270.600     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 275.520     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 280.440     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 285.360     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 290.280     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 295.200     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 300.120     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 305.040     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 309.960     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 314.880     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 319.800     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 324.720     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 329.640     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 334.560     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 339.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 344.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 349.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 354.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 359.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 364.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 369.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 373.920     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 378.840     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 383.760     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 388.680     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 393.600     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 398.520     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 403.440     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 408.360     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 413.280     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 418.200     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 423.120     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 428.040     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 432.960     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 437.880     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 442.800     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 447.720     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 452.640     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 457.560     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 462.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 467.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 472.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 477.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 482.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 487.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 492.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  4: 

 

Pile-head deflection             =      .40000000 in 



Computed slope at pile head      =     -.01793633 

Maximum bending moment           =    1556517.317 lbs-in 

Maximum shear force              =     201428.226 lbs 

Depth of maximum bending moment  =         19.680 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              7 

Number of zero deflection points =             39 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  5 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Specified deflection at pile head     =         .500000 in 

Specified bending moment at pile head =            .000 in-lbs 

Specified axial load at pile head     =      200000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .500000      0.0000   2.345E+05    -.022220  11904.7619 -15269.6852 

   4.920   .390676   9.906E+05   1.585E+05    -.021388  60944.0702 -15621.8550 

   9.840   .289539   1.601E+06  87701.3509    -.019211  91182.0813 -13144.4397 

  14.760   .201637   1.891E+06  29635.3294    -.016278   1.055E+05 -10459.6340 

  19.680   .129366   1.925E+06 -12970.9905    -.013072   1.072E+05  -6860.0082 

  24.600   .073004   1.789E+06 -39568.6912    -.009953   1.005E+05  -3952.0652 

  29.520   .031431   1.555E+06 -53562.0859    -.007144  88898.7850  -1736.3066 

  34.440   .002711   1.276E+06 -58209.2483    -.004765  75096.9819   -152.7837 

  39.360  -.015459   9.919E+05 -56400.1228    -.002860  61007.6434    888.2006 

  44.280  -.025432   7.271E+05 -50551.3311    -.001416  47901.5071   1489.3570 

  49.200  -.029395   4.972E+05 -42572.6302  -3.880E-04  36520.6237   1754.0173 

  54.120  -.029249   3.090E+05 -33884.6140   2.891E-04  27200.9564   1777.6966 

  59.040  -.026550   1.632E+05 -25469.6295   6.858E-04  19986.2854   1643.0288 

  63.960  -.022502  57012.4048 -17940.9717   8.707E-04  14727.1582   1417.4012 

  68.880  -.017982 -15006.0184 -11618.7464   9.060E-04  12647.6341   1152.6091 

  73.800  -.013586 -59099.1226  -6604.0220   8.438E-04  14830.4610    885.8968 

  78.720  -.009679 -81650.1710  -2845.7881   7.256E-04  15946.8496    641.8406 

  83.640  -.006447 -88529.6126   -197.6773   5.826E-04  16287.4160    434.6273 

  88.560  -.003946 -84741.9635   1536.6751   4.371E-04  16099.9086    270.3940 

  93.480  -.002145 -74268.9810   2569.3456   3.036E-04  15581.4441    149.3907 

  98.400 -9.59E-04 -60057.0288   3103.6856   1.908E-04  14877.8821     67.8206 

 103.320 -2.68E-04 -44104.1160   3317.9616   1.033E-04  14088.1340     19.2834 

 108.240  5.74E-05 -27611.5225   3059.5694   4.304E-05  13271.6690   -124.3209 

 113.160  1.55E-04 -14082.6516   2337.4935   8.020E-06  12601.9229   -169.2059 

 118.080  1.36E-04  -4626.3693   1518.7712  -7.693E-06  12133.7901   -163.6081 

 123.000  7.94E-05    877.1977    769.5460  -1.084E-05  11948.1875   -140.9550 

 127.920  2.97E-05   2967.3010    161.0911  -7.613E-06  12051.6580   -106.3844 

 132.840  4.48E-06   2477.3169   -243.2636  -3.041E-06  12027.4014    -57.9874 

 137.760 -2.47E-07    579.5710   -250.4769  -4.732E-07  11933.4535     55.0552 

 142.680 -1.80E-07     13.5550    -61.0724   2.494E-08  11905.4329     21.9385 

 147.600 -1.61E-09    -21.4308     -1.3940   1.833E-08  11905.8228      2.3210 

 152.520  1.26E-11      -.1982      2.1781   1.639E-10  11904.7717      -.8689 



 157.440  2.14E-15     .001528     .020139  -1.284E-12  11904.7620    -.008313 

 162.360 -1.27E-18   2.596E-07  -1.553E-04  -2.178E-16  11904.7619   6.312E-05 

 167.280 -2.15E-22  -1.531E-10  -2.639E-08   1.287E-19  11904.7619   1.074E-08 

 172.200  1.27E-25  -2.609E-14   1.556E-11   2.189E-23  11904.7619  -6.324E-12 

 177.120     0.000   1.534E-17   2.652E-15      0.0000  11904.7619  -1.079E-15 

 182.040     0.000   2.622E-21  -1.559E-18      0.0000  11904.7619   6.336E-19 

 186.960     0.000  -1.537E-24  -2.665E-22      0.0000  11904.7619   1.085E-22 

 191.880     0.000      0.0000   1.562E-25      0.0000  11904.7619      0.0000 

 196.800     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 201.720     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 206.640     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 211.560     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 216.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 221.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 226.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 231.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 236.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 241.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 246.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 250.920     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 255.840     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 260.760     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 265.680     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 270.600     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 275.520     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 280.440     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 285.360     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 290.280     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 295.200     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 300.120     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 305.040     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 309.960     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 314.880     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 319.800     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 324.720     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 329.640     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 334.560     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 339.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 344.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 349.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 354.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 359.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 364.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 369.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 373.920     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 378.840     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 383.760     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 388.680     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 393.600     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 398.520     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 403.440     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 408.360     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 413.280     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 418.200     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 423.120     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 428.040     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 432.960     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 



 437.880     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 442.800     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 447.720     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 452.640     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 457.560     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 462.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 467.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 472.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 477.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 482.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 487.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 492.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  5: 

 

Pile-head deflection             =      .50000000 in 

Computed slope at pile head      =     -.02222025 

Maximum bending moment           =    1925048.216 lbs-in 

Maximum shear force              =     234459.625 lbs 

Depth of maximum bending moment  =         19.680 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              8 

Number of zero deflection points =             39 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  6 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Specified deflection at pile head     =         .600000 in 

Specified bending moment at pile head =            .000 in-lbs 

Specified axial load at pile head     =      200000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .600000      0.0000   2.578E+05    -.026252  11904.7619 -15269.6852 

   4.920   .470840   1.109E+06   1.818E+05    -.025320  66820.6184 -15621.8545 

   9.840   .350847   1.839E+06   1.060E+05    -.022845   1.029E+05 -15174.3242 

  14.760   .246050   2.198E+06  39272.0718    -.019455   1.207E+05 -11962.5409 

  19.680   .159414   2.263E+06 -10951.1083    -.015708   1.240E+05  -8453.3860 

  24.600   .091483   2.121E+06 -43929.4057    -.012026   1.169E+05  -4952.4260 

  29.520   .041079   1.855E+06 -61694.7808    -.008687   1.037E+05  -2269.2712 

  34.440   .006003   1.531E+06 -68109.3012    -.005844  87684.7178   -338.2574 

  39.360  -.016422   1.196E+06 -66620.2759    -.003553  71115.0770    943.5523 

  44.280  -.028963   8.822E+05 -60126.6364    -.001808  55578.2620   1696.1386 

  49.200  -.034212   6.080E+05 -50932.1870  -5.564E-04  42001.8050   2041.4424 



  54.120  -.034437   3.821E+05 -40761.4596   2.752E-04  30821.9365   2092.9996 

  59.040  -.031504   2.063E+05 -30816.6086   7.694E-04  22118.9184   1949.6227 

  63.960  -.026866  77377.3114 -21857.3733     .001008  15735.3219   1692.3428 

  68.880  -.021589 -10733.7065 -14290.0493     .001064  12436.1335   1383.8051 

  73.800  -.016400 -65330.0428  -8255.2456   9.998E-04  15138.9224   1069.3671 

  78.720  -.011751 -93932.8680  -3707.6627   8.660E-04  16554.9039    779.2438 

  83.640  -.007879  -1.035E+05   -484.0568   7.002E-04  17029.4028    531.1651 

  88.560  -.004861  -1.001E+05   1642.1265   5.292E-04  16858.9167    333.1371 

  93.480  -.002671 -88400.6497   2919.2512   3.709E-04  16281.0317    186.0193 

  98.400  -.001212 -72078.3994   3587.7635   2.361E-04  15472.9995     85.7337 

 103.320 -3.48E-04 -53561.7076   3860.2054   1.306E-04  14556.3316     25.0150 

 108.240  7.30E-05 -34350.9613   3585.8019   5.674E-05  13605.3045   -136.5612 

 113.160  2.10E-04 -18389.0909   2793.8013   1.245E-05  12815.1129   -185.3903 

 118.080  1.95E-04  -6884.4576   1889.7944  -8.777E-06  12245.5766   -182.0922 

 123.000  1.24E-04    223.7586   1044.6771  -1.437E-05  11915.8391   -161.4514 

 127.920  5.41E-05   3423.4472    329.3030  -1.131E-05  12074.2395   -129.3510 

 132.840  1.26E-05   3486.3543   -202.0211  -5.505E-06  12077.3537    -86.6344 

 137.760 -1.12E-07   1446.3924   -336.0228  -1.362E-06  11976.3655     32.1622 

 142.680 -8.34E-07    182.5700   -156.0696   6.503E-09  11913.8000     40.9895 

 147.600 -4.79E-08    -89.3453    -19.1286   8.480E-08  11909.1849     14.6775 

 152.520  9.35E-11     -5.8225      9.0819   4.871E-09  11905.0501     -3.2098 

 157.440  3.48E-13     .011230       .5917  -9.502E-12  11904.7625      -.2415 

 162.360 -9.23E-18   4.209E-05    -.001141  -3.535E-14  11904.7619   4.604E-04 

 167.280 -3.49E-20  -1.109E-09  -4.278E-06   9.385E-19  11904.7619   1.739E-06 

 172.200  9.12E-25  -4.220E-12   1.127E-10   3.544E-21  11904.7619  -4.547E-11 

 177.120     0.000   1.095E-16   4.289E-13      0.0000  11904.7619  -1.744E-13 

 182.040     0.000   4.232E-19  -1.113E-17      0.0000  11904.7619   4.488E-18 

 186.960     0.000  -1.081E-23  -4.301E-20      0.0000  11904.7619   1.748E-20 

 191.880     0.000      0.0000   1.098E-24      0.0000  11904.7619  -4.430E-25 

 196.800     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 201.720     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 206.640     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 211.560     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 216.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 221.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 226.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 231.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 236.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 241.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 246.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 250.920     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 255.840     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 260.760     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 265.680     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 270.600     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 275.520     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 280.440     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 285.360     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 290.280     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 295.200     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 300.120     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 305.040     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 309.960     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 314.880     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 319.800     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 324.720     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 329.640     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 



 334.560     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 339.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 344.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 349.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 354.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 359.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 364.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 369.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 373.920     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 378.840     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 383.760     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 388.680     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 393.600     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 398.520     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 403.440     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 408.360     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 413.280     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 418.200     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 423.120     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 428.040     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 432.960     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 437.880     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 442.800     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 447.720     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 452.640     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 457.560     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 462.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 467.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 472.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 477.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 482.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 487.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 492.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  6: 

 

Pile-head deflection             =      .60000000 in 

Computed slope at pile head      =     -.02625210 

Maximum bending moment           =    2263342.081 lbs-in 

Maximum shear force              =     257780.547 lbs 

Depth of maximum bending moment  =         19.680 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              9 

Number of zero deflection points =             39 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  7 

------------------------------------------------------------------------------ 



 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Specified deflection at pile head     =         .700000 in 

Specified bending moment at pile head =            .000 in-lbs 

Specified axial load at pile head     =      200000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .700000      0.0000   2.773E+05    -.030136  11904.7619 -15269.6852 

   4.920   .551731   1.209E+06   2.013E+05    -.029121  71754.5708 -15621.8545 

   9.840   .413453   2.038E+06   1.235E+05    -.026394   1.128E+05 -15974.0246 

  14.760   .292017   2.477E+06  50991.4912    -.022602   1.345E+05 -13518.0527 

  19.680   .191047   2.584E+06  -7184.8048    -.018352   1.398E+05 -10130.8481 

  24.600   .111433   2.442E+06 -46946.4755    -.014131   1.328E+05  -6032.4326 

  29.520   .052001   2.150E+06 -68852.8979    -.010274   1.183E+05  -2872.6171 

  34.440   .010336   1.785E+06 -77352.2284    -.006970   1.003E+05   -582.3953 

  39.360  -.016580   1.402E+06 -76441.4405    -.004293  81332.9233    952.6342 

  44.280  -.031906   1.041E+06 -69501.4813    -.002241  63437.0375   1868.4874 

  49.200  -.038628   7.230E+05 -59234.8502  -7.592E-04  47695.0521   2304.9399 

  54.120  -.039376   4.596E+05 -47677.5684   2.340E-04  34656.0035   2393.1422 

  59.040  -.036325   2.534E+05 -36260.4627   8.328E-04  24447.1398   2247.9577 

  63.960  -.031181   1.011E+05 -25898.7344     .001131  16911.3552   1964.1269 

  68.880  -.025201  -3712.3837 -17093.2622     .001212  12088.5433   1615.3333 

  73.800  -.019252 -69450.4106 -10031.5032     .001151  15342.9010   1255.3004 

  78.720  -.013876  -1.047E+05  -4679.8798     .001005  17087.3035    920.1563 

  83.640  -.009366  -1.175E+05   -862.9522   8.181E-04  17720.4830    631.4403 

  88.560  -.005827  -1.148E+05   1672.5932   6.230E-04  17587.3717    399.2692 

  93.480  -.003236  -1.022E+05   3209.0823   4.407E-04  16966.4088    225.3199 

  98.400  -.001490 -84078.6342   4022.6769   2.842E-04  16067.0705    105.4096 

 103.320 -4.39E-04 -63221.4421   4359.6171   1.605E-04  15034.5363     31.5579 

 108.240  8.91E-05 -41495.8496   4083.4733   7.254E-05  13959.0119   -143.8115 

 113.160  2.75E-04 -23182.8273   3241.3223   1.822E-05  13052.4266   -198.5263 

 118.080  2.68E-04  -9637.0945   2267.0377  -9.345E-06  12381.8458   -197.5243 

 123.000  1.83E-04   -856.7852   1342.0964  -1.816E-05  11947.1770   -178.4681 

 127.920  8.97E-05   3604.8700    539.9641  -1.585E-05  12083.2208   -147.6020 

 132.840  2.67E-05   4487.6548    -82.5698  -9.054E-06  12126.9230   -105.4606 

 137.760  6.54E-07   2810.2005   -401.0027  -2.924E-06  12043.8807    -23.9837 

 142.680 -2.12E-06    547.5432   -302.5452  -1.043E-07  11931.8680     64.0070 

 147.600 -3.72E-07   -166.6391    -60.1825   2.156E-07  11913.0114     34.5144 

 152.520  2.07E-10    -45.0768     16.9439   3.783E-08  11906.9934     -3.1622 

 157.440  4.46E-11     .014199      4.5815  -2.099E-11  11904.7626     -1.8631 

 162.360 -2.83E-18     .005398    -.001444  -4.534E-12  11904.7622   1.409E-04 

 167.280 -4.47E-18   7.404E-10  -5.486E-04   2.872E-19  11904.7619   2.230E-04 

 172.200 -1.51E-24  -5.412E-10  -7.516E-11   4.546E-19  11904.7619   7.527E-11 

 177.120  4.48E-25  -2.912E-16   5.500E-11   1.534E-25  11904.7619  -2.236E-11 

 182.040     0.000   5.426E-17   2.958E-17      0.0000  11904.7619  -1.651E-17 

 186.960     0.000   5.095E-23  -5.514E-18      0.0000  11904.7619   2.242E-18 

 191.880     0.000  -5.440E-24  -5.177E-24      0.0000  11904.7619   2.554E-24 

 196.800     0.000      0.0000   5.529E-25      0.0000  11904.7619  -2.247E-25 

 201.720     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 206.640     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 211.560     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 216.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 221.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 226.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 



 231.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 236.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 241.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 246.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 250.920     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 255.840     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 260.760     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 265.680     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 270.600     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 275.520     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 280.440     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 285.360     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 290.280     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 295.200     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 300.120     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 305.040     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 309.960     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 314.880     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 319.800     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 324.720     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 329.640     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 334.560     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 339.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 344.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 349.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 354.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 359.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 364.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 369.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 373.920     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 378.840     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 383.760     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 388.680     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 393.600     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 398.520     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 403.440     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 408.360     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 413.280     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 418.200     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 423.120     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 428.040     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 432.960     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 437.880     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 442.800     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 447.720     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 452.640     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 457.560     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 462.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 467.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 472.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 477.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 482.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 487.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 492.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 

Output Verification: 

 



Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  7: 

 

Pile-head deflection             =      .70000000 in 

Computed slope at pile head      =     -.03013599 

Maximum bending moment           =    2584022.630 lbs-in 

Maximum shear force              =     277261.052 lbs 

Depth of maximum bending moment  =         19.680 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              9 

Number of zero deflection points =             38 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  8 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Specified deflection at pile head     =         .800000 in 

Specified bending moment at pile head =            .000 in-lbs 

Specified axial load at pile head     =      200000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .800000      0.0000   2.936E+05    -.033864  11904.7619 -15269.6852 

   4.920   .633387   1.293E+06   2.176E+05    -.032779  75904.2154 -15621.8545 

   9.840   .477459   2.205E+06   1.398E+05    -.029841   1.211E+05 -15974.0247 

  14.760   .339756   2.727E+06  63308.8838    -.025698   1.469E+05 -15133.5385 

  19.680   .224594   2.879E+06  -2157.6219    -.020989   1.544E+05 -11478.8622 

  24.600   .133223   2.748E+06 -48137.2457    -.016264   1.479E+05  -7212.0418 

  29.520   .064560   2.437E+06 -74652.2291    -.011909   1.326E+05  -3566.4068 

  34.440   .016038   2.036E+06 -85648.7225    -.008152   1.127E+05   -903.7125 

  39.360  -.015654   1.610E+06 -85659.2279    -.005089  91628.5443    899.4421 

  44.280  -.034038   1.204E+06 -78542.9844    -.002726  71485.9374   1993.3398 

  49.200  -.042474   8.429E+05 -67404.6736    -.001007  53633.5423   2534.4288 

  54.120  -.043944   5.423E+05 -54599.7872   1.566E-04  38749.2735   2670.8096 

  59.040  -.040933   3.054E+05 -41798.1296   8.685E-04  27021.1630   2533.1162 

  63.960  -.035399   1.293E+05 -30081.3661     .001233  18303.5928   2229.7958 

  68.880  -.028796   6923.1506 -20055.5223     .001348  12247.4921   1845.7505 

  73.800  -.022136 -70742.5516 -11964.3212     .001294  15406.8684   1443.3557 

  78.720  -.016060  -1.134E+05  -5793.8048     .001140  17516.2906   1064.9843 

  83.640  -.010922  -1.300E+05  -1362.5973   9.353E-04  18340.2279    736.3195 

  88.560  -.006857  -1.286E+05   1604.6979   7.181E-04  18271.1695    469.8980 

  93.480  -.003856  -1.156E+05   3421.1201   5.130E-04  17628.4922    268.4850 

  98.400  -.001810 -95947.1106   4396.5230   3.353E-04  16654.6189    128.0203 

 103.320 -5.57E-04 -73017.3707   4809.8441   1.934E-04  15519.4832     39.9965 

 108.240  9.29E-05 -48998.7719   4552.7559   9.088E-05  14330.4437   -144.5038 

 113.160  3.38E-04 -28397.1019   3682.3725   2.588E-05  13310.5590   -209.3105 

 118.080  3.48E-04 -12815.1498   2648.2340  -8.737E-06  12539.1753   -211.0710 

 123.000  2.52E-04  -2321.2839   1652.0678  -2.145E-05  12019.6770   -193.8746 



 127.920  1.36E-04   3483.4114    769.9509  -2.047E-05  12077.2080   -164.7095 

 132.840  5.01E-05   5295.3257     57.0715  -1.310E-05  12166.9067   -125.0789 

 137.760  7.54E-06   4070.7775   -421.9503  -5.235E-06  12106.2855    -69.6454 

 142.680 -1.39E-06   1153.6368   -411.7634  -8.468E-07  11961.8726     73.7864 

 147.600 -7.92E-07     20.6922   -126.4477   1.395E-07  11905.7863     42.1956 

 152.520 -2.04E-08    -90.8834     -2.3414   8.051E-08  11909.2611      8.2541 

 157.440  1.32E-10     -2.5059      9.2382   2.078E-09  11904.8860     -3.5470 

 162.360  2.14E-13     .015934       .2547  -1.343E-11  11904.7627      -.1048 

 167.280 -1.32E-17   2.588E-05    -.001619  -2.174E-14  11904.7619   6.561E-04 

 172.200 -2.14E-20  -1.587E-09  -2.630E-06   1.337E-18  11904.7619   1.069E-06 

 177.120  1.31E-24  -2.596E-12   1.613E-10   2.180E-21  11904.7619  -6.535E-11 

 182.040     0.000   1.581E-16   2.638E-13  -1.332E-25  11904.7619  -1.072E-13 

 186.960     0.000   2.603E-19  -1.607E-17      0.0000  11904.7619   6.509E-18 

 191.880     0.000  -1.574E-23  -2.645E-20      0.0000  11904.7619   1.075E-20 

 196.800     0.000      0.0000   1.600E-24      0.0000  11904.7619  -6.483E-25 

 201.720     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 206.640     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 211.560     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 216.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 221.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 226.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 231.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 236.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 241.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 246.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 250.920     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 255.840     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 260.760     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 265.680     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 270.600     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 275.520     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 280.440     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 285.360     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 290.280     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 295.200     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 300.120     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 305.040     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 309.960     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 314.880     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 319.800     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 324.720     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 329.640     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 334.560     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 339.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 344.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 349.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 354.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 359.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 364.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 369.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 373.920     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 378.840     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 383.760     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 388.680     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 393.600     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 398.520     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 403.440     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 



 408.360     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 413.280     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 418.200     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 423.120     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 428.040     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 432.960     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 437.880     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 442.800     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 447.720     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 452.640     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 457.560     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 462.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 467.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 472.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 477.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 482.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 487.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 492.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  8: 

 

Pile-head deflection             =      .80000000 in 

Computed slope at pile head      =     -.03386435 

Maximum bending moment           =    2878824.703 lbs-in 

Maximum shear force              =     293552.540 lbs 

Depth of maximum bending moment  =         19.680 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =              9 

Number of zero deflection points =             38 

 

 

 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number  9 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Specified deflection at pile head     =         .900000 in 

Specified bending moment at pile head =            .000 in-lbs 

Specified axial load at pile head     =      200000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000   .900000      0.0000   3.084E+05    -.037500  11904.7619 -15269.6852 

   4.920   .715501   1.370E+06   2.324E+05    -.036350  79706.8722 -15621.8543 

   9.840   .542320   2.359E+06   1.547E+05    -.033218   1.287E+05 -15974.0239 

  14.760   .388634   2.957E+06  75260.3857    -.028753   1.583E+05 -16326.1945 

  19.680   .259389   3.156E+06   3900.9415    -.023619   1.681E+05 -12681.7097 



  24.600   .156225   3.042E+06 -48100.9115    -.018413   1.625E+05  -8457.2550 

  29.520   .078205   2.719E+06 -79533.3882    -.013574   1.465E+05  -4320.1746 

  34.440   .022654   2.286E+06 -93301.2201    -.009371   1.251E+05  -1276.5050 

  39.360  -.014002   1.819E+06 -94462.3743    -.005922   1.020E+05    804.4911 

  44.280  -.035623   1.369E+06 -87351.3692    -.003245  79653.6937   2086.1614 

  49.200  -.045933   9.661E+05 -75476.9727    -.001284  59730.0607   2740.8290 

  54.120  -.048260   6.284E+05 -61519.1533   5.486E-05  43011.8140   2933.0814 

  59.040  -.045393   3.606E+05 -47393.3398   8.855E-04  29756.9701   2809.1192 

  63.960  -.039547   1.603E+05 -34354.8467     .001323  19838.8890   2491.0813 

  68.880  -.032375  19959.3353 -23121.7970     .001474  12892.8478   2075.1991 

  73.800  -.025039 -70150.5884 -14000.4040     .001432  15377.5633   1632.6842 

  78.720  -.018283  -1.206E+05  -7001.5667     .001272  17876.2052   1212.3716 

  83.640  -.012523  -1.415E+05  -1942.1333     .001052  18912.1477    844.3087 

  88.560  -.007934  -1.418E+05   1472.2625   8.138E-04  18924.7419    543.6571 

  93.480  -.004516  -1.287E+05   3583.2016   5.866E-04  18274.2487    314.4482 

  98.400  -.002161  -1.077E+05   4732.8588   3.881E-04  17236.4126    152.8921 

 103.320 -6.97E-04 -82856.0761   5232.1502   2.281E-04  16006.5479     50.0719 

 108.240  8.27E-05 -56663.7951   5005.6341   1.109E-04  14709.9003   -142.1517 

 113.160  3.94E-04 -33818.8360   4116.4913   3.488E-05  13578.9617   -219.2885 

 118.080  4.26E-04 -16226.1635   3026.3346  -7.152E-06  12708.0373   -223.8646 

 123.000  3.24E-04  -4025.6277   1962.4490  -2.416E-05  12104.0504   -208.6092 

 127.920  1.88E-04   3131.8835   1003.2795  -2.491E-05  12059.8056   -181.2970 

 132.840  7.86E-05   5895.6693    202.4299  -1.733E-05  12196.6267   -144.2516 

 137.760  1.77E-05   5157.8985   -389.8743  -8.046E-06  12160.1034    -96.5225 

 142.680 -6.12E-07   2075.1410   -491.9511  -1.971E-06  12007.4917     55.0278 

 147.600 -1.74E-06    320.9793   -227.1280   4.113E-08  11920.6520     52.6238 

 152.520 -2.07E-07   -159.8792    -35.1359   1.764E-07  11912.6767     25.4217 

 157.440  1.04E-10    -25.1049     16.2531   2.107E-08  11906.0047     -4.5319 

 162.360  9.31E-12     .010331      2.5514  -1.057E-11  11904.7624     -1.0379 

 167.280 -6.69E-18     .001127    -.001050  -9.463E-13  11904.7620   3.338E-04 

 172.200 -9.34E-19  -5.842E-10  -1.145E-04   6.804E-19  11904.7619   4.655E-05 

 177.120  2.97E-25  -1.130E-10   5.938E-11   9.487E-20  11904.7619  -1.481E-11 

 182.040     0.000   1.328E-17   1.148E-11      0.0000  11904.7619  -4.667E-12 

 186.960     0.000   1.133E-17  -1.352E-18      0.0000  11904.7619  -3.861E-19 

 191.880     0.000   3.208E-24  -1.151E-18      0.0000  11904.7619   4.679E-19 

 196.800     0.000  -1.135E-24  -3.258E-25      0.0000  11904.7619   2.263E-25 

 201.720     0.000      0.0000   1.154E-25      0.0000  11904.7619      0.0000 

 206.640     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 211.560     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 216.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 221.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 226.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 231.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 236.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 241.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 246.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 250.920     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 255.840     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 260.760     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 265.680     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 270.600     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 275.520     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 280.440     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 285.360     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 290.280     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 295.200     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 300.120     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 



 305.040     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 309.960     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 314.880     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 319.800     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 324.720     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 329.640     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 334.560     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 339.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 344.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 349.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 354.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 359.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 364.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 369.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 373.920     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 378.840     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 383.760     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 388.680     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 393.600     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 398.520     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 403.440     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 408.360     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 413.280     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 418.200     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 423.120     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 428.040     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 432.960     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 437.880     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 442.800     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 447.720     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 452.640     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 457.560     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 462.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 467.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 472.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 477.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 482.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 487.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 492.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No.  9: 

 

Pile-head deflection             =      .90000000 in 

Computed slope at pile head      =     -.03749987 

Maximum bending moment           =    3155941.144 lbs-in 

Maximum shear force              =     308437.970 lbs 

Depth of maximum bending moment  =         19.680 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =             10 

Number of zero deflection points =             38 

 

 



 

 

------------------------------------------------------------------------------ 

             Computed Values of Load Distribution and Deflection 

                 for Lateral Loading for Load Case Number 10 

------------------------------------------------------------------------------ 

 

Pile-head boundary conditions are Displacement and Moment (BC Type 4) 

Specified deflection at pile head     =        1.000000 in 

Specified bending moment at pile head =            .000 in-lbs 

Specified axial load at pile head     =      200000.000 lbs 

 

  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 

    X         y          M           V           S        Stress        p 

    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 

-------- --------- ----------- ----------- ----------- ----------- ----------- 

   0.000     1.000      0.0000   3.203E+05    -.040955  11904.7619 -15269.6852 

   4.920   .798503   1.431E+06   2.443E+05    -.039752  82771.0505 -15621.8541 

   9.840   .608837   2.482E+06   1.666E+05    -.036465   1.348E+05 -15974.0235 

  14.760   .439687   3.143E+06  87150.0108    -.031741   1.675E+05 -16326.1938 

  19.680   .296510   3.403E+06  12633.7488    -.026243   1.803E+05 -13964.9696 

  24.600   .181452   3.319E+06 -45884.3663    -.020599   1.762E+05  -9822.8821 

  29.520   .093820   2.992E+06 -82798.3951    -.015299   1.600E+05  -5182.8207 

  34.440   .030912   2.534E+06 -99833.1455    -.010658   1.374E+05  -1741.8746 

  39.360  -.011054   2.030E+06  -1.026E+05    -.006825   1.124E+05    635.0964 

  44.280  -.036241   1.538E+06 -95772.3558    -.003827  88058.5585   2122.4092 

  49.200  -.048716   1.095E+06 -83400.2718    -.001616  66127.0185   2906.8932 

  54.120  -.052139   7.208E+05 -68453.9465  -9.028E-05  47589.2922   3168.8488 

  59.040  -.049605   4.219E+05 -53107.0499   8.695E-04  32789.9314   3069.7271 

  63.960  -.043584   1.965E+05 -38801.9095     .001389  21634.6163   2745.3707 

  68.880  -.035938  37336.3740 -26381.5183     .001585  13753.0973   2303.5689 

  73.800  -.027984 -66170.9145 -16225.9263     .001561  15180.5498   1824.7206 

  78.720  -.020577  -1.254E+05  -8380.3799     .001400  18112.6290   1364.5259 

  83.640  -.014207  -1.514E+05  -2667.4544     .001168  19399.2860    957.8015 

  88.560  -.009087  -1.539E+05   1220.5996   9.113E-04  19525.7867    622.7082 

  93.480  -.005240  -1.412E+05   3650.0457   6.634E-04  18893.4768    364.8715 

  98.400  -.002559  -1.193E+05   4993.0111   4.446E-04  17812.3765    181.0494 

 103.320 -8.65E-04 -92915.7916   5591.2804   2.663E-04  16504.5536     62.1495 

 108.240  6.14E-05 -64839.7727   5426.1146   1.338E-04  15114.6516   -129.2901 

 113.160  4.52E-04 -39786.2294   4549.1752   4.597E-05  13874.3772   -227.1893 

 118.080  5.14E-04 -20166.3604   3412.4063  -4.381E-06  12903.0966   -234.9118 

 123.000  4.09E-04  -6199.5291   2289.5135  -2.653E-05  12211.6693   -221.5486 

 127.920  2.53E-04   2414.6549   1262.9595  -2.970E-05  12024.2993   -195.7498 

 132.840  1.17E-04   6286.4508    387.2584  -2.240E-05  12215.9723   -160.2263 

 137.760  3.24E-05   6269.3535   -289.0394  -1.185E-05  12215.1259   -114.6915 

 142.680 -1.59E-08   3465.6258   -556.8440  -3.675E-06  12076.3275      5.8278 

 147.600 -3.78E-06    797.2408   -375.3487  -9.467E-08  11944.2293     67.9507 

 152.520 -9.47E-07   -227.6195    -92.5931   3.837E-07  11916.0302     46.9906 

 157.440 -2.03E-12   -114.6310     23.1488   9.630E-08  11910.4367     .059009 

 162.360  1.00E-10    -.024480     11.6507   2.066E-13  11904.7631     -4.7330 

 167.280  4.03E-17     .012117     .002486  -1.018E-11  11904.7625    -.002012 

 172.200 -1.00E-17   7.312E-09    -.001231  -4.100E-18  11904.7619   5.006E-04 

 177.120 -8.07E-24  -1.215E-09  -7.429E-10   1.020E-18  11904.7619   4.023E-10 

 182.040  1.01E-24  -1.220E-15   1.235E-10   8.201E-25  11904.7619  -5.019E-11 

 186.960     0.000   1.218E-16   1.240E-16  -1.023E-25  11904.7619  -6.046E-17 

 191.880     0.000   1.711E-22  -1.238E-17      0.0000  11904.7619   5.032E-18 

 196.800     0.000  -1.221E-23  -1.739E-23      0.0000  11904.7619   8.078E-24 



 201.720     0.000      0.0000   1.241E-24      0.0000  11904.7619  -5.045E-25 

 206.640     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 211.560     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 216.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 221.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 226.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 231.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 236.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 241.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 246.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 250.920     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 255.840     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 260.760     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 265.680     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 270.600     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 275.520     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 280.440     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 285.360     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 290.280     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 295.200     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 300.120     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 305.040     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 309.960     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 314.880     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 319.800     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 324.720     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 329.640     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 334.560     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 339.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 344.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 349.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 354.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 359.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 364.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 369.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 373.920     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 378.840     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 383.760     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 388.680     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 393.600     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 398.520     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 403.440     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 408.360     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 413.280     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 418.200     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 423.120     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 428.040     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 432.960     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 437.880     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 442.800     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 447.720     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 452.640     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 457.560     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 462.480     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 467.400     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 472.320     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 477.240     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 



 482.160     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 487.080     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 492.000     0.000      0.0000      0.0000      0.0000  11904.7619      0.0000 

 

Output Verification: 

 

Computed forces and moments are within specified convergence limits. 

 

 

Output Summary for Load Case No. 10: 

 

Pile-head deflection             =     1.00000000 in 

Computed slope at pile head      =     -.04095461 

Maximum bending moment           =    3402504.739 lbs-in 

Maximum shear force              =     320327.591 lbs 

Depth of maximum bending moment  =         19.680 in 

Depth of maximum shear force     =          0.000 in 

Number of iterations             =             10 

Number of zero deflection points =             38 

 

 

 

 

 

------------------------------------------------------------------------------ 

                        Summary of Pile-head Response 

------------------------------------------------------------------------------ 

 

Definition of symbols for pile-head boundary conditions: 

 

y = pile-head displacment, in 

M = pile-head moment, lbs-in 

V = pile-head shear force, lbs 

S = pile-head slope, radians 

R = rotational stiffness of pile-head, in-lbs/rad 

 

 BC    Boundary     Boundary       Axial    Pile Head    Maximum     Maximum  

Type  Condition    Condition       Load     Deflection    Moment      Shear 

          1            2            lbs         in        in-lbs       lbs 

---- ------------ ------------ ----------- ----------- ----------- ----------- 

  4  y=   .100000 M=     0.000   2.000E+05     .100000   3.937E+05  55124.8231 

  4  y=   .200000 M=     0.000   2.000E+05       .2000   7.875E+05   1.102E+05 

  4  y=   .300000 M=     0.000   2.000E+05       .3000   1.178E+06   1.591E+05 

  4  y=   .400000 M=     0.000   2.000E+05       .4000   1.557E+06   2.014E+05 

  4  y=   .500000 M=     0.000   2.000E+05       .5000   1.925E+06   2.345E+05 

  4  y=   .600000 M=     0.000   2.000E+05       .6000   2.263E+06   2.578E+05 

  4  y=   .700000 M=     0.000   2.000E+05       .7000   2.584E+06   2.773E+05 

  4  y=   .800000 M=     0.000   2.000E+05       .8000   2.879E+06   2.936E+05 

  4  y=   .900000 M=     0.000   2.000E+05       .9000   3.156E+06   3.084E+05 

  4  y=     1.000 M=     0.000   2.000E+05      1.0000   3.403E+06   3.203E+05 

 

 

------------------------------------------------------------------------------ 

                     Pile-head Deflection vs. Pile Length 

------------------------------------------------------------------------------ 

 

Boundary Condition Type 4, Deflection and Moment 



 

Deflection =          .10000  in 

Moment     =              0. in-lbs 

Axial Load =         200000. lbs 

 

 

 

   Pile       Pile Head       Maximum      Maximum 

  Length      Deflection      Moment        Shear  

    in           in           in-lbs         lbs 

-----------  ------------  ------------  ------------ 

   492.000     .10000000    393741.917     55124.823 

   467.400     .10000000    396755.097     55064.022 

   442.800     .10000000    398321.721     55006.421 

   418.200     .10000000    398303.883     54951.998 

   393.600     .10000000    396557.458     54900.751 

   369.000     .10000000    398062.958     54852.663 

   344.400     .10000000    399184.028     54807.726 

   319.800     .10000000    397722.852     54765.931 

   295.200     .10000000    399415.051     54727.267 

   270.600     .10000000    398550.212     54691.733 

 

The analysis ended normally.  
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1. Section 1 ONE Introduction 

The project proposes to widen and upgrade State Route (SR) 84 to expressway standards (55 

mph) from Ruby Hill Drive to Jack London Boulevard for the purpose of reducing congestion 

along SR 84 and improving local traffic circulation; reducing impacts of regional traffic 

diverting to local streets; and improving safety and operations on SR 84.  

SR 84 will be widened from two to four lanes between Ruby Hill Drive and Stanley Boulevard, 

and to six lanes between Stanley Boulevard and Jack London Boulevard.  The widening would 

generally conform to the existing roadway alignment, with some alternative potential changes in 

roadway curvature at the southern limit in the section between Ruby Hill Drive and Vallecitos 

Road.  To accommodate the proposed improvements and widening, five non-standard (special) 

retaining walls are proposed at the following locations: 

• Ruby Hill Drive to Vallecitos Road Improvements - a retaining wall (RW246) would be 

required on the west side of SR 84 to retain cut adjacent to the Ruby Hill development. 

• Stanley Boulevard Interchange Improvements - roadway widening section excavations are 

expected to be a maximum of 15 feet deep.  Retaining walls (RW391, RW400N, RW400S 

and RW403) will be required at both abutments of the undercrossing. 

This foundation report (FR) presents feasible foundation systems for the proposed retaining walls 

for the project. 

1.1 PURPOSE AND SCOPE OF THIS STUDY 

The purpose of this FR is to document existing foundation conditions and make foundation 

recommendations.  The scope of work for this study includes: 

• Review of as-built bridge drawings, logs of test borings (LOTBs), geologic maps, and other 

existing information 

• Preparation of this FR, which includes: 

− Development of seismic design criteria; 

− Description of site geology and evaluation of geologic hazards; 

− Assessment of subsurface conditions based on existing information and new field 

exploration; 

− Foundation recommendations; and 

− Construction considerations. 

 

1.2 CALTRANS’ REVIEW COMMENTS 

We reviewed comments prepared by Caltrans for the retaining walls for the Preliminary 

Foundation Report dated April 15, 2008, and for the Foundation Report (65% submittal) dated 

May 15, 2009.  Our responses to these comments are incorporated into this report.  Our 

responses to these comments are incorporated into this report.  We also reviewed comments 

prepared by Caltrans (dated April 27, 2010) for the 95% PS&E submittal dated March 16, 2010.  

The Log of Test Boring sheets (Appendix B) are revised to show the new boring identification 

numbers consistent with Caltrans Logging, Classification, and Presentation Manual, dated June 
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2007.  The following table shows the new boring identification numbers that correspond to the 

boring numbers referenced in this report.   

Boring Number 

(Old) 

Boring Number 

(New)* 

NB03 R-07-003 

NB04 A-07-004 

NB05 R-07-005 

NB05A A-08-005 

NB06 R-07-006 

NB19 A-07-019 

NB20 A-07-020 

NB21 A-07-021 

NB22 A-07-022 

NB22A A-07-023 

NB23 R-08-023 

RB32 A-07-132 

RB33 A-07-133 

                                                            * As described in Caltrans Logging, Classification, and Presentation Manual, dated June 2007 

Copies of the review comments and our responses are presented in Appendix A.  

 



SECTIONSECTIONSECTIONSECTIONTWO Project Description 

 X:\ROUTE 84 - ISABEL AVENUE\GEOTECH\REPORTS\RETAININGWALLS\RETAINING WALLS REPORT_08-30-10.DOC  2-1 

2. Section 2 TW O Project  Description 

2.1 GENERAL 

A total of five non-standard retaining wall locations are planned, as described below and shown 

on Figure 2-1.  The preliminary 65 percent drawings of profile, elevation, and typical section of 

the planned retaining walls are shown in Figures 2-2 through 2-13. 

2.2 RETAINING WALL 246 

RW246 is located at the west side of SR 84 between Ruby Hill Drive and Vallecitos Road and is 

required as a result of roadway widening between “A1” Stations 246+00 and 258+26.  Due to the 

close proximity of this 1,100 foot long wall to East Ruby Hill Drive, the use of a conventional 

cantilever wall is not feasible.  The proposed retaining wall (Figures 2-2, 2-3 and 2-4) will 

consist of a soil nail wall utilizing top-down construction techniques.  The wall will be 

constructed with an initial shotcrete facing and a final cast-in-place reinforced concrete facing 

with architectural treatment.  Maximum wall height is about 34 feet (top of wall minus bottom of 

wall, i.e. TOW-BOW). 

2.3 RETAINING WALL 391 

RW391 will be located at the west side of SR 84 immediately south of Stanley Boulevard as a 

result of widening of SR 84 between “A2” Station 391+16 and “A3” Station 400+14.  Total 

length is approximately 901 feet and maximum wall height is about 19 feet (TOW-BOW).  This 

wall (Figures 2-5 and 2-6) will also be a soil nail wall utilizing top-down construction 

techniques.  It will be constructed with an initial shotcrete facing and a final cast-in-place 

reinforced concrete facing with architectural treatment. 

2.4 RETAINING WALL 400N  

RW400N at Stanley Boulevard (northbound elevation) will be located along northbound (east 

side) SR 84 between “A3” Stations 399+55 to 411+80 for a total length of 1,225 feet (Figures 2-

7, 2-8, 2-9 and 2-10).  Maximum wall height (TOW-BOW) is about 17 feet.  One segment of 

RW400N (Wall Type A) will be retained with tiebacks; whereas another segment (Wall Type B) 

will be supported on 24-inch CIDH piles.  A third segment will be a Caltrans Type 7 retaining 

wall (Figures 2-9 and 2-10).   

A fourth segment will be located between “A3” Stations 403+26 and 411+80.  Total length is 

approximately 852 feet and maximum wall height is about 17 feet.  This fourth segment wall will 

be a soil nail wall utilizing top-down construction techniques.  It will be constructed with an 

initial shotcrete facing and a final cast-in-place reinforced concrete facing with architectural 

treatment. 

2.5 RETAINING WALL 400S  

RW400S (Figure 2-11) at Stanley Boulevard (southbound elevation) is planned along 

southbound (west side) SR 84 between “A3” Stations 400+14 to 402+58 for a total length of 243 

feet.  Maximum wall height is about 20 feet.  All of RW400S will be retained with tiebacks. 
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2.6 RETAINING WALL 403 

RW403 will be located at the west side of SR 84 immediately north of the existing Union Pacific 

Railroad Underpass (UPRR) as a result of widening of SR 84 between “A3” Stations 402+99 and 

411+80 (Figures 2-12 and 2-13).  Total length is approximately 881 feet and maximum wall 

height (TOW-BOW) is about 23 feet.  This wall will also be a soil nail wall utilizing top-down 

construction techniques.  It will be constructed with an initial shotcrete facing and a final cast-in-

place reinforced concrete facing with architectural treatment. 
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3. Section 3 THR EE Available Informat ion 

Pertinent project information provided by Caltrans includes the following as-built plans: 

• Isabel Avenue Pumping Plant, 1999, General Plan 

• Isabel Avenue Undercrossing, 1999, 18 sheets, including one Log of Test Boring (LOTB) 

(Borings B-9 and B-10) 

• Isabel Avenue Underpass, 1999, 13 sheets, including one LOTB (Borings B-11, B-12 and  

B-13) 
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4. Section 4 FOUR  Site and  Sub surf ace C ondition s – RW 246 

4.1 SITE CONDITIONS 

RW246 will support a cut slope on the northwest side of southbound SR 84.  Based on 

topographic information provided, the existing ground surface at the top of most of the wall 

ranges from approximately Elevation 540 to 555.  East Ruby Hill Drive roughly parallels 

RW246 and is located to the northwest of the wall; it is located as close as 20 feet.  A residential 

area is located on the northwest side of East Ruby Hill Drive. 

4.2 SUBSURFACE CONDITIONS 

4.2.1 Field Exploration 

The locations of borings along the proposed alignment of RW246 are presented in Figures 4-1a 

and 4-1b.  Borings NB03, NB05 and NB06 were drilled in December 2007 using a rotary wash 

drill rig, whereas NB04 was drilled in November 2007 with a hollow-stem auger.  Boring 

NB05A was drilled in March 2008 using a solid-stem auger mounted on a steep hillside portable 

rig.  These borings extended to depths ranging from 25 to 80 feet.  During drilling, visual 

classifications of the soils encountered were made from cuttings and soil samples.  The 

subsurface conditions encountered are presented in the LOTBs in Appendix B. 

Consistent with the Caltrans Soil and Rock Logging, Classification and Presentation Manual 

(June, 2007), the Unified Soil Classification System, as well as guidelines summarizing soil 

consistency and relative density, were used in preparation of the Logs of Test Borings (LOTBs) 

for RW246, and in later sections in this report for RW391, RW400N, RW400S and RW403.  The 

Caltrans Soil Legend is presented in Appendix B. 

A representative of URS supervised the drilling operations and soil sampling.  The soil samples 

collected were labeled and sealed immediately to preserve their natural moisture content.  At 

completion of the exploration, samples were delivered to the laboratory for further examination 

and testing.  Descriptions of individual laboratory tests and their results are presented in 

Appendix C, “Laboratory Tests,” and on the LOTBs.   

4.2.2 Soil Conditions 

4.2.2.1 Fill 

A structural pavement section was encountered in Boring NB05 in the shoulder consisting of 9 

inches of asphalt concrete overlying 9 inches of aggregate base.   

Fill was encountered in Borings NB03, NB04 and NB05 to depths of 3 to 3½ feet bgs.  It 

consisted of gravelly silt, sandy silt, silty sand and chunks of asphalt concrete.  Fill was not 

encountered in NB05A and NB06. 

4.2.2.2 Native Soils 

The native soils encountered below fill in Borings NB03, NB04 and NB05, and beginning at 

ground surface in Boring NB05A consist of stiff to hard lean clay to a depth of about 5 to 6 feet.  
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Underlying these lean clays are numerous alternating non homogeneous granular and cohesive 

layers to the terminal depths of borings.  The granular deposits include mostly dense to very 

dense clayey sand with gravel, poorly graded sand, silty sand with gravel and clayey gravel.  

Cohesive layers consist of very stiff to hard silt, sandy silt, lean clay and sandy lean clay. 

Granular soils were encountered in Boring NB06, except for hard lean clay between depths of 39 

to 60½ feet bgs.  The granular deposits are very dense clayey sand with gravel, poorly graded 

gravel and clayey gravel. 

Cobbles were encountered in Borings NB03 (depth of 7 feet) and NB06 (depth of 31 feet).  

4.2.3 Groundwater 

Free groundwater was not encountered in Borings NB04 and NB05A to the maximum depth 

explored of 25 and 35 feet, respectively.  Since the rotary wash drilling method was used in the 

other 3 borings, groundwater was not measured in these locations.  Seasonal fluctuations in the 

groundwater level should be anticipated throughout the year with fluctuations in precipitation, 

evaporation, and surface runoff.  

 



SECTIONSECTIONSECTIONSECTIONFIVE Site and Subsurface Conditions – RW391 

 X:\ROUTE 84 - ISABEL AVENUE\GEOTECH\REPORTS\RETAININGWALLS\RETAINING WALLS REPORT_08-30-10.DOC  5-1 

5. Section 5 F IVE Site and  Sub surf ace C ondition s – RW 391 

5.1 SITE CONDITIONS 

RW391 will support a cut slope for widening of the west side of southbound SR 84.  Based on 

topographic information provided, the existing ground surface at the top of most of the wall 

ranges from approximately Elevation 415 to 420.  The area west of the wall is undeveloped.  The 

north end of this wall terminates at the existing abutment of Isabel Avenue undercrossing 

(Stanley Boulevard). 

5.2 SUBSURFACE CONDITIONS 

5.2.1 Field Exploration 

The locations of borings along the proposed alignment of RW391 are presented in Figure 5-1.  

Previous 1996 Boring B-10 was drilled using a truck mounted rotary wash drill rig to a depth of 

80 feet.  More recent December, 2007 Borings NB19 and NB20 were drilled by the hollow stem 

auger; these borings extended to depths ranging from 30 to 40 feet.  During 2007 drilling, visual 

classifications of the soils encountered were made form cuttings and soil samples.  The subsurface 

conditions encountered are presented in the Log of Test Boring Sheets in Appendix B. 

A representative of URS supervised the drilling operations and soil sampling.  The soil samples 

collected were labeled and sealed immediately to preserve their natural moisture content.  At 

completion of the exploration, samples were delivered to the laboratory for further examination 

and testing.  Descriptions of individual laboratory tests and their results are presented in 

Appendix C, “Laboratory Tests,” and on the LOTBs.   

5.2.2 Soil Conditions 

5.2.2.1 Fill 

A structural pavement section was encountered in Boring B-10 in 1996 consisting of 6 inches of 

asphalt concrete overlying 17½ inches of aggregate base.  Since then, an excavation was made 

for Stanley Boulevard, resulting in removal of the pavement section. 

5.2.2.2 Native Soils 

The native soils encountered below fill in Boring B-10, and beginning at ground surface in 

Borings NB19 and NB20 consist of medium stiff to hard lean clay and silty clay (with trace 

gravel) to a depth of about 13 to 31 feet.  Underlying these lean clays are numerous alternating 

non homogeneous granular and cohesive layers to the terminal depths of borings.  The granular 

deposits include mostly dense to very dense clayey sand with gravel, silty sand with gravel, 

clayey gravel and silty gravel.  Cohesive layers consist of stiff to hard silt, lean clay and silty 

lean clay. 
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5.2.3 Groundwater 

Free groundwater was not encountered in Borings NB19 and NB20 for RW391 to the terminal 

depths explored of 30 and 40 feet, respectively.  Since the rotary wash drilling method was used 

in Boring B-10, groundwater was not measured in this location.  Seasonal fluctuations in the 

groundwater level should be anticipated throughout the year with fluctuations in precipitation, 

evaporation, and surface runoff.  
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6. Section 6 SIX Site and  Sub surf ace C ondition s – RW 400N 

6.1 SITE CONDITIONS 

RW400N will support a cut slope on the east side of northbound SR 84.  Based on topographic 

information provided, the ground at most of the top of the new wall ranges from approximately 

Elevation 403 to 418.  There are several existing structures in close proximity to this proposed 

wall including; 

• Isabel Avenue Undercrossing near south end of RW400N; the UC abutment just east of 

RW400N is supported on steel piles. 

• Pump station about 40 feet wide located near Station 402+00 on east side of roadway. 

• An 8-foot diameter reinforced concrete pipe (RCP) buried below the existing sloped ground, 

however the RCP is planned to be below the proposed roadway shoulder; the centerline of 

the RCP is offset 3 feet 10 inches west of planned face of RW400N. 

• Isabel Avenue Underpass (railroad) located in vicinity of Station 403+00. 

The Arroyo Mocho waterway is located north of Stanley Boulevard and parallel to SR 84.  A 

residential area is located just east of this water channel. 

6.2 SUBSURFACE CONDITIONS 

6.2.1 Field Exploration 

The locations of borings along the proposed alignment of RW 400N are presented in Figures 5-1, 

6-1a, and 6-1b.  Previous 1996 Borings B-9, B-12, B-13 and B-18 were drilled using a truck 

mounted rotary wash drill rig to depths of 80 to 100 feet.  More recent December, 2007 Borings 

NB22A and NB23 were drilled by the hollow stem auger and rotary wash methods, respectively; 

these borings extended to depths ranging from 30 to 101½ feet.  During 2007 drilling, visual 

classifications of the soils encountered were made from cuttings and soil samples.  The subsurface 

conditions encountered are presented in the Log of Test Boring Sheets in Appendix B.  

A representative of URS supervised the drilling operations and soil sampling.  The soil samples 

collected were labeled and sealed immediately to preserve their natural moisture content.  At 

completion of the exploration, samples were delivered to the laboratory for further examination 

and testing.  Descriptions of individual laboratory tests and their results are presented in 

Appendix C, “Laboratory Tests,” and on the LOTBs.   

6.2.2 Soil Conditions 

6.2.2.1 Fill 

A structural pavement section was encountered in Borings B-9 (7 inches of asphalt concrete over 

19½ inches of aggregate base), NB22 (5 inches of asphalt concrete over 7 inches of aggregate 

base), NB22A (3 inches of asphalt concrete), RB32 (8 inches of asphalt concrete over 6 inches of 

aggregate base), and RB33 (6½ inches asphalt concrete over 11½ inches of aggregate base).  



SECTIONSECTIONSECTIONSECTIONSIX Site and Subsurface Conditions – RW400N 

 X:\ROUTE 84 - ISABEL AVENUE\GEOTECH\REPORTS\RETAININGWALLS\RETAINING WALLS REPORT_08-30-10.DOC  6-2 

Boring B-9 was drilled in 1996; since then, an excavation was made for Stanley Boulevard, 

resulting in removal of the pavement section. 

6.2.2.2 Native Soil 

The native soils encountered below fill in Borings B-9, NB22 and NB22A and beginning at 

ground surface in Borings B-12, B-13 and B-18 are primarily stiff to very stiff lean clays, silty 

clay or sandy silt to depths of 5 to 23 feet bgs.  An exception to this is mostly dense to very 

dense silty sand in Borings RB32 and RB33 to a depth of 10 feet.  Below the surficial clay 

deposits are predominately granular layers with fine-grained interbeds which extend to terminal 

boring depths.  The granular layers range from generally dense to very dense clayey sand with 

gravel, silty sand, clayey gravel with sand to silty gravel with sand.  The fine-grained interbeds 

are mostly stiff to hard lean clay, silt or clayey silt.  Cobbles were encountered in Borings B-12 

(depths of 16, 39 and 66 feet) and B-18 (depth of 95 feet). 

6.2.3 Groundwater 

Free groundwater was not encountered during drilling in Borings B-9, B-12, B-13 and B-18 

since the rotary wash method was used.  However, groundwater was encountered at a depth of 

24.7 feet bgs (hollow stem auger in Boring NB22A) and 42 feet bgs (piezometer in  

B-9).  Groundwater was not encountered in Borings RB32 and RB33 to the terminal depth of 10 

feet.  Seasonal fluctuations in the groundwater level should be anticipated throughout the year 

with fluctuations in precipitation, evaporation and surface runoff, as well as fluctuations in the 

water level of nearby Arroyo Mocho. 
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7. Section 7 SEVEN  Site and  Sub surf ace C ondition s – RW 400S 

7.1 SITE CONDITIONS 

RW400S will support a cut slope on west side of southbound SR 84.  Based on topographic 

information provided, the ground at the top of the wall is about Elevation 410.  There are two 

existing structures in close proximity to this proposed wall, including: 

• Isabel Avenue Undercrossing (UC) near southbound end of RW400S in the vicinity of 

Station 401+00.  West abutment of the UC is supported on steel piles and parallels RW400S; 

distance between new wall and abutment face is less than 15 feet. 

• Isabel Avenue (railroad) Underpass is located just beyond north end of RW400S. 

7.2 SUBSURFACE CONDITIONS 

7.2.1 Field Exploration 

The locations of borings along the proposed alignment of RW400S are presented in Figures 5-1 

and 6-1a.  Previous 1996 Borings B-10, B-11 and B-13 were drilled using a truck mounted rotary 

wash drill rig to depths ranging from 80 to 100 feet.  The subsurface conditions encountered are 

presented in the Log of Test Borings Sheet in Appendix B. 

7.2.2 Soil Conditions 

7.2.2.1 Fill 

A structural pavement section was encountered in Boring B-10 in 1996 consisting of 6 inches of 

asphalt concrete overlying 17¾ inches of aggregate base.  Since then, an excavation was made 

for Stanley Boulevard, resulting in removal of the pavement section. 

7.2.2.2 Native Fill 

The native soils encountered below fill in B-10 and beginning at ground surface in Borings B-11 

and B-13 generally consist of very stiff silty clay and stiff sandy lean clay to depths of 10 to 13 

feet.  Below the surficial clay layers are predominately granular layers with fine-grained 

interbeds which extend to terminal boring depths.  The granular layers vary from silty sand, 

clayey sand, well graded gravel, clayey gravel to poorly graded gravel; relative density ranges 

from medium dense to very dense.  Fine-grained interbeds consist of stiff to hard silty clay, lean 

clay, clayey silt and sandy silt.  Cobbles were encountered in Boring B-11 at depths of 49 and 57 

feet bgs. 

7.2.3 Groundwater 

Free groundwater was not encountered during drilling in Borings B-10, B-11 and B-13 since the 

rotary wash method was used. Seasonal fluctuations in the groundwater level should be 

anticipated throughout the year with fluctuations in precipitation, evaporation, and surface 

runoff, as well as fluctuations in the water level of nearby Arroyo Mocho. 
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8. Section 8 EIGHT  Site and  Sub surf ace C ondition s – RW 403 

8.1 SITE CONDITIONS 

RW403 will support a cut slope for widening of the west side of southbound SR 84.  Based on 

topographic information provided, the existing ground surface at the top of the wall ranges from 

approximately Elevation 410 to 422.  The adjacent area to the west is undeveloped. 

8.2 SUBSURFACE CONDITIONS 

8.2.1 Field Exploration 

The locations of borings along the proposed alignment of RW403 are presented in Figures 5-1, 

6-1a and 6-1b.  Previous 1996 Borings B-11 and B-13 were drilled using a truck mounted rotary 

wash drill rig to depths of 80 to 100 feet.  More recent November and December, 2007 Borings 

including NB21, NB23 and RB32 were drilled to depths ranging from 10 to 101½ feet.  Borings 

NB21 and RB32 were drilled by the hollow stem auger method, whereas NB23 was advanced by 

the rotary wash method.  During 2007 drilling, visual classifications of the soils encountered 

were made from cuttings and soil samples.  The subsurface conditions encountered are presented 

in the Log of Test Boring Sheets in Appendix B. 

A representative of URS supervised the drilling operations and soil sampling.  The soil samples 

collected were labeled and sealed immediately to preserve their natural moisture content.  At 

completion of the exploration, samples were delivered to the laboratory for further examination 

and testing.  Descriptions of individual laboratory tests and their results are presented in 

Appendix C, “Laboratory Tests,” and on the LOTB.   

8.2.2 Soil Conditions 

8.2.2.1 Fill 

A structural pavement section was encountered in Boring RB32 in the shoulder consisting of 8 

inches of asphalt concrete overlying 6 inches of aggregate base.   

Fill was encountered in Boring NB23 to a depth of 6 inches consisting of aggregate base. 

8.2.2.2 Native Soils 

The native soils encountered below fill in Borings NB23 and RB32, and beginning at ground 

surface in Borings NB21, B-11 and B-13 consist of numerous alternating non homogeneous 

granular and cohesive layers to the terminal depths of borings.  The granular deposits include 

mostly dense to very dense clayey sand with gravel, silty sand with gravel, poorly graded sand 

with silt and gravel, clayey gravel, silty gravel with sand, and poorly graded gravel.  Cohesive 

layers consist of stiff to hard silt, sandy silt, lean clay and sandy lean clay. 

Cobbles were encountered in Borings B-11 (depths of 50 and 60 feet) and NB23 (depth of 3 

feet).  
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8.2.3 Groundwater 

Free groundwater was not encountered in Borings RB32 and NB21 drilled to the maximum 

depth explored of 10 and 40 feet, respectively.  Since the rotary wash drilling method was used 

in the other 3 borings, groundwater was not measured in these locations.  In Boring NB23, it was 

dry to a depth of 8 feet when rotary wash was introduced.  Seasonal fluctuations in the 

groundwater level should be anticipated throughout the year with fluctuations in precipitation, 

evaporation, and surface runoff.  
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9. Section 9 N INE Geo logic Setting 

9.1 REGIONAL GEOLOGY 

The SR 84 alignment lies within the Livermore Valley within the central portion of the Coast 

Ranges geomorphic province of California.  Northwest-southeast-trending valleys and ridges 

characterize the regional morphology of the Coast Ranges province.  These topographic features 

are controlled by folds and faults that resulted from the collision of the Farallon and North 

American plates and subsequent predominantly strike-slip faulting along the San Andreas fault 

system between the Pacific and North American plates.  Regional geologic mapping shows the 

project alignment to be underlain by Holocene alluvium and channel sand and gravel deposits 

along the active channel of Arroyo Del Valle (Dibblee, 1980; Gramer et al., 1996).  More recent 

mapping by Witter and others (2006) subdivide the alluvium into latest Holocene alluvial fan 

deposits extending from about Jack London Boulevard south to Stanley Boulevard, Holocene 

alluvial fan deposits extending from about Stanley Boulevard to just north of Concannon 

Boulevard and historic stream channel deposits within the active channels of Arroyo Mocho and 

Arroyo Del Valle.  The geologic map (Figure 9-1) shows the aerial extent of these various 

geologic units.  Witter (2006) also maps a small area of stream terrace deposits and Pleistocene 

alluvial fan deposits, mostly east of SR 84 and north of Arroyo Del Valle in the vicinity of 

Concannon Boulevard.  South of Arroyo Del Valle the road alignment crosses through Holocene 

alluvian deposits and alluvial fan deposits as it enters the mouth of a canyon at the south end of 

the alignment.  The surrounding low hills south of the intersection of Vallecitos Road are 

mapped as older alluvium deposits and the Pleistocene Livermore Gravels Formation.  The 

project alignment does not cross into these older formations. 

In this portion of southeastern Alameda County, the underlying “bedrock” is the nonmarine 

sedimentary Livermore Gravels Formation (Graymer, et al.1996; Dibblee, 1980).  The 

Livermore Gravels Formation is up to about 4,000 feet thick and lies as much as 400 feet in 

depth below the alluvium in the central Livermore Valley (Hall, 1958).  It contains poorly to 

moderately consolidated cobble conglomerate, conglomeratic sandstone, and coarse-grained 

sandstone with some siltstone and claystone (Graymer et al., 1996).  The Livermore Gravels may 

have been encountered at depth in some of the deeper borings completed near the southern 

portion of the project alignment, however it is difficult to distinguish between the gravelly 

alluvium soils and the older Livermore Gravels Formation in the borings.  
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10. Section 10 TEN  Seismic Design Crit eria 

10.1 SEISMIC DESIGN METHODOLOGY 

The seismic design methodology adopted for this project is based on the following current 

Caltrans standards: 

1) Seismic Design Criteria (SDC), v 1.4, June 2006 

2) Guidelines for Foundation Investigations and Reports, v 2.0, dated March 2006 

3) California Seismic Hazard Map (Mualchin, 1996) 

10.2 PEAK BEDROCK ACCELERATION 

The active faults close to the SR 84 alignment between Ruby Hill Drive and Jack London 

Boulevard are the Greenville, Calaveras, and Verona Williams faults (Figure 10-1).  The 

Greenville fault, Calaveras fault, and Verona Williams fault are designated with Maximum 

Credible Earthquake (MCE) magnitudes of 7.25, 7.5 and 6.0, respectively, by the California 

Seismic Hazard Map (Mualchin, 1996).  The locations of these faults and associated peak 

bedrock acceleration (PBA) contours were obtained from the California Seismic Hazard Map 

and transferred to a topographical map showing the SR 84 structure.  Three faults contribute the 

same level of ground shaking at the site (0.5g) even though the Verona Williams fault is closest 

to the site.  The MCE, nevertheless, is the earthquake on the Calaveras fault since it potentially 

releases the highest energy (M=7.5).  The SR 84 alignment is roughly parallel to the Calaveras 

fault, and the distance from the site to the Calaveras fault is approximately 7.3 km. 

 

Table 10-1 

Seismic Source Parameters 

Fault Type MCE 
Distance 

(km) 

Near Field 

Effects? 

Design 

PBA (g) 

Greenville strike-slip 7.25 8.3 Y 0.5 

Calaveras strike-slip 7.5 7.3 Y 0.5 

Verona 

Williams 
Unknown 6 2.8 Y 0.5 

 

10.3 SITE SOIL PROFILE 

As-built LOTBs for SR 84 between Ruby Hill Drive and Jack London Boulevard indicate a soil 

profile consisting of dense to very dense and stiff to hard alluvial deposits that extend to a depth 

of at least 100 feet, with the weighted average of the recorded SPT blow counts over the depth of 

exploration ranging between 30 and 80 or more (uncorrected).  Exploratory borings drilled for 

the proposed retaining walls reveal similar conditions.  Although the maximum depth of 

exploration did not extend much beyond 100 feet, the regional geology suggests the soils become 

stiffer and denser with increasing depth.   
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The standard penetration resistance was used to classify the soil profile based on the guidelines 

given in SDC Table B.1.  No potentially liquefiable soils along the retaining wall sites were 

identified based on the current information.  Accordingly, the project site is divided into two 

segments.  The segment south of East Vineyard Avenue is classified as Soil Profile Type C and 

the segment north of East Vineyard Avenue, which includes the Arroyo Del Valle Trail Bridge, 

is classified as Soil Profile Type D.  Therefore, RW246 is classified as Soil Type C, whereas 

RW391, RW400N, RW400S and RW403 are classified as Soil Profile D. 

10.4 FAULT TYPE AND NEAR FIELD SPECTRAL ACCELERATION INCREASES 

The technical report that accompanies the California Seismic Hazard Map (Mualchin, 1996) 

indicates that the controlling fault (San Andreas) has strike-slip displacement.  Therefore, in 

accordance with Caltrans design procedures referenced above, an increase in design spectral 

accelerations is not required for fault type.  However, since the project site is less than 15 km 

from the nearest active fault, design spectral accelerations should be modified to account for 

near-fault effects as follows: 

Table 10-2 

Near – Fault Effects 

Period (sec) Increase in Spectral Acceleration (%) 

< 0.5 0 

0.5 – 1.0 0 – 20 (determined by linear interpolation) 

>1 20 

 

At the time of this study, no retaining wall structures with fundamental period of vibration 

greater than 1.5 seconds are anticipated, and therefore no adjustments are required for long 

period effects. 

10.5 DESIGN ACCELERATION RESPONSE SPECTRUM 

Based on Caltrans SDC (Version 1.4), the design seismic response spectra for the two segments 

of the project alignment can be estimated with spectral acceleration values generated by: 

• Soil Profile Type C (RW246, South of East Vineyard Avenue); Soil Profile Type D (RW391, 

RW400N, RW400S and RW403, North of East Vineyard Avenue) 

• Maximum Credible Earthquake (MCE) Magnitude 7.25 ± 0.25  

• Peak bedrock acceleration 0.5 g 

• No ARS increase for fault-type or long period structure 

• ARS increase for near-field effect  

The Design Acceleration Response Spectra (ARS) corresponding to Soil Profile Types C and D, 

magnitude of controlling event 7.25 + 0.25, and a PBA of 0.5 g were obtained from SDC Figure 

B.8 and modified to account for near field effects as described above.  Spectral values are 

provided in Table 10-3. 
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Table 10-3 

Spectral Acceleration Values  

(PBA = 0.5 g, M = 7.5, Soil Type D and Type C) 

Soil Type D Soil Type C 
Period 

Sa (g) Sa* (g) Sa (g) Sa* (g) 

0.010 0.50 0.50 0.50 0.50 

0.020 0.50 0.50 0.50 0.50 

0.030 0.50 0.50 0.50 0.50 

0.050 0.50 0.50 0.50 0.50 

0.075 0.72 0.72 0.72 0.72 

0.100 0.92 0.92 0.92 0.92 

0.120 1.04 1.04 1.04 1.04 

0.150 1.16 1.16 1.16 1.16 

0.170 1.21 1.21 1.21 1.21 

0.200 1.26 1.26 1.26 1.26 

0.240 1.27 1.27 1.26 1.26 

0.300 1.25 1.25 1.24 1.24 

0.400 1.19 1.19 1.17 1.17 

0.500 1.12 1.12 1.07 1.07 

0.750 0.94 1.04 0.85 0.93 

1.000 0.77 0.93 0.67 0.81 

1.500 0.48 0.58 0.42 0.50 

2.000 0.32 0.39 0.28 0.33 

3.000 0.17 0.20 0.15 0.18 

4.000 0.11 0.13 0.10 0.12 

*Modified for near-field effects 

 



SECTIONSECTIONSECTIONSECTIONELEVEN Seismic and Geologic Hazards 

 X:\ROUTE 84 - ISABEL AVENUE\GEOTECH\REPORTS\RETAININGWALLS\RETAINING WALLS REPORT_08-30-10.DOC  11-1 

11. Section 11 ELEVEN  Seismic and Geologic H azards 

11.1 REGIONAL TECTONIC SETTING AND SEISMICITY 

The project alignment lies between known active and potentially active geologic faults.  In 

general, earthquakes occur as a result of movement along active faults.  For the purpose of 

activity classification, faults are generally grouped into the following categories by the California 

Division of Mines and Geology (renamed the California Geological Survey, CGS) (Jennings, 

1994): 

• Holocene:  displacement has occurred within the last 10,000 to 11,000 years. 

• Late Quaternary:  displacement has occurred within the last 700,000 years, but evidence of 

Holocene activity is lacking. 

• Quaternary:  evidence of displacement within the last 1.6 million years, but evidence of 

Holocene activity is lacking. 

• Pre-quaternary: no recognized evidence of displacement in the last 1.6 million years. 

Generally, faults with Holocene movement are considered to be “active” while faults with late 

Quaternary to Quaternary movement are considered to be “potentially active”.  

The closest active faults to the project alignment are the Greenville, Calaveras, and Verona 

Williams faults (Mualchin, 1996).  The California Geological Survey (2000) has produced maps 

showing Alquist-Priolo Earthquake Fault Zones along faults with known Holocene activity that 

pose a potential surface faulting hazard.  All three of these faults are included as Alquist-Priolo 

(A-P) zoned faults.  The Greenville fault is located about 5.2 miles (8.3 km) east of the project 

site.  The Calaveras fault is located about 4.5 miles (7.3 km) west of the site and the Verona 

Williams fault is located about 1.7 miles (2.8 km) southwest of the southern end of the project 

alignment.  More distant active faults include the Hayward fault located 10.5 miles (16.9 km) 

southwest of the southern end of the project alignment, and the San Andreas fault located 29 

miles (46.7 km) southwest of the southern end of the project alignment.  Figure 10-1 shows 

active faults within the site region relative to the project.  The project alignment does not cross 

any mapped A-P zoned faults. 

Other nearby mapped faults include the southwest extension of the Las Positas fault, located 

about 1 mile (1.6 km) southeast of the southern end of the project alignment, and the Livermore 

fault, located about 1,000 feet northeast of the intersection of SR 84 and Jack London Boulevard.  

The geologic map (Figure 9-1) shows the location of the Livermore fault as mapped by Dibblee 

(1980) and Alamdea County Seismic Safety Element (1982).  The California Geological Survey 

(2000) includes a portion of the Las Positas fault as an A-P zoned fault south of the Lawrence 

Livermore complex, but does not extend the A-P zone as far west as Dibblee (1980) and Wagner 

et al. (1990) map the fault.  Both Dibblee and Wagner also map the Livermore fault as a 

concealed fault trending northwesterly.  The Alameda County Seismic Safety Element (1982) 

also shows this fault on hazard maps, indicating its location is based on a groundwater barrier.  

They classify the fault as “potentially uncertain” meaning the activity of the fault has insufficient 

evidence to give it an activity classification.  Wagner et al. (1990) maps the Livermore fault as 

an early Quaternary fault (2,000,000 to 700,000 years old).  The project alignment does not cross 

either the Los Positas fault or the Livermore fault. 
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The following is a brief description of the nearby active faults. 

11.1.1 Calaveras Fault 

The Calaveras fault is dextral strike-slip fault that is part of the larger San Andreas fault system 

and is located along the eastern side of the East Bay Hills.  The fault is located about 4.5 miles 

(7.3 km) west of the project alignment and is predominantly a vertical fault with a slip rate of 12 

to 18 mm/year (WGCEP, 2003).  Active seismicity, including a moderate magnitude earthquake 

in 1856, has been recorded along the Calaveras fault resulting in surface ruptures and large 

earthquakes (Kelson and others, 1996; Simpson and others, 1999).  In addition to seismic events, 

fault creep continues to be present along the Calaveras fault as indicated by a seismic surficial 

fault rupture in numerous localities. 

11.1.2 Greenville Fault 

The Greenville fault lies 5.2 miles (8.3 km) east of the project alignment. Recent investigations 

of the Greenville fault and Mount Diablo thrust indicate that these two structures are 

geometrically linked, with the Mount Diablo thrust acting to transfer strain from the Greenville 

fault to the Concord-Green Valley fault (Unruh and Sawyer, 1997).  This suggests that the 

Greenville fault does not continue to the north as previously mapped, but dies out near Morgan 

Territory Road.  Two earthquakes during January 1980 on this fault measured Richter 

magnitudes of 5.9 and 5.8.  

Available data on the late Quaternary slip rate of the Greenville fault are sparse and have 

significant uncertainties.  The Working Group on California Earthquake Probabilities estimates 

the slip rate on the Greenville fault to be about 2 mm/yr (WGCEP, 2003).  Based on correlation 

of terraces south of Livermore Valley offset by the Greenville fault, Wright et al. (1982) 

documented approximately 90 m of Pleistocene displacement.  The deformed terraces were 

estimated to be 125,000 to 180,000 years old, based on soil profile development, thus implying a 

slip rate of 0.5 to 0.7 mm/yr (Wright et al., 1982).  Paleoseismic trench investigations across one 

of the strands of the northern Greenville fault documented evidence for Holocene surface-

rupturing events.  Wright et al. (1982) estimated a horizontal slip rate of approximately 0.1 to 0.3 

mm/yr with a recurrence interval estimated to be on the order of 550 years.  Recent 

investigations by Unruh and Sawyer (1998) and Sawyer and Unruh (2002) indicate a 70-km 

length for the active Greenville fault.  Preliminary Holocene slip rate estimates from a site at the 

northern end of the Livermore Valley are 4.1 ± 1.8 mm/yr (Sawyer and Unruh, 2002).  However, 

Unruh cites strong geomorphic and structural evidence to support a more limited rupture length 

for a MCE on the Greenville fault.  Detailed geomorphic and preliminary paleoseismic 

investigations support a maximum rupture length of 43 km along the northern part of the 

Greenville fault; equivalent to rupture of the Livermore and Arroyo Mocho sections of Unruh 

and Sawyer (1998).  A rupture of this length would generate a MCE of M 7. 

11.1.3 Verona Williams Fault 

The Verona Williams fault is located about 1.7 miles (2.8 km) southwest of the southern end of 

the project alignment.  This fault is shown as an uncertain trace over a curving length of about 4 

miles (6½ km) along the base of the hills on the north side of the Vallecitos Valley (CGS, 2000).  

Because the CGS believes that there is insufficient evidence to indicate that this fault is inactive 
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and that there is sufficient evidence to indicate that this fault is potentially active, it is included 

within an Alquist-Priolo Earthquake Fault Zone (Hart, 1975; CDMG, 1982a).  

11.1.4 Las Positas Fault 

The Las Positas fault was originally mapped in 1975 and 1977 by Herd as a northeast-trending, 

15-km long zone of left-lateral strike slip faults.  Herd showed the southwest end of the fault (the 

end closest to the project alignment) covered by alluvium and landslides.  Herd cites geomorphic 

features including scarps and several drainages that have been deflected as evidence for recent 

movement along the fault.  Radiometric dating of buried charcoal from a faulted stream terrace 

indicated that faulting has occurred 17,400 ± 250 years ago (Carpenter et al., 1980).  Bonilla et 

al. (1980) described several en echelon fractures that they attributed to tectonic movement along 

the Las Positas fault following the two1980 Livermore earthquakes on the Greenville fault.  An 

analysis of seismicity in the Livermore Valley area following these two earthquakes showed that 

the movement along the Las Positas fault was left lateral and that this fault is “probably 

seismically active”, although the analysis of the limited data set compiled for this study could not 

prove seismic activity (Ellsworth and Marks, 1980).  

California Division of Mines and Geology Fault Evaluation Report 112 by Smith (1981) 

summarizes the exploratory work and mapping that were performed by numerous authors to 

evaluate the activity of the Las Positas fault and this document was used to justify the delineation 

of the Earthquake Fault Zone along a portion of this fault.  The Alquist-Priolo Earthquake Fault 

Zone delineated along the Las Positas fault is located about 3.5 miles (5.6 km) northeast of the 

end of the project alignment (CGS, 2000). 

11.2 SURFACE FAULT DISPLACEMENT AND GROUND SHAKING 

The project alignment does not cross any Alquist-Priolo Earthquake Fault Zones. Surface rupture 

due to faulting along the alignment, therefore, is not expected to occur.  However, the short 

distance to the Earthquake Fault Zones along the Calaveras, Verona Williams, Greenville and 

Hayward faults, does create a high risk for ground shaking from fault movement.  The intensity 

of the ground shaking is dependent upon the size of the earthquake, the distance of the epicenter 

from the site, the direction that the earthquake propagates along the fault, and the site geologic 

conditions.  Section 10.2 “Peak Bedrock Acceleration” discusses the anticipated seismic shaking 

from these more distant faults. 

11.2.1 Landslides 

With the exception of the southern portion of the project alignment where it enters the mouth of 

a canyon, the roadway is on relatively flat ground and is not subject to landsliding.  Our 

reconnaissance mapping along the alignment indicates that there are two small landslides that 

extend into the existing right-of-way.  These landslides are both about 150 feet in width and 220 

to 240 feet in length and occur on the slopes located east of SR 84, opposite Station 247+00 and 

250+00.  These are both old rotational slump type landslides that are overgrown with trees and 

brush.  Both of the landslides toe out in a small drainage channel that parallels the eastern edge 

of the roadway.  Boring NB04 was drilled about 100 feet west and northwest of the toe of these 

landslides for a proposed retaining wall.  Although the toes of these old landslides extend into 
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the existing right-of-way, they do not impact the proposed retaining wall improvements.  No 

other landslides were noted in the vicinity of the project alignment and a review of the U.S. 

Geological Survey landslide map for the Livermore quadrangle (Nilsen, 1975) does not show 

any other landslides.  

11.2.2 Liquefaction 

Liquefaction is a phenomenon whereby sediments temporarily lose shear strength and collapse.  

This condition is caused by cyclic loading during earthquake shaking that generates high pore 

water pressures within the sediments.  The soil type most susceptible to liquefaction is loose, 

cohesionless, granular soil below the water table and within about 50 feet of the ground surface.  

Liquefaction can result in loss of foundation support and settlement of overlying structures, 

ground subsidence and translation due to lateral spreading, lurch cracking, and differential 

settlement of affected deposits.  Lateral spreading occurs when a layer liquefies at depth and 

causes horizontal movement or displacement of the overburden mass towards a free face such as 

a stream bank or excavation, or towards an open body of water. 

In a regional study of the nine-county San Francisco Bay region for the U.S. Geological Survey, 

Witter et al. (2006) mapped the liquefaction susceptibility of the site soils along the project 

alignment.  The alluvium between Jack London Boulevard and Stanley Boulevard (Station 

401+00) is mapped as having “high” liquefaction susceptibility.  Between Stanley Boulevard and 

Arroyo Del Valle (Station 321+00) the alluvium is mapped as having “moderate” liquefaction 

susceptibility.  From Arroyo Del Valle extending south about 1,500 feet to Station 304+00 the 

alluvium is mapped as having “high” liquefaction susceptibility and south of this point to the 

southern end of the project alignment the soils have a “moderate” liquefaction susceptibility.  

The historic channel deposits in the active channel of both Arroyo Del Valle and Arroyo Mocho 

are mapped as having “very high” liquefaction susceptibility.  

Based on a review of the borings completed along the alignment, a few thin layers of medium 

dense sand and silty sand were encountered in the upper 20 feet, primarily north of Arroyo Del 

Valle.  These upper granular soils could be subject to liquefaction if saturated, however the depth 

to groundwater is at least 20 feet or greater based on the borings drilled in this area.  More 

specifically, groundwater was observed in Borings NB01 (20 feet bgs), NB10 (23.5 feet bgs) and 

NB22A (24.7 feet bgs).  At and below these depths the soils encountered were mostly dense to 

very dense sands and gravels and therefore the potential for liquefaction of these materials to 

occur is also considered to be low, including the retaining wall alignments.   

Based on review of the borings completed at or near the five non-standard retaining walls, we 

estimated the potential post-liquefaction settlement at a number of borings using an assessment 

spreadsheet with formula that are based on the NCERR Workshop on Evaluation of Liquefaction 

Resistance of Soils (January 1996) and DMG Special Publication 117 (SP117) Guidelines for 

Analyzing and Mitigating Liquefaction in California (March 1999).  In our analysis we used a 

peak ground acceleration of 0.5g and design earthquake moment magnitude of 7.5.  The results 

of these analyses are presented in Appendix D.  At each wall we estimated the potential post-

liquefaction ground surface settlement at one or two of the weakest borings; these include 

Borings NB03 and NB06 for RW246, NB20 for RW391, B-12 for RW400N, B-10 for RW400S, 

and NB-21 and NB-23 for RW403.  We estimate liquefaction induced settlement of less than ¼ 

inch at each of the 5 retaining walls (RW246, RW391, RW400N, RW400S and RW403). 
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11.2.3 Subsidence and Settlement 

Subsidence typically occurs as a result of subsurface fluid extraction (e.g. groundwater, 

petroleum) or compression of soft, geologically young sediments.  Groundwater extraction for 

high volume municipal and agricultural use has the potential to cause future ground subsidence 

in the region.  However, we are not aware of subsidence in the area.  No active petroleum wells 

are present within many miles of the site (California Division of Oil, Gas, and Geothermal 

Resources, 2001).  

Settlement can occur quickly when soil is loaded by a structure or by the placement of fill on top 

of soil and it can also occur gradually when soil pore pressures, increased by vertical loading, 

gradually dissipate over time.  This second type is termed consolidation settlement.  It is unlikely 

that the load imposed by the proposed project improvements will cause settlement.   

Compaction settlement, or seismic densification, occurs when loose granular soils above the 

water table increase in density as a result of earthquake shaking.  The soil densification can result 

in differential settlement because of variations in soil composition, thickness, and initial density.  

For design, we estimated the potential post-earthquake settlement at a number of borings (NB03, 

NB06, NB17, NB20, B12 at Stanley Boulevard, and NB26) ranging in depth from 20 to 80 feet 

and using the NCERR Workshop spreadsheet.  In our analyses we used a peak ground 

acceleration of 0.5 g and design earthquake moment magnitude of 7.5.  The results of these 

studies are presented in Appendix D.  As previously mentioned, occasional layers of medium 

dense granular soils were encountered in a few of the borings, mostly located north of Arroyo 

Del Valle.  These granular layers may be subject to cyclic densification during strong ground 

shaking.  Based on our analyses, we estimate compaction settlement of less than ¼ inch of the 

retaining walls (RW246, RW391, RW400N, RW400S and RW403).  

11.2.4 Flooding 

With the exception of the active channels of Arroyo Del Valle and Arroyo Mocho, the project 

alignment is located outside of the 100-year flood zone as shown on the FEMA flood hazard 

zone maps (ABAG, 2007). 

11.3 SCOUR 

The nearest creek from any of the proposed retaining walls is more than 50 feet away; therefore, 

scouring is unlikely. 
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12. Section 12 TW ELVE As-Built Fo undation D ata 

Based on as-built plans of existing structures along the SR 84 alignment, the pile and spread 

footing foundation loadings are summarized as follows: 

 

Table 12-1 

Foundation Loadings of Existing Structures Along SR84 

Bridge 

Number 
Name 

Abutment / Bent / 

Foundation Type 

Pile 

Loading 
(2) 

(tons) 

Allowable 

Bearing 

Pressure 

(pounds per 

square foot)
 (1)

 
Abutments (spread 

footings)  
- 8,000 

- 
Arroyo Del Valle Creek Bridge 

Structures (widen) Bents (spread 

footings) 
- 11,000 

Abutments (spread 

footings) 
- 6,000 

33C-0405 Isabel Avenue Underpass
(3)

 
Bents (spread 

footings) 
- 6,000 

Abutments (piles)  140 - 
33C-0406 Isabel Avenue Undercrossing

(4)
 

Bents (piles) 140 - 

Abutments (piles)  80 - 
33C-0407 

Arroyo Mocho Creek Bridge 

(widen)  
Bents (piles) 140 - 

(1) 
All loads including wind and seismic 

(2) 
Nominal resistance 

(3) 
Union Pacific Railroad (UPRR)  

(4) 
Stanley Boulevard 
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13. Section 13 THIR TEEN  Foundation  and  W all D esign R ecommend ation s 

13.1 INTRODUCTION 

For the SR 84 project there are five non Standard Plan (special) retaining walls.  These special 

retaining walls include RW246, RW391, RW400N, RW400S and RW403.  A summary of the 

wall type is presented in the following table. 

 

Table 13-1 

Retaining Wall Type/Description 

Wall No. Soil Nail Tieback Type B Type 7 

246 �    

391 �    

400N �
(1)

 �
(2)

 � �
(3)

 

400S  �   

403 �    

 
(1)

 Type D for RW400N
   (2)

 Type A for RW400N 
(3)

 Type C for RW400N  

 

The following discussion in this section is divided into four wall types:  soil nail, tieback (Type 

A), Type B and Type 7. 

13.2 SOIL NAIL WALL DESIGN RECOMMENDATIONS 

13.2.1 Anticipated Soil Conditions 

13.2.1.1 RW246 

The exposed face of the excavation for RW246 is anticipated to range from layers of stiff to hard 

clays and silts, as well as layers of dense to very dense silty sand, clayey sand, clayey sand with 

gravel and clayey gravel.  The top of RW246 will be located as close as 20 feet from East Ruby 

Hill Drive.  As shown on Figure 2-2, maximum wall height is 34 feet and wall length is 1,100 

feet.   

13.2.1.2 RW391 

The exposed face of this excavation is expected to reveal primarily medium-stiff to hard silty 

clay (with trace gravel) and very stiff to hard lean clay. 
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13.2.1.3 RW400N 

The face of this exposed excavation is anticipated to reveal stiff sandy lean clay (with gravel) 

and stiff lean clay (trace gravel), as well as medium dense silty sand and medium dense to very 

dense clayey sand.  Occasional cobbles were also encountered. 

13.2.1.4 RW403 

The exposed face of this excavation is expected to reveal very stiff to hard sandy lean clay (with 

gravel) and medium dense clayey sand with gravel.  Occasional cobbles were also encountered. 

13.2.2 Considerations 

Soil nailing is a specialized process in which excavation walls and slopes are stabilized insitu by 

installing relatively short, fully bonded steel bars, according to a regular and relatively closely 

spaced pattern.  Where excavations are made, the wall is constructed incrementally from the top 

down.  For example, an excavation might be made to a first stage depth of order 3 feet, holes 

drilled in the middle of the exposed vertical soil face and nails inserted into the holes.  The holes 

are then grouted in place.  Steel reinforcement or wire mesh is then placed on the exposed 

vertical (or sloped) face and the face is shotcreted on the same day.  In the second stage, the 

excavation is extended from a depth of 3 to 6 feet below grade and the above procedure repeated 

to achieve a wall from grade to 6 feet.  This procedure is repeated in increments until full wall 

height is achieved.  According to FHWA (1998), typical nail spacings are 3 to 6 feet both 

vertically and horizontally, and nail inclinations are generally on the order of 15 degrees below 

horizontal to facilitate grouting.  A level working bench on the order of 30 feet wide is preferable 

to accommodate drilling equipment used for nail installation.  Smaller tracked drills are available 

that can work on bench widths as narrow as 15 feet.  A percentage of the soil nails are proof 

tested to verify their load-carrying capacity. 

FHWA (1990, 1998) lists the following soils as not suitable for soil nailing: 

• Loose granular soils with SPT below count number (N) less than 10, or relative density less 

than 30 percent or a uniformity coefficient less than 2. 

• Soft cohesive soils with Su less than ½ ton per square foot (tsf). 

• Organic soils. 

• Fat (high plasticity) clays with liquid limit greater than 50 and liquidity index greater than 

0.2. 

• Clay soils with plasticity index greater than 20. 

• Soils containing excessive moisture or wet pockets and soil nailing below the water table. 

Since the soils in borings drilled along RW246, RW391, RW400N and RW403 do not fall within 

these categories, in our opinion, this type of wall is feasible at the subject sites. 

A Type 1 wall is not considered to be feasible at RW246 (1) since the cut will extend into East 

Ruby Hill Drive and (2) alternatively, temporary shoring would be cost prohibitive.  For these 

reasons, a top down construction method of soil nail wall is considered advisable for RW246. 

There is an existing 24-inch gas line in close proximity of proposed RW246. The Designer 
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should confirm that the soil nails have sufficient clearance below the gas line. As part of final 

design, soil nails and the existing gas line should be located in cross-section. If there is 

interference, the soil nails may be steepened in excess of 15 degrees from horizontal. 

For RW391, RW403 and a portion of RW400N, a top down construction method of soil nail wall 

is also considered advisable based on relatively strong soil. 

13.2.3 Geotechnical Design Parameters 

Lateral earth pressure on the soil wall (face loadings) are estimated based on published case 

histories of other soil nail walls (FHWA, 1998).  Based on this information, we recommend a 

nail head service load tF as follows: 

tF = 0.5 ka γH SH SV (pounds) 

Where: 

tF = Nail head service load, pounds 

Ka = Coefficient of active earth pressure based on the 

Coulomb theory 

γ = Effective unit weight of retained soil, pcf 

H = Wall height, taken from ground surface, feet 

SH = Horizontal spacing of nails, feet 

SV = Vertical spacing of nails, feet 

 

For each of the four soil nail retaining walls, we recommend the following geotechnical design 

parameters. 

 

Table 13-2 

Soil Nail Wall Design Parameters 

Ultimate Ground 

Grout Bond Stress 

(psf) 

Ultimate 

Nail 

Resistance 

(kips/foot) 

Effective Friction 

Angle (degrees) 

Effective Cohesion 

(psf) 
Retaining 

Wall No. 

Moist 

Unit 

Weight 

(pcf) 
Cohesive Granular 

6 

inch 

hole 

8 

inch 

hole 

Cohesive
(1)

 Granular Cohesive
(1)

 Granular 

Ka 

246 130 1,000 1,000 1.57 2.09 32 36 0 0 0.42 

391 130 800 -
(2)

 1.25 1.67 34 -
(2)

 0 0 0.43 

400N 130 1,000 1,000 1.57 2.09 34 34 0 0 0.29 

403 130 1,000 1,000 1.57 2.09 34 34 0 0 0.43 

(1) Assume drained conditions for long term cohesive parameters 

(2) Wall is in cohesive soil 
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As shown in Table 13-2, most design parameters are provided for both cohesive and granular 

soils.  The values shown are ultimate values, i.e. the factor of safety is 1.0. 

We recommend the new soil-nail wall be designed for earthquake loading.  Based on Section 

10.2 “Peak Bedrock Acceleration” (PBA), the recommended design PBA is 0.5g.  Since this site 

is alluvium, the estimated peak ground acceleration (PGA) is 0.50g.  Consistent with Caltrans 

Guidelines for Structures Foundation Reports (March 2006), a seismic factor equal to one third 

of the horizontal force and not exceeding 0.2g should be used.  Therefore a horizontal force 

equal to the element weight times 0.17 is recommended. 

The new soil nail system should be designed to be relatively rigid. 

Factors of safety should be selected by the Structural Engineer for long-term static loading 

conditions, seismic conditions, and proof testing conditions.  Furthermore, we recommend that 

the soil/grout bond strength be verified by field testing.  The design at RW246 should also 

include surcharge load imposed by traffic on East Ruby Hill Drive equivalent to 2 feet of soil, 

i.e. 250 pounds per square foot vertical pressure. 

13.2.4 Earthquake Loading 

The effects of an earthquake should be considered according to Bridge Design Specification 

(BDS) 5.5.4 (Effect of Earthquake).  In general, earthquake shaking can be considered as an 

increase in dynamic forces on walls.  The additional force to simulate earthquake loads is 

dependent upon the magnitude of ground surface acceleration and the height of the wall.  To 

estimate the seismically induced force, we recommend that the magnitude of the dynamic lateral 

force developed during seismic loading be computed using the following equation: 

∆Pae = 12H
2 

The units of the dynamic lateral force (∆Pae) are pounds per linear foot of wall.  H is the wall 

height in units of feet.  The dynamic lateral force should be assumed to act at 0.6H from the 

bottom of the wall and represents the resultant of a triangular pressure distribution. 

13.2.5 Caltrans Specifications 

Based on a discussion with Caltrans staff, we understand recent changes have been made to the 

soil nail wall Standard Special Provisions (SSP) specifications.  These specification sections 

include “Soil Nail Wall Earthwork” and “Soil Nail Assembly”.  These latest revisions will be 

included in Appendix H and the project specifications and drawings. 

13.3 SOIL NAIL WALL CONSTRUCTION CONSIDERATIONS 

13.3.1 Associated Ground Movements 

13.3.1.1 RW246 

During construction of a soil nail wall from the top-down, the reinforced soil zone tends to rotate 

outwards about the toe of the wall as part of the process of mobilizing tensile loads within the 

nails.  Hence, maximum horizontal movements occur at the top of the wall and decrease 
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progressively towards the toe of the wall.  Settlements at the facing also occur, and these tend to 

be on the same order of magnitude as the horizontal movements at the top of the wall.  

Displacements of the facing depend on the following factors (FHWA, 1998): 

• Construction rate; 

• Nail spacing and excavation lift heights; 

• Nail and soil stiffness; 

• Global factor of safety; 

• Nail inclination (greater displacements for greater inclinations because of less efficient 

reinforcing action); 

• Bearing capacity of the foundation soils; and 

• Magnitude of any surcharge loadings. 

For vertical soil nail walls with typical nail-length-to-wall-height ratios, negligible surcharge 

loadings, and designed with reasonable factors of safety, the peak wall displacements at the top 

of the wall (vertical and horizontal) tend to vary from 0.1%H or less for weathered rocks and 

very competent and dense soils (e.g., glacial tills), to 0.2%H for granular soils, and up to 0.4%H 

for fine-grained clay type soils.  These movements are considered to be relatively small and 

generally correspond to those expected for well braced systems and for tieback walls.  For 

RW246 we estimate vertical and lateral displacements will occur behind the wall on the ground 

surface between approximately Stations 246+50 and 258+00; maximum movements of order ¾ 

to 1 inch are estimated between Stations 247+50 and 255+00. 

The construction displacements tend to decrease in magnitude with distance back from the wall 

facing.  Based on FHWA (1998) recommended procedures, we have estimated the manner in 

which surface displacements decrease with distance from the facing for soil nail walls in various 

soil types.  For example, we have estimated the zone of ground surface movement to be 

negligible beyond a distance of 35 to 42 feet between approximately Stations 247+80 and 

255+80; this line is shown on Figure 13-1.  As shown, this line extends onto the roadway (East 

Ruby Hill Drive).  Consequently, we expect some settlement and cracking of the roadway during 

construction.  Therefore, a bid item should be included to repair/repave East Ruby Hill Drive.   

In addition, the effect of ground movement of existing underground utilities that might be 

located within or adjacent to East Ruby Hill Drive should be considered.  For example, the 

existing gas line just off the roadway lies within the estimated zone of ground surface settlement 

(Figure 13-1) and will undergo estimated settlement on the order of ½ inch; the Owner should be 

made aware of this.  Furthermore, the locations of existing buried utilities should be verified in 

advance of construction by the City of Pleasanton so that the nails can be installed at the design 

locations.  If unknown obstructions (such as a sanitary sewer) are encountered, this could result 

in delays and claims by the Contractor.  In particular, an existing gas line is shown on the east 

side of East Ruby Hill Drive on Figure 13-1.  The Designer should verify that the soil nails have 

sufficient clearance below the gas line. 

We believe it would be prudent to require the Contractor to perform a preconstruction and 

postconstruction condition survey of Ruby Hill Drive pavement surface, buried utilities and 

nearby houses abutting Ruby Hill Drive.  This survey should extend for the full length of RW246 
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and be performed by a California Registered Professional Engineer retained by the Contractor.  

The videotaped survey should include a verbal narrative of these items.  The preconstruction 

survey will serve as a baseline, in the event that the utility owners and/or adjacent homeowners 

make a claim for structural damage. 

The Contractor should be required to submit a shop drawing of the proposed design prepared and 

signed by a Registered Civil Engineer (or Registered Structural Engineer).  The shop drawing 

should present the Contractor’s proposed construction plan and design of the system, including 

supporting design calculations, earth pressure diagrams and anticipated deflections.  Assuming 

the Contractor’s Engineer designs the wall, we would be pleased to review their design for 

appropriateness of geotechnical design parameters. 

13.3.1.2 RW391, RW400N and RW403 

These three (3) walls have maximum heights of order 17 to 20 feet or less (about ½ the height of 

RW246).  Furthermore, the land immediately behind these three (3) walls is relatively 

undeveloped.  Therefore, the potential for damage of adjacent property is relatively low at these 

three (3) wall locations. 

13.3.1.3 Construction Dewatering 

Based on field explorations conducted along proposed RW246, we estimate the groundwater to 

be below Elevations 503 and 511 at Borings NB04 and NB05A, respectively.  Since bottom of 

wall (BOW) ranges from about Elevation 519 to 537, it appears the groundwater level will be at 

least 8 feet below the bottom of the wall. 

Based on field explorations conducted along proposed RW391, we estimate the groundwater to 

be below Elevations 391 and 381 at Borings NB19 and NB20, respectively.  Since BOW ranges 

from about Elevation 393 to 409, it appears the groundwater level will be at least 2 feet below 

BOW. 

Based on field explorations conducted along proposed RW400N, we estimate the groundwater to 

be about Elevations 396 and 374 at Boring NB22A and piezometer in B-9, respectively.  Since 

BOW ranges from about Elevation 394 to 414, it appears the groundwater level will be as high as 

2 feet above BOW.  Dewatering portions of this excavation during construction is anticipated. 

Based on field explorations conducted along proposed RW403, we estimate the groundwater to 

be below Elevations 393 and 378 at Borings RB32 and NB21, respectively.  Since BOW ranges 

from Elevation 394 to 414, it appears the groundwater level will be at least 1 foot below BOW. 

Although most soil nail wall locations are expected to be dry, surface runoff could accumulate at 

the bottom of the wall trenches during the rainy season.  Normal sumping procedures are 

anticipated to lower groundwater inside the trench to provide a dry excavation. 

13.3.1.4 Overbreak 

Some of the borings indicate silty sand and localized cobbles may be encountered during 

installation of soil nails.  Where silty sands are encountered, some localized overbreak is 

expected; additional shotcrete will be required in those areas.  The Contractor should be aware of 

encountering localized cobbles during drilling of soil nail holes. 
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13.4 TIEBACK WALL DESIGN RECOMMENDATIONS 

13.4.1 Anticipated Soil Conditions 

13.4.1.1 RW400N 

A typical section is shown in Figure 2-8, including the proposed wall location relative to the 

existing Isabel Avenue UC abutment pile cap footing.  As shown the bottom of the existing pile 

cap footing is positioned at Elevation 389.15±.  Based on a review of Borings B-9 and B-12, we 

infer that the new Wall Type A and tiebacks are placed primarily in strong native soils consisting 

of stiff to hard lean clay and medium dense to dense sandy silt, clayey sand, sandy gravel, clayey 

gravel, and gravelly sand. 

13.4.1.2 RW400S 

A typical section is shown in Figure 2-11, including the proposed wall location relative to the 

existing Isabel Avenue UC abutment pile cap footing.  As shown, the bottom of the existing pile 

cap footing is positioned at Elevation 406.21+.  Based on a review of Borings B-10, B-11 and B-

13, we infer that the new RW400S wall and tiebacks are placed primarily in strong native soils 

consisting of stiff to very stiff silty clay and sandy lean clay underlain by deposits of medium 

dense to very dense silty sand, clayey sand, well graded gravel and clayey gravel. 

13.4.2 Considerations 

An existing buried 8-foot diameter RCP parallels some of the proposed RW400N (Figure 2-7).  

A Type 1 wall would (1) result in additional load (from footing) on the pipe and (2) prevent 

access for maintenance of the RCP.  For that reason a tieback wall is advisable in the area of the 

Isabel Avenue Undercrossing (UC), assuming there is sufficient clearance of tiebacks between 

existing UC abutment steel piles.  This is shown as Wall Type A between “A3” Stations 399+55 

and 401+65 on Figure 2-7 (length of about 209 feet).  The relatively horizontal tiebacks should 

be positioned to avoid interference with the existing steel piles and abutment concrete. 

At RW400S, the new wall parallels the existing abutment of the Undercrossing at Stanley 

Boulevard; this distance is about 14 feet.  Considering the close proximity to the existing 

abutment which is supported on piles, a tieback wall is advisable in this area.  A typical section is 

shown in Figure 2-11. 

The tieback walls at both RW400N and RW400S will be placed in close proximity to the 

existing abutment; to minimize ground movement during construction, a tieback wall has been 

selected.  Furthermore, to minimize movement of the existing pile cap at the adjacent abutments, 

the construction of the tieback wall could proceed in short sections limited in both vertical and 

horizontal extent.  A “notched” excavation could be made, tieback installed, face shotcreted and 

the tieback load tested.  This notching could then be repeated in an alternating manner along the 

abutment.  Once the initial panels are in place, remaining soil blocks between them could be 

removed until all the tiebacks and shotcrete face has been completed. 
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13.4.3 Protection of Abutment Foundation 

We understand that the proposed tieback wall at RW400N and RW400S will consist of tieback 

anchors with bearing plates embedded in a structural concrete panel.  The structural concrete 

panel will be formed by shotcreting an initial section and then finished with a cast-in-place panel.  

Reinforcement cages will include cross ties to facilitate this type of composite shotcrete/concrete 

panel construction. 

To minimize lateral movement of the steel piles and pile cap at the abutments, we recommend 

that each slope excavation “notch” be limited to a panel width of 10 feet and maximum height of 

5 feet at any one time.  The existing fill and native soils encountered in the borings behind the 

proposed walls consist of stiff to hard lean clayey soils and granular materials ranging from 

gravelly sand, clayey sand, clayey gravel to poorly graded gravel with sand.  Granular fill, if 

temporarily unsupported during construction will have a tendency to ravel.  To minimize 

potential for raveling when excavating each panel, the Contractor should take measures to 

minimize this occurrence.  For example, he might pre-grout the abutment slope within the 

proposed wall limits to stabilize the granular fill prior to excavating the panel.  There may be 

other methods to minimize raveling.  This should be brought to the Contractor’s attention in the 

specifications. 

Installation of the tieback anchors, concrete wall reinforcement and shotcrete wall panel should 

immediately follow the excavation and should be completed the same day.  No exposed face of 

the excavation should be left unsupported overnight.  In addition, movement of the existing 

abutment should be monitored closely as the excavation operation proceeds.  If movement 

exceeds tolerable limits, excavation should be stopped immediately and mitigation or alteration 

of the construction methods should be implemented.  We assume the tolerable movement is 

1 inch horizontally and 1 inch vertically; this should be confirmed with the Structural Engineer 

and/or Caltrans. 

13.4.4 Tieback Wall Design Earth Pressures 

Lateral earth pressures of the new abutment retaining walls are anticipated to be high due to the 

relative stiffness of the tieback system.  We have estimated the lateral design earth pressure for 

both walls using the following equation (Bridge Design Specification, August 2004, Section 

5.5.5.7): 









−−

=

+11

2

3

1

3

1

72.0

n

a

a

HHH

HK
p

γ
 

 

  

pa  = Maximum ordinate of pressure diagram , psf 

Ka = Coefficient of active earth pressure based on the Coulomb theory 

γ   = Effective unit weight of retained soil, pcf 

Where: 

H  = Wall design height, ft. 
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H1 = 

Distance from ground surface at top of wall to upper most level of 

anchors, ft. 

 
Hn+1 = 

Distance from design grade at bottom of wall to lowermost level of 

anchors, ft. 

Please refer to Figure 13-2 for geometric illustration of the terms in this equation.  The soil 

behind the new retaining walls generally consists of stiff to hard lean clay and dense to very 

dense granular layers at RW400N and RW400S.  To determine Ka, we first estimated φ' (angle of 

internal friction) for the clay and granular deposits.  For the clay layer, the long-term cohesion 

approaches a small value, and φ' approaches a value ranging between 26 and 34 degrees for clay 

soils.  Based on the plasticity index value and unit weights for the clay encountered, as well as 

corrected blow count and relative density of sands, we estimate the long-term φ' = 34 degrees 

and unit weight γ = 130 pcf for both walls.  For the various backfill slope (β), and φ' = 34 

degrees, we estimated the following Ka. 

Table 13-3 

 Coefficient of Active Earth Pressure for Tieback Wall RW400N and RW400S 

Backfill Slope (β), 

deg. 
Ka 

0 0.28 

18 0.36 

26 0.43 

The wall pressure recommended above is based on the assumption that no differential 

hydrostatic pressures will develop behind the retaining wall.  The buildup of hydrostatic pressure 

behind the wall should be prevented by the inclusion of a positive drainage system.  A 

manufactured prefabricated drainage membrane, such as Miradrain 6000, could be used on the 

wall face.  Positive drainage for water collected in the drainage membrane or backfill should be 

provided by means of perforated drainpipe leading to a free draining outlet or by weep holes 

extending though the wall. 

13.4.5 Earthquake Loading 

The effects of an earthquake should be considered according to BDS 5.5.4 (Effect of 

Earthquake).  In general, earthquake shaking can be considered as an increase in dynamic forces 

on walls.  The additional force to simulate earthquake loads is dependent upon the magnitude of 

ground surface acceleration and the height of the wall.  To estimate the seismically induced 

force, we recommend that the magnitude of the dynamic lateral force developed during seismic 

loading be computed using the following equation: 

∆Pae = 32H
2 

The units of the dynamic lateral force (∆Pae) are pounds per linear foot of wall.  H is the wall 

height in units of feet.  The dynamic lateral force should be assumed to act at 0.6H from the 

bottom of the wall and represents the resultant of a triangular pressure distribution. 
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13.4.6 Effect of Existing Battered Piles 

As shown in Figure 2-8, the two outside rows of existing steel piles are battered at Isabel UC east 

abutment, whereas only the outside row of existing steel piles at Isabel UC west abutment 

(Figure 2-11) is battered.  If this is a seat type abutment, the tieback walls should also be 

designed for a lateral load of 5 kips per pile (both vertical and battered), as required by Caltrans; 

the location of the horizontal load of 5 kips should be 4 feet below bottom of existing pile cap. 

13.4.7 Soil Grout Bond 

For estimating purposes, we assume the tiebacks will be grouted within the hard clay and dense 

sand and will have an ultimate soil/grout adhesion value of order 500 to 1,000 psf; an average of 

700 psf is recommended for design, assuming one cycle of grouting at low pressure.  Since the 

adhesion value and the strength of the soil/grout bond are influenced by the construction method, 

anchor capacities should be verified by proof testing each anchor following installation.  

Performance tests for the anchors should be at a minimum of 2.0 times the design loads and 

should not exceed 80 percent of the specified minimum tensile strength of the anchor rod.  We 

also recommend that all production anchors be tested at 1.5 times the design loads, and should 

not exceed 70 percent of the specified minimum tensile strength of the anchor rod. 

Tiebacks can be grouted several times in order to increase the desired tieback tensile load 

capacity, i.e. soil-grout adhesion.  Pregrout means that grout has been injected during one or 

more stages before the tieback is load tested.  The above recommended soil adhesion value of 

700 psf is based on the assumption that there will be only one pregrout stage with no 

postgrouting.  Based on our experience with tieback walls, soil-grout adhesion values from 1,800 

to as high as 2,900 psf can be achieved with up to 3 pregrouts before testing, followed by 

postgrouting.  Postgrout means that additional grout has been injected after the initial tieback 

load test has been performed, but the desired tensile load may not have been obtained.  The 

above mentioned soil-grout adhesion values were obtained by using a pressure in the range of 

200 to 400 psi for first pregrout followed by increased pressures of 400 to 700 psi for the second 

and third pregrout cycles.  If the Structural Engineer uses the soil grout adhesion value of 2,900 

psf, it should be expected this will require several cycles of grouting with associated construction 

schedule implications, along with close monitoring to avoid potential uplift of the existing 

abutments.  Factors of safety should be selected by the Structural Engineer for long-term static 

loading conditions, seismic conditions, and proof testing conditions. 

The maximum recommended soil grout (bond) length is 40 feet. 

13.4.8 Free Length (Unbonded) 

The tieback wall anchors should be designed such that the bond zone is located behind the 

minimum free length plane as shown on Figure 13-3.  The free length should be the greatest of 

the following quantities: 

• 15 feet (typical minimum free length) 

• 5 feet beyond active wedge projected upward behind toe of wall 

• 5 feet beyond existing bridge piles 
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13.4.9 Minimum Spacing of Tiebacks 

The recommended minimum tieback spacing within the grouted (anchor bond) zone, centerline 

to centerline, is 3-hole diameters, or 5 feet, whichever is larger. 

13.5 TIEBACK WALL CONSTRUCTION CONSIDERATIONS 

Potential construction considerations at RW400N and RW400S are expected to include: 

• Physical conflicts:  resolve potential conflicts with locations of new wall supports and 

tiebacks with all existing facilities such as utilities, piles, and abutment.   

• Groundwater:  although groundwater was not encountered at these sites, runoff from rainfall 

or seepage though the pavement aggregate base might require some dewatering during 

construction using normal sumping procedures. 

• Exposed soil face: based on soil conditions in new borings, the tieback walls will be 

excavated in very stiff to hard clayey soils above groundwater, which will creep with time.  

Dense to very dense sands are also anticipated.  If vertical tieback piles are spaced relatively 

close, sloughing and/or creeping may be minimized.  Depending on the spacing of the 

tiebacks, and the time intervals between installation of tiebacks and the tieback wall, 

temporary wooden lagging may be required.  The Contractor should be prepared to install 

lagging to prevent ground loss. 

• Tiebacks:  Tiebacks will likely be above groundwater.  Nevertheless, the Contractor should 

be prepared to install tiebacks within the thin sand interbeds, which contain variable amounts 

of gravel.  To minimize interference of existing abutment piles, casing should be required 

until the last row of existing piles is cleared. 

• Bridge abutment pile cap footing foundations: monitoring of horizontal and vertical 

movements of existing foundations will be required before, during, and after excavation and 

construction of tieback wall.  We recommend that the lateral movement and settlement of the 

top of the existing footings at abutments be measured at points spaced about every 10 feet 

before, during, and after excavation until all tiebacks have been installed and loaded.  These 

movements should be measured by a Registered Land Surveyor retained by the Contractor.  

Movements should be plotted with respect to time by the Surveyor and promptly submitted to 

URS for review.  As a minimum, readings should be taken: 

− Two weeks and one week before excavation commences 

− Daily during excavation of tieback wall 

− Weekly during tieback installation 

− Weekly after tiebacks are installed until movement has ceased 

Confirm monitored movements are less than tolerable movements established by Structural 

Engineer. 
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13.6 WALL TYPE B DESIGN RECOMMENDATIONS 

13.6.1 Design Considerations 

A typical section of Wall Type B in RW400N is shown in Figure 2-8, including the proposed 

wall location relative to the existing 8–foot reinforced concrete pile (RCP).  As shown the wall 

face overhangs the RCP.  Bottom of wall appears to be about Elevation 394+.  Wall length is 

approximately 109 feet.  Based on a review of Borings B-12 and B-13, we infer that a portion of 

the new Wall Type B is placed primarily in strong native soils consisting of stiff to hard lean clay 

and medium dense to dense sandy silt, clayey sand, sandy gravel, clayey gravel, and gravelly 

sand.  However, based on our review of the cross section shown in Figure 2-8, we infer that a 

portion of Wall Type B will be placed on backfill for the RCP.  There are no records available 

documenting the compaction of the backfill. 

Free groundwater was not encountered in Borings B-12 and B-13 since the rotary wash method 

was used.  The closest 2006 borings were RB-30 and RB-32 which were dry to the terminal 

depth of 10 feet, corresponding to about Elevations 390 and 392, respectively.  A piezometer was 

installed in nearby 1996 Boring B-9 and groundwater was measured at Elevation 373.6 feet on 

February 28, 1997.  We selected a design groundwater level at Elevation 375.0 feet for Wall 

Type B. 

13.6.2 Lateral Earth Pressure 

These retaining walls should be designed for lateral earth pressures imposed by the adjacent 

backfill using an equivalent fluid pressure of 36 pounds per square foot per foot for horizontal 

backfill and 2 feet of surcharge.  These lateral earth pressures are based on non-expansive wall 

backfill, i.e. soil with a plasticity index of less than 12.  Surcharge loads such as vehicular traffic 

would apply additional loads to the walls as indicated on Caltrans Standard Plan B3-8. 

The recommended pressures assume that no hydrostatic pressures will develop behind the 

retaining wall.  The buildup of hydrostatic pressure behind the walls should be prevented by the 

inclusion of a positive drainage system.  It is recommended that such a system consist of 

Pervious Backfill Material conforming to the requirements of Section 19-3 of the Caltrans 

Standard Specifications, latest edition, to a width of at least 1.0 foot behind the retaining wall in 

accordance with Caltrans Standard Detail Sheets (Retaining Wall Details No. 1, Sheet B3-8 and 

Bridge Details, Sheet B0-3).  Positive drainage for water collected in the backfill should be 

provided by means of weep holes or drain pipes leading to a free draining outlet. 

13.6.3 Earthquake Loading 

The effects of an earthquake should be considered according to Bridge Design Specification 

(BDS) 5.5.4 (Effect of Earthquake).  In general, earthquake shaking can be considered as an 

increase in dynamic forces on walls.  The additional force to simulate earthquake loads is 

dependent upon the magnitude of ground surface acceleration and the height of the wall.  To 

estimate the seismically induced force, we recommend that the magnitude of the dynamic lateral 

force developed during seismic loading be computed using the following equation: 

∆Pae = 12H
2 
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The units of the dynamic lateral force (∆Pae) are pounds per linear foot of wall.  H is the wall 

height in units of feet.  The dynamic lateral force should be assumed to act at 0.6H from the 

bottom of the wall and represents the resultant of a triangular pressure distribution. 

13.6.4 CIDH Piles 

Wall Type B will be placed in close proximity to an existing buried 8-foot RCP.  To prevent 

additional loading from the new wall onto the RCP with attendant settlement of the RCP, the 

new wall will be supported on CIDH piles which will derive their support from soils below the 

invert of the RCP.  Borings B-12 and B-13 located in close proximity to this wall below the RCP 

invert (Elevation 382.6 ±) reveal very dense clayey gravel and gravelly sand with cobbles down 

to about Elevation 367.5 (or about 15 feet below pipe invert).  Underlying these granular layers 

are mostly stiff to hard fine-grained layers (silt and lean clay) to the terminal depth of Boring B-

13 and to about Elevation 347.7 in Boring B-12.  Cobbles were encountered in these layers.  

From Elevation 347.7 in Boring B-12 to the terminal depth is a layer of very dense clayey gravel 

with cobbles.  The closest nearby boring where groundwater was measured was Boring B-9 on 

February 28, 1997; groundwater was recorded at Elevation 373.6, or about 9 feet below RCP 

invert.  The vertical supporting capacity of the portion of the CIDH pile located above Elevation 

382.6 should be reduced because of pipe backfill.  

In calculating the axial and lateral pile capacity, we: 

• Developed the native soil parameters from B-12 and B-13 below the bottom of the RCP 

trench, i.e, Elevation 381 feet; and 

• Estimated backfill soil parameters above Elevation 381, assuming backfill is weaker than 

native soils. 

Table 13-4a presents a summary of the foundation design data provided by the Structural 

Engineer, and Table 13-4b presents the pile data for the proposed CIDH pile foundation. 

Table 13-4a 

 Foundation Design Data for RW400N, Wall Type B 

Pile Cap 

Size (ft) 

Location 
Design 

Method 

Pile 

Type 

Finished 

Grade 

Elevation 

(ft) 

Cut-off 

Elevation  

(ft) B L 

Permissible 

Settlement 

under 

Service 

Load (in) 

No. of 

Piles 

per 

Support 

RW400N 

–Type B 
WSD 

24 

inch 

CIDH 

405.0 394.25 13.0 
see 

Note 
1.0 

see wall 

general 

plan 

Note: The wall is continuous and max spacing of piles is 40 at pump building, and then varies between 10’ to 20’ 

elsewhere  
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Table 13-4b 

Pile Data for RW400N, Wall Type B 

Nominal Resistance 

(Kips) Location 
Pile 

Class 

Cut-off 

Elevation 

(feet) Compression Tension 

Design Tip 

Elevation 

(feet) 

Specified Tip 

Elevation (feet) 

Pile Cap 
24 inch 

CIDH 
394.25 580 0 

347.0
(1)

 

373.0
(2)

 

347.0 

Design tip elevation is controlled by following demands: (1) Compression (2) Lateral 

A CIDH-pile design spreadsheet is included in Appendix E; as shown the pile length is estimated 

to be 47 feet, with a corresponding design pile tip at Elevation 347.0 for a 24-inch CIDH pile.   

Evaluation of lateral load capacity of CIDH piles at this location was made using the computer 

program LPILE (version 5.0).  The results of this analysis are also presented in Appendix E and 

in Figure 13-4.  This figure presents results for both free head and fixed head conditions.  In 

addition, Figure 13-5 presents the estimated lateral pressure due to the CIDH pile lateral loading 

imposed on the existing RCP.  We recommend the Civil Engineer assess the effect of this new 

lateral load on the existing RCP. 

13.6.5 Settlement Estimate 

Wall Type B (RW400N) will be placed on 24-inch drilled shafts.  We estimate settlement to be 

less than ¼ inch for these drilled shafts. 

13.7 WALL TYPE B CONSTRUCTION CONSIDERATIONS 

13.7.1 Temporary Wall Excavation 

13.7.1.1 Open Cuts with Side Slopes 

Excavation for the proposed retaining wall is anticipated to be more than 12 feet deep.  Open cut 

methods with sloping sides can be used where shoring is not required, as described below.  This 

is predicated on the assumption that dewatering, when necessary, is accomplished in advance of 

the excavation.  Safety standards set by OSHA limit the height of unshored vertical excavations 

to 5 feet if construction personnel will be working in the excavations.  The 1989 set of guidelines 

published by OSHA classify soils in detail as either Type A, B or C.  In general, strength of Type 

A soils is greatest, Type B soils is intermediate, and strength of Type C soils is smallest.  Based 

on the soil type, depth, duration the excavation is open, and the sequence of soils exposed in the 

excavation, OSHA recommends maximum allowable slopes.  For example, for excavations in 

homogeneous soils 20 feet or less in depth, they state that maximum allowable slopes (horizontal 

to vertical) should be ¾ to 1, 1 to 1 and 1½ to 1 for Type A, B and C soils, respectively.  The 

soils encountered at the site generally correspond to OSHA Type B.  On this basis it is 

recommended that temporary slopes in soils should be cut at a slope no steeper than 1 to 1, 

corresponding to Type B soil.  
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13.7.1.2 Dewatering 

The depth of groundwater is inferred to be about 20 feet (394-373.6) below bottom of 

excavation.  Therefore, groundwater is not anticipated during excavation of the wall.  However, 

dewatering may become necessary during rainy seasons and normal sumping procedures with a 

sump may be required. 

13.7.2 CIDH Piles 

CIDH piles will be installed in close proximity to the RCP; to minimize disturbance of the 

ground surrounding the RCP, permanent casing should be installed to at least the pipe invert. 

Groundwater was inferred to be about 9 feet (382.6-373.6) below the RCP invert. While the 

cohesive deposits will help keep the CIDH pile holes open during construction, some sloughing 

and caving can be expected in the cohesionless deposits.  Therefore, we recommend that the 

Contractor have casing on site, should it be needed to minimize the risk of caving in either clay 

or sand soils.  If casing is used, the casing should be withdrawn from the hole slowly as the 

concrete is being placed; a minimum head of concrete of 3 feet should be maintained in the 

casing at all times.  All CIDH piles should be installed under the direct observation of the 

Geotechnical Engineer. 

Cobbles were revealed in Boring B-12 at various depths.  For that reason, the Contractor should 

anticipate some difficulty during augering and casing installation. 

We recommend that a preconstruction and post-construction condition video survey be 

performed of the interior of the 8-foot RCP for the length of Wall Type B.  With this 

information, potential damage claims can be readily resolved, should they occur. 

13.8 TYPE 7 WALL DESIGN RECOMMENDATIONS 

13.8.1 Anticipated Soil Conditions 

A typical section is shown in Figures 2-8 and 2-10, including the proposed 55-foot long wall 

location relative to the existing bridge abutment (Figure 2-8) footing positioned at Elevation 

389.15+.  Based on a review of Boring B-13, we infer that the new Type 7 retaining wall footing 

is positioned at Elevation 392.50 (Figure 2-9) in mostly very stiff lean clay and very dense 

clayey gravel.   

Free groundwater was not encountered in Boring B-13 since the rotary wash method was used.  

A piezometer was installed in B-9, which was the closest 1996 boring, and groundwater was 

measured at Elevation 373.6 feet on February 28, 1997.  This measured groundwater depth is 

about 19 feet below bottom of the Type 7 retaining wall.  We selected a design groundwater 

level at Elevation 375.0 feet at Type 7 retaining wall. 

13.8.2 Lateral Earth Pressures for Caltrans Type 7 Wall 

Caltrans Type 7 retaining walls (Figure 2-10) are designed to resist toe pressures resulting from 

lateral earth pressures imposed by the adjacent backfill using an equivalent fluid pressure of 36 

pcf for horizontal backfill.  This lateral earth pressure is based on non-expansive wall backfill, 
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i.e. soil with a plasticity index of less than 12.  Surcharge loads (2 feet of soil, or 2x12=240 psf) 

such as vehicular traffic would apply additional loads to the walls as indicated on Caltrans 

Standard Plan B3-8. 

The recommended pressures assume that no hydrostatic pressures will develop behind the 

retaining wall.  The buildup of hydrostatic pressure behind the walls should be prevented by the 

inclusion of a positive drainage system.  It is recommended that such a system consist of 

Pervious Backfill Material conforming to the requirements of Section 19-3 of the Caltrans 

Standard Specifications, latest edition, to a width of at least 1 foot behind the retaining wall in 

accordance with Caltrans Standard Detail Sheets (Retaining Wall Details No. 1, Sheet B3-8 and 

Bridge Details, Sheet B0-3).  Positive drainage for water collected in the backfill should be 

provided by means of weep holes or drain pipe leading to a free draining outlet. 

13.8.3 Bearing Capacity 

The maximum wall height is 12 feet; this results in a maximum allowable bearing pressure of 

2 ksf (General Notes on Figure 2-10).  Based on our review of the available cross section (Figure 

2-8) and soil boring information, in our opinion, most of the soils encountered below the 

anticipated bottom of proposed footing elevation in the vicinity of RW400N Type 7 wall are 

capable of supporting the toe pressure presented in “General Notes” on Figure 2-10 and as 

shown below in Table 13-5. 

Table 13-5 

Foundation Design Recommendations for Spread Footing for Wall Type 7 

LRFD
(2)

 
Footing 

Size 

(ft) 

WSD 

(LRFD Service-I Limit 

State Load 

Combination)
 (1)

 Service 
Strength 

φφφφb = ? 

Extreme 

Event  

φφφφb = 1.00 Support 

Location 

B L 

Bottom 

of 

Footing 

Elevation 

(ft) 

Minimum 

Footing 

Embedment 

Depth 

(ft) 
Permissible 

Gross 

Contact 

Stress
(3) 

(ksf) 

Allowable 

Gross 

Bearing 

Capacity
(4) 

(ksf) 

Permissible 

Net 

Contact 

Stress 

(ksf) 

Factored 

Gross 

Nominal 

Bearing 

Resistance 

(ksf) 

Factored 

Gross 

Nominal 

Bearing 

Resistance 

(ksf) 

Type 7 12 54 392.5 3.25 7.5 6 N/A N/A N/A 

1. WSD = Working Stress Design 

2. LRFD = Load and Resistance Factor Design 

3. Permissible settlement is 1 inch. 

4. Assume existing fill is removed and replaced with new engineered fill. 

 

However, it should be noted from Figure 2-8 (Wall Type C – Typical Section) that the Type 7 

wall is higher than the existing UPRR underpass bridge abutment.  It is likely that the sides of 

the original excavation for the UPRR bridge abutment were sloped; consequently backfill was 

placed in this wedge which might have extended underneath the proposed Type 7 wall footing.  
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Records are not available which document the extent, type, relative compaction and quality of 

backfill in this area.  Therefore, we recommend that during construction the exposed subgrade of 

the Type 7 wall footing be observed by a URS Geotechnical Engineer Representative; if weak 

existing fill is observed it should be removed and replaced with new compacted engineered fill.  

The permissible gross contact stress and allowable gross bearing capacity listed in Table 13-5 

assumes all existing fill is removed and replaced with new engineered fill. 

13.8.4 Earthquake Loading 

The effects of an earthquake should be considered according to Bridge Design Specification 

(BDS) 5.5.4 (Effect of Earthquake).  In general, earthquake shaking can be considered as an 

increase in dynamic forces on walls.  The additional force to simulate earthquake loads is 

dependent upon the magnitude of ground surface acceleration and the height of the wall.  To 

estimate the seismically induced force, we recommend that the magnitude of the dynamic lateral 

force developed during seismic loading be computed using the following equation: 

∆Pae = 12H
2 

The units of the dynamic lateral force (∆Pae) are pounds per linear foot of wall.  H is the wall 

height in units of feet.  The dynamic lateral force should be assumed to act at 0.6H from the 

bottom of the wall and represents the resultant of a triangular pressure distribution. 

13.8.5 Settlement Estimate 

As shown on Figure 2-8, an excavation will be required to install Retaining Wall Type 7, with 

minimal backfill.  Therefore, consolidation settlement is not expected at this location.  However, 

we assume that any loose or weak existing subgrade fill will be removed and replaced with 

engineered fill during construction.  Liquefaction settlement at this wall location is expected to 

be nil. 

13.9 TYPE 7 CONSTRUCTION CONSIDERATIONS 

13.9.1 Construction Dewatering 

The depth of groundwater is inferred to be about 19 feet (392.5-373.6) below bottom of 

excavation.  Therefore, groundwater is not anticipated during excavation of the wall.  However, 

dewatering may become necessary during rainy seasons and normal sumping procedures with a 

sump may be required. 

13.9.2 Open Cuts with Side Slopes 

Excavation for the proposed retaining wall is anticipated to be more than 14 feet deep.  Open cut 

methods with slope sides can be used where shoring is not required, as described below.  This is 

predicated on the assumption that dewatering, when necessary, is accomplished in advance of the 

excavation.  Safety standards set by OSHA limit the height of unshored vertical excavations to 5 

feet if construction personnel will be working in the excavations.  The 1989 set of guidelines 

published by OSHA classify soils in detail as either Type A, B or C.  In general, strength of Type 

A soils is greatest, Type B soils is intermediate, and strength of Type C soils is smallest.  Based 
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on the soil type, depth, duration the excavation is open, and the sequence of soils exposed in the 

excavation, OSHA recommends maximum allowable slopes.  For example, for excavations in 

homogeneous soils 20 feet or less in depth, they state that maximum allowable slopes (horizontal 

to vertical) should be ¾ to 1, 1 to 1 and 1½ to 1 for Type A, B and C soils, respectively.  The 

soils encountered near the site generally correspond to OSHA Type B.  On this basis, it is 

recommended that temporary slopes in soils should be cut at a slope no steeper than 1 to 1 

(horizontal to vertical), corresponding to Type B soil. 

13.10 GLOBAL STABILITY 

The global stability of RW246, RW391, RW400N, RW400S and RW403 was evaluated using a 

limit equilibrium method based on Spencer’s procedure of slices as coded in the program 

SLOPE/W (Version 4).  In Spencer’s procedure, all forces are assumed to have the same 

inclination, and all requirements for static equilibrium are satisfied.  We performed the analyses 

using the maximum wall heights, which in our opinion, represents the critical section for each 

retaining wall.  On this basis, the cross sections were selected at Stations “A1” 251+80 (RW246), 

“A3” 396+16 (RW391), “A3” 401+60 (Type A Tieback RW400N), “A3” 405+77 (soil nail, 

RW400N), “A3” 401+00 (RW400S) and “A3” 405+00 (RW403).  A design groundwater at 

Elevation 503 was selected for RW246, whereas at the other walls (RW391, RW400S, RW400N 

and RW403) a design groundwater at Elevation 375 was selected. 

Caltrans requires minimum factors of safety of 1.3 for retaining walls under static loading 

conditions (Bridge Design Specifications, Section 5.2.2.3, August 2004).  The results of our 

analyses are summarized in the following paragraphs and include the following cases:  (1) end of 

construction, (2) long term, and (3) pseudo-static condition.  A copy of our global slope stability 

calculations is presented in Appendix F. 

13.10.1 End of Construction Conditions 

The end of construction case represents the condition immediately following construction when 

excess pore pressures have been induced by the placement of fill loads, and insufficient time has 

passed for dissipation to occur.  For this reason, undrained conditions were assumed for 

impervious clay soils, whereas drained strengths were used for granular soils.  Soil strength 

parameters from laboratory unconfined compressive strength tests were used for the fine grained 

soils and the estimated friction angle was used for the granular soils. 

13.10.2 Long Term Conditions 

For the long term condition, the soil strengths typically increase over time with pore pressure 

dissipation.  Therefore, we used both cohesion and friction angle to determine the strength of 

fine grained soils and formational deposits.  Friction angle only was used for determining 

strength of granular soils. 

13.10.3 Pseudo-Static Condition 

For the earthquake (or pseudo static) loading, drained shear strengths for pervious materials and 

reduced undrained shear strengths for impervious materials were selected to evaluate the stability 

of the embankments during the potential earthquake.  Undrained strengths for impervious 
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materials were used because no significant dissipation of pore pressures is expected during the 

rapid earthquake loading.  A reduction of undrained shear strengths on the order of 20 percent of 

the static undrained shear strengths was used to account for the strength loss of cohesive soils 

during cyclical loading.  This reduction in strength is recommended in the report, “A Simplified 

Procedure for Estimating Earthquake Induced Deformations in Dams and Embankments” by 

Makdisi and Seed (1978).  This is a conservative approach as soil strengths typically increase 

over time with pore pressure dissipation.  To compute the factor of safety of the slope during 

earthquake loading, we applied a pseudo-static seismic coefficient of 0.17g to the center of the 

slice for the slip surface having the minimum computed static factor of safety.  This pseudo-

static seismic coefficient is equal to approximately one-third of the peak horizontal ground 

acceleration, 0.5 g, anticipated at the site.  The seismic stability screening approach is consistent 

with Section 3.10 of the March 2006 Guidelines for Structure Foundation Reports. 

13.10.4 Results 

The results of our analyses for the five retaining walls are summarized in the following table. 

Table 13-6 

Results of Global Slope Stability Calculations 

Minimum Calculated Factor of Safety 

RW246* RW391* RW400N* RW400S RW403* Loading 

Conditions 
Case 1 Case 1 Case 1 

Case 2 

Tieback 

Case 2 

Tieback 
Case 1 

Minimum 

Required 

Factor of 

Safety 

End of 

Construction 
2.6 4.3 3.5 1.8 2.8 3.4 1.3 

Long Term 

Steady State 
2.4 2.6 3.4 2.2 2.8 3.0 1.3 

Pseudo Static 

Seismic 
1.7 2.3 2.2 1.1 1.8 2.0 1.1 

*Soil nail wall 

In the analysis of RW246, RW391, RW400N and RW403, soil nail walls were used; we assumed 

the critical circle falls outside the terminal ends of the soil nails (Case 1).  For this analysis, we 

have assumed soil nails extend to 25 feet from the wall face; we define this as Case 1.   

In the analysis of a portion of RW400N and all of RW400S, tiebacks are planned; we assumed 

the critical circle falls outside the terminal ends of the tiebacks.  For this analysis, we have 

assumed tiebacks extend to 30 feet from the wall face; we define this as Case 2. 

Based on our analyses, the computed minimum (critical) factor of safety for end of construction 

for the five walls ranges from 1.8 to 4.3, all of which exceed the minimum required value of 1.3. 

Based on our analysis, the computed minimum (critical) factor of safety for long term steady 

state for the five walls ranges from 2.2 to 3.4, all of which exceed the minimum required value of 

1.3.   

Based on our analyses, the computed minimum (critical) factor of safety for the pseudo-static 

condition for the five walls ranges from 1.1 to 2.3, all of which exceed or equal the minimum 

required value of 1.1 (See guidelines for Structures Foundation Reports, March 2006, Version 

2.0, Section 3.10). 
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14. Section 14 FOURTEEN  Corrosion Invest igatio n 

An assessment of the potential for corrosion of various buried foundation and pipe structures was 

performed by V&A Consulting Engineers (V&A).  The results of their investigation are 

presented in Appendix G.  The following paragraphs include their summary and 

recommendations. 

14.1 SUMMARY 

V&A was retained by URS Corporation to perform a corrosion survey on State Highway 84, 

from Ruby Hill Drive to Jack London Boulevard, in Livermore, California.  The objective of the 

investigation was to measure various soil parameters and evaluate the results with respect to 

possible levels of corrosion along the highway.  The soil was tested at depths ranging from 0 to 

62 feet below existing grade.  This report provides recommendations for corrosion control of 

structural foundation materials under consideration for a proposed retaining wall between the 

Ruby Hill Drive and Vallecitos Road intersections and modifications to existing retaining 

structures at the Stanley Boulevard Underpass.  The materials being considered as part of this 

investigation include buried reinforced concrete. 

The investigation was conducted in accordance with California Department of Transportation’s 

Division of Engineering Services, Materials Engineering and Testing Services, Corrosion 

Technology Branch “Corrosion Guidelines” (Guidelines) dated September 2003.  These 

Guidelines consider representative soil or water samples to be corrosive to structural elements if 

one or more of the following conditions exist: 

1. The chloride concentration is 500 ppm or greater, 

2. The sulfate concentration is 2000 ppm or greater, 

3. The pH is 5.5 or less. 

Evaluation of the soil environment was made in terms of potential corrosion damage to concrete 

and metal structures.  Soil resistivity measurements were conducted in the field during the initial 

stages of the work.  In addition, soil samples taken during a geotechnical investigation were 

provided to V&A for laboratory testing.  The soil samples were analyzed for minimum 

(saturated) resistivity, as well as for pH, chloride and sulfate ion concentrations.  All of these 

affect the corrosion rate of buried structures. 

Soil samples were selected from two borings taken between the Ruby Hill Drive and Vallecitos 

Road intersections at the southern end of the Highway 84 project alignment.  The minimum 

(saturated) resistivity of the samples ranged from 3,302 ohm-cm to 7,312 ohm-cm.  The soil pH 

ranged from 7.5 to 8.6 and the water-soluble chloride concentrations ranged from below the 

detection limit of 2 mg/kg to 9 mg/kg.  The water-soluble sulfate concentrations ranged from 

below the detection limit of 5 mg/kg to 7 mg/kg.  The pH, chloride and sulfate ion concentrations 

all indicate the sampled soils are non-corrosive to metallic and reinforced concrete structures, as 

defined by the Guidelines. 
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14.2 CONCLUSIONS 

The soil boring chemical analyses gave pH values higher than 5.5, soluble chloride 

concentrations less than 500 mg/kg, and soluble sulfate concentrations less than 2,000 mg/kg.  

According to the Guidelines, the soils at the proposed retaining wall site near the Vallecitos Road 

intersection and sites at the Stanley Boulevard Underpass are considered non-corrosive. 

14.3 RECOMMENDATIONS 

The test data and a review of the project requirements were used to make recommendations for 

the structural foundation material listed below. 

14.3.1 Buried Reinforced Concrete Structures 

Buried concrete structures should be constructed of durable concrete as described in ACI 

Standards 201.2R and 222R.  These recommendations include, but are not limited to, the 

following for installations in non-corrosive soil: 

• The water/cement ratio should not exceed 0.50. 

• A minimum concrete cover of 2 inches should be applied over all steel reinforcement. 

• Sand and water used in concrete mixtures should contain a maximum of 100 ppm of water-

soluble chloride ions and water-soluble sulfate ions.  They should also have a pH in the range 

of 6.5 to 8.0.  Potable water should be used in concrete mixtures. 

• Based on sulfate ion concentrations, Type I-P (MS) modified or Type II modified cement 

should be used. 
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15. Section 15 FIFTEEN  Limit ations 

This study is intended for design purposes only.  The opinions, conclusions and 

recommendations presented herein are based on available subsurface information developed by 

others and supplementary new borings.  The recommendations presented in this report are based 

on the assumption that the soil and geologic conditions do not deviate substantially from those 

anticipated by the information contained in the logs of test borings.   

Existing facilities, utilities, soils/bedrock conditions, road/structure distress, slope distress or 

groundwater/seepage conditions other than those noted herein have not been considered in the 

preparation of this report.  Locating utilities and evaluating potential utility interference is 

outside the scope of this report.  Individuals utilizing this report shall inform URS Corporation if 

they are aware of any additional facilities or site conditions so that their presence and impact 

upon the project (or vice-versa) can be properly evaluated and recommendations modified to 

address geotechnical issues as necessary. 

The Geotechnical Engineer should be given the opportunity to review the final specifications and 

drawings to verify that those documents are consistent with the intent of the geotechnical 

recommendations.   

Geotechnical issues may arise during construction that were not apparent at the time this report 

was prepared.  The Geotechnical Engineer should be retained during construction to review the 

soil conditions encountered and the construction procedures used.  All earthwork and wall 

construction and testing should be completed under the direct observation of the Geotechnical 

Engineer. 

Specific review and investigation for environmental issues and subsurface environmental 

contamination were beyond the scope of our services. 

The opinions and recommendations presented in this report were developed with the standard of 

care commonly used by other professionals practicing at the same time, within the same locality 

and under the same limitations.  No other warranties are included, either express or implied, as to 

the professional advice included in this report. 
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STATE OF CALIFORNIA • DEPARTMENT OF TRANSPORTATION 
DIVISION OF ENGINEERING SERVICES • OFFICE OF SPECIAL FUNDED PROJECTS 

Comments   
 (DRAFT REVISION 01/2008) 

  

Structure: Rte 84 Express Way Widening Route: 84   

Bridge No: 33-0710, 33-0711, Arroyo Del Valle Trail 
Bridge, Arroyo Mocho Access Bridge and 
Retaining wall No. 400N, 400S AND 246. 

EA: 297601 Liaison: Overcomer Hor 

District 04 Reviewer: Mahmood 
Momenzadeh 

Reviewed 

Date: 

June 2,2008 

Review Level:  Type Selection Pack. Consultant URS Response 
Date: 

January 12, 2009 

 
 

ABBREVIATIONS: BDA Bridge Design Aids IPG OSFP Information and Procedures Guide SDC Seismic Design Criteria 
 BDD Bridge Design Details MTD Memo to Designers SDS Suctural Detailing Standards 
 GP    General Plan       

Item Comment Response Notes 
 

 Structure Type Selection Report   

1 All shallow and deep pile support foundations for bridge should be 
designed based on LRFD.  Refer to Memo to Designers 3-1 for 
deep foundations and 4-1 for spread footings. 

Will comply.  

2 Settlement calculations should be included for the shallow footing 
support abutments located within clay. 

Will comply.  

3 Lateral condition bearing capacity of shallow footing should be 
addressed. 

Will include estimate of passive resistance and discuss 
applicability in the shallow footing design. 

 

4 Do the shallow footing of bents who are within clay layer should be 
deepened? 

Bent support has been revised to deep pile foundation to 
address erosion issues and support of shallow footing in fine 
grained soils such as clays. 

 

5 In the tieback walls, looks like the soldier beam embedment depth is 
too shallow, could you please clarify. 

The planned tieback wall system uses continuous horizontal 
support elements (soldier pileless wall) based on Bridge 
Design Specifications, Section 5, Figure 5.8.1-2b.  The 
embedment depth for the continuous horizontal elements 
presented on the general plans was a minimum value; the 
required embedment depth will be based on structural 
analysis with geotechnical parameters provided in the draft 
Foundation Report.  Will include the relevant parameters in 
the updated Foundation Report for the walls. 

 

6 Typcial section for tie back walls does not show walers, could you 
please clarify. 

The planned tieback wall system uses continuous horizontal 
support elements (soldier pileless wall) based on Bridge 
Design Specifications, Section 5, Figure 5.8.1-2b.  Thus, no 
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Item Comment Response Notes 
 

walers are planned. 

7 Is ther any horizontal boring drilling program for Soil Nail Walls? Because of site access restrictions from Ruby Hill Property 
management, it is currently unfeasible to include horizontal 
borehole in the field exploration program.  Will develop an 
SSP to require Contractor to pre-drill, submit and review 
results, modify design if necessary, and seek Caltrans 
approval prior to actual soil nail installation. 

 

8 Note that soil nail wall standard special provisions (SSP) have been 
revised by Caltrans.  Use new SSp in your recommendations for the 
proposed soil nail walls. 

Will comply.  

 











 

   

Note 1: Abbreviations for Typical Documents (if Abbr. is not below, type in the document type) 

P=Structure Plans SP=Special Provisions FR=Foundation Rpt DC=Design Calcs TS=Type Sel. Report QCC=Quant. Check Calcs 

RP=Road Plans E=Estimate H=Hydraulics Rpt CC=Check Calcs QC=Quant. Calcs  

����= Comment Resolved 

(for Reviewer’s use) 
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Office of Special Funded Projects 

Comment & Response Form 
.General Project Information Review Phase Reviewer Information 

 PSR/PDS (Review No.  ) 

 APS/PSR (Review No.  ) 

 APS/PR (Review No.  ) 

Type Selection 

 65% PS&E Unchecked Details  

 PS&E (Review No.  )  

 Construction Support 

 Other:      

Structure Information 
(Use when necessary to document comments by individual structure) 

Dist: 04      EA: 297601. 

 

Project  Name: Rte 84 Expressway 

                           Widening Project 
 

OSFP Liaison:  Overcomer Y. Hor 

   Phone: (916) 227-8419 

   e-mail: 

overcomer_hor@dot.ca.gov 

Structure Name: Retaining Walls 

Br No:       

Reviewer Name:Eduardo Ortega   

Functional Unit:Geotechnical. 

Cost Center:59-327 

     Phone Number: (510) 286-4821     

     e-mail: eduardo_ortega@dot.ca.gov     

 

Date of Review: 7-22-09     

Consultant Information (to be filled in by Consultant) 
Consultant Structure Lead (First and Last Name) 

           . 
Structure Consultant Firm 

            . 
Phone Number 

           . 
e-mail 
           . 

Response Date 
          . 

 

# 

Doc. 
(See 

Note 1) 

Page, 

Section, 

or SSP Review Comments  Consultant Responses ����
1  Figure 

2-1 

Change index to include Retaining Wall No.’s found in 

this report 

Will revise index on Figure 2-1 to correspond to 

retaining walls discussed in the report. 

 

2  Figure 

5-2 

Horizontal reference line in Profile on LOTBs should 

be “A2” and “A3”, not “A1”. 

Will revise.  

3   Retaining Wall 400N LOTBs:  400N is referenced on 

the wrong side of the “A3” line on the plan figure at 

top of sheet. 

 

Will revise.  

4   Retaining Wall 400N LOTBs:  Horizontal reference 

line in Profile should read “A3” instead of “A1”. 

Will revise.  

5  Figure 

8-1 

Horizontal reference line in Profile should read “A3” 

and not “A1” 

Will revise.  

6  Figure 

8-1 

The north arrow is misaligned. Will adjust.  



Dist-EA: 04-297601             Str Name (if app.): Retaining Walls   Str No.       

Reviewer: Eduardo Ortega    Functional Unit: Geotechnical     7-22-09 

   

Note 1: Abbreviations for Typical Documents (if Abbr. is not below, type in the document type) 

P=Structure Plans SP=Special Provisions FR=Foundation Rpt DC=Design Calcs TS=Type Sel. Report QCC=Quant. Check Calcs 

RP=Road Plans E=Estimate H=Hydraulics Rpt CC=Check Calcs QC=Quant. Calcs  

����= Comment Resolved 

(for Reviewer’s use) 

 

OSFP Rev Form 10/29/08      Page 2 of 2 

7  Figure 

8-1 

Please reference all walls along the “A3” line on the 

Plan drawing at top of sheet. 

 

Will revise.  

8   Retaining walls No: 109, 110. 236, 245, 314, 317, 320, 

400S, and 437 (mentioned on Table 1-1 “Summary of 

Planned Retaining Walls” on the FR for Arroyo Mocho 

Access Bridge dated March 23, 2009) are not part of 

this submittal. Please clarify. 

 

Geotechnical design of Retaining Wall No. 400S was 

discussed in the report.  Retaining walls no. 109, 110, 

236, 245, 314, 317, 320, and 437 are standard plan 

walls and the appropriateness of the geotechnical 

design parameters are discussed in the project 

Geotechnical Design Report/Materials Report. 

 

9   An horizontal drilling program is needed for tie back 

retaining wall 400N Type A and for soil nail retaining 

walls No: 246, 391, 403, and 400N Type D.  SSP has to 

be developed for this program to prepare the LOTBs 

and revise the wall design details, if it is planned to 

include this work as part of the construction program. 

Contractor has to submit results of the horizontal 

drilling and provide calculations and drawings to be 

reviewed by this Office prior to start of construction. 

 

It is the project plan to develop an SSP to require 

Contractor to pre-drill, submit and review results, 

modify design if necessary, and seek Caltrans approval 

prior to actual tieback installation. 

 

10   No vertical drilling program reported for pile 

foundations of retaining wall No 400N Type B.   Please 

clarify. 

Previous explorations, B-12 and B-13, were located in 

close proximity of the wall alignment and are 

considered applicable to the geotechnical design of the 

wall foundation. 

 

11  General Please provide a legend on the General Soil Profiles 

that identify the values found on either side of the 

vertical soil profiles. 

Understand that this comment is meant for Foundation 

Report of Arroyo Mocho Bridge (Widen) and Arroyo 

Del Valle (Widen).  Will include a legend to the 

corresponding generalized soil profiles. 

 

 



 

   

Note 1: Abbreviations for Typical Documents (if Abbr. is not below, type in the document type) 

P=Structure Plans SP=Special Provisions FR=Foundation Rpt DC=Design Calcs TS=Type Sel. Report QCC=Quant. Check Calcs 

RP=Road Plans E=Estimate H=Hydraulics Rpt CC=Check Calcs QC=Quant. Calcs  

����= Comment Resolved 

(for Reviewer’s use) 
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Office of Special Funded Projects 

Comment & Response Form 
.General Project Information Review Phase Reviewer Information 

 PSR/PDS (Review No.  ) 

 APS/PSR (Review No.  ) 

 APS/PR (Review No.  ) 

Type Selection 

 65% PS&E Unchecked Details  

 PS&E (Review No.  )  

 Construction Support 

 Other:      

Structure Information 
(Use when necessary to document comments by individual structure) 

Dist: 04      EA: 297601. 

 

Project  Name: 4-ALA-84 PM 

22.9/27.1 
 

OSFP Liaison:  Overcommer Hor 

   Phone: 916-227-8419 

   e-mail: 

Overcomer_Hor@dot.ca.gov 

Structure Name: Retaining Walls 246, 391, 400N, 400S & 

403 

Br No:       

Reviewer Name:Eduardo Ortega   

Functional Unit:Geotechnical. 

Cost Center:327 

     Phone Number: 510-286-4821     

     e-mail: Eduardo_Ortega@dot.ca.gov     

 

Date of Review: 03/22/10     

Consultant Information (to be filled in by Consultant) 
Consultant Structure Lead (First and Last Name) 

           . 
Structure Consultant Firm 

            . 
Phone Number 

           . 
e-mail 
           . 

Response Date 
          . 

 

# 

Doc. 
(See 

Note 1) 

Page, 

Section, 

or SSP Review Comments  Consultant Responses ����
1 Found. 

Report 

LOTB Log of Test Boring (LOTB) shall follow the requirements of 

Caltrans Logging, Classification, and Presentation Manual 

dated June 2007 or obtain an exception.    

Holes shall be identified using the following convention: 

 

HHH-YY-NNN 

 

HHH: Hole type according Figure 2-2 of the Manual 

YY: 2-digit year 

NNN: 3-digit number (001-199) 

Will comply to modify LOTBs.  

2 Found. 

Report 

Page 4-1 Please provide Soil Nail calculations and show horizontal 

borings for RW 246. 

Will provide relevant SNAILZ results in Structural 

submittal.  Horizontal borings were not drilled because 

access to property beyond project current right-of-way was 

denied. 

 

3 Found. Page 5-1 Please provide Soil Nail calculations and show horizontal Will provide relevant SNAILZ results in Structural  



Dist-EA: 04-297601             Str Name (if app.): Retaining Walls 246, 391, 400N, 400S & 403   Str No.       

Reviewer: Eduardo Ortega    Functional Unit: Geotechnical     03/22/10 

   

Note 1: Abbreviations for Typical Documents (if Abbr. is not below, type in the document type) 

P=Structure Plans SP=Special Provisions FR=Foundation Rpt DC=Design Calcs TS=Type Sel. Report QCC=Quant. Check Calcs 

RP=Road Plans E=Estimate H=Hydraulics Rpt CC=Check Calcs QC=Quant. Calcs  

����= Comment Resolved 

(for Reviewer’s use) 
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Report borings for RW391 

 

submittal.  Horizontal borings were not drilled because 

access to property beyond project current right-of-way was 

denied. 

4 Found. 

Report 

Page 6-1 

And 

General 

Plans 

Nos 1, 2 

& 3 

For Retaining Wall 400N: 

Please show calculations and horizontal borings for : 

Wall A (Tie Back wall) and for Soil Nail Wall 

Will provide relevant calculations in Structural submittal.  

Horizontal borings were not drilled because access to 

property beyond project current right-of-way was denied. 

 

5 Found. 

Report 

Page 7.1 For Retaining Wall 400S: 

Please show calculations and horizontal borings for Tie 

Back Wall 

Will provide relevant calculations in Structural submittal.  

Horizontal borings were not drilled because access to 

property beyond project current right-of-way was denied. 

 

6 Found. 

Report 

Response 

to June 2, 

2008 

comment

s 

Due to site access restrictions from Ruby Hill Property, 

please submit the SSP requiring the Contractor to pre-drill, 

submit and review results, modify design if necessary, and 

seek Caltrans approval prior to actual soil nail installation. 

 

 

SSP requiring the Contractor to pre-drill, submit and review 

results, modify design if necessary, and seek Caltrans 

approval to actual soil nail installation will be included in 

the Foundation Report (Appendix H) and project 

specifications and drawings.  
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Weak

Moderate

Strong

Criteria

CEMENTATION

Description

Will not crumble or break with finger 

pressure.

Crumbles or breaks with considerable 

finger pressure.

Crumbles or breaks with handling or 

little finger pressure.

CONSISTENCY OF COHESIVE SOILS

Field Approximation

Readily indented by thumbnail

1 to 2

2 to 4

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

< 0.25

0.25 to 0.50

0.50 to 1.0

> 4.0

1 to 2

2 to 4

< 0.25

0.25 to 0.50

0.50 to 1.0

> 4.0

< 0.12

0.12 to 0.25

0.25 to 0.50

> 2.0

0.50 to 1.0

1.0 to 2.0

Description

Unconfined

Compressive

Strength (tsf)

Pocket

Penetrometer

Measurement (tsf)

Torvane

Measurement (tsf)

Readily indented by thumb but 

penetrated only with great effort

Indented by thumbnail with 

difficulty

Easily penetrated several inches 

by fist

Easily penetrated several inches 

by thumb

Penetrated several inches by 

thumb with moderate effort

Size

Size

S
iz

e
S

iz
e

PLASTICITY OF FINE-GRAINED SOILS

A 1/8-inch thread cannot be rolled at any water content.Nonplastic

Low

Medium

High

CriteriaDescription

The thread can barely be rolled and the lump cannot be formed when drier than the 

plastic limit.

The thread is easy to roll and not much time is required to reach the plastic limit. 

The thread cannot be rerolled after reaching the plastic limit. The lump crumbles 

when drier than the plastic limit.

It takes considerable time rolling and kneading to reach the plastic limit. The thread 

can be rerolled several times after reaching the plastic limit. The lump can be formed 

without crumbling when drier than the plastic limit.

UUM UW

i

ROTARY BORING

Description of material

Hole I.D.

3"

Field & Lab Tests

Material change

Estimated material change

Soil/Rock boundary

SPT N-Value

(per ASTM 1586-99),

P = push sample,

or as noted

Casing driven

Top Hole El.

L
o

c
a
ti

o
n

 

16 1.4

Date measured

Elev.       GWS

Boring Date

Hammer Energy Ratio (ER ) =   %

Top Hole El.

P

60

500

(S)

(S)

Date measured

30

P

GWS Elev. 

L
o

c
a
ti

o
n

 

Hole I.D.

1"

Pulled Pipe

Ground water
surface

materials

Sample

taken

Description of 

Refusal

Boring Date

HAND BORING

GWS

NC

P

2

4

4

6

10

37

17

56

91

58

65

60

43

113

154

L
o
c
a
ti

o
n
 

Top Hole El.

Elev.

100

180/
0-
9

200

Date measured

Hole I.D.

DYNAMIC CONE PENETRATION BORING

Pushed

Boring Date

No count recorded

CONE PENETRATION TEST (CPT) SOUNDING

2

on tip element

Hole I.D.

L
o
c
a
ti

o
n
 

Top Hole El.

Boring Date

Friction Ratio (%) Tip Bearing (MPa)

0246 302010

2

Pressure measured

along sleeve friction

element (34.88 in

area) divided by 

pressure measured

on tip element.

Pressure measured

(2.33 in  area)

Dynamic Cone Penetration Boring

Auger Boring

Rotary drilled boring 

Rotary percussion boring (air)

Rotary drilled diamond core

Other

Cone Penetration Test (ASTM D 5778-95)

Hand driven (1-inch soil tube)

Hand Auger

Note: Size in inches.

Symbol Description

R 

P

A 

D

R

CPT

HD 

HA

O

Hole

Type

BOREHOLE IDENTIFICATION

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

Terminated at Elev
Terminated at Elev

Blows per 12"

(Using 28 lb hand 

hammer with a 12"

drop or as noted) Driving rate in

seconds per 12"

(using a Stanley

MB 156 percussion

hammer and a 2.2"

cone, or as noted)

Size of Sampler 

(inches)

Stephen Huang

C 42289
03/31/12

04256

297601

LOG OF TEST BORINGS (1 OF 4)

RETAINING WALL 246
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REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

ORGANIC SOIL

ORGANIC SOIL with SAND

ORGANIC SOIL with GRAVEL

SANDY ORGANIC SOIL

SANDY ORGANIC SOIL with GRAVEL

GRAVELLY ORGANIC SOIL

GRAVELLY ORGANIC SOIL with SAND

SILTY CLAY

SILTY CLAY with SAND

SILTY CLAY with GRAVEL

SANDY SILTY CLAY

SANDY SILTY CLAY with GRAVEL

GRAVELLY SILTY CLAY

GRAVELLY SILTY CLAY with SAND

SILT with SAND

SILT with GRAVEL

SANDY SILT

SANDY SILT with GRAVEL

Group Names Group Names

GROUP SYMBOLS AND NAMES

GRAVELLY SILT

GRAVELLY SILT with SAND

SILT

ORGANIC SILT with SAND

ORGANIC SILT with GRAVEL

SANDY ORGANIC SILT

SANDY ORGANIC SILT with GRAVEL

GRAVELLY ORGANIC SILT

GRAVELLY ORGANIC SILT with SAND

ORGANIC SILT

COBBLES and BOULDERS

BOULDERS

SAND (or SILTY CLAY and SAND)

(or SILTY CLAY and SAND)

SILTY GRAVEL

CLAYEY GRAVEL

SILTY, CLAYEY GRAVEL

SILTY SAND

CLAYEY SAND

PEAT

SILTY, CLAYEY SAND

(or SILTY CLAY)

(or SILTY CLAY)

SILTY, CLAYEY SAND with GRAVEL

CLAYEY SAND with GRAVEL

SILTY SAND with GRAVEL

GRAVEL (or SILTY CLAY and GRAVEL)

(or SILTY CLAY)

(or SILTY CLAY and GRAVEL)

COBBLES

SILTY, CLAYEY GRAVEL with SAND

CLAYEY GRAVEL with SAND

SILTY GRAVEL with SAND

(or SILTY CLAY)

SM

SC

GW

GW-GM

PT

SC-SM

GW-GC

GP-GM

GP-GC

GM

GC

GP

GC-GM

SP-SC

SW

SP

SW-SM

SW-SC

SP-SM

Graphic/Symbol

OL

OL

CH

MH

OH

OL/OH

OH

CL

CL-ML

ML

Graphic/Symbol

SANDY lean CLAY with GRAVEL

SANDY lean CLAY

GRAVELLY lean CLAY with SAND

SANDY ORGANIC lean CLAY with GRAVEL

GRAVELLY ORGANIC lean CLAY

GRAVELLY ORGANIC lean CLAY with SAND

GRAVELLY lean CLAY

ORGANIC lean CLAY

ORGANIC lean CLAY with SAND

ORGANIC lean CLAY with GRAVEL

SANDY ORGANIC lean CLAY

SANDY ORGANIC fat CLAY

SANDY ORGANIC fat CLAY with GRAVEL

GRAVELLY ORGANIC fat CLAY

GRAVELLY ORGANIC fat CLAY with SAND

SANDY fat CLAY

SANDY fat CLAY with GRAVEL

GRAVELLY fat CLAY

GRAVELLY fat CLAY with SAND

ORGANIC fat CLAY

ORGANIC fat CLAY with SAND

ORGANIC fat CLAY with GRAVEL

ORGANIC elastic SILT with SAND

ORGANIC elastic SILT with GRAVEL

SANDY ORGANIC elastic SILT

SANDY ORGANIC elastic SILT with GRAVEL

GRAVELLY ORGANIC elastic SILT

GRAVELLY ORGANIC elastic SILT with SAND

ORGANIC elastic SILT

SANDY elastic SILT

GRAVELLY elastic SILT with SAND

SANDY elastic SILT with GRAVEL

GRAVELLY elastic SILT

Well-graded GRAVEL with CLAY and SAND

Well-graded GRAVEL with SILT and SAND

Well-graded GRAVEL with SILT

Well-graded SAND

Well-graded SAND with SILT

Well-graded GRAVEL with CLAY

Well-graded GRAVEL

Well-graded SAND with SILT and GRAVEL

Well-graded SAND with CLAY and GRAVEL

Well-graded GRAVEL with SAND

Well-graded SAND with GRAVEL

Well-graded SAND with CLAY

Poorly graded GRAVEL with SAND

Poorly graded GRAVEL with CLAY and

Poorly graded GRAVEL

Poorly graded GRAVEL with SILT and SAND

Poorly graded GRAVEL with SILT

Poorly graded SAND

Poorly graded SAND with SILT

Poorly graded SAND with CLAY

Poorly graded SAND with CLAY and

Poorly graded SAND with SILT and GRAVEL

Poorly graded SAND with GRAVEL

Poorly graded GRAVEL with CLAY

Lean CLAY

Lean CLAY with GRAVEL

Lean CLAY with SAND

Fat CLAY

Fat CLAY with SAND

Fat CLAY with GRAVEL

Elastic SILT with SAND

Elastic SILT with GRAVEL

Elastic SILT

PERCENT OR PROPORTION OF SOILS

MOISTURE

APPARENT DENSITY OF COHESIONLESS SOILS

PARTICLE SIZE

Description

Very loose

Loose

Medium Dense

Dense

Very Dense

Criteria

Damp but no visible water

Description

Dry

Moist

Wet

Absence of moisture, dusty, dry to the 

touch

Visible free water, usually soil is 

below water table

Criteria

5 to 10%

15 to 25%

30 to 45%

50 to 100%

Trace

Few

Little

Some

Mostly

Description

Particles are present but estimated to 

be less than 5%

Size

Boulder

Cobble

Gravel

Sand

Description

Coarse

Fine

Coarse

Medium

Fine

No. 10 to No. 4

No. 40 to No. 10

No. 200 to No. 40

60

0 - 4

5 - 10

11 - 30

31 - 50

   > 50

CP

C

UU

CU

CR

EI

UC

PI

Pocket PenetrometerPP

TV

M

OC

SE

UW

VS

DS

SG

PL

SL

CL

R

SW

PA

P

PM Pressure Meter

Pocket Torvane

FIELD AND LABORATORY

TESTING

Consolidation (ASTM D 2435)

Collapse Potential (ASTM D 5333)

Compaction Curve (CTM 216)

Corrosivity Testing 

(CTM 643, CTM 422, CTM 417)

Consolidated Undrained 

Triaxial (ASTM D 4767)

Direct Shear (ASTM D 3080)

Expansion Index (ASTM D 4829)

Moisture Content (ASTM D 2216)

Organic Content-% (ASTM D 2974)

Permeability (CTM 220)

Particle Size Analysis (ASTM D 422) 

Plasticity Index (AASHTO T 90) 

Liquid Limit (AASHTO T 89)

Point Load Index (ASTM D 5731)

R-Value (CTM 301)

Sand Equivalent (CTM 217)

Specific Gravity (AASHTO T 100)

Shrinkage Limit (ASTM D 427)

Swell Potential (ASTM D 4546)

Unconfined Compression-Soil

(ASTM D 2166)

Unconfined Compression-Rock

(ASTM D 2938)

Unconsolidated Undrained 

Triaxial (ASTM D 2850)

Unit Weight (ASTM D 4767)

Vane Shear (AASHTO T 223)

> 12"

No. 4 to 3/4"

SPT N   (Blows / 12 inches)

3/4" to 3"

3" to 12"

Stephen Huang
C 42289

03/31/12

04256

297601
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530

520

510

500

490

480

470

460

450

440

255+00250+00245+00

"A1" LINE

240+00235+00

440

450

460

470

480

490

500

510

520

530

540

550

540

550

41

28

84

54

50

56

61

66

153/9

178

50/2

REF

141

114

50/1

143

50/1

PI

UC

UC

UC

UC

UC

M

M

M

M

M

M

M

UW

UW

UW

UW

UW

UW

UW

UC

GRAVELLY SILT (ML); stiff; brown; moist; with asphalt concrete
chunks (FILL)

CLAYEY SAND with GRAVEL (SC); dense; brown; moist
At 7 ft, with cobbles

SILT (ML); very stiff; brown; moist; trace GRAVEL

At 20 ft, becomes hard; brown to grayish brown with balck

SANDY lean CLAY (CL); hard; dark brown; moist; trace fine

At 37 ft, with increase in gravel content

CLAYEY SAND with GRAVEL (SC); very dense; reddish brown;

At 61.5 ft, with decrease in gravel content

At 77 ft, with increase in gravel content
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SANDY SILT with GRAVEL (ML); very dense; dark yellowish

Poorly graded SAND with SILT and GRAVEL (SP-SM); very

dense; light yellowish brown; moist

At 18.5 ft, with gravel

CLAYEY GRAVEL with SAND (GC); very dense; browinsh red;

moist
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brown; moist; - FILL

At 13.5 ft, becomes brown to yellowish red

Lean CLAY with GRAVEL (CL); brown; moist
At 5 ft, with increase in sand content

At 10 ft, becomes very dense

speckling; black speckling

At 25 ft, grades to silty clay (CL-ML)

GRAVEL; gray mottling and some black speckling

moist; fine GRAVEL

Lean CLAY (CL); hard; brown; moist; with black speckling

CLAYEY GRAVEL with SAND (GC); very dense; brown; moist

SANDY lean CLAY (CL); hard; dark reddish brown; moist; trace GRAVEL

CLAYEY SAND with GRAVEL (SC); very dense; brown; moist

Lean CLAY with GRAVEL (CL); hard; grayish brown; moist
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NOTE: This LOTB sheet was prepared in accordance

with the Caltrans Soil & Rock Logging,

Classification, and Presentation Manual (June 2007)

Dry at Time of Drilling

Lean CLAY (CL); hard; light brownish gray to brownish yellow; moist

CLAYEY SAND with GRAVEL (SC); very dense; browinsh red; moist

PROFILE
HOR. 1"=100’

VER. 1"=10’

47
8
"

Groundwater level was not measured

BENCH MARK:

B.M Elev. 415.27

Northing: 2063428.6750

Easting:  6181960.7750

21
2
" Brass disk set in concrete in well monument stamped "+",

at the intersection of Vineyard Avenue and Ruby Hill Drive 
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"A1" LINE

530

550

570

250

255
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RETAINING WALL 246

4-"

SILTY, CLAYEY SAND with GRAVEL (SC-SM); very dense;

73

61
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SILTY SAND with GRAVEL (SM); very dense; gray; moist; with

SANDY lean CLAY with GRAVEL (CL); stiff; black; moist

CLAYEY SILT (CL-ML); stiff; brownish yellow to brown; moist

SILTY SAND with GRAVEL (SM); very dense; brown; moist

Lean CLAY (CL); hard; gray; moist; trace GRAVEL; brown

At 54 ft, with gravel
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2.0

1.4

2.0
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Terminated at El. 470.8’
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UC
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Lean CLAY with GRAVEL (CL); hard; brown mottled with dark

brown; moist; gravel at the top

SILTY SAND with GRAVEL (SM); dense; reddish brown; moist;
fine GRAVEL

Gravel layer 3"

SILTY SAND (SM); very dense; reddish brown; moist

SANDY SILT (ML); hard; brown; moist
SILTY SAND (SM); very dense; moist; coarse SAND

SILTY SAND (SM); very dense; reddish brown; fine GRAVEL

SANDY lean CLAY (CL); hard; brown

CLAYEY SAND (SC); very dense; brown
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Terminated at El. 511.0’
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At 27 ft, with increase in gravel content

Poorly graded GRAVEL (GP); very dense; with interbedded

At 37.5 ft, with decrease in gravel content
Lean CLAY (CL); hard; reddish brown; moist; with black
speckling

At 45 ft, with some fine SAND

At 55 ft, with no gray mottling

CLAYEY SAND with GRAVEL (SC); very dense; reddish brown;
moist

CLAYEY SAND with GRAVEL (SC); very dense; reddish brown;

moist
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2.0
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Terminated at El. 447.8’

12-17-07

EL. 527.8’

SANDY lean CLAY (CL); very stiff; black; moist

SANDY lean CLAY (CL); hard; brown; moist

SILTY SAND (SM); dense; brown; fine GRAVEL
SANDY lean CLAY (CL); very stiff; brown; moist

SILTY SAND with GRAVEL (SM); very dense; reddish brown

Gravel

SANDY SILT (ML); brown

asphalt concrete chunks - FILL

brown; moist

CLAYEY SAND with GRAVEL (SC); very dense; brown; moist

mottling with some black speckling

CLAYEY SAND with GRAVEL (SC); very dense; brown; moist

CLAYEY GRAVEL with SAND (GC); very dense; brown; moist

At 31 ft, with cobbles

clayey sand lenses
CLAYEY SAND with GRAVEL (SC); very dense; brown; moist

At 50 ft, with gray mottling

CLAYEY GRAVEL (GC); very dense; reddish brown; moist
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At 50 ft, becomes dark reddish brown

9 inches Asphalt Concrete over 9 inches Aggregate Base
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This LOTB sheet was prepared in accordance

with the Caltrans Soil & Rock Logging,

Classification, and Presentation Manual (June 2007)
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Groundwater level was not measured

Groundwater level was not measured

NOTE:

B.M Elev. 415.27

Northing: 2063428.6750

Easting:  6181960.7750
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" Brass disk set in concrete in well monument stamped "+",

at the intersection of Vineyard Avenue and Ruby Hill Drive 
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Weak

Moderate

Strong

Criteria

CEMENTATION

Description

Will not crumble or break with finger 

pressure.

Crumbles or breaks with considerable 

finger pressure.

Crumbles or breaks with handling or 

little finger pressure.

CONSISTENCY OF COHESIVE SOILS

Field Approximation

Readily indented by thumbnail

1 to 2

2 to 4

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

< 0.25

0.25 to 0.50

0.50 to 1.0

> 4.0

1 to 2

2 to 4

< 0.25

0.25 to 0.50

0.50 to 1.0

> 4.0

< 0.12

0.12 to 0.25

0.25 to 0.50

> 2.0

0.50 to 1.0

1.0 to 2.0

Description

Unconfined

Compressive

Strength (tsf)

Pocket

Penetrometer

Measurement (tsf)

Torvane

Measurement (tsf)

Readily indented by thumb but 

penetrated only with great effort

Indented by thumbnail with 

difficulty

Easily penetrated several inches 

by fist

Easily penetrated several inches 

by thumb

Penetrated several inches by 

thumb with moderate effort

Size

Size

S
iz

e
S

iz
e

PLASTICITY OF FINE-GRAINED SOILS

A 1/8-inch thread cannot be rolled at any water content.Nonplastic

Low

Medium

High

CriteriaDescription

The thread can barely be rolled and the lump cannot be formed when drier than the 

plastic limit.

The thread is easy to roll and not much time is required to reach the plastic limit. 

The thread cannot be rerolled after reaching the plastic limit. The lump crumbles 

when drier than the plastic limit.

It takes considerable time rolling and kneading to reach the plastic limit. The thread 

can be rerolled several times after reaching the plastic limit. The lump can be formed 

without crumbling when drier than the plastic limit.

UUM UW

i

ROTARY BORING

Description of material

Hole I.D.

3"

Field & Lab Tests

Material change

Estimated material change

Soil/Rock boundary

SPT N-Value

(per ASTM 1586-99),

P = push sample,

or as noted

Casing driven

Top Hole El.

L
o

c
a
ti

o
n

 

16 1.4

Date measured

Elev.       GWS

Boring Date

Hammer Energy Ratio (ER ) =   %

Top Hole El.

P

60

500

(S)

(S)

Date measured

30

P

GWS Elev. 

L
o

c
a
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o
n

 

Hole I.D.

1"

Pulled Pipe

Ground water
surface

materials

Sample

taken

Description of 

Refusal

Boring Date

HAND BORING

GWS

NC

P

2

4

4

6

10

37

17

56

91

58

65

60

43

113

154

L
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Top Hole El.

Elev.

100

180/
0-
9

200

Date measured

Hole I.D.

DYNAMIC CONE PENETRATION BORING

Pushed

Boring Date

No count recorded

CONE PENETRATION TEST (CPT) SOUNDING

2

on tip element

Hole I.D.

L
o

c
a
ti

o
n

 

Top Hole El.

Boring Date

Friction Ratio (%) Tip Bearing (MPa)

0246 302010

2

Pressure measured

along sleeve friction

element (34.88 in

area) divided by 

pressure measured

on tip element.

Pressure measured

(2.33 in  area)

Dynamic Cone Penetration Boring

Auger Boring

Rotary drilled boring 

Rotary percussion boring (air)

Rotary drilled diamond core

Other

Cone Penetration Test (ASTM D 5778-95)

Hand driven (1-inch soil tube)

Hand Auger

Note: Size in inches.

Symbol Description

R 

P

A 

D

R

CPT

HD 

HA

O

Hole

Type

BOREHOLE IDENTIFICATION

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

Terminated at Elev
Terminated at Elev

Blows per 12"

(Using 28 lb hand 

hammer with a 12"

drop or as noted) Driving rate in

seconds per 12"

(using a Stanley

MB 156 percussion

hammer and a 2.2"

cone, or as noted)

Size of Sampler 

(inches)
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REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

ORGANIC SOIL

ORGANIC SOIL with SAND

ORGANIC SOIL with GRAVEL

SANDY ORGANIC SOIL

SANDY ORGANIC SOIL with GRAVEL

GRAVELLY ORGANIC SOIL

GRAVELLY ORGANIC SOIL with SAND

SILTY CLAY

SILTY CLAY with SAND

SILTY CLAY with GRAVEL

SANDY SILTY CLAY

SANDY SILTY CLAY with GRAVEL

GRAVELLY SILTY CLAY

GRAVELLY SILTY CLAY with SAND

SILT with SAND

SILT with GRAVEL

SANDY SILT

SANDY SILT with GRAVEL

Group Names Group Names

GROUP SYMBOLS AND NAMES

GRAVELLY SILT

GRAVELLY SILT with SAND

SILT

ORGANIC SILT with SAND

ORGANIC SILT with GRAVEL

SANDY ORGANIC SILT

SANDY ORGANIC SILT with GRAVEL

GRAVELLY ORGANIC SILT

GRAVELLY ORGANIC SILT with SAND

ORGANIC SILT

COBBLES and BOULDERS

BOULDERS

SAND (or SILTY CLAY and SAND)

(or SILTY CLAY and SAND)

SILTY GRAVEL

CLAYEY GRAVEL

SILTY, CLAYEY GRAVEL

SILTY SAND

CLAYEY SAND

PEAT

SILTY, CLAYEY SAND

(or SILTY CLAY)

(or SILTY CLAY)

SILTY, CLAYEY SAND with GRAVEL

CLAYEY SAND with GRAVEL

SILTY SAND with GRAVEL

GRAVEL (or SILTY CLAY and GRAVEL)

(or SILTY CLAY)

(or SILTY CLAY and GRAVEL)

COBBLES

SILTY, CLAYEY GRAVEL with SAND

CLAYEY GRAVEL with SAND

SILTY GRAVEL with SAND

(or SILTY CLAY)

SM

SC

GW

GW-GM

PT

SC-SM

GW-GC

GP-GM

GP-GC

GM

GC

GP

GC-GM

SP-SC

SW

SP

SW-SM

SW-SC

SP-SM

Graphic/Symbol

OL

OL

CH

MH

OH

OL/OH

OH

CL

CL-ML

ML

Graphic/Symbol

SANDY lean CLAY with GRAVEL

SANDY lean CLAY

GRAVELLY lean CLAY with SAND

SANDY ORGANIC lean CLAY with GRAVEL

GRAVELLY ORGANIC lean CLAY

GRAVELLY ORGANIC lean CLAY with SAND

GRAVELLY lean CLAY

ORGANIC lean CLAY

ORGANIC lean CLAY with SAND

ORGANIC lean CLAY with GRAVEL

SANDY ORGANIC lean CLAY

SANDY ORGANIC fat CLAY

SANDY ORGANIC fat CLAY with GRAVEL

GRAVELLY ORGANIC fat CLAY

GRAVELLY ORGANIC fat CLAY with SAND

SANDY fat CLAY

SANDY fat CLAY with GRAVEL

GRAVELLY fat CLAY

GRAVELLY fat CLAY with SAND

ORGANIC fat CLAY

ORGANIC fat CLAY with SAND

ORGANIC fat CLAY with GRAVEL

ORGANIC elastic SILT with SAND

ORGANIC elastic SILT with GRAVEL

SANDY ORGANIC elastic SILT

SANDY ORGANIC elastic SILT with GRAVEL

GRAVELLY ORGANIC elastic SILT

GRAVELLY ORGANIC elastic SILT with SAND

ORGANIC elastic SILT

SANDY elastic SILT

GRAVELLY elastic SILT with SAND

SANDY elastic SILT with GRAVEL

GRAVELLY elastic SILT

Well-graded GRAVEL with CLAY and SAND

Well-graded GRAVEL with SILT and SAND

Well-graded GRAVEL with SILT

Well-graded SAND

Well-graded SAND with SILT

Well-graded GRAVEL with CLAY

Well-graded GRAVEL

Well-graded SAND with SILT and GRAVEL

Well-graded SAND with CLAY and GRAVEL

Well-graded GRAVEL with SAND

Well-graded SAND with GRAVEL

Well-graded SAND with CLAY

Poorly graded GRAVEL with SAND

Poorly graded GRAVEL with CLAY and

Poorly graded GRAVEL

Poorly graded GRAVEL with SILT and SAND

Poorly graded GRAVEL with SILT

Poorly graded SAND

Poorly graded SAND with SILT

Poorly graded SAND with CLAY

Poorly graded SAND with CLAY and

Poorly graded SAND with SILT and GRAVEL

Poorly graded SAND with GRAVEL

Poorly graded GRAVEL with CLAY

Lean CLAY

Lean CLAY with GRAVEL

Lean CLAY with SAND

Fat CLAY

Fat CLAY with SAND

Fat CLAY with GRAVEL

Elastic SILT with SAND

Elastic SILT with GRAVEL

Elastic SILT

PERCENT OR PROPORTION OF SOILS

MOISTURE

APPARENT DENSITY OF COHESIONLESS SOILS

PARTICLE SIZE

Description

Very loose

Loose

Medium Dense

Dense

Very Dense

Criteria

Damp but no visible water

Description

Dry

Moist

Wet

Absence of moisture, dusty, dry to the 

touch

Visible free water, usually soil is 

below water table

Criteria

5 to 10%

15 to 25%

30 to 45%

50 to 100%

Trace

Few

Little

Some

Mostly

Description

Particles are present but estimated to 

be less than 5%

Size

Boulder

Cobble

Gravel

Sand

Description

Coarse

Fine

Coarse

Medium

Fine

No. 10 to No. 4

No. 40 to No. 10

No. 200 to No. 40

60

0 - 4

5 - 10

11 - 30

31 - 50

   > 50

CP

C

UU

CU

CR

EI

UC

PI

Pocket PenetrometerPP

TV

M

OC

SE

UW

VS

DS

SG

PL

SL

CL

R

SW

PA

P

PM Pressure Meter

Pocket Torvane

FIELD AND LABORATORY

TESTING

Consolidation (ASTM D 2435)

Collapse Potential (ASTM D 5333)

Compaction Curve (CTM 216)

Corrosivity Testing 

(CTM 643, CTM 422, CTM 417)

Consolidated Undrained 

Triaxial (ASTM D 4767)

Direct Shear (ASTM D 3080)

Expansion Index (ASTM D 4829)

Moisture Content (ASTM D 2216)

Organic Content-% (ASTM D 2974)

Permeability (CTM 220)

Particle Size Analysis (ASTM D 422) 

Plasticity Index (AASHTO T 90) 

Liquid Limit (AASHTO T 89)

Point Load Index (ASTM D 5731)

R-Value (CTM 301)

Sand Equivalent (CTM 217)

Specific Gravity (AASHTO T 100)

Shrinkage Limit (ASTM D 427)

Swell Potential (ASTM D 4546)

Unconfined Compression-Soil

(ASTM D 2166)

Unconfined Compression-Rock

(ASTM D 2938)

Unconsolidated Undrained 

Triaxial (ASTM D 2850)

Unit Weight (ASTM D 4767)

Vane Shear (AASHTO T 223)

> 12"

No. 4 to 3/4"

SPT N   (Blows / 12 inches)

3/4" to 3"

3" to 12"

Stephen Huang
C 42289

03/31/10

04256

297601
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410+00400+00395+00390+00

350

360

370

380

390

400

420

430

440

450

8"
8"

RETAINING WALL 391

E
l
e
v
a
t
i
o
n
, 
f
e
e
t

E
l
e
v
a
t
i
o
n
, 
f
e
e
t

12

8

25

34

82

17

70

UC

PI

PI

M

M

M

UW

UW

UW

UC

UC

SILTY CLAY (CL-ML); medium stiff; dark brown; moist; trace
GRAVEL.

Lean CLAY (CL); very stiff; light brown; moist.

CLAYEY SAND with GRAVEL (SC); medium dense to dense;
brown; moist.

SILTY, CLAYEY SAND with GRAVEL (SC-SM); very dense;
brown; moist.

SILT (ML); stiff; brown; moist.

SILTY SAND with GRAVEL (SM); very dense; brown; moist.

2.0

2.0

2.0

2.0

2.5

1.4

2.0

Terminated at El. 390.6’

11-21-07

EL. 420.6’
8"

20

18

50

37

44

35

83

76

129/10

PI

UC

UC

UC

UC

M

M

M

M

M

UW

UW

UW

UW

UW

UC

SILTY CLAY (CL-ML); very stiff; brown; moist; trace GRAVEL.

At 4 ft, becomes light brown.

At 8.5 ft, becomes hard.

At 23.5 ft, becomes very stiff to hard; fine sand lenses.

At 30 ft, with some GRAVEL.

SILTY GRAVEL with SAND (GM); very dense; brown; moist.

2.0

2.0

2.0

2.0

2.0

2.0

2.0

2.5

2.5

Terminated at El. 381.4’

11-21-07

EL. 421.4’
8"

440

450

430

420

400

390

380

370

360

350

405+00

L
 7

6
.1

’

"
A

2
"
 S

ta
  

3
9

1
+

8
3

.6

"
A

3
"
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ta
  

3
9

5
+

4
5

.2

L
 6

3
.8

’

"A2" LINE
"A3" LINE ROUTE 84

Dry at Time of Drilling

Dry at Time of Drilling

B.M Elev. 415.27

Northing: 2063428.6750

Easting:  6181960.7750

21
2
" Brass disk set in concrete in well monument stamped "+",

at the intersection of Vineyard Avenue and Ruby Hill Drive 

BENCH MARK:

with the Caltrans Soil & Rock Logging,

NOTE: This LOTB sheet was prepared in accordance

Classification, and Presentation Manual (June 2007)

HOR. 1"=100’

VER. 1"=10’

PROFILE

"A2" and "A3"  LINE

RETAINING WALL 391
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As-Built Log of Test Borings sheet is considered an informational document only. 

As such, the State of California registration seal with signature, license number 

and registration certificate expiration date confirm that this is a true and 

accurate copy of the original document. This drawing is available and presented 

only for the convenience of any bidder, contractor or other interested party.

DIST. COUNTY ROUTE
Sheet
 No.

BRIDGE No.CU:

EA:

     

KILOMETER POST-TOTAL PROJECT

NOTE: A COPY OF THIS LOG OF TEST BORINGS IS 

      AVAILABLE AT OFFICE OF STRUCTURE MAINTENANCE 

      ANDINVESTIGATIONS, SACRAMENTO, CALIFORNIA
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Stephen Huang
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Ala
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2. Structure Design produced the data presented in the table below. 

   The data are the metric locations for the As-Built Test Borings 

   referenced to the proposed new structure location. This table is 

   presented on the As-Built Log of Test Boring sheet for the 

   convenience of any bidder, contractor or other interested party.

Boring Station

400+66B-9

B-10 401+02

04 84

3/2/09

135.2 ft. Lt

Notes:

Revisions made to this Log of Test Borings from the 

original ____ Log of Test Borings are the addition 

of the following table and notes:

03/31/10

87.3 ft. Rt

Offset from A3 Line (84)

1. See the plans dated May 11, 1999 for stationing. 

For example I Line Sta 136+62 (Metric) = A3 Line Sta 448+23 (English).
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Weak

Moderate

Strong

Criteria

CEMENTATION

Description

Will not crumble or break with finger 

pressure.

Crumbles or breaks with considerable 

finger pressure.

Crumbles or breaks with handling or 

little finger pressure.

CONSISTENCY OF COHESIVE SOILS

Field Approximation

Readily indented by thumbnail

1 to 2

2 to 4

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

< 0.25

0.25 to 0.50

0.50 to 1.0

> 4.0

1 to 2

2 to 4

< 0.25

0.25 to 0.50

0.50 to 1.0

> 4.0

< 0.12

0.12 to 0.25

0.25 to 0.50

> 2.0

0.50 to 1.0

1.0 to 2.0

Description

Unconfined

Compressive

Strength (tsf)

Pocket

Penetrometer

Measurement (tsf)

Torvane

Measurement (tsf)

Readily indented by thumb but 

penetrated only with great effort

Indented by thumbnail with 

difficulty

Easily penetrated several inches 

by fist

Easily penetrated several inches 

by thumb

Penetrated several inches by 

thumb with moderate effort

Size

Size

S
iz

e
S

iz
e

PLASTICITY OF FINE-GRAINED SOILS

A 1/8-inch thread cannot be rolled at any water content.Nonplastic

Low

Medium

High

CriteriaDescription

The thread can barely be rolled and the lump cannot be formed when drier than the 

plastic limit.

The thread is easy to roll and not much time is required to reach the plastic limit. 

The thread cannot be rerolled after reaching the plastic limit. The lump crumbles 

when drier than the plastic limit.

It takes considerable time rolling and kneading to reach the plastic limit. The thread 

can be rerolled several times after reaching the plastic limit. The lump can be formed 

without crumbling when drier than the plastic limit.

UUM UW

i

ROTARY BORING

Description of material

Hole I.D.

3"

Field & Lab Tests

Material change

Estimated material change

Soil/Rock boundary

SPT N-Value

(per ASTM 1586-99),

P = push sample,

or as noted

Casing driven

Top Hole El.

L
o

c
a
ti

o
n

 

16 1.4

Date measured

Elev.       GWS

Boring Date

Hammer Energy Ratio (ER ) =   %

Top Hole El.

P

60

500

(S)

(S)

Date measured

30

P

GWS Elev. 

L
o

c
a
ti

o
n

 

Hole I.D.

1"

Pulled Pipe

Ground water
surface

materials

Sample

taken

Description of 

Refusal

Boring Date

HAND BORING

GWS

NC

P

2

4

4

6

10

37

17

56

91

58

65

60

43

113

154

L
o

c
a
ti

o
n

 

Top Hole El.

Elev.

100

180/
0-
9

200

Date measured

Hole I.D.

DYNAMIC CONE PENETRATION BORING

Pushed

Boring Date

No count recorded

CONE PENETRATION TEST (CPT) SOUNDING

2

on tip element

Hole I.D.

L
o

c
a
ti

o
n

 

Top Hole El.

Boring Date

Friction Ratio (%) Tip Bearing (MPa)

0246 302010

2

Pressure measured

along sleeve friction

element (34.88 in

area) divided by 

pressure measured

on tip element.

Pressure measured

(2.33 in  area)

Dynamic Cone Penetration Boring

Auger Boring

Rotary drilled boring 

Rotary percussion boring (air)

Rotary drilled diamond core

Other

Cone Penetration Test (ASTM D 5778-95)

Hand driven (1-inch soil tube)

Hand Auger

Note: Size in inches.

Symbol Description

R 

P

A 

D

R

CPT

HD 

HA

O

Hole

Type

BOREHOLE IDENTIFICATION

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

Terminated at Elev
Terminated at Elev

Blows per 12"

(Using 28 lb hand 

hammer with a 12"

drop or as noted) Driving rate in

seconds per 12"

(using a Stanley

MB 156 percussion

hammer and a 2.2"

cone, or as noted)

Size of Sampler 

(inches)

Stephen Huang

C 42289
03/31/10

04256

297601
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REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

ORGANIC SOIL

ORGANIC SOIL with SAND

ORGANIC SOIL with GRAVEL

SANDY ORGANIC SOIL

SANDY ORGANIC SOIL with GRAVEL

GRAVELLY ORGANIC SOIL

GRAVELLY ORGANIC SOIL with SAND

SILTY CLAY

SILTY CLAY with SAND

SILTY CLAY with GRAVEL

SANDY SILTY CLAY

SANDY SILTY CLAY with GRAVEL

GRAVELLY SILTY CLAY

GRAVELLY SILTY CLAY with SAND

SILT with SAND

SILT with GRAVEL

SANDY SILT

SANDY SILT with GRAVEL

Group Names Group Names

GROUP SYMBOLS AND NAMES

GRAVELLY SILT

GRAVELLY SILT with SAND

SILT

ORGANIC SILT with SAND

ORGANIC SILT with GRAVEL

SANDY ORGANIC SILT

SANDY ORGANIC SILT with GRAVEL

GRAVELLY ORGANIC SILT

GRAVELLY ORGANIC SILT with SAND

ORGANIC SILT

COBBLES and BOULDERS

BOULDERS

SAND (or SILTY CLAY and SAND)

(or SILTY CLAY and SAND)

SILTY GRAVEL

CLAYEY GRAVEL

SILTY, CLAYEY GRAVEL

SILTY SAND

CLAYEY SAND

PEAT

SILTY, CLAYEY SAND

(or SILTY CLAY)

(or SILTY CLAY)

SILTY, CLAYEY SAND with GRAVEL

CLAYEY SAND with GRAVEL

SILTY SAND with GRAVEL

GRAVEL (or SILTY CLAY and GRAVEL)

(or SILTY CLAY)

(or SILTY CLAY and GRAVEL)

COBBLES

SILTY, CLAYEY GRAVEL with SAND

CLAYEY GRAVEL with SAND

SILTY GRAVEL with SAND

(or SILTY CLAY)

SM

SC

GW

GW-GM

PT

SC-SM

GW-GC

GP-GM

GP-GC

GM

GC

GP

GC-GM

SP-SC

SW

SP

SW-SM

SW-SC

SP-SM

Graphic/Symbol

OL

OL

CH

MH

OH

OL/OH

OH

CL

CL-ML

ML

Graphic/Symbol

SANDY lean CLAY with GRAVEL

SANDY lean CLAY

GRAVELLY lean CLAY with SAND

SANDY ORGANIC lean CLAY with GRAVEL

GRAVELLY ORGANIC lean CLAY

GRAVELLY ORGANIC lean CLAY with SAND

GRAVELLY lean CLAY

ORGANIC lean CLAY

ORGANIC lean CLAY with SAND

ORGANIC lean CLAY with GRAVEL

SANDY ORGANIC lean CLAY

SANDY ORGANIC fat CLAY

SANDY ORGANIC fat CLAY with GRAVEL

GRAVELLY ORGANIC fat CLAY

GRAVELLY ORGANIC fat CLAY with SAND

SANDY fat CLAY

SANDY fat CLAY with GRAVEL

GRAVELLY fat CLAY

GRAVELLY fat CLAY with SAND

ORGANIC fat CLAY

ORGANIC fat CLAY with SAND

ORGANIC fat CLAY with GRAVEL

ORGANIC elastic SILT with SAND

ORGANIC elastic SILT with GRAVEL

SANDY ORGANIC elastic SILT

SANDY ORGANIC elastic SILT with GRAVEL

GRAVELLY ORGANIC elastic SILT

GRAVELLY ORGANIC elastic SILT with SAND

ORGANIC elastic SILT

SANDY elastic SILT

GRAVELLY elastic SILT with SAND

SANDY elastic SILT with GRAVEL

GRAVELLY elastic SILT

Well-graded GRAVEL with CLAY and SAND

Well-graded GRAVEL with SILT and SAND

Well-graded GRAVEL with SILT

Well-graded SAND

Well-graded SAND with SILT

Well-graded GRAVEL with CLAY

Well-graded GRAVEL

Well-graded SAND with SILT and GRAVEL

Well-graded SAND with CLAY and GRAVEL

Well-graded GRAVEL with SAND

Well-graded SAND with GRAVEL

Well-graded SAND with CLAY

Poorly graded GRAVEL with SAND

Poorly graded GRAVEL with CLAY and

Poorly graded GRAVEL

Poorly graded GRAVEL with SILT and SAND

Poorly graded GRAVEL with SILT

Poorly graded SAND

Poorly graded SAND with SILT

Poorly graded SAND with CLAY

Poorly graded SAND with CLAY and

Poorly graded SAND with SILT and GRAVEL

Poorly graded SAND with GRAVEL

Poorly graded GRAVEL with CLAY

Lean CLAY

Lean CLAY with GRAVEL

Lean CLAY with SAND

Fat CLAY

Fat CLAY with SAND

Fat CLAY with GRAVEL

Elastic SILT with SAND

Elastic SILT with GRAVEL

Elastic SILT

PERCENT OR PROPORTION OF SOILS

MOISTURE

APPARENT DENSITY OF COHESIONLESS SOILS

PARTICLE SIZE

Description

Very loose

Loose

Medium Dense

Dense

Very Dense

Criteria

Damp but no visible water

Description

Dry

Moist

Wet

Absence of moisture, dusty, dry to the 

touch

Visible free water, usually soil is 

below water table

Criteria

5 to 10%

15 to 25%

30 to 45%

50 to 100%

Trace

Few

Little

Some

Mostly

Description

Particles are present but estimated to 

be less than 5%

Size

Boulder

Cobble

Gravel

Sand

Description

Coarse

Fine

Coarse

Medium

Fine

No. 10 to No. 4

No. 40 to No. 10

No. 200 to No. 40

60

0 - 4

5 - 10

11 - 30

31 - 50

   > 50

CP

C

UU

CU

CR

EI

UC

PI

Pocket PenetrometerPP

TV

M

OC

SE

UW

VS

DS

SG

PL

SL

CL

R

SW

PA

P

PM Pressure Meter

Pocket Torvane

FIELD AND LABORATORY

TESTING

Consolidation (ASTM D 2435)

Collapse Potential (ASTM D 5333)

Compaction Curve (CTM 216)

Corrosivity Testing 

(CTM 643, CTM 422, CTM 417)

Consolidated Undrained 

Triaxial (ASTM D 4767)

Direct Shear (ASTM D 3080)

Expansion Index (ASTM D 4829)

Moisture Content (ASTM D 2216)

Organic Content-% (ASTM D 2974)

Permeability (CTM 220)

Particle Size Analysis (ASTM D 422) 
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Dry at Time of Drilling

Dry at Time of Drilling

NOTE: This LOTB sheet was prepared in accordance

with the Caltrans Soil & Rock Logging,

Classification, and Presentation Manual (June 2007)

8 inches Asphalt Concrete over 6 inches Aggregate Base

SILTY SAND (SM); very dense; brown

At 3 ft, becomes dense

At 4 ft, with gravel

5 inches AC over 7 inches Aggregate Base

(FILL)

CLAYEY GRAVEL with SAND (GC); medium dense; moist to wet

SILTY SAND (SM); yellowish brown

brown; moist

At 14 ft, becomes very stiff

PLAN

GWS EL. 396.3’

12-07-2007

Scale: 1"=100’

PROFILE
HOR. 1"=100’

VER. 1"=10’

B.M Elev. 415.27

Northing: 2063428.6750

Easting:  6181960.7750

21
2
" Brass disk set in concrete in well monument stamped "+",

at the intersection of Vineyard Avenue and Ruby Hill Drive 
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PROFILE
HOR. 1"=100’

VER. 1"=10’

6.5 inches Asphalt Concrete over 11.5 inches Aggregate Base

PLAN
Scale: 1"=100’

8"
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B.M Elev. 415.27

Northing: 2063428.6750

Easting:  6181960.7750

21
2
" Brass disk set in concrete in well monument stamped "+",

at the intersection of Vineyard Avenue and Ruby Hill Drive 
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2. Structure Design produced the data presented in the table below. 

   The data are the metric locations for the As-Built Test Borings 

   referenced to the proposed new structure location. This table is 

   presented on the As-Built Log of Test Boring sheet for the 

   convenience of any bidder, contractor or other interested party.

Boring Station

400+66B-9

B-10 401+02

04 84

3/2/09

135.2 ft. Lt

Notes:

Revisions made to this Log of Test Borings from the 

original ____ Log of Test Borings are the addition 

of the following table and notes:

03/31/10

87.3 ft. Rt

Offset from A3 Line (84)

1. See the plans dated May 11, 1999 for stationing. 

For example I Line Sta 136+62 (Metric) = A3 Line Sta 448+23 (English).
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2. Structure Design produced the data presented in the table below. 

   The data are the metric locations for the As-Built Test Borings 

   referenced to the proposed new structure location. This table is 

   presented on the As-Built Log of Test Boring sheet for the 

   convenience of any bidder, contractor or other interested party.

Boring Station

402+27B-11

B-12 402+49

04 84

3/1/09

33.5 ft. Rt

Notes:

Revisions made to this Log of Test Borings from the 

original ____ Log of Test Borings are the addition 

of the following table and notes:

03/31/10

143.4 ft. Lt

16.7 ft. Rt403+25B-13

Offset from A3 Line (84)

1. See the plans dated May 11, 1999 for stationing. 

For example I Line Sta 136+62 (Metric) = A3 Line Sta 448+23 (English).
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2. Structure Design produced the data presented in the table below. 

   The data are the metric locations for the As-Built Test Borings 

   referenced to the proposed new structure location. This table is 

   presented on the As-Built Log of Test Boring sheet for the 

   convenience of any bidder, contractor or other interested party.

Boring Station

412+45B-18

B-19 414+00

04 84

3/2/09

B-20 415+00

11.5 ft. Lt

Notes:

Revisions made to this Log of Test Borings from the 

original ____ Log of Test Borings are the addition 

of the following table and notes:

03/31/10

1. See the plans dated May 11, 1999 for stationing. 

For example I Line Sta 136+62 (Metric) = A3 Line Sta 448+23 (English).

19.0 ft. Lt

23.0 ft. Lt

Offset from A3 Line (84)
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2. Structure Design produced the data presented in the table below. 

   The data are the metric locations for the As-Built Test Borings 

   referenced to the proposed new structure location. This table is 

   presented on the As-Built Log of Test Boring sheet for the 

   convenience of any bidder, contractor or other interested party.

Boring Station

400+66B-9

B-10 401+02

04 84

3/2/09

135.2 ft. Lt

Notes:

Revisions made to this Log of Test Borings from the 

original ____ Log of Test Borings are the addition 

of the following table and notes:

03/31/10

87.3 ft. Rt

Offset from A3 Line (84)

1. See the plans dated May 11, 1999 for stationing. 

For example I Line Sta 136+62 (Metric) = A3 Line Sta 448+23 (English).
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2. Structure Design produced the data presented in the table below. 

   The data are the metric locations for the As-Built Test Borings 

   referenced to the proposed new structure location. This table is 

   presented on the As-Built Log of Test Boring sheet for the 

   convenience of any bidder, contractor or other interested party.

Boring Station

402+27B-11

B-12 402+49

04 84

3/1/09

33.5 ft. Rt

Notes:

Revisions made to this Log of Test Borings from the 

original ____ Log of Test Borings are the addition 

of the following table and notes:

03/31/10

143.4 ft. Lt

16.7 ft. Rt403+25B-13

Offset from A3 Line (84)

1. See the plans dated May 11, 1999 for stationing. 

For example I Line Sta 136+62 (Metric) = A3 Line Sta 448+23 (English).
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Weak

Moderate

Strong

Criteria

CEMENTATION

Description

Will not crumble or break with finger 

pressure.

Crumbles or breaks with considerable 

finger pressure.

Crumbles or breaks with handling or 

little finger pressure.

CONSISTENCY OF COHESIVE SOILS

Field Approximation

Readily indented by thumbnail

1 to 2

2 to 4

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

< 0.25

0.25 to 0.50

0.50 to 1.0

> 4.0

1 to 2

2 to 4

< 0.25

0.25 to 0.50

0.50 to 1.0

> 4.0

< 0.12

0.12 to 0.25

0.25 to 0.50

> 2.0

0.50 to 1.0

1.0 to 2.0

Description

Unconfined

Compressive

Strength (tsf)

Pocket

Penetrometer

Measurement (tsf)

Torvane

Measurement (tsf)

Readily indented by thumb but 

penetrated only with great effort

Indented by thumbnail with 

difficulty

Easily penetrated several inches 

by fist

Easily penetrated several inches 

by thumb

Penetrated several inches by 

thumb with moderate effort

Size

Size

S
iz

e
S

iz
e

PLASTICITY OF FINE-GRAINED SOILS

A 1/8-inch thread cannot be rolled at any water content.Nonplastic

Low

Medium

High

CriteriaDescription

The thread can barely be rolled and the lump cannot be formed when drier than the 

plastic limit.

The thread is easy to roll and not much time is required to reach the plastic limit. 

The thread cannot be rerolled after reaching the plastic limit. The lump crumbles 

when drier than the plastic limit.

It takes considerable time rolling and kneading to reach the plastic limit. The thread 

can be rerolled several times after reaching the plastic limit. The lump can be formed 

without crumbling when drier than the plastic limit.

UUM UW

i

ROTARY BORING

Description of material

Hole I.D.

3"

Field & Lab Tests

Material change

Estimated material change

Soil/Rock boundary

SPT N-Value

(per ASTM 1586-99),

P = push sample,

or as noted

Casing driven

Top Hole El.

L
o

c
a
ti

o
n

 

16 1.4

Date measured

Elev.       GWS

Boring Date

Hammer Energy Ratio (ER ) =   %

Top Hole El.

P

60

500

(S)

(S)

Date measured

30

P

GWS Elev. 

L
o

c
a
ti

o
n

 

Hole I.D.

1"

Pulled Pipe

Ground water
surface

materials

Sample

taken

Description of 

Refusal

Boring Date

HAND BORING

GWS

NC

P

2

4

4

6

10

37

17

56

91

58

65

60

43

113

154

L
o

c
a
ti

o
n

 

Top Hole El.

Elev.

100

180/
0-
9

200

Date measured

Hole I.D.

DYNAMIC CONE PENETRATION BORING

Pushed

Boring Date

No count recorded

CONE PENETRATION TEST (CPT) SOUNDING

2

on tip element

Hole I.D.

L
o

c
a
ti

o
n

 

Top Hole El.

Boring Date

Friction Ratio (%) Tip Bearing (MPa)

0246 302010

2

Pressure measured

along sleeve friction

element (34.88 in

area) divided by 

pressure measured

on tip element.

Pressure measured

(2.33 in  area)

Dynamic Cone Penetration Boring

Auger Boring

Rotary drilled boring 

Rotary percussion boring (air)

Rotary drilled diamond core

Other

Cone Penetration Test (ASTM D 5778-95)

Hand driven (1-inch soil tube)

Hand Auger

Note: Size in inches.

Symbol Description

R 

P

A 

D

R

CPT

HD 

HA

O

Hole

Type

BOREHOLE IDENTIFICATION

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

Terminated at Elev
Terminated at Elev

Blows per 12"

(Using 28 lb hand 

hammer with a 12"

drop or as noted) Driving rate in

seconds per 12"

(using a Stanley

MB 156 percussion

hammer and a 2.2"

cone, or as noted)

Size of Sampler 

(inches)

Stephen Huang

C 42289
03/31/10

04256

297601
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REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

ORGANIC SOIL

ORGANIC SOIL with SAND

ORGANIC SOIL with GRAVEL

SANDY ORGANIC SOIL

SANDY ORGANIC SOIL with GRAVEL

GRAVELLY ORGANIC SOIL

GRAVELLY ORGANIC SOIL with SAND

SILTY CLAY

SILTY CLAY with SAND

SILTY CLAY with GRAVEL

SANDY SILTY CLAY

SANDY SILTY CLAY with GRAVEL

GRAVELLY SILTY CLAY

GRAVELLY SILTY CLAY with SAND

SILT with SAND

SILT with GRAVEL

SANDY SILT

SANDY SILT with GRAVEL

Group Names Group Names

GROUP SYMBOLS AND NAMES

GRAVELLY SILT

GRAVELLY SILT with SAND

SILT

ORGANIC SILT with SAND

ORGANIC SILT with GRAVEL

SANDY ORGANIC SILT

SANDY ORGANIC SILT with GRAVEL

GRAVELLY ORGANIC SILT

GRAVELLY ORGANIC SILT with SAND

ORGANIC SILT

COBBLES and BOULDERS

BOULDERS

SAND (or SILTY CLAY and SAND)

(or SILTY CLAY and SAND)

SILTY GRAVEL

CLAYEY GRAVEL

SILTY, CLAYEY GRAVEL

SILTY SAND

CLAYEY SAND

PEAT

SILTY, CLAYEY SAND

(or SILTY CLAY)

(or SILTY CLAY)

SILTY, CLAYEY SAND with GRAVEL

CLAYEY SAND with GRAVEL

SILTY SAND with GRAVEL

GRAVEL (or SILTY CLAY and GRAVEL)

(or SILTY CLAY)

(or SILTY CLAY and GRAVEL)

COBBLES

SILTY, CLAYEY GRAVEL with SAND

CLAYEY GRAVEL with SAND

SILTY GRAVEL with SAND

(or SILTY CLAY)

SM

SC

GW

GW-GM

PT

SC-SM

GW-GC

GP-GM

GP-GC

GM

GC

GP

GC-GM

SP-SC

SW

SP

SW-SM

SW-SC

SP-SM

Graphic/Symbol

OL

OL

CH

MH

OH

OL/OH

OH

CL

CL-ML

ML

Graphic/Symbol

SANDY lean CLAY with GRAVEL

SANDY lean CLAY

GRAVELLY lean CLAY with SAND

SANDY ORGANIC lean CLAY with GRAVEL

GRAVELLY ORGANIC lean CLAY

GRAVELLY ORGANIC lean CLAY with SAND

GRAVELLY lean CLAY

ORGANIC lean CLAY

ORGANIC lean CLAY with SAND

ORGANIC lean CLAY with GRAVEL

SANDY ORGANIC lean CLAY

SANDY ORGANIC fat CLAY

SANDY ORGANIC fat CLAY with GRAVEL

GRAVELLY ORGANIC fat CLAY

GRAVELLY ORGANIC fat CLAY with SAND

SANDY fat CLAY

SANDY fat CLAY with GRAVEL

GRAVELLY fat CLAY

GRAVELLY fat CLAY with SAND

ORGANIC fat CLAY

ORGANIC fat CLAY with SAND

ORGANIC fat CLAY with GRAVEL

ORGANIC elastic SILT with SAND

ORGANIC elastic SILT with GRAVEL

SANDY ORGANIC elastic SILT

SANDY ORGANIC elastic SILT with GRAVEL

GRAVELLY ORGANIC elastic SILT

GRAVELLY ORGANIC elastic SILT with SAND

ORGANIC elastic SILT

SANDY elastic SILT

GRAVELLY elastic SILT with SAND

SANDY elastic SILT with GRAVEL

GRAVELLY elastic SILT

Well-graded GRAVEL with CLAY and SAND

Well-graded GRAVEL with SILT and SAND

Well-graded GRAVEL with SILT

Well-graded SAND

Well-graded SAND with SILT

Well-graded GRAVEL with CLAY

Well-graded GRAVEL

Well-graded SAND with SILT and GRAVEL

Well-graded SAND with CLAY and GRAVEL

Well-graded GRAVEL with SAND

Well-graded SAND with GRAVEL

Well-graded SAND with CLAY

Poorly graded GRAVEL with SAND

Poorly graded GRAVEL with CLAY and

Poorly graded GRAVEL

Poorly graded GRAVEL with SILT and SAND

Poorly graded GRAVEL with SILT

Poorly graded SAND

Poorly graded SAND with SILT

Poorly graded SAND with CLAY

Poorly graded SAND with CLAY and

Poorly graded SAND with SILT and GRAVEL

Poorly graded SAND with GRAVEL

Poorly graded GRAVEL with CLAY

Lean CLAY

Lean CLAY with GRAVEL

Lean CLAY with SAND

Fat CLAY

Fat CLAY with SAND

Fat CLAY with GRAVEL

Elastic SILT with SAND

Elastic SILT with GRAVEL

Elastic SILT

PERCENT OR PROPORTION OF SOILS

MOISTURE

APPARENT DENSITY OF COHESIONLESS SOILS

PARTICLE SIZE

Description

Very loose

Loose

Medium Dense

Dense

Very Dense

Criteria

Damp but no visible water

Description

Dry

Moist

Wet

Absence of moisture, dusty, dry to the 

touch

Visible free water, usually soil is 

below water table

Criteria

5 to 10%

15 to 25%

30 to 45%

50 to 100%

Trace

Few

Little

Some

Mostly

Description

Particles are present but estimated to 

be less than 5%

Size

Boulder

Cobble

Gravel

Sand

Description

Coarse

Fine

Coarse

Medium

Fine

No. 10 to No. 4

No. 40 to No. 10

No. 200 to No. 40

60

0 - 4

5 - 10

11 - 30

31 - 50

   > 50

CP

C

UU

CU

CR

EI

UC

PI

Pocket PenetrometerPP

TV

M

OC

SE

UW

VS

DS

SG

PL

SL

CL

R

SW

PA

P

PM Pressure Meter

Pocket Torvane

FIELD AND LABORATORY

TESTING

Consolidation (ASTM D 2435)

Collapse Potential (ASTM D 5333)

Compaction Curve (CTM 216)

Corrosivity Testing 

(CTM 643, CTM 422, CTM 417)

Consolidated Undrained 

Triaxial (ASTM D 4767)

Direct Shear (ASTM D 3080)

Expansion Index (ASTM D 4829)

Moisture Content (ASTM D 2216)

Organic Content-% (ASTM D 2974)

Permeability (CTM 220)

Particle Size Analysis (ASTM D 422) 

Plasticity Index (AASHTO T 90) 

Liquid Limit (AASHTO T 89)

Point Load Index (ASTM D 5731)

R-Value (CTM 301)

Sand Equivalent (CTM 217)

Specific Gravity (AASHTO T 100)

Shrinkage Limit (ASTM D 427)

Swell Potential (ASTM D 4546)

Unconfined Compression-Soil

(ASTM D 2166)

Unconfined Compression-Rock

(ASTM D 2938)

Unconsolidated Undrained 

Triaxial (ASTM D 2850)

Unit Weight (ASTM D 4767)

Vane Shear (AASHTO T 223)

> 12"

No. 4 to 3/4"

SPT N   (Blows / 12 inches)

3/4" to 3"

3" to 12"
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410+00410+00

"A3" LINE

405+00390+00

"A3" LINE

RETAINING WALL 403

ROUTE 84

E
l
e
v

a
t
i
o

n
, 

f
e
e
t

E
l
e
v

a
t
i
o

n
, 

f
e
e
t

410

420

400

390

380

370

360

350

340

330

320

330

415+00

8"

50/2

42

59

64

M

M

UW

UW At 8 ft, becomes very dense

2.0

2.0

2.0

2.0

Terminated at El. 392.9’
12-04-07

EL. 402.9’
8"

62

70

14

48

96

69/2

70

33

104

UC

UC

PI

M

M

M

M

UW

PA

UW

UW UC

CLAYEY SAND with GRAVEL (SC); medium dense; moist

At 15.5 ft, with increase in gravel content
Poorly graded SAND with SILT and GRAVEL (SP-SM); very
dense; tan brown; dry

At 28.5 ft, becomes wet

Lean CLAY (CL); hard; brown

Poorly graded SAND with SILT and GRAVEL (SP-SM); very

2.0

2.0

2.0

2.0

2.0

2.5

2.5

2.5

2.5

Terminated at El. 377.8’

11-21-07

EL. 417.8’
8"

50

13

13

54

68

63

10

12

120

119

46

28

27

55

203

59

57

59

166

115

122

GWS

01-02-08

EL. 374.5’

UC

PI

PI

PA

PI

UC

UC

UC

UC

M

M

M

M

M

M

M

M

M

M

UW

UW

UW

UW

UW

UW

UW

UW

UW

UW

UC

UC

UC

Cobbles

CLAYEY SAND with GRAVEL (SC); medium dense; dark
grayish brown; moist to wet
Lean CLAY (CL); stiff; dark brown; moist; trace fine GRAVEL

Lean CLAY (CL); stiff; light brown; moist

SILTY, CLAYEY SAND with GRAVEL (SC-SM); very dense;
grayish brown

At 50 ft, becomes dense

SILTY CLAY (CL-ML); very stiff; light brown

SANDY lean CLAY with GRAVEL (CL); very stiff; reddish brown;
moist

CLAYEY SAND with GRAVEL (SC); very dense; brown

2.0

2.0

2.0

2.0

2.5

2.5

2.0

2.0

2.0

2.5

2.0

2.0

2.0

2.0

2.0

2.5

2.0

2.0

2.5

2.0

2.5

Terminated at El. 315.5’

01-02-08

EL. 417.0’

410

420

400

390

380

370

360

350

340

330

320

330

SANDY lean CLAY with GRAVEL (CL); very stiff; dark brown; moist 6 inches Aggregate

At 11 ft, with coarse sand

CLAYEY GRAVEL with SAND (GC); dense; dark brown; moist

CLAYEY SAND with GRAVEL (SC); dense; brown

At 52 ft, with less gravel

Lean CLAY (CL); very stiff; brown; moist; trace GRAVEL

At 65 ft, with sand lenses

SILTY GRAVEL with SAND (GM); very dense; brown

Lean CLAY (CL); very stiff to hard; brown; moist

At 82 ft, with some sand

At 5 ft, with increase in gravel content

SANDY lean CLAY with GRAVEL (CL); hard; brown; moist

dense; tan brown; moist to wet

8 inches Asphalt Concrete over 6 inches AB
SILTY SAND (SM); very dense; brown
At 3 ft, becomes dense
At 4 ft, with gravel

CLAYEY SAND with GRAVEL (SC); dense to very dense; brown; moist

CLAYEY SAND with GRAVEL (SC); very dense; dark brown;moist

8"

L 94.8’

"A3"  Sta  413+63.2

L
 3

4
.2

’

"
A

3
"
  
S

ta
  
4
0
8
+

0
3
.9

R
 1

1
’

"
A

3
"
 S

ta
  
4
0
5
+

4
3
.1

NOTE: This LOTB sheet was prepared in accordance

with the Caltrans Soil & Rock Logging,

Classification, and Presentation Manual (June 2007)

Boring Dry at Time of Drilling

Boring Dry at Time of Drilling

PROFILE
HOR. 1"=100’

VER. 1"=10’

PLAN
Scale: 1"=100’

47
8
"

B.M Elev. 415.27

Northing: 2063428.6750

Easting:  6181960.7750

21
2
" Brass disk set in concrete in well monument stamped "+",

at the intersection of Vineyard Avenue and Ruby Hill Drive 

BENCH MARK:

RETAINING WALL 400N

RETAINING WALL 403

LOG OF TEST BORINGS (3 OF 4)

47
8
"

15 16

33E0077

A-07-132

A-07-021 R-08-023

R-08-023A-07-021

A-07-132
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As-Built Log of Test Borings sheet is considered an informational document only. 

As such, the State of California registration seal with signature, license number 

and registration certificate expiration date confirm that this is a true and 

accurate copy of the original document. This drawing is available and presented 

only for the convenience of any bidder, contractor or other interested party.
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NOTE: A COPY OF THIS LOG OF TEST BORINGS IS 
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2. Structure Design produced the data presented in the table below. 

   The data are the metric locations for the As-Built Test Borings 

   referenced to the proposed new structure location. This table is 

   presented on the As-Built Log of Test Boring sheet for the 

   convenience of any bidder, contractor or other interested party.

Boring Station

402+27B-11

B-12 402+49

04 84

3/1/09

33.5 ft. Rt

Notes:

Revisions made to this Log of Test Borings from the 

original ____ Log of Test Borings are the addition 

of the following table and notes:

03/31/10

143.4 ft. Lt

16.7 ft. Rt403+25B-13

Offset from A3 Line (84)

1. See the plans dated May 11, 1999 for stationing. 

For example I Line Sta 136+62 (Metric) = A3 Line Sta 448+23 (English).

LOG OF TEST BORINGS (4 OF 4)

RETAINING WALL 403

16 16
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38.0
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12.0
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14.2

12.1
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Location:  Alameda 84 22.9/27.1

Number:  297601

U
R

S
 G

R
A

IN
 S

IZ
E

  
2

8
6

4
9

6
4

0
-R

O
U

T
E

8
4

.G
P

J
  

S
N

J
_

C
T

.G
L

B
  

1
2

/1
6

/0
9



0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

0.0010.010.1110100

1.5

8.5

8.5

50.0

15.0

13.5

8.5

8.5

50.0

15.0

13.5

46.0

19.0

36.0

52.0

1.3

15.0

41.7

12.0

13.3

59.6

55 S. Market St, Ste 1500
San Jose, CA  95113

16
20

30
40

coarse

3
60

fine

HYDROMETERU.S. SIEVE OPENING IN INCHES U.S. SIEVE NUMBERS

Clayey SAND (SC) with gravel

Poorly graded SAND (SP-SC) with clay and gravel

Clayey GRAVEL (GC) with sand

Sandy lean CLAY (CL)

D10

4

fine coarse
SILT OR CLAY

4

%Gravel %Sand %Silt %ClayD100 D60

Cu

   

   

   

   

   

NB17

NB21

NB23

NB24

NB33

LL PL

D30

NB17

NB21

NB23

NB24

NB33

100
1403

2

COBBLES
GRAVEL SAND

PI Cc

GRAIN SIZE DISTRIBUTION

GRAIN SIZE IN MILLIMETERS

P
E

R
C

E
N

T
 F

IN
E

R
 B

Y
 W

E
IG

H
T

medium

6
8

10
14

Specimen Identification

Specimen Identification

Classification

50
3/4

1/2
3/8

39.0

39.3

52.0

34.7

39.1

107.446.82

   

   

   

   

   

1
6

7.989

0.3

4.029

8.277

0.076

37.5

25.7

25

38.1

12.7

0.378

1.015

0.845

200

Project Name:  SR 84 Expy Widen (URS 28649640)

Location:  Alameda 84 22.9/27.1

Number:  297601

U
R

S
 G

R
A

IN
 S

IZ
E

  
2

8
6

4
9

6
4

0
-R

O
U

T
E

8
4

.G
P

J
  

S
N

J
_

C
T

.G
L

B
  

1
2

/1
6

/0
9



0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

0.0010.010.1110100

1.5

8.5

30.0

60.0

40.0

65.0

8.5

30.0

60.0

40.0

65.0

30.0

40.0

48.0

42.0

43.0

27.0

12.0

15.0

13.0

18.0

55 S. Market St, Ste 1500
San Jose, CA  95113

16
20

30
40

coarse

3
60

fine

HYDROMETERU.S. SIEVE OPENING IN INCHES U.S. SIEVE NUMBERS

Clayey SAND (SC) with gravel

Clayey SAND (SC) with gravel

Clayey GRAVEL (GC) with sand

Clayey SAND (SC) with gravel

Clayey GRAVEL (GC) with sand

D10

4

fine coarse
SILT OR CLAY

4

%Gravel %Sand %Silt %ClayD100 D60

Cu

   

   

   

   

   

NB35

NB37

NB37

NB38

NB38

LL PL

D30

NB35

NB37

NB37

NB38

NB38

100
1403

2

COBBLES
GRAVEL SAND

PI Cc

GRAIN SIZE DISTRIBUTION

GRAIN SIZE IN MILLIMETERS

P
E

R
C

E
N

T
 F

IN
E

R
 B

Y
 W

E
IG

H
T

medium

6
8

10
14

Specimen Identification

Specimen Identification

Classification

50
3/4

1/2
3/8

43.0

48.0

37.0

45.0

39.0

100.543.40

   

   

   

   

   

1
6

1.355

4.75

7.058

5.13

5.738

37.5

37.5

50.8

25

37.5

0.092

0.874

0.883

1.071

0.535

200

Project Name:  SR 84 Expy Widen (URS 28649640)

Location:  Alameda 84 22.9/27.1

Number:  297601

U
R

S
 G

R
A

IN
 S

IZ
E

  
2

8
6

4
9

6
4

0
-R

O
U

T
E

8
4

.G
P

J
  

S
N

J
_

C
T

.G
L

B
  

1
2

/1
6

/0
9



0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

0.0010.010.1110100

1.5

1.0

8.5

1.0

8.5

3.6

46.0

55.9

15.0

37

55 S. Market St, Ste 1500
San Jose, CA  95113

16
20

30
40

coarse

3
60

fine

HYDROMETERU.S. SIEVE OPENING IN INCHES U.S. SIEVE NUMBERS

Sandy lean CLAY (CL) 16

D10

4

fine coarse
SILT OR CLAY

4

%Gravel %Sand %Silt %ClayD100 D60

Cu

   

   

RB01

RB17

LL PL

D30

RB01

RB17

100
1403

2

COBBLES
GRAVEL SAND

PI Cc

GRAIN SIZE DISTRIBUTION

GRAIN SIZE IN MILLIMETERS

P
E

R
C

E
N

T
 F

IN
E

R
 B

Y
 W

E
IG

H
T

medium

6
8

10
14

Specimen Identification

Specimen Identification

Classification

50
3/4

1/2
3/8

40.5

39.0

21

   

   

1
6

0.115

7.989

19

37.5 0.378

200

Project Name:  SR 84 Expy Widen (URS 28649640)

Location:  Alameda 84 22.9/27.1

Number:  297601

U
R

S
 G

R
A

IN
 S

IZ
E

  
2

8
6

4
9

6
4

0
-R

O
U

T
E

8
4

.G
P

J
  

S
N

J
_

C
T

.G
L

B
  

1
2

/1
6

/0
9



0

10

20

30

40

50

60

0 20 40 60 80 100

Specimen Identification

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

CL-ML

P
L
A
S
T
I
C
I
T
Y

I
N
D
E
X

LIQUID LIMIT

Fines Classification

27

31

31

28

37

22

21

33

22

24

23

29

24

31

27

23

28

27

25

21

17

21

14

16

17

19

20

21

18

15

17

16

17

18

18

18

18

19

16

19

Clayey SAND (SC) with gravel

Lean CLAY (CL)

Sandy lean CLAY (CL) with gravel

Lean CLAY (CL) with sand

Lean CLAY (CL)

Silty SAND (SM/GM) with gravel

Silty SAND (SM) with gravel

Lean CLAY (CL) with sand

SILT (ML) with sand

Sandy lean CLAY (CL) with gravel

Silty CLAY (CL-ML)

Lean CLAY (CL)

Sandy, silty CLAY (CL-ML) with gravel

Lean CLAY (CL)

Lean CLAY (CL)

Sandy, silty CLAY (CL-ML)

Lean CLAY (CL)

Lean CLAY (CL)

Clayey SAND (SC/GC) with gravel

Sandy SILT (ML)

5.0

15.0

3.5

1.0

10.0

1.0

1.0

15.0

3.0

8.5

3.5

33.5

8.5

30.0

35.0

55.0

60.0

80.0

13.5

18.5

55 S. Market St, Ste 1500
San Jose, CA  95113

NB02

NB03

NB04

NB05A

NB05A

NB09

NB14

NB14

NB19

NB19

NB20

NB21

NB22A

NB23

NB23

NB23

NB24

NB24

NB25

NB26

ML

LL PL PI

ATTERBERG LIMITS' RESULTS

10

10

17

12

20

3

1

12

4

9

6

13

7

13

9

5

10

8

9

2

CL

MH

CH

Figure D-1

Project Name:  SR 84 Expy Widen (URS 28649640)

Location:  Alameda 84 22.9/27.1

Number:  297601
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Figure D-2

Project Name:  SR 84 Expy Widen (URS 28649640)

Location:  Alameda 84 22.9/27.1

Number:  297601
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LIQUEFACTION ANALYSIS
SR 84 Isabel Ave Improvements

Alameda County, California Figure D-1

Hole No.=B-10    Water Depth=40 ft    Surface Elev.=415 Magnitude=7.5

Acceleration=0.5g
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LIQUEFACTION ANALYSIS
SR 84 Isabel Ave Improvements

Alameda County, California Figure D-2

Hole No.=B-12    Water Depth=40 ft    Surface Elev.=415 Magnitude=7.5

Acceleration=0.5g
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LIQUEFACTION ANALYSIS
SR 84 Isabel Ave Improvements

Alameda County, California Figure D-3

Hole No.=NB03    Water Depth=40 ft    Surface Elev.=539 Magnitude=7.5

Acceleration=0.5g
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LIQUEFACTION ANALYSIS
SR 84 Isabel Ave Improvements

Alameda County, California Figure D-4

Hole No.=NB06    Water Depth=40 ft    Surface Elev.=528 Magnitude=7.5

Acceleration=0.5g
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LIQUEFACTION ANALYSIS
SR 84 Isabel Ave Improvements

Alameda County, California Figure D-5

Hole No.=NB20    Water Depth=40 ft    Surface Elev.=421 Magnitude=7.5

Acceleration=0.5g
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LIQUEFACTION ANALYSIS
SR 84 Isabel Ave Improvements

Alameda County, California Figure D-6

Hole No.=NB21    Water Depth=43 ft    Surface Elev.=418 Magnitude=7.5

Acceleration=0.5g
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LIQUEFACTION ANALYSIS
SR 84 Isabel Ave Improvements

Alameda County, California Figure D-7

Hole No.=NB23    Water Depth=42.5 ft    Surface Elev.=417 Magnitude=7.5

Acceleration=0.5g
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Route 84 Widening Retaining Wall 400N - Type B
12/16/2009

Pile Design Spreadsheet  

Caltrans Design Method For CIDH Pile

Nominal axial compress. Capacity (ult.) 290 ton

Project Name: Route 84 Widening Nominal axial compress. Capacity (ult.) 2581 kN Pile Type CIDH

Project Number: 28649640 Pile Diameter 24 inch Pile Shape Circular

Retaining Wall Name: RW400N-Type B Wall_Pile B Pile Diameter 610 mm Pile Surface Area 1.92 sq. m/m Pile Tip Area 0.29 sq. m

Boring Surface El. (m) 123.7 Pile Diameter 2.00 ft Pile Surface Area 6.28 sq. ft/ft Pile Tip Area 3.14 sq. ft.

Boring Surface El. (ft) 406.0

Design GWS El. (ft) 375.0

Unit Weight of Water (pcf) 62.4

Depth with no strength

Convert. Factor 3.281

Bottom of Pile Cap El. (m) 120.1

Bottom of Pile Cap El. (ft) 394.0

Bottom of Fill El. (ft) N/A

Scour El. (ft) N/A

Soil parameters taken from borings B-12 Soil qT z/B Nc qT Bearing Include Elevation Nominal

Layer Lateral NSPT Cohesion Adhesion Ult. Load Layer Depth to Effective Type (granular) (cohesive) (cohesive) Capacity B.C.? to Axial

No. Resists? Factor Transfer Thickness Layer Center Vert. Stress G= gran. Cohesive (B.C.) midlayer (skin) (Tot) Capacity

c α fsi (Cen. Lay.) C=cohes. (comp) (tensile)

(-) (m) (feet) (m) (feet) blows/ft (psf) (psf) (feet) (feet) (psf) (psf) (ton) (ton) (ton) (psf) (-) (-) (psf) (ton) (ft) (ton) (kN) (ton) (kN) (ton) (kN) (ton) (kN) (ton) (kN)

123.74 406.0 0 0 g 0 n 406.0 0 0 0.0 0 290 2581 0 0 145 1291

1 123.74 406.0 120.09 394.0 n 5 0 0.55 0 12.0 6 690.0 1.2 0 g 0.0 0.0 0.0 6000 0.0 6.00 0 9 n 403.0 0.0 0 0.0 0 290 2581 0.0 0 145 1291

2 120.09 394.0 115.82 380.0 Y 30 0 0.55 0 14.0 19 2185.0 0.9 1992 g 0.0 87.6 61.3 36000 7.0 9.00 0 57 n 384.5 87.6 780 87.6 780 290 2581 61.3 546 145 1291

3 115.82 380.0 114.29 375.0 y 35 0 0.55 0 5.0 28.5 3265.0 0.8 2544 g 0.0 40.0 28.0 42000 9.5 9.00 0 66 n 365.8 127.6 1135 127.6 1135 290 2581 89.3 794 145 1291

4 114.29 375.0 111.86 367.0 y 50 0 0.55 0 8.0 35 3902.0 0.7 2737 g 0.0 68.8 48.1 60000 13.5 9.00 0 94 n 357.5 196.3 1747 196.3 1747 290 2581 137.4 1223 145 1291

5 111.86 367.0 110.03 361.0 y 41 1000 0.55 550 6.0 42 4398.6 0.6 2750 c 10.4 0.0 0.0 49200 16.5 9.00 9000 14 n 346.0 206.7 1840 206.7 1840 290 2581 147.8 1315 145 1291

6 110.03 361.0 105.61 346.5 y 61 0 0.55 0 14.5 52.25 5114.6 0.5 2681 g 0.0 122.1 85.5 73200 23.8 9.00 0 115 y 334.9 328.8 2927 443.8 3950 290 2581 233.3 2075 145 1291

7 105.61 346.5 101.95 334.5 Y 60 0 0.55 0 12.0 65.5 6058.4 0.4 2468 g 0.0 93.1 65.1 72000 29.8 9.00 0 113 y 313.8 421.9 3755 535.0 4761 290 2581 298.4 2655 145 1291

8 101.95 334.5 98.9 324.5 Y 60 0 0.55 0 10.0 76.5 6829.5 0.3 2180 g 0.0 68.5 47.9 72000 34.8 9.00 0 113 y 296.3 490.4 4364 603.5 5371 290 2581 346.4 3081 145 1291

Bottom 98.9 324.5
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Route 84 Widening Retaining Wall 400N - Type B
12/16/2009

Pile Design Spreadsheet  

Caltrans Design Method For CIDH Pile

Nominal axial compress. Capacity (ult.) 290 ton

Project Name: Route 84 Widening Nominal axial compress. Capacity (ult.) 2581 kN Pile Type CIDH

Project Number: 28649640 Pile Diameter 24 inch Pile Shape Circular

Retaining Wall Name: RW400N-Type B Wall_Pile A Pile Diameter 610 mm Pile Surface Area 1.92 sq. m/m Pile Tip Area 0.29 sq. m

Boring Surface El. (m) 123.7 Pile Diameter 2.00 ft Pile Surface Area 6.28 sq. ft/ft Pile Tip Area 3.14 sq. ft.

Boring Surface El. (ft) 406.0

Design GWS El. (ft) 375.0

Unit Weight of Water (pcf) 62.4

Depth with no strength

Convert. Factor 3.281

Bottom of Pile Cap El. (m) 120.1

Bottom of Pile Cap El. (ft) 394.0

Bottom of Fill El. (ft) N/A

Scour El. (ft) N/A

Soil parameters taken from borings B-12 Soil qT z/B Nc qT Bearing Include Elevation Nominal

Layer Lateral NSPT Cohesion Adhesion Ult. Load Layer Depth to Effective Type (granular) (cohesive) (cohesive) Capacity B.C.? to Axial

No. Resists? Factor Transfer Thickness Layer Center Vert. Stress G= gran. Cohesive (B.C.) midlayer (skin) (Tot) Capacity

c α fsi (Cen. Lay.) C=cohes. (comp)** (tensile)

(-) (m) (feet) (m) (feet) blows/ft (psf) (psf) (feet) (feet) (psf) (psf) (ton) (ton) (ton) (psf) (-) (-) (psf) (ton) (ft) (ton) (kN) (ton) (kN) (ton) (kN) (ton) (kN) (ton) (kN)

123.74 406.0 0 0 g 0 n 406.0 0 0 0.0 0 290 2581 0 0 145 1291

1 123.74 406.0 120.09 394.0 n 5 0 0.55 0 12.0 6 690.0 1.2 0 g 0.0 0.0 0.0 6000 0.0 6.00 0 9 n 403.0 0.0 0 0.0 0 290 2581 0.0 0 145 1291

2 120.09 394.0 115.82 380.0 Y 30 0 0.55 0 14.0 19 2185.0 0.9 1992 g 0.0 74.4 52.1 36000 7.0 9.00 0 57 n 384.5 74.4 662 74.4 662 290 2581 52.1 463 145 1291

3 115.82 380.0 114.29 375.0 y 35 0 0.55 0 5.0 28.5 3265.0 0.8 2544 g 0.0 36.1 25.3 42000 9.5 9.00 0 66 n 365.8 110.5 983 110.5 983 290 2581 77.4 688 145 1291

4 114.29 375.0 111.86 367.0 y 50 0 0.55 0 8.0 35 3902.0 0.7 2737 g 0.0 62.4 43.7 60000 13.5 9.00 0 94 n 357.5 172.9 1539 172.9 1539 290 2581 121.0 1077 145 1291

5 111.86 367.0 110.03 361.0 y 41 1000 0.55 550 6.0 42 4398.6 0.6 2750 c 10.4 0.0 0.0 49200 16.5 9.00 9000 14 n 346.0 183.3 1631 183.3 1631 290 2581 131.4 1169 145 1291

6 110.03 361.0 105.61 346.5 y 61 0 0.55 0 14.5 52.25 5114.6 0.5 2681 g 0.0 114.2 79.9 73200 23.8 9.00 0 115 y 334.9 297.5 2647 412.4 3671 290 2581 211.3 1880 145 1291

7 105.61 346.5 101.95 334.5 Y 60 0 0.55 0 12.0 65.5 6058.4 0.4 2468 g 0.0 88.2 61.7 72000 29.8 9.00 0 113 y 313.8 385.7 3432 498.8 4439 290 2581 273.1 2429 145 1291

8 101.95 334.5 98.9 324.5 Y 60 0 0.55 0 10.0 76.5 6829.5 0.3 2180 g 0.0 65.4 45.8 72000 34.8 9.00 0 113 y 296.3 451.1 4014 564.2 5021 290 2581 318.9 2837 145 1291

Bottom 98.9 324.5

** Stress reduction was applied (removal of 60 ft wide and 9 ft depth soil from surface)
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============================================================================== 
 
                    LPILE Plus for Windows, Version 4.0 
 
               Analysis of Individual Piles and Drilled Shafts 
              Subjected to Lateral Loading Using the p-y Method 
 
                   (c) Copyright ENSOFT, Inc., 1985-2001 
                             All Rights Reserved 
 
============================================================================== 
 
 
This program is licensed to:  
 
Mano 
URS 
 
Path to file locations:      X:\Route 84 - Isabel 
Avenue\geotech\Analysis\pile\lateral\RW400N-Type B\ 
Name of input data file:     RW400N-Type B_CIDH 24_ Fix.lpd 
Name of output file:         RW400N-Type B_CIDH 24_ Fix.lpo 
Name of plot output file:    RW400N-Type B_CIDH 24_ Fix.lpp 
Name of runtime file:        RW400N-Type B_CIDH 24_ Fix.lpr 
 
 
------------------------------------------------------------------------------ 
                          Time and Date of Analysis 
------------------------------------------------------------------------------ 
 
               Date:  April 23, 2009     Time:  13:36:59 
 
 
------------------------------------------------------------------------------ 
                                Problem Title 
------------------------------------------------------------------------------ 
 
Route 84 Widening_Retaining Wall 400N-Type B - 24 inch CIDH pile                 
 
 
------------------------------------------------------------------------------ 
                                Program Options 
------------------------------------------------------------------------------ 
 
Units Used in Computations - US Customary Units, inches, pounds 
 
Basic Program Options: 
 
Analysis Type 1:  
- Computation of Lateral Pile Response Using User-specified Constant EI 
 
Computation Options: 
- Only internally-generated p-y curves used in analysis 
- Analysis does not use p-y multipliers (individual pile or shaft action only) 
- Analysis assumes no shear resistance at pile tip 
- Analysis includes automatic computation of pile-top deflection vs. 
  pile embedment length 



- No computation of foundation stiffness matrix elements 
- Output pile response for full length of pile 
- Analysis assumes no soil movements acting on pile 
- Additional p-y curves computed at specified depths 
 
Solution Control Parameters: 
- Number of pile increments            =          100 
- Maximum number of iterations allowed =          100 
- Deflection tolerance for convergence =   1.0000E-05 in 
- Maximum allowable deflection         =   1.0000E+02 in 
 
Printing Options: 
- Values of pile-head deflection, bending moment, shear force, and  
  soil reaction are printed for full length of pile. 
- Printing Increment (spacing of output points) =  1 
 
 
------------------------------------------------------------------------------ 
                   Pile Structural Properties and Geometry 
------------------------------------------------------------------------------ 
 
Pile Length                               =     564.00 in 
Depth of ground surface below top of pile =     -24.00 in 
Slope angle of ground surface             =        .00 deg. 
 
Structural properties of pile defined using  2 points 
 
Point    Depth         Pile      Moment of       Pile      Modulus of 
           X         Diameter     Inertia        Area      Elasticity 
           in           in         in**4        Sq.in      lbs/Sq.in 
-----  ---------   -----------   ----------   ----------   ----------- 
  1       0.0000        24.000   16286.0000     452.4000   3600000.000 
  2     564.0000        24.000   16286.0000     452.4000   3600000.000 
 
 
------------------------------------------------------------------------------ 
                      Soil and Rock Layering Information 
------------------------------------------------------------------------------ 
 
The soil profile is modelled using  7 layers 
 
Layer  1 is sand, p-y criteria by Reese et al., 1974 
Distance from top of pile to top of layer    =      -24.000 in 
Distance from top of pile to bottom of layer =      168.000 in 
p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3 
p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3 
 
Layer  2 is sand, p-y criteria by Reese et al., 1974 
Distance from top of pile to top of layer    =      168.000 in 
Distance from top of pile to bottom of layer =      228.000 in 
p-y subgrade modulus k for top of soil layer =      150.000 lbs/in**3 
p-y subgrade modulus k for bottom of layer   =      150.000 lbs/in**3 
 
Layer  3 is sand, p-y criteria by Reese et al., 1974 
Distance from top of pile to top of layer    =      228.000 in 
Distance from top of pile to bottom of layer =      324.000 in 
p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3 



p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3 
 
Layer  4 is stiff clay with water-induced erosion 
Distance from top of pile to top of layer    =      324.000 in 
Distance from top of pile to bottom of layer =      396.000 in 
p-y subgrade modulus k for top of soil layer =      750.000 lbs/in**3 
p-y subgrade modulus k for bottom of layer   =      750.000 lbs/in**3 
 
Layer  5 is sand, p-y criteria by Reese et al., 1974 
Distance from top of pile to top of layer    =      396.000 in 
Distance from top of pile to bottom of layer =      570.000 in 
p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3 
p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3 
 
Layer  6 is sand, p-y criteria by Reese et al., 1974 
Distance from top of pile to top of layer    =      570.000 in 
Distance from top of pile to bottom of layer =      714.000 in 
p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3 
p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3 
 
Layer  7 is sand, p-y criteria by Reese et al., 1974 
Distance from top of pile to top of layer    =      714.000 in 
Distance from top of pile to bottom of layer =      858.000 in 
p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3 
p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3 
 
 
(Depth of lowest layer extends  294.00 in below pile tip) 
 
 
------------------------------------------------------------------------------ 
                   Effective Unit Weight of Soil vs. Depth 
------------------------------------------------------------------------------ 
 
Distribution of effective unit weight of soil with depth 
is defined using 14 points 
 
Point        Depth X    Eff. Unit Weight 
 No.           in          lbs/in**3 
-----      ----------   ---------------- 
  1           -24.00         .06660 
  2           168.00         .06660 
  3           168.00         .07520 
  4           228.00         .07520 
  5           228.00         .03910 
  6           324.00         .03910 
  7           324.00         .03910 
  8           396.00         .03910 
  9           396.00         .04200 
 10           570.00         .04200 
 11           570.00         .04200 
 12           714.00         .04200 
 13           714.00         .03910 
 14           858.00         .03910 
 
 
 



------------------------------------------------------------------------------ 
                           Shear Strength of Soils 
------------------------------------------------------------------------------ 
 
Distribution of shear strength parameters with depth 
defined using 14 points 
 
Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD 
 No.       in         lbs/in**2            Deg.            k_rm        % 
-----   --------     ----------     ------------------    ------    ------ 
  1      -24.000         .00000           34.00           ------    ------ 
  2      168.000         .00000           34.00           ------    ------ 
  3      168.000         .00000           36.00           ------    ------ 
  4      228.000         .00000           36.00           ------    ------ 
  5      228.000         .00000           36.00           ------    ------ 
  6      324.000         .00000           36.00           ------    ------ 
  7      324.000        6.94400             .00           .00500        .0 
  8      396.000        6.94400             .00           .00500        .0 
  9      396.000         .00000           36.00           ------    ------ 
 10      570.000         .00000           36.00           ------    ------ 
 11      570.000         .00000           38.00           ------    ------ 
 12      714.000         .00000           38.00           ------    ------ 
 13      714.000         .00000           36.00           ------    ------ 
 14      858.000         .00000           36.00           ------    ------ 
 
Notes: 
 
(1)  Cohesion = uniaxial compressive strength for rock materials. 
(2)  Values of E50 are reported for clay strata.  
(3)  Default values will be generated for E50 when input values are 0. 
(4)  RQD and k_rm are reported only for weak rock strata. 
 
Static loading criteria was used for computation of  p-y curves 
 
 
 
------------------------------------------------------------------------------ 
              Pile-head Loading and Pile-head Fixity Conditions 
------------------------------------------------------------------------------ 
 
Number of loads specified = 10 
 
Load Case Number  1 
 
Pile-head boundary conditions are Displacement and Slope (BC Type 5) 
Deflection at pile head     =            .100 in 
Slope at pile head          =            .000 in/in 
Axial load at pile head     =      290000.000 lbs 
 
Load Case Number  2 
 
Pile-head boundary conditions are Displacement and Slope (BC Type 5) 
Deflection at pile head     =            .200 in 
Slope at pile head          =            .000 in/in 
Axial load at pile head     =      290000.000 lbs 
 
Load Case Number  3 



 
Pile-head boundary conditions are Displacement and Slope (BC Type 5) 
Deflection at pile head     =            .300 in 
Slope at pile head          =            .000 in/in 
Axial load at pile head     =      290000.000 lbs 
 
Load Case Number  4 
 
Pile-head boundary conditions are Displacement and Slope (BC Type 5) 
Deflection at pile head     =            .400 in 
Slope at pile head          =            .000 in/in 
Axial load at pile head     =      290000.000 lbs 
 
Load Case Number  5 
 
Pile-head boundary conditions are Displacement and Slope (BC Type 5) 
Deflection at pile head     =            .500 in 
Slope at pile head          =            .000 in/in 
Axial load at pile head     =      290000.000 lbs 
 
Load Case Number  6 
 
Pile-head boundary conditions are Displacement and Slope (BC Type 5) 
Deflection at pile head     =            .600 in 
Slope at pile head          =            .000 in/in 
Axial load at pile head     =      290000.000 lbs 
 
Load Case Number  7 
 
Pile-head boundary conditions are Displacement and Slope (BC Type 5) 
Deflection at pile head     =            .700 in 
Slope at pile head          =            .000 in/in 
Axial load at pile head     =      290000.000 lbs 
 
Load Case Number  8 
 
Pile-head boundary conditions are Displacement and Slope (BC Type 5) 
Deflection at pile head     =            .800 in 
Slope at pile head          =            .000 in/in 
Axial load at pile head     =      290000.000 lbs 
 
Load Case Number  9 
 
Pile-head boundary conditions are Displacement and Slope (BC Type 5) 
Deflection at pile head     =            .900 in 
Slope at pile head          =            .000 in/in 
Axial load at pile head     =      290000.000 lbs 
 
Load Case Number 10 
 
Pile-head boundary conditions are Displacement and Slope (BC Type 5) 
Deflection at pile head     =           1.000 in 
Slope at pile head          =            .000 in/in 
Axial load at pile head     =      290000.000 lbs 
 
 
 



 
------------------------------------------------------------------------------ 
                   Output of p-y Curves at Specified Depths 
------------------------------------------------------------------------------ 
 
 
 
p-y curves are generated and printed for verification at  1 depths. 
 
Depth      Depth Below Pile Head      Depth Below Ground Surface 
 No.                 in                         in 
-----      ---------------------      -------------------------- 
  1                60.000                     84.000 
 
Depth of ground surface below top of pile =     -24.00 in 
 
 
p-y Curve in Sand Computed Using Reese Criteria 
 
Soil Layer Number           =            1 
Depth below pile head       =       60.000 in 
Depth below ground surface  =       84.000 in 
Equivalent Depth (see note) =       84.000 in 
Pile Diameter               =       24.000 in 
Angle of Friction           =       34.000 deg. 
Avg. Eff. Unit Weight       =       .06660 lbs/in**3 
k                           =       60.000 pci   
A (static)                  =        .9800 
B (static)                  =        .6200 
Pst                         =     1715.339 lbs/in 
Psd                         =     6357.074 lbs/in 
Ps                          =     1715.339 lbs/in 
pu                          =     1681.032 lbs/in 
Cbar                        =    1627.7632 
n                           =       2.1528 
m                           =    1235.0441 
yk                          =        .1212  in 
ym                          =        .4000  in 
yu                          =        .9000  in 
p-multiplier                =      1.00000 
y-multiplier                =      1.00000 
 
If Psd <= Pst then actual depth is used in place of equivalent depth in 
computations. 
 
        y, in             p, lbs/in 
----------------    ----------------- 
          .0000             .000 
          .0333          168.000 
          .0667          336.000 
          .1000          504.000 
          .1333          638.427 
          .1667          708.154 
          .2000          770.741 
          .2333          827.954 
          .2667          880.936 
          .3000          930.477 



          .3333          977.149 
          .3667         1021.382 
          .4000         1063.510 
          .9000         1681.032 
        24.9000         1681.032 
        48.9000         1681.032 
        72.9000         1681.032 
 
 
 
 
 
 
 
------------------------------------------------------------------------------ 
             Computed Values of Load Distribution and Deflection 
                 for Lateral Loading for Load Case Number  1 
------------------------------------------------------------------------------ 
 
Pile-head boundary conditions are Displacement and Slope (BC Type 5) 
Specified deflection at pile head   =         .100000 in 
Specified slope at pile head        =       0.000E+00 in/in 
Specified axial load at pile head   =      290000.000 lbs 
 
  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 
    X         y          M           V           S        Stress        p 
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 
-------- --------- ----------- ----------- ----------- ----------- ----------- 
   0.000   .100000  -1.711E+06  34107.5954      0.0000   1901.7824   -144.0000 
   5.640   .099536  -1.521E+06  33202.3345  -1.554E-04   1761.6293   -177.0145 
  11.280   .098247  -1.336E+06  32116.6831  -2.929E-04   1625.4488   -207.9682 
  16.920   .096232  -1.158E+06  30863.9321  -4.128E-04   1493.9878   -236.2697 
  22.560   .093590  -9.865E+05  29460.3532  -5.159E-04   1367.9303   -261.4534 
  28.200   .090413  -8.236E+05  27924.5085  -6.030E-04   1247.8864   -283.1724 
  33.840   .086788  -6.696E+05  26276.6061  -6.748E-04   1134.3842   -301.1902 
  39.480   .082801  -5.250E+05  24537.9028  -7.323E-04   1027.8637   -315.3713 
  45.120   .078528  -3.904E+05  22730.1595  -7.763E-04    928.6740   -325.6724 
  50.760   .074044  -2.661E+05  20875.1518  -8.079E-04    837.0723   -332.1318 
  56.400   .069415  -1.523E+05  18994.2354  -8.280E-04    753.2244   -334.8599 
  62.040   .064704 -49104.5010  17107.9694  -8.377E-04    677.2073   -334.0288 
  67.680   .059966  43445.7663  15235.7955  -8.380E-04    673.0377   -329.8626 
  73.320   .055252   1.255E+05  13395.7733  -8.298E-04    733.4950   -322.6275 
  78.960   .050606   1.973E+05  11604.3686  -8.143E-04    786.3760   -312.6224 
  84.600   .046067   2.591E+05   9876.2938  -7.924E-04    831.9067   -300.1701 
  90.240   .041668   3.113E+05   8224.3965  -7.649E-04    870.3720   -285.6091 
  95.880   .037438   3.543E+05   6659.5931  -7.329E-04    902.1070   -269.2858 
 101.520   .033401   3.888E+05   5190.8432  -6.972E-04    927.4893   -251.5476 
 107.160   .029574   4.152E+05   3825.1614  -6.585E-04    946.9307   -232.7367 
 112.800   .025973   4.341E+05   2567.6624  -6.177E-04    960.8691   -213.1849 
 118.440   .022607   4.461E+05   1421.6330  -5.753E-04    969.7604   -193.2085 
 124.080   .019483   4.520E+05    388.6298  -5.321E-04    974.0716   -173.1047 
 129.720   .016605   4.523E+05   -531.4047  -4.886E-04    974.2730   -153.1486 
 135.360   .013972   4.476E+05  -1340.0092  -4.453E-04    970.8326   -133.5906 
 141.000   .011581   4.386E+05  -2040.0606  -4.027E-04    964.2091   -114.6546 
 146.640   .009429   4.259E+05  -2635.6218  -3.611E-04    954.8474    -96.5373 
 152.280   .007508   4.101E+05  -3131.7859  -3.209E-04    943.1737    -79.4074 
 157.920   .005809   3.916E+05  -3534.5186  -2.824E-04    929.5913    -63.4056 



 163.560   .004323   3.711E+05  -3850.5021  -2.457E-04    914.4774    -48.6453 
 169.200   .003038   3.490E+05  -4243.6355  -2.110E-04    898.1803    -90.7637 
 174.840   .001942   3.239E+05  -4667.8636  -1.787E-04    879.7154    -59.6718 
 180.480   .001022   2.969E+05  -4927.1529  -1.488E-04    859.8143    -32.2748 
 186.120  2.64E-04   2.689E+05  -5042.2619  -1.216E-04    839.1223     -8.5440 
 191.760 -3.49E-04   2.405E+05  -5033.5910  -9.710E-05    818.1989     11.6187 
 197.400 -8.32E-04   2.124E+05  -4920.8268  -7.532E-05    797.5200     28.3686 
 203.040  -.001199   1.852E+05  -4722.6505  -5.619E-05    777.4814     41.9067 
 208.680  -.001466   1.593E+05  -4456.5113  -3.962E-05    758.4035     52.4689 
 214.320  -.001646   1.351E+05  -4138.4606  -2.547E-05    740.5369     60.3150 
 219.960  -.001753   1.127E+05  -3783.0452  -1.355E-05    724.0683     65.7188 
 225.600  -.001799  92424.9029  -3403.2526  -3.683E-06    709.1270     68.9594 
 231.240  -.001794  74326.0965  -3044.8863   4.337E-06    695.7913     58.1208 
 236.880  -.001750  58064.3965  -2717.6823   1.071E-05    683.8092     57.9090 
 242.520  -.001674  43635.6216  -2394.8535   1.560E-05    673.1776     56.5693 
 248.160  -.001574  30999.4289  -2082.1866   1.919E-05    663.8669     54.3055 
 253.800  -.001457  20085.7936  -1784.3548   2.164E-05    655.8254     51.3087 
 259.440  -.001330  10801.1058  -1504.9924   2.313E-05    648.9842     47.7560 
 265.080  -.001196   3033.8187  -1246.7790   2.379E-05    643.2610     43.8090 
 270.720  -.001061  -3340.3992  -1011.5306   2.378E-05    643.4869     39.6125 
 276.360 -9.28E-04  -8454.0354   -800.2931   2.321E-05    647.2548     35.2944 
 282.000 -7.99E-04 -12443.6390   -613.4378   2.221E-05    650.1945     30.9663 
 287.640 -6.78E-04 -15446.2595   -450.7539   2.087E-05    652.4069     26.7230 
 293.280 -5.64E-04 -17596.4006   -311.5378   1.928E-05    653.9912     22.6444 
 298.920 -4.60E-04 -19023.4643   -194.6768   1.752E-05    655.0427     18.7957 
 304.560 -3.66E-04 -19849.6514    -98.7262   1.565E-05    655.6514     15.2293 
 310.200 -2.84E-04 -20188.2759    -21.9786   1.372E-05    655.9010     11.9861 
 315.840 -2.12E-04 -20142.4508     37.4748   1.178E-05    655.8672      9.0966 
 321.480 -1.51E-04 -19804.0957     81.6915   9.859E-06    655.6179      6.5831 
 327.120 -1.01E-04 -19253.2203    174.9778   7.980E-06    655.2120     26.4972 
 332.760 -6.07E-05 -17856.4509    307.7407   6.195E-06    654.1828     20.5818 
 338.400 -3.06E-05 -15802.1716    406.9392   4.576E-06    652.6691     14.5949 
 344.040 -9.11E-06 -13281.1467    470.3920   3.177E-06    650.8116      7.9060 
 349.680  5.21E-06 -10506.5442    475.4010   2.033E-06    648.7672     -6.1298 
 355.320  1.38E-05  -7925.2744    430.2515   1.147E-06    646.8652     -9.8807 
 360.960  1.81E-05  -5657.0584    370.5355   4.935E-07    645.1939    -11.2952 
 366.600  1.94E-05  -3747.2480    305.7902   4.114E-08    643.7867    -11.6641 
 372.240  1.86E-05  -2207.8793    240.7062  -2.453E-07    642.6525    -11.4153 
 377.880  1.66E-05  -1031.2793    178.1151  -4.011E-07    641.7855    -10.7802 
 383.520  1.41E-05   -197.4295    119.7646  -4.602E-07    641.1711     -9.9115 
 389.160  1.14E-05    321.1712     66.6615  -4.542E-07    641.2623     -8.9194 
 394.800  8.96E-06    555.9982     19.2796  -4.120E-07    641.4353     -7.8827 
 400.440  6.79E-06    539.9927     -3.8429  -3.593E-07    641.4235      -.3168 
 406.080  4.91E-06    513.8259     -5.3919  -3.086E-07    641.4042      -.2325 
 411.720  3.31E-06    480.1816     -6.4961  -2.608E-07    641.3795      -.1590 
 417.360  1.97E-06    441.4030     -7.2153  -2.165E-07    641.3509    -.095986 
 423.000  8.67E-07    399.5017     -7.6069  -1.761E-07    641.3200    -.042894 
 428.640 -1.75E-08    356.1730     -7.7254  -1.397E-07    641.2881   8.764E-04 
 434.280 -7.09E-07    312.8163     -7.6212  -1.075E-07    641.2561     .036062 
 439.920 -1.23E-06    270.5574     -7.3405  -7.947E-08    641.2250     .063469 
 445.560 -1.61E-06    230.2748     -6.9249  -5.539E-08    641.1953     .083935 
 451.200 -1.86E-06    192.6260     -6.4109  -3.504E-08    641.1676     .098310 
 456.840 -2.00E-06    158.0741     -5.8308  -1.818E-08    641.1421       .1074 
 462.480 -2.06E-06    126.9145     -5.2118  -4.469E-09    641.1192       .1121 
 468.120 -2.05E-06     99.3001     -4.5770   6.412E-09    641.0988       .1130 
 473.760 -1.99E-06     75.2653     -3.9454   1.481E-08    641.0811       .1109 
 479.400 -1.88E-06     54.7479     -3.3322   2.106E-08    641.0660       .1065 



 485.040 -1.75E-06     37.6089     -2.7495   2.550E-08    641.0534       .1002 
 490.680 -1.60E-06     23.6498     -2.2063   2.845E-08    641.0431     .092467 
 496.320 -1.43E-06     12.6284     -1.7092   3.020E-08    641.0349     .083808 
 501.960 -1.26E-06      4.2709     -1.2628   3.101E-08    641.0288     .074508 
 507.600 -1.08E-06     -1.7172      -.8699   3.113E-08    641.0269     .064823 
 513.240 -9.05E-07     -5.6430      -.5321   3.078E-08    641.0298     .054947 
 518.880 -7.32E-07     -7.8201      -.2502   3.013E-08    641.0314     .045011 
 524.520 -5.65E-07     -8.5642    -.024329   2.934E-08    641.0320     .035097 
 530.160 -4.01E-07     -8.1906       .1458   2.854E-08    641.0317     .025239 
 535.800 -2.43E-07     -7.0128       .2605   2.780E-08    641.0308     .015433 
 541.440 -8.79E-08     -5.3429       .3200   2.721E-08    641.0296     .005647 
 547.080  6.41E-08     -3.4926       .3241   2.678E-08    641.0282    -.004168 
 552.720  2.14E-07     -1.7744       .2727   2.653E-08    641.0269    -.014073 
 558.360  3.63E-07      -.5035       .1650   2.642E-08    641.0260    -.024127 
 564.000  5.12E-07      0.0000      0.0000   2.640E-08    641.0256    -.034372 
 
Output Verification: 
 
Computed forces and moments are within specified convergence limits. 
 
 
Output Summary for Load Case No.  1: 
 
Pile-head deflection             =      .10000000 in 
Computed slope at pile head      =          0.000 
Maximum bending moment           =   -1711057.100 lbs-in 
Maximum shear force              =      34107.595 lbs 
Depth of maximum bending moment  =          0.000 in 
Depth of maximum shear force     =          0.000 in 
Number of iterations             =              5 
Number of zero deflection points =              4 
 
 
 
 
------------------------------------------------------------------------------ 
             Computed Values of Load Distribution and Deflection 
                 for Lateral Loading for Load Case Number  2 
------------------------------------------------------------------------------ 
 
Pile-head boundary conditions are Displacement and Slope (BC Type 5) 
Specified deflection at pile head   =         .200000 in 
Specified slope at pile head        =       0.000E+00 in/in 
Specified axial load at pile head   =      290000.000 lbs 
 
  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 
    X         y          M           V           S        Stress        p 
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 
-------- --------- ----------- ----------- ----------- ----------- ----------- 
   0.000   .200000  -3.382E+06  67212.3567      0.0000   3133.2040   -287.4774 
   5.640   .199082  -3.008E+06  65403.2542  -3.073E-04   2857.0614   -354.0483 
  11.280   .196533  -2.644E+06  63231.6577  -5.792E-04   2588.8684   -416.0214 
  16.920   .192550  -2.292E+06  60725.3281  -8.166E-04   2330.1198   -472.7479 
  22.560   .187322  -1.956E+06  57916.4625    -.001021   2082.1857   -523.3038 
  28.200   .181034  -1.636E+06  54841.8108    -.001194   1846.2903   -566.9982 
  33.840   .173858  -1.333E+06  51541.4097    -.001336   1623.4946   -603.3568 
  39.480   .165959  -1.050E+06  48057.4123    -.001451   1414.6860   -632.1033 



  45.120   .157490  -7.865E+05  44467.0757    -.001539   1220.5710   -641.0657 
  50.760   .148594  -5.434E+05  40842.0425    -.001603   1041.3904   -644.4070 
  56.400   .139403  -3.206E+05  37203.8276    -.001645    877.2504   -645.7401 
  62.040   .130039  -1.183E+05  33601.1126    -.001666    728.2084   -631.8184 
  67.680   .120610  63874.1594  30121.5501    -.001669    688.0900   -602.0690 
  73.320   .111216   2.269E+05  26809.1218    -.001655    808.2182   -572.5510 
  78.960   .101945   3.717E+05  23543.1226    -.001626    914.9006   -585.6048 
  84.600   .092876   4.978E+05  20221.1360    -.001584   1007.8142   -592.4047 
  90.240   .084077   6.050E+05  16925.4030    -.001531   1086.7853   -576.2950 
  95.880   .075606   6.937E+05  13766.6885    -.001469   1152.1789   -543.8165 
 101.520   .067511   7.651E+05  10799.3263    -.001398   1204.7460   -508.4396 
 107.160   .059832   8.201E+05   8037.7276    -.001322   1245.3074   -470.8507 
 112.800   .052597   8.601E+05   5492.4879    -.001241   1274.7378   -431.7166 
 118.440   .045829   8.861E+05   3170.5264    -.001157   1293.9499   -391.6740 
 124.080   .039542   8.996E+05   1075.2761    -.001071   1303.8791   -351.3225 
 129.720   .033743   9.018E+05   -793.0867  -9.848E-04   1305.4696   -311.2175 
 135.360   .028433   8.939E+05  -2437.3813  -8.985E-04   1299.6611   -271.8657 
 141.000   .023608   8.772E+05  -3863.1373  -8.133E-04   1287.3770   -233.7215 
 146.640   .019259   8.530E+05  -5078.2924  -7.301E-04   1269.5132   -197.1846 
 152.280   .015373   8.223E+05  -6092.8822  -6.495E-04   1246.9288   -162.5990 
 157.920   .011933   7.864E+05  -6918.7253  -5.721E-04   1220.4380   -130.2531 
 163.560   .008920   7.461E+05  -7569.1113  -4.984E-04   1190.8032   -100.3802 
 169.200   .006311   7.026E+05  -8383.9671  -4.287E-04   1158.7292   -188.5757 
 174.840   .004084   6.530E+05  -9269.6048  -3.635E-04   1122.1538   -125.4802 
 180.480   .002211   5.992E+05  -9820.2975  -3.033E-04   1082.5616    -69.8009 
 186.120  6.63E-04   5.432E+05 -10077.7422  -2.483E-04   1041.2640    -21.4916 
 191.760 -5.90E-04   4.864E+05 -10082.9811  -1.988E-04    999.3997     19.6339 
 197.400  -.001580   4.301E+05  -9875.6749  -1.547E-04    957.9392     53.8790 
 203.040  -.002336   3.755E+05  -9493.5079  -1.160E-04    917.6917     81.6412 
 208.680  -.002888   3.234E+05  -8971.7222  -8.237E-05    879.3141    103.3892 
 214.320  -.003265   2.746E+05  -8342.7752  -5.361E-05    843.3223    119.6416 
 219.960  -.003493   2.295E+05  -7636.1161  -2.936E-05    810.1029    130.9467 
 225.600  -.003596   1.885E+05  -6878.0692  -9.260E-06    779.9260    137.8642 
 231.240  -.003597   1.519E+05  -6160.7358   7.114E-06    752.9586    116.5093 
 236.880  -.003516   1.190E+05  -5504.0629   2.014E-05    728.7043    116.3534 
 242.520  -.003370  89759.9480  -4854.7466   3.019E-05    707.1634    113.9006 
 248.160  -.003175  64134.3111  -4224.5829   3.759E-05    688.2817    109.5617 
 253.800  -.002946  41983.6968  -3623.1195   4.269E-05    671.9605    103.7232 
 259.440  -.002694  23125.8702  -3057.8044   4.582E-05    658.0655     96.7432 
 265.080  -.002429   7341.7666  -2534.1550   4.729E-05    646.4353     88.9481 
 270.720  -.002160  -5614.0886  -2055.9416   4.737E-05    645.1623     80.6311 
 276.360  -.001895 -16004.2171  -1625.3778   4.633E-05    652.8180     72.0511 
 282.000  -.001638 -24099.9112  -1243.3131   4.440E-05    658.7832     63.4328 
 287.640  -.001394 -30174.0402   -909.4229   4.179E-05    663.2588     54.9680 
 293.280  -.001166 -34494.9125   -622.3909   3.868E-05    666.4425     46.8164 
 298.920 -9.57E-04 -37321.1455   -380.0822   3.523E-05    668.5250     39.1086 
 304.560 -7.69E-04 -38897.4771   -179.7031   3.156E-05    669.6864     31.9478 
 310.200 -6.01E-04 -39451.4414    -17.9456   2.779E-05    670.0946     25.4130 
 315.840 -4.55E-04 -39190.8203    108.8833   2.401E-05    669.9026     19.5618 
 321.480 -3.31E-04 -38301.7810    204.7490   2.028E-05    669.2475     14.4331 
 327.120 -2.26E-04 -36947.6028    357.6838   1.666E-05    668.2497     39.7991 
 332.760 -1.43E-04 -34321.6191    558.9025   1.324E-05    666.3148     31.5551 
 338.400 -7.72E-05 -30686.4803    713.2874   1.011E-05    663.6363     23.1913 
 344.040 -2.85E-05 -26308.8062    818.2202   7.368E-06    660.4107     14.0189 
 349.680  5.92E-06 -21481.0585    838.7846   5.069E-06    656.8535     -6.7265 
 355.320  2.87E-05 -16863.8980    779.4593   3.225E-06    653.4515    -14.3109 
 360.960  4.23E-05 -12699.3069    690.2188   1.803E-06    650.3829    -17.3347 



 366.600  4.90E-05  -9084.1272    588.7358   7.552E-07    647.7191    -18.6522 
 372.240  5.08E-05  -6060.8377    482.5755   2.674E-08    645.4914    -18.9933 
 377.880  4.93E-05  -3640.7631    376.2213  -4.399E-07    643.7083    -18.7210 
 383.520  4.59E-05  -1815.6221    272.4906  -7.023E-07    642.3634    -18.0630 
 389.160  4.14E-05   -564.7722    173.1128  -8.168E-07    641.4418    -17.1773 
 394.800  3.66E-05    139.7623     79.0625  -8.373E-07    641.1286    -16.1738 
 400.440  3.20E-05    329.7915     29.2488  -8.147E-07    641.2686     -1.4906 
 406.080  2.74E-05    472.3537     21.3799  -7.761E-07    641.3737     -1.2998 
 411.720  2.32E-05    573.4959     14.5704  -7.258E-07    641.4482     -1.1149 
 417.360  1.93E-05    639.0822      8.7775  -6.675E-07    641.4965      -.9393 
 423.000  1.57E-05    674.6899      3.9427  -6.043E-07    641.5228      -.7752 
 428.640  1.24E-05    685.5325    -.004337  -5.389E-07    641.5308      -.6244 
 434.280  9.59E-06    676.4037     -3.1416  -4.734E-07    641.5240      -.4881 
 439.920  7.11E-06    651.6437     -5.5517  -4.095E-07    641.5058      -.3666 
 445.560  4.97E-06    615.1204     -7.3188  -3.485E-07    641.4789      -.2601 
 451.200  3.18E-06    570.2275     -8.5267  -2.915E-07    641.4458      -.1683 
 456.840  1.69E-06    519.8927     -9.2564  -2.391E-07    641.4087    -.090507 
 462.480  4.78E-07    466.5972     -9.5850  -1.917E-07    641.3694    -.026005 
 468.120 -4.76E-07    412.4010     -9.5843  -1.494E-07    641.3295     .026249 
 473.760 -1.21E-06    358.9750     -9.3203  -1.123E-07    641.2901     .067361 
 479.400 -1.74E-06    307.6352     -8.8526  -8.021E-08    641.2523     .098496 
 485.040 -2.11E-06    259.3801     -8.2341  -5.294E-08    641.2168       .1208 
 490.680 -2.34E-06    214.9279     -7.5111  -3.012E-08    641.1840       .1355 
 496.320 -2.45E-06    174.7535     -6.7235  -1.138E-08    641.1544       .1437 
 501.960 -2.47E-06    139.1237     -5.9052   3.716E-09    641.1282       .1465 
 507.600 -2.41E-06    108.1309     -5.0842   1.561E-08    641.1053       .1447 
 513.240 -2.29E-06     81.7231     -4.2835   2.474E-08    641.0859       .1392 
 518.880 -2.13E-06     59.7318     -3.5216   3.154E-08    641.0697       .1309 
 524.520 -1.94E-06     41.8957     -2.8130   3.643E-08    641.0565       .1204 
 530.160 -1.72E-06     27.8817     -2.1688   3.979E-08    641.0462       .1081 
 535.800 -1.49E-06     17.3016     -1.5973   4.196E-08    641.0384     .094560 
 541.440 -1.25E-06      9.7268     -1.1048   4.326E-08    641.0328     .080097 
 547.080 -10.0E-06      4.6983      -.6957   4.396E-08    641.0291     .064950 
 552.720 -7.50E-07      1.7350      -.3736   4.427E-08    641.0269     .049287 
 558.360 -5.00E-07       .3393      -.1409   4.437E-08    641.0259     .033211 
 564.000 -2.50E-07      0.0000      0.0000   4.438E-08    641.0256     .016770 
 
Output Verification: 
 
Computed forces and moments are within specified convergence limits. 
 
 
Output Summary for Load Case No.  2: 
 
Pile-head deflection             =      .20000000 in 
Computed slope at pile head      =          0.000 
Maximum bending moment           =   -3382301.350 lbs-in 
Maximum shear force              =      67212.357 lbs 
Depth of maximum bending moment  =          0.000 in 
Depth of maximum shear force     =          0.000 in 
Number of iterations             =              5 
Number of zero deflection points =              4 
 
 
 
 
------------------------------------------------------------------------------ 



             Computed Values of Load Distribution and Deflection 
                 for Lateral Loading for Load Case Number  3 
------------------------------------------------------------------------------ 
 
Pile-head boundary conditions are Displacement and Slope (BC Type 5) 
Specified deflection at pile head   =         .300000 in 
Specified slope at pile head        =       0.000E+00 in/in 
Specified axial load at pile head   =      290000.000 lbs 
 
  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 
    X         y          M           V           S        Stress        p 
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 
-------- --------- ----------- ----------- ----------- ----------- ----------- 
   0.000   .300000  -4.733E+06  88298.0984      0.0000   4128.6059   -324.1493 
   5.640   .298716  -4.240E+06  86240.4983  -4.316E-04   3765.1884   -405.4961 
  11.280   .295132  -3.759E+06  83745.9437  -8.163E-04   3410.7835   -479.0977 
  16.920   .289508  -3.293E+06  80843.9507    -.001156   3067.1720   -549.9778 
  22.560   .282097  -2.843E+06  77572.3769    -.001451   2736.0692   -610.1547 
  28.200   .273144  -2.413E+06  73982.3883    -.001703   2418.9378   -662.8909 
  33.840   .262882  -2.003E+06  70130.6729    -.001916   2117.0636   -702.9657 
  39.480   .251533  -1.616E+06  66079.3812    -.002090   1831.4335   -733.6626 
  45.120   .239308  -1.251E+06  61890.6931    -.002228   1562.8119   -751.6878 
  50.760   .226403  -9.102E+05  57612.2680    -.002332   1311.6634   -765.4842 
  56.400   .213005  -5.935E+05  53257.8689    -.002404   1078.3511   -778.6289 
  62.040   .199285  -3.016E+05  48876.5944    -.002447    863.2196   -775.0145 
  67.680   .185401 -34190.3907  44566.7472    -.002463    666.2181   -753.3000 
  73.320   .171499   2.092E+05  40383.7258    -.002455    795.1826   -730.0409 
  78.960   .157710   4.294E+05  36205.2194    -.002424    957.3968   -751.6990 
  84.600   .144155   6.255E+05  31926.0826    -.002373   1101.9428   -765.7254 
  90.240   .130938   7.973E+05  27590.6052    -.002305   1228.4690   -771.6779 
  95.880   .118154   9.443E+05  23245.1204    -.002221   1336.8160   -769.2742 
 101.520   .105883   1.067E+06  18871.5670    -.002124   1427.0231   -781.6313 
 107.160   .094190   1.164E+06  14577.0749    -.002017   1498.7865   -741.2382 
 112.800   .083129   1.238E+06  10562.6348    -.001902   1553.0416   -682.3221 
 118.440   .072739   1.289E+06   6885.4079    -.001780   1591.1608   -621.6591 
 124.080   .063049   1.321E+06   3552.6209    -.001655   1614.5598   -560.1803 
 129.720   .054076   1.335E+06    566.4236    -.001527   1624.6761   -498.7549 
 135.360   .045827   1.333E+06  -2075.7385    -.001398   1622.9476   -438.1820 
 141.000   .038301   1.316E+06  -4380.7108    -.001271   1610.7945   -379.1841 
 146.640   .031490   1.287E+06  -6359.1882    -.001146   1589.6013   -322.4037 
 152.280   .025376   1.248E+06  -8025.2563    -.001024   1560.7023   -268.4006 
 157.920   .019940   1.200E+06  -9395.9238  -9.061E-04   1525.3678   -217.6517 
 163.560   .015155   1.145E+06 -10490.6574  -7.933E-04   1484.7928   -170.5517 
 169.200   .010992   1.084E+06 -11897.7577  -6.861E-04   1440.0875   -328.4201 
 174.840   .007416   1.013E+06 -13466.4918  -5.852E-04   1387.5590   -227.8686 
 180.480   .004391   9.345E+05 -14499.9962  -4.915E-04   1329.5722   -138.6223 
 186.120   .001872   8.512E+05 -15062.0632  -4.056E-04   1268.2279    -60.6922 
 191.760 -1.85E-04   7.659E+05 -15215.9074  -3.278E-04   1205.3625      6.1375 
 197.400  -.001826   6.807E+05 -15022.9884  -2.583E-04   1142.5521     62.2735 
 203.040  -.003098   5.973E+05 -14542.0335  -1.968E-04   1081.1224    108.2779 
 208.680  -.004045   5.173E+05 -13828.2616  -1.432E-04   1022.1613    144.8327 
 214.320  -.004713   4.418E+05 -12932.8008  -9.705E-05    966.5349    172.7066 
 219.960  -.005140   3.717E+05 -11902.2896  -5.792E-05    914.9051    192.7229 
 225.600  -.005366   3.077E+05 -10778.6497  -2.525E-05    867.7494    205.7309 
 231.240  -.005425   2.502E+05  -9702.9593   1.588E-06    825.3799    175.7196 
 236.880  -.005348   1.982E+05  -8708.2858   2.316E-05    787.1001    177.0016 
 242.520  -.005164   1.519E+05  -7716.9396   4.000E-05    752.9458    174.5396 



 248.160  -.004897   1.111E+05  -6748.2309   5.265E-05    722.8648    168.9741 
 253.800  -.004570  75602.0390  -5817.9560   6.163E-05    696.7314    160.9106 
 259.440  -.004202  45241.2753  -4938.6144   6.744E-05    674.3607    150.9127 
 265.080  -.003809  19673.8659  -4119.6592   7.056E-05    655.5219    139.4970 
 270.720  -.003406  -1459.2967  -3367.7735   7.144E-05    642.1009    127.1292 
 276.360  -.003003 -18548.3008  -2687.1606   7.047E-05    654.6926    114.2229 
 282.000  -.002611 -32001.0018  -2079.8403   6.804E-05    664.6049    101.1389 
 287.640  -.002236 -42231.4802  -1545.9433   6.447E-05    672.1430     88.1863 
 293.280  -.001884 -49650.1427  -1083.9962   6.005E-05    677.6093     75.6247 
 298.920  -.001559 -54655.4013   -691.1936   5.504E-05    681.2973     63.6670 
 304.560  -.001263 -57626.8388   -363.6507   4.964E-05    683.4868     52.4830 
 310.200 -9.99E-04 -58919.7471    -96.6349   4.403E-05    684.4394     42.2035 
 315.840 -7.66E-04 -58860.9092    115.2269   3.836E-05    684.3961     32.9248 
 321.480 -5.66E-04 -57745.4854    277.7659   3.276E-05    683.5742     24.7131 
 327.120 -3.97E-04 -55834.8606    496.1228   2.729E-05    682.1664     52.7184 
 332.760 -2.58E-04 -52238.4997    764.6695   2.209E-05    679.5165     42.5109 
 338.400 -1.48E-04 -47281.6646    975.2064   1.731E-05    675.8642     32.1476 
 344.040 -6.28E-05 -41294.7889   1124.9661   1.305E-05    671.4528     20.9587 
 349.680 -4.22E-07 -34634.7272   1188.2046   9.395E-06    666.5455      1.4663 
 355.320  4.32E-05 -27922.5740   1143.1637   6.386E-06    661.5998    -17.4383 
 360.960  7.16E-05 -21760.7317   1030.6804   3.997E-06    657.0596    -22.4494 
 366.600  8.83E-05 -16309.5729    897.0893   2.165E-06    653.0430    -24.9233 
 372.240  9.60E-05 -11648.6484    753.4672   8.207E-07    649.6087    -26.0065 
 377.880  9.75E-05  -7813.1473    606.2072  -1.154E-07    646.7826    -26.2134 
 383.520  9.47E-05  -4810.2542    459.3937  -7.226E-07    644.5700    -25.8481 
 389.160  8.94E-05  -2628.8222    315.6826  -1.080E-06    642.9626    -25.1133 
 394.800  8.26E-05  -1245.8203    176.7682  -1.267E-06    641.9436    -24.1471 
 400.440  7.51E-05   -630.7329     98.7983  -1.357E-06    641.4904     -3.5018 
 406.080  6.72E-05   -126.9368     79.9438  -1.393E-06    641.1192     -3.1842 
 411.720  5.94E-05    275.5908     62.9208  -1.386E-06    641.2287     -2.8523 
 417.360  5.16E-05    587.3450     47.7808  -1.345E-06    641.4584     -2.5165 
 423.000  4.42E-05    818.9570     34.5208  -1.277E-06    641.6291     -2.1856 
 428.640  3.72E-05    980.9169     23.0938  -1.191E-06    641.7484     -1.8665 
 434.280  3.08E-05   1083.3492     13.4178  -1.091E-06    641.8239     -1.5647 
 439.920  2.49E-05   1135.8399      5.3846  -9.845E-07    641.8626     -1.2840 
 445.560  1.96E-05   1147.3076     -1.1335  -8.747E-07    641.8710     -1.0273 
 451.200  1.50E-05   1125.9153     -6.2761  -7.654E-07    641.8552      -.7963 
 456.840  1.10E-05   1079.0171    -10.1895  -6.593E-07    641.8207      -.5915 
 462.480  7.59E-06   1013.1349    -13.0216  -5.587E-07    641.7721      -.4129 
 468.120  4.71E-06    933.9606    -14.9182  -4.650E-07    641.7138      -.2597 
 473.760  2.34E-06    846.3784    -16.0194  -3.794E-07    641.6493      -.1308 
 479.400  4.33E-07    754.5028    -16.4572  -3.024E-07    641.5816    -.024470 
 485.040 -1.07E-06    661.7301    -16.3539  -2.343E-07    641.5132     .061110 
 490.680 -2.21E-06    570.7972    -15.8206  -1.750E-07    641.4462       .1280 
 496.320 -3.04E-06    483.8465    -14.9566  -1.243E-07    641.3822       .1784 
 501.960 -3.61E-06    402.4933    -13.8493  -8.165E-08    641.3222       .2143 
 507.600 -3.96E-06    327.8939    -12.5739  -4.652E-08    641.2672       .2380 
 513.240 -4.14E-06    260.8121    -11.1942  -1.821E-08    641.2178       .2513 
 518.880 -4.17E-06    201.6825     -9.7632   4.039E-09    641.1742       .2562 
 524.520 -4.09E-06    150.6695     -8.3238   2.099E-08    641.1367       .2543 
 530.160 -3.93E-06    107.7215     -6.9097   3.341E-08    641.1050       .2472 
 535.800 -3.71E-06     72.6185     -5.5470   4.209E-08    641.0791       .2361 
 541.440 -3.46E-06     45.0141     -4.2546   4.775E-08    641.0588       .2222 
 547.080 -3.18E-06     24.4702     -3.0462   5.109E-08    641.0437       .2063 
 552.720 -2.88E-06     10.4860     -1.9307   5.277E-08    641.0334       .1892 
 558.360 -2.58E-06      2.5188      -.9141   5.340E-08    641.0275       .1713 
 564.000 -2.28E-06      0.0000      0.0000   5.352E-08    641.0256       .1529 



 
Output Verification: 
 
Computed forces and moments are within specified convergence limits. 
 
 
Output Summary for Load Case No.  3: 
 
Pile-head deflection             =      .30000000 in 
Computed slope at pile head      =          0.000 
Maximum bending moment           =   -4733227.683 lbs-in 
Maximum shear force              =      88298.098 lbs 
Depth of maximum bending moment  =          0.000 in 
Depth of maximum shear force     =          0.000 in 
Number of iterations             =              6 
Number of zero deflection points =              3 
 
 
 
 
------------------------------------------------------------------------------ 
             Computed Values of Load Distribution and Deflection 
                 for Lateral Loading for Load Case Number  4 
------------------------------------------------------------------------------ 
 
Pile-head boundary conditions are Displacement and Slope (BC Type 5) 
Specified deflection at pile head   =         .400000 in 
Specified slope at pile head        =       0.000E+00 in/in 
Specified axial load at pile head   =      290000.000 lbs 
 
  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 
    X         y          M           V           S        Stress        p 
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 
-------- --------- ----------- ----------- ----------- ----------- ----------- 
   0.000   .400000  -6.007E+06   1.071E+05      0.0000   5066.8608   -352.9717 
   5.640   .398371  -5.408E+06   1.049E+05  -5.490E-04   4625.4421   -442.2536 
  11.280   .393807  -4.822E+06   1.022E+05    -.001041   4193.7622   -523.5722 
  16.920   .386628  -4.252E+06  98989.4040    -.001477   3773.7948   -602.5491 
  22.560   .377142  -3.700E+06  95399.3293    -.001860   3367.4573   -670.5270 
  28.200   .365648  -3.170E+06  91448.6029    -.002190   2976.4068   -730.4398 
  33.840   .352435  -2.662E+06  87198.1850    -.002471   2602.1090   -776.8007 
  39.480   .337778  -2.178E+06  82709.1623    -.002704   2245.7095   -815.0514 
  45.120   .321939  -1.720E+06  78037.7074    -.002891   1908.1609   -841.4929 
  50.760   .305167  -1.288E+06  73225.7701    -.003036   1590.1360   -864.8678 
  56.400   .287696  -8.838E+05  68279.5498    -.003140   1292.2328   -889.1110 
  62.040   .269746  -5.076E+05  63246.0134    -.003207   1015.0663   -895.8310 
  67.680   .251520  -1.599E+05  58229.4496    -.003239    758.8377   -883.0924 
  73.320   .233208   1.598E+05  53292.9458    -.003239    758.7626   -867.4409 
  78.960   .214982   4.518E+05  48315.7913    -.003210    973.9618   -897.5075 
  84.600   .197002   7.153E+05  43193.5936    -.003154   1168.0726   -918.8747 
  90.240   .179409   9.494E+05  37977.2478    -.003074   1340.5637   -930.8934 
  95.880   .162332   1.154E+06  32720.8243    -.002972   1491.1263   -933.0866 
 101.520   .145880   1.328E+06  27411.1637    -.002853   1619.6851   -949.7718 
 107.160   .130150   1.472E+06  22026.1939    -.002718   1725.8290   -959.7920 
 112.800   .115218   1.586E+06  16652.6897    -.002571   1809.3064   -945.7060 
 118.440   .101146   1.669E+06  11548.0994    -.002415   1870.4343   -864.4325 
 124.080   .087979   1.724E+06   6906.0674    -.002252   1911.1080   -781.6782 



 129.720   .075748   1.754E+06   2731.5748    -.002084   1933.2606   -698.6383 
 135.360   .064468   1.761E+06   -976.8851    -.001915   1938.8351   -616.4184 
 141.000   .054144   1.749E+06  -4226.7750    -.001746   1929.7577   -536.0249 
 146.640   .044769   1.719E+06  -7030.9390    -.001580   1907.9140   -458.3595 
 152.280   .036326   1.675E+06  -9407.0009    -.001416   1875.1278   -384.2156 
 157.920   .028793   1.618E+06 -11376.7491    -.001258   1833.1421   -314.2766 
 163.560   .022137   1.551E+06 -12965.5197    -.001106   1783.6027   -249.1172 
 169.200   .016322   1.475E+06 -15043.3113  -9.600E-04   1728.0447   -487.6883 
 174.840   .011308   1.384E+06 -17398.3622  -8.225E-04   1660.8852   -347.4361 
 180.480   .007045   1.282E+06 -19005.3235  -6.942E-04   1585.4218   -222.4083 
 186.120   .003477   1.172E+06 -19950.3565  -5.762E-04   1504.5970   -112.7097 
 191.760  5.45E-04   1.059E+06 -20319.3120  -4.689E-04   1420.9946    -18.1256 
 197.400  -.001813   9.443E+05 -20196.0653  -3.726E-04   1336.8447     61.8301 
 203.040  -.003658   8.320E+05 -19661.1239  -2.872E-04   1254.0345    127.8654 
 208.680  -.005052   7.235E+05 -18790.5092  -2.123E-04   1174.1247    180.8632 
 214.320  -.006053   6.207E+05 -17654.9031  -1.477E-04   1098.3702    221.8340 
 219.960  -.006718   5.248E+05 -16319.0491  -9.259E-05   1027.7432    251.8731 
 225.600  -.007098   4.369E+05 -14841.3901  -4.633E-05    962.9587    272.1195 
 231.240  -.007241   3.576E+05 -13412.6535  -8.120E-06    904.5016    234.5247 
 236.880  -.007189   2.856E+05 -12080.3185   2.282E-05    851.4999    237.9346 
 242.520  -.006983   2.212E+05 -10743.7277   4.720E-05    804.0419    236.0338 
 248.160  -.006657   1.643E+05  -9430.3568   6.574E-05    762.0904    229.7005 
 253.800  -.006242   1.147E+05  -8162.8544   7.916E-05    725.5036    219.7684 
 259.440  -.005764  71969.0804  -6959.3208   8.814E-05    694.0546    207.0166 
 265.080  -.005247  35861.2503  -5833.6388   9.332E-05    667.4493    192.1614 
 270.720  -.004711   5860.3560  -4795.8420   9.533E-05    645.3437    175.8516 
 276.360  -.004172 -18547.6903  -3852.5049   9.472E-05    654.6921    158.6651 
 282.000  -.003643 -37905.7465  -3007.1451   9.200E-05    668.9557    141.1079 
 287.640  -.003134 -52769.2518  -2260.6243   8.764E-05    679.9076    123.6158 
 293.280  -.002654 -63692.2859  -1611.5403   8.204E-05    687.9560    106.5558 
 298.920  -.002209 -71215.7997  -1056.6020   7.555E-05    693.4995     90.2308 
 304.560  -.001802 -75857.9034   -590.9803   6.848E-05    696.9200     74.8833 
 310.200  -.001436 -78106.0645   -208.6312   6.107E-05    698.5765     60.7015 
 315.840  -.001113 -78411.0456     97.4134   5.354E-05    698.8012     47.8249 
 321.480 -8.32E-04 -77182.3975    334.7877   4.606E-05    697.8959     36.3504 
 327.120 -5.94E-04 -74785.3144    619.1348   3.875E-05    696.1296     64.4819 
 332.760 -3.95E-04 -70325.3206    949.3716   3.177E-05    692.8434     52.6233 
 338.400 -2.35E-04 -64180.3354   1212.2312   2.530E-05    688.3156     40.5893 
 344.040 -1.10E-04 -56734.1215   1404.9157   1.949E-05    682.8290     27.7385 
 349.680 -1.53E-05 -48396.6310   1512.2729   1.443E-05    676.6857     10.3315 
 355.320  5.29E-05 -39722.8859   1487.0018   1.019E-05    670.2946    -19.2929 
 360.960  9.96E-05 -31656.5890   1357.9698   6.758E-06    664.3511    -26.4632 
 366.600  1.29E-04 -24427.0947   1198.3636   4.061E-06    659.0242    -30.1347 
 372.240  1.45E-04 -18152.3306   1023.1871   2.013E-06    654.4008    -31.9846 
 377.880  1.52E-04 -12892.1285    840.7966   5.195E-07    650.5249    -32.6928 
 383.520  1.51E-04  -8669.8441    656.5542  -5.176E-07    647.4138    -32.6414 
 389.160  1.46E-04  -5484.5040    474.0483  -1.198E-06    645.0668    -32.0770 
 394.800  1.38E-04  -3318.6590    295.7013  -1.622E-06    643.4709    -31.1666 
 400.440  1.28E-04  -2143.6876    191.0103  -1.885E-06    642.6052     -5.9579 
 406.080  1.17E-04  -1157.8977    158.6507  -2.043E-06    641.8788     -5.5171 
 411.720  1.05E-04   -347.4231    128.9069  -2.116E-06    641.2816     -5.0303 
 417.360  9.26E-05    303.0932    101.9815  -2.118E-06    641.2490     -4.5177 
 423.000  8.08E-05    809.8567     77.9725  -2.064E-06    641.6224     -3.9962 
 428.640  6.94E-05   1189.3761     56.8897  -1.968E-06    641.9020     -3.4800 
 434.280  5.86E-05   1458.0110     38.6710  -1.841E-06    642.0999     -2.9805 
 439.920  4.86E-05   1631.6065     23.1969  -1.692E-06    642.2279     -2.5067 
 445.560  3.95E-05   1725.2081     10.3046  -1.531E-06    642.2968     -2.0651 



 451.200  3.13E-05   1752.8495      -.2006  -1.364E-06    642.3172     -1.6602 
 456.840  2.41E-05   1727.4053     -8.5339  -1.196E-06    642.2984     -1.2949 
 462.480  1.78E-05   1660.5000    -14.9218  -1.033E-06    642.2491      -.9704 
 468.120  1.25E-05   1562.4668    -19.5946  -8.782E-07    642.1769      -.6866 
 473.760  7.93E-06   1442.3458    -22.7792  -7.336E-07    642.0884      -.4427 
 479.400  4.19E-06   1307.9169    -24.6945  -6.013E-07    641.9894      -.2365 
 485.040  1.15E-06   1165.7585    -25.5468  -4.824E-07    641.8846    -.065706 
 490.680 -1.26E-06   1021.3267    -25.5269  -3.772E-07    641.7782     .072756 
 496.320 -3.11E-06    879.0484    -24.8082  -2.858E-07    641.6733       .1821 
 501.960 -4.48E-06    742.4250    -23.5451  -2.078E-07    641.5727       .2658 
 507.600 -5.45E-06    614.1394    -21.8728  -1.425E-07    641.4782       .3272 
 513.240 -6.09E-06    496.1658    -19.9073  -8.912E-08    641.3912       .3698 
 518.880 -6.45E-06    389.8761    -17.7460  -4.650E-08    641.3129       .3967 
 524.520 -6.61E-06    296.1430    -15.4685  -1.350E-08    641.2438       .4109 
 530.160 -6.61E-06    215.4353    -13.1384   1.110E-08    641.1844       .4153 
 535.800 -6.49E-06    147.9057    -10.8044   2.858E-08    641.1346       .4123 
 541.440 -6.28E-06     93.4682     -8.5026   4.019E-08    641.0945       .4039 
 547.080 -6.03E-06     51.8652     -6.2580   4.718E-08    641.0639       .3920 
 552.720 -5.75E-06     22.7232     -4.0871   5.077E-08    641.0424       .3778 
 558.360 -5.46E-06      5.5968     -1.9994   5.213E-08    641.0298       .3625 
 564.000 -5.16E-06      0.0000      0.0000   5.240E-08    641.0256       .3465 
 
Output Verification: 
 
Computed forces and moments are within specified convergence limits. 
 
 
Output Summary for Load Case No.  4: 
 
Pile-head deflection             =      .40000000 in 
Computed slope at pile head      =          0.000 
Maximum bending moment           =   -6006595.974 lbs-in 
Maximum shear force              =     107131.230 lbs 
Depth of maximum bending moment  =          0.000 in 
Depth of maximum shear force     =          0.000 in 
Number of iterations             =              6 
Number of zero deflection points =              3 
 
 
 
 
------------------------------------------------------------------------------ 
             Computed Values of Load Distribution and Deflection 
                 for Lateral Loading for Load Case Number  5 
------------------------------------------------------------------------------ 
 
Pile-head boundary conditions are Displacement and Slope (BC Type 5) 
Specified deflection at pile head   =         .500000 in 
Specified slope at pile head        =       0.000E+00 in/in 
Specified axial load at pile head   =      290000.000 lbs 
 
  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 
    X         y          M           V           S        Stress        p 
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 
-------- --------- ----------- ----------- ----------- ----------- ----------- 
   0.000   .500000  -7.232E+06   1.248E+05      0.0000   5969.8111   -379.1008 
   5.640   .498038  -6.534E+06   1.224E+05  -6.621E-04   5455.3353   -475.5092 



  11.280   .492531  -5.850E+06   1.194E+05    -.001258   4951.2470   -563.5467 
  16.920   .483851  -5.183E+06   1.160E+05    -.001788   4459.6892   -649.3404 
  22.560   .472358  -4.535E+06   1.121E+05    -.002256   3982.7499   -723.6451 
  28.200   .458405  -3.910E+06   1.079E+05    -.002662   3522.2457   -789.1483 
  33.840   .442331  -3.310E+06   1.033E+05    -.003009   3079.7845   -840.2783 
  39.480   .424460  -2.736E+06  98410.1368    -.003300   2656.6343   -884.6318 
  45.120   .405106  -2.189E+06  93325.6019    -.003537   2253.9011   -918.3948 
  50.760   .384564  -1.671E+06  88054.9354    -.003723   1872.4397   -950.6359 
  56.400   .363115  -1.184E+06  82595.4667    -.003860   1513.0657   -985.3459 
  62.040   .341024  -7.269E+05  76990.5885    -.003952   1176.6494  -1002.1996 
  67.680   .318539  -3.021E+05  71347.7876    -.004001    863.6385   -998.7937 
  73.320   .295890  90961.3849  65735.4517    -.004011    708.0486   -991.3964 
  78.960   .273290   4.525E+05  60036.1624    -.003985    974.4374  -1029.6282 
  84.600   .250936   7.812E+05  54148.2244    -.003926   1216.6410  -1058.2931 
  90.240   .229005   1.076E+06  48127.9769    -.003837   1433.9496  -1076.5465 
  95.880   .207658   1.337E+06  42036.0202    -.003721   1625.9010  -1083.7218 
 101.520   .187037   1.562E+06  35864.6879    -.003581   1792.2969  -1104.6939 
 107.160   .167263   1.753E+06  29596.8175    -.003422   1932.6196  -1117.9552 
 112.800   .148440   1.908E+06  23278.3203    -.003246   2046.5362  -1122.6466 
 118.440   .130653   2.026E+06  16963.6174    -.003056   2133.9188  -1116.6097 
 124.080   .113964   2.109E+06  10959.3913    -.002858   2194.8951  -1012.5485 
 129.720   .098420   2.159E+06   5544.1630    -.002652   2231.8945   -907.7453 
 135.360   .084047   2.180E+06    718.1065    -.002444   2247.3677   -803.6223 
 141.000   .070857   2.175E+06  -3526.2857    -.002234   2243.7527   -701.4814 
 146.640   .058847   2.148E+06  -7203.5023    -.002026   2223.4440   -602.4962 
 152.280   .048002   2.101E+06 -10334.2738    -.001822   2188.7649   -507.7065 
 157.920   .038297   2.037E+06 -12944.8133    -.001623   2141.9425   -418.0167 
 163.560   .029697   1.960E+06 -15066.0518    -.001431   2085.0864   -334.1956 
 169.200   .022160   1.872E+06 -17875.6692    -.001246   2020.1701   -662.1227 
 174.840   .015639   1.762E+06 -21097.8854    -.001071   1939.5179   -480.5072 
 180.480   .010074   1.637E+06 -23349.7990  -9.080E-04   1847.3991   -318.0437 
 186.120   .005397   1.502E+06 -24740.0697  -7.570E-04   1747.6360   -174.9601 
 191.760   .001535   1.361E+06 -25377.4666  -6.193E-04   1643.5982    -51.0672 
 197.400  -.001588   1.218E+06 -25368.6892  -4.953E-04   1538.2056     54.1798 
 203.040  -.004051   1.076E+06 -24816.5342  -3.850E-04   1433.9418    141.6199 
 208.680  -.005931   9.390E+05 -23818.4096  -2.880E-04   1332.8725    212.3250 
 214.320  -.007300   8.084E+05 -22465.1883  -2.040E-04   1236.6709    267.5407 
 219.960  -.008232   6.862E+05 -20840.3876  -1.321E-04   1146.6463    308.6298 
 225.600  -.008791   5.737E+05 -19019.6533  -7.150E-05   1063.7758    337.0206 
 231.240  -.009038   4.719E+05 -17243.6986  -2.120E-05    988.7380    292.7505 
 236.880  -.009030   3.793E+05 -15575.4044   1.974E-05    920.5071    298.8431 
 242.520  -.008815   2.961E+05 -13892.3971   5.223E-05    859.2365    297.9680 
 248.160  -.008441   2.224E+05 -12230.8124   7.717E-05    804.9155    291.2465 
 253.800  -.007945   1.579E+05 -10620.6100   9.547E-05    757.3949    279.7473 
 259.440  -.007364   1.023E+05  -9085.9123   1.080E-04    716.4129    264.4718 
 265.080  -.006727  55090.1826  -7645.4121   1.156E-04    681.6177    246.3439 
 270.720  -.006060  15694.7741  -6312.8313   1.190E-04    652.5900    226.2025 
 276.360  -.005385 -16507.6927  -5097.4120   1.189E-04    653.1890    204.7973 
 282.000  -.004719 -42193.0429  -4004.4244   1.161E-04    672.1147    182.7870 
 287.640  -.004075 -62057.3744  -3035.6780   1.111E-04    686.7513    160.7401 
 293.280  -.003466 -76798.8624  -2190.0220   1.044E-04    697.6133    139.1379 
 298.920  -.002898 -87102.3466  -1463.8269   9.652E-05    705.2052    118.3781 
 304.560  -.002377 -93626.5649   -851.4372   8.783E-05    710.0124     98.7813 
 310.200  -.001907 -96993.8575   -345.5903   7.866E-05    712.4935     80.5970 
 315.840  -.001490 -97782.1308     62.2044   6.929E-05    713.0744     64.0111 
 321.480  -.001126 -96518.8524    381.3287   5.994E-05    712.1435     49.1535 
 327.120 -8.14E-04 -93676.8334    732.8739   5.080E-05    710.0495     75.5079 



 332.760 -5.53E-04 -88418.1989   1121.3038   4.204E-05    706.1747     62.2332 
 338.400 -3.39E-04 -81166.0396   1434.3805   3.388E-05    700.8311     48.7869 
 344.040 -1.70E-04 -72349.2185   1669.4623   2.650E-05    694.3347     34.5755 
 349.680 -4.06E-05 -62421.1824   1814.6065   2.001E-05    687.0194     16.8941 
 355.320  5.54E-05 -51945.9293   1806.7241   1.451E-05    679.3009    -19.6893 
 360.960  1.23E-04 -42088.8128   1668.3338   9.991E-06    672.0379    -29.3852 
 366.600  1.68E-04 -33159.8059   1488.6213   6.372E-06    665.4588    -34.3426 
 372.240  1.95E-04 -25318.0075   1287.4241   3.559E-06    659.6807    -37.0039 
 377.880  2.08E-04 -18649.3039   1075.2173   1.444E-06    654.7670    -38.2468 
 383.520  2.11E-04 -13194.2800    858.6806  -8.751E-08    650.7476    -38.5393 
 389.160  2.07E-04  -8963.0999    642.3451  -1.153E-06    647.6299    -38.1754 
 394.800  1.98E-04  -5944.8547    429.3592  -1.870E-06    645.4060    -37.3515 
 400.440  1.86E-04  -4113.8097    299.5438  -2.354E-06    644.0568     -8.6823 
 406.080  1.72E-04  -2558.2994    252.1273  -2.675E-06    642.9107     -8.1320 
 411.720  1.56E-04  -1261.0631    208.0599  -2.859E-06    641.9548     -7.4947 
 417.360  1.39E-04   -202.0322    167.7438  -2.929E-06    641.1745     -6.8018 
 423.000  1.23E-04    640.6687    131.4166  -2.908E-06    641.4977     -6.0802 
 428.640  1.07E-04   1289.8597     99.1757  -2.815E-06    641.9760     -5.3527 
 434.280  9.12E-05   1768.5801     71.0021  -2.668E-06    642.3288     -4.6379 
 439.920  7.66E-05   2099.4913     46.7820  -2.482E-06    642.5726     -3.9508 
 445.560  6.32E-05   2304.4001     26.3275  -2.270E-06    642.7236     -3.3026 
 451.200  5.10E-05   2403.8918      9.3952  -2.044E-06    642.7969     -2.7018 
 456.840  4.01E-05   2417.0631     -4.2975  -1.812E-06    642.8066     -2.1538 
 462.480  3.05E-05   2361.3430    -15.0575  -1.582E-06    642.7655     -1.6618 
 468.120  2.23E-05   2252.3894    -23.2039  -1.360E-06    642.6853     -1.2270 
 473.760  1.52E-05   2104.0522    -29.0571  -1.151E-06    642.5760      -.8486 
 479.400  9.29E-06   1928.3889    -32.9304  -9.566E-07    642.4465      -.5249 
 485.040  4.42E-06   1735.7261    -35.1230  -7.804E-07    642.3046      -.2526 
 490.680  4.85E-07   1534.7538    -35.9147  -6.230E-07    642.1565    -.028079 
 496.320 -2.61E-06   1332.6469    -35.5618  -4.851E-07    642.0076       .1532 
 501.960 -4.99E-06   1135.2035    -34.2952  -3.664E-07    641.8621       .2959 
 507.600 -6.75E-06    946.9954    -32.3184  -2.663E-07    641.7234       .4051 
 513.240 -7.99E-06    771.5230    -29.8072  -1.836E-07    641.5941       .4854 
 518.880 -8.82E-06    611.3708    -26.9103  -1.171E-07    641.4761       .5419 
 524.520 -9.31E-06    468.3584    -23.7500  -6.517E-08    641.3707       .5788 
 530.160 -9.55E-06    343.6842    -20.4243  -2.612E-08    641.2789       .6005 
 535.800 -9.61E-06    238.0575    -17.0088   1.866E-09    641.2010       .6107 
 541.440 -9.53E-06    151.8184    -13.5592   2.062E-08    641.1375       .6126 
 547.080 -9.37E-06     85.0425    -10.1139   3.201E-08    641.0883       .6091 
 552.720 -9.17E-06     37.6285     -6.6977   3.791E-08    641.0534       .6023 
 558.360 -8.95E-06      9.3686     -3.3242   4.017E-08    641.0325       .5939 
 564.000 -8.72E-06      0.0000      0.0000   4.062E-08    641.0256       .5849 
 
Output Verification: 
 
Computed forces and moments are within specified convergence limits. 
 
 
Output Summary for Load Case No.  5: 
 
Pile-head deflection             =      .50000000 in 
Computed slope at pile head      =          0.000 
Maximum bending moment           =   -7232050.040 lbs-in 
Maximum shear force              =     124767.742 lbs 
Depth of maximum bending moment  =          0.000 in 
Depth of maximum shear force     =          0.000 in 
Number of iterations             =              6 



Number of zero deflection points =              3 
 
 
 
 
------------------------------------------------------------------------------ 
             Computed Values of Load Distribution and Deflection 
                 for Lateral Loading for Load Case Number  6 
------------------------------------------------------------------------------ 
 
Pile-head boundary conditions are Displacement and Slope (BC Type 5) 
Specified deflection at pile head   =         .600000 in 
Specified slope at pile head        =       0.000E+00 in/in 
Specified axial load at pile head   =      290000.000 lbs 
 
  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 
    X         y          M           V           S        Stress        p 
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 
-------- --------- ----------- ----------- ----------- ----------- ----------- 
   0.000   .600000  -8.424E+06   1.417E+05      0.0000   6848.4406   -405.2299 
   5.640   .597715  -7.631E+06   1.391E+05  -7.722E-04   6263.7657   -508.7670 
  11.280   .591289  -6.852E+06   1.360E+05    -.001469   5690.1308   -603.5214 
  16.920   .581146  -6.092E+06   1.323E+05    -.002091   5129.8469   -696.0914 
  22.560   .567697  -5.353E+06   1.282E+05    -.002642   4585.1719   -776.5782 
  28.200   .551344  -4.638E+06   1.236E+05    -.003123   4058.0779   -847.3232 
  33.840   .532475  -3.948E+06   1.187E+05    -.003535   3550.3061   -902.5476 
  39.480   .511464  -3.287E+06   1.134E+05    -.003883   3063.2307   -951.8275 
  45.120   .488669  -2.656E+06   1.080E+05    -.004169   2598.0833   -991.0421 
  50.760   .464434  -2.056E+06   1.023E+05    -.004396   2155.8563  -1029.6855 
  56.400   .439082  -1.488E+06  96335.5690    -.004566   1737.5249  -1072.6895 
  62.040   .412924  -9.543E+05  90213.0491    -.004684   1344.1630  -1098.4168 
  67.680   .386247  -4.552E+05  84001.2797    -.004752    976.4354  -1104.3383 
  73.320   .359324   8803.7433  77769.3986    -.004773    647.5125  -1105.5486 
  78.960   .332406   4.376E+05  71403.8835    -.004752    963.4960  -1151.7263 
  84.600   .305725   8.298E+05  64806.9439    -.004691   1252.4343  -1187.6140 
  90.240   .279494   1.184E+06  58039.5172    -.004594   1513.4408  -1212.1827 
  95.880   .253905   1.499E+06  51167.8382    -.004465   1745.8986  -1224.5829 
 101.520   .229130   1.776E+06  44190.0673    -.004307   1949.4805  -1249.8039 
 107.160   .205319   2.012E+06  37094.4989    -.004125   2123.5634  -1266.3551 
 112.800   .182599   2.208E+06  29932.6584    -.003922   2267.7318  -1273.3047 
 118.440   .161077   2.363E+06  22759.6066    -.003702   2381.8003  -1270.3307 
 124.080   .140837   2.477E+06  15648.5888    -.003470   2465.8205  -1251.3068 
 129.720   .121940   2.550E+06   8948.3084    -.003228   2520.2253  -1124.6791 
 135.360   .104427   2.588E+06   2960.9636    -.002981   2547.9738   -998.4928 
 141.000   .088319   2.594E+06  -2320.4666    -.002731   2552.0194   -874.3548 
 146.640   .073617   2.571E+06  -6911.6409    -.002483   2535.2709   -753.7212 
 152.280   .060310   2.524E+06 -10835.9846    -.002238   2500.5586   -637.8900 
 157.920   .048373   2.456E+06 -14123.7898    -.001998   2450.6026   -527.9983 
 163.560   .037768   2.371E+06 -16811.3076    -.001766   2387.9866   -425.0222 
 169.200   .028449   2.272E+06 -20406.9447    -.001543   2315.1339   -850.0264 
 174.840   .020363   2.146E+06 -24568.3523    -.001330   2222.0947   -625.6500 
 180.480   .013441   1.999E+06 -27529.3435    -.001131   2114.1426   -424.3468 
 186.120   .007604   1.839E+06 -29421.1169  -9.465E-04   1996.0127   -246.4948 
 191.760   .002764   1.670E+06 -30375.5414  -7.777E-04   1871.8923    -91.9536 
 197.400  -.001169   1.499E+06 -30522.4400  -6.253E-04   1745.4230     39.8619 
 203.040  -.004289   1.328E+06 -29987.2927  -4.893E-04   1619.7142    149.9066 
 208.680  -.006688   1.162E+06 -28889.3619  -3.695E-04   1497.3649    239.4305 



 214.320  -.008457   1.004E+06 -27340.2326  -2.653E-04   1380.4928    309.9061 
 219.960  -.009681   8.547E+05 -25442.7513  -1.759E-04   1270.7679    362.9596 
 225.600  -.010441   7.172E+05 -23290.3407  -1.003E-04   1169.4511    400.3066 
 231.240  -.010813   5.923E+05 -21173.8333  -3.737E-05   1077.4337    350.2280 
 236.880  -.010863   4.784E+05 -19172.3781   1.414E-05    993.5563    359.5079 
 242.520  -.010653   3.760E+05 -17143.1275   5.523E-05    918.0497    360.0845 
 248.160  -.010240   2.849E+05 -15131.3067   8.702E-05    850.9392    353.3271 
 253.800  -.009672   2.050E+05 -13174.5892   1.106E-04    792.0771    340.5443 
 259.440  -.008992   1.359E+05 -11303.4902   1.270E-04    741.1730    322.9659 
 265.080  -.008239  77083.2560  -9541.8499   1.372E-04    697.8228    301.7292 
 270.720  -.007444  27835.6599  -7907.3807   1.423E-04    661.5358    277.8698 
 276.360  -.006635 -12577.3900  -6412.2591   1.430E-04    650.2930    252.3152 
 282.000  -.005831 -44962.4153  -5063.7404   1.402E-04    674.1553    225.8829 
 287.640  -.005053 -70155.1202  -3864.7798   1.347E-04    692.7180    199.2804 
 293.280  -.004312 -88997.7572  -2814.6447   1.270E-04    706.6018    173.1079 
 298.920  -.003620  -1.023E+05  -1909.5052   1.178E-04    716.4179    147.8636 
 304.560  -.002983  -1.109E+05  -1142.9912   1.076E-04    722.7565    123.9499 
 310.200  -.002406  -1.156E+05   -506.7106   9.669E-05    726.1771    101.6815 
 315.840  -.001892  -1.170E+05      9.2803   8.551E-05    727.2011     81.2940 
 321.480  -.001442  -1.157E+05    416.0561   7.432E-05    726.3061     62.9528 
 327.120  -.001054  -1.125E+05    835.9544   6.334E-05    723.9222     85.9474 
 332.760 -7.27E-04  -1.065E+05   1279.6969   5.280E-05    719.5108     71.4081 
 338.400 -4.58E-04 -98242.1827   1640.9805   4.295E-05    713.4133     56.7066 
 344.040 -2.43E-04 -88147.6716   1917.3379   3.399E-05    705.9754     41.2925 
 349.680 -7.48E-05 -76725.7939   2098.6491   2.606E-05    697.5594     23.0023 
 355.320  5.14E-05 -64560.1517   2110.3268   1.926E-05    688.5954    -18.8612 
 360.960  1.42E-04 -52984.3193   1968.1695   1.361E-05    680.0660    -31.5492 
 366.600  2.05E-04 -42403.7170   1772.4218   9.021E-06    672.2699    -37.8649 
 372.240  2.44E-04 -33020.9100   1548.9953   5.393E-06    665.3564    -41.3644 
 377.880  2.66E-04 -24948.6924   1310.6396   2.605E-06    659.4086    -43.1589 
 383.520  2.74E-04 -18245.4167   1065.3854   5.273E-07    654.4694    -43.8107 
 389.160  2.72E-04 -12932.8700    818.7089  -9.724E-07    650.5550    -43.6633 
 394.800  2.63E-04  -9007.1999    574.4768  -2.028E-06    647.6624    -42.9438 
 400.440  2.49E-04  -6446.1387    420.6501  -2.771E-06    645.7753    -11.6046 
 406.080  2.31E-04  -4253.2023    357.0257  -3.286E-06    644.1595    -10.9572 
 411.720  2.12E-04  -2408.1413    297.4346  -3.606E-06    642.8000    -10.1744 
 417.360  1.91E-04   -886.3445    242.5165  -3.764E-06    641.6787     -9.3001 
 423.000  1.69E-04    339.7593    192.6800  -3.791E-06    641.2760     -8.3724 
 428.640  1.48E-04   1299.4862    148.1349  -3.712E-06    641.9831     -7.4237 
 434.280  1.27E-04   2022.8630    108.9239  -3.552E-06    642.5161     -6.4809 
 439.920  1.08E-04   2539.7674     74.9528  -3.333E-06    642.8970     -5.5656 
 445.560  8.98E-05   2879.2321     46.0180  -3.072E-06    643.1471     -4.6949 
 451.200  7.32E-05   3068.8996     21.8324  -2.786E-06    643.2869     -3.8815 
 456.840  5.84E-05   3134.6151      2.0483  -2.487E-06    643.3353     -3.1342 
 462.480  4.52E-05   3100.1412    -13.7226  -2.188E-06    643.3099     -2.4583 
 468.120  3.37E-05   2986.9806    -25.8908  -1.895E-06    643.2265     -1.8566 
 473.760  2.38E-05   2814.2913    -34.8748  -1.616E-06    643.0993     -1.3292 
 479.400  1.55E-05   2598.8789    -41.0879  -1.355E-06    642.9406      -.8741 
 485.040  8.53E-06   2355.2540    -44.9285  -1.117E-06    642.7611      -.4879 
 490.680  2.86E-06   2095.7393    -46.7723  -9.030E-07    642.5698      -.1659 
 496.320 -1.66E-06   1830.6169    -46.9657  -7.142E-07    642.3745     .097344 
 501.960 -5.19E-06   1568.3030    -45.8224  -5.507E-07    642.1812       .3081 
 507.600 -7.87E-06   1315.5414    -43.6208  -4.120E-07    641.9950       .4727 
 513.240 -9.84E-06   1077.6081    -40.6024  -2.969E-07    641.8197       .5977 
 518.880 -1.12E-05    858.5175    -36.9724  -2.038E-07    641.6582       .6896 
 524.520 -1.21E-05    661.2265    -32.9003  -1.307E-07    641.5129       .7544 
 530.160 -1.27E-05    487.8296    -28.5223  -7.540E-08    641.3851       .7980 



 535.800 -1.30E-05    339.7413    -23.9436  -3.560E-08    641.2760       .8256 
 541.440 -1.31E-05    217.8617    -19.2417  -8.777E-09    641.1862       .8417 
 547.080 -1.31E-05    122.7236    -14.4700   7.604E-09    641.1161       .8504 
 552.720 -1.30E-05     54.6156     -9.6621   1.613E-08    641.0659       .8546 
 558.360 -1.29E-05     13.6828     -4.8362   1.942E-08    641.0357       .8567 
 564.000 -1.28E-05      0.0000      0.0000   2.008E-08    641.0256       .8582 
 
Output Verification: 
 
Computed forces and moments are within specified convergence limits. 
 
 
Output Summary for Load Case No.  6: 
 
Pile-head deflection             =      .60000000 in 
Computed slope at pile head      =          0.000 
Maximum bending moment           =   -8424496.611 lbs-in 
Maximum shear force              =     141716.947 lbs 
Depth of maximum bending moment  =          0.000 in 
Depth of maximum shear force     =          0.000 in 
Number of iterations             =              6 
Number of zero deflection points =              3 
 
 
 
 
------------------------------------------------------------------------------ 
             Computed Values of Load Distribution and Deflection 
                 for Lateral Loading for Load Case Number  7 
------------------------------------------------------------------------------ 
 
Pile-head boundary conditions are Displacement and Slope (BC Type 5) 
Specified deflection at pile head   =         .700000 in 
Specified slope at pile head        =       0.000E+00 in/in 
Specified axial load at pile head   =      290000.000 lbs 
 
  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 
    X         y          M           V           S        Stress        p 
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 
-------- --------- ----------- ----------- ----------- ----------- ----------- 
   0.000   .700000  -9.595E+06   1.582E+05      0.0000   7710.5830   -431.3590 
   5.640   .697397  -8.708E+06   1.555E+05  -8.803E-04   7057.4619   -542.0268 
  11.280   .690070  -7.838E+06   1.522E+05    -.001676   6416.0354   -643.5051 
  16.920   .678490  -6.986E+06   1.482E+05    -.002389   5788.7828   -742.8657 
  22.560   .663120  -6.158E+06   1.438E+05    -.003021   5178.1318   -829.5570 
  28.200   .644409  -5.354E+06   1.389E+05    -.003575   4586.2102   -905.5754 
  33.840   .622793  -4.579E+06   1.336E+05    -.004053   4014.8930   -964.9343 
  39.480   .598693  -3.834E+06   1.280E+05    -.004457   3465.6614  -1019.1936 
  45.120   .572512  -3.120E+06   1.222E+05    -.004792   2939.8734  -1063.9281 
  50.760   .544639  -2.440E+06   1.160E+05    -.005059   2438.6603  -1108.8840 
  56.400   .515443  -1.794E+06   1.097E+05    -.005263   1963.1546  -1159.3396 
  62.040   .485273  -1.186E+06   1.030E+05    -.005406   1514.6138  -1192.0312 
  67.680   .454460  -6.146E+05  96262.5135    -.005493   1093.8747  -1204.4583 
  73.320   .423313 -81795.2178  89446.7053    -.005526    701.2947  -1212.4949 
  78.960   .392122   4.124E+05  82457.5692    -.005511    944.9273  -1265.9221 
  84.600   .361154   8.664E+05  75196.5071    -.005449   1279.3792  -1308.9226 
  90.240   .330657   1.278E+06  67727.0673    -.005346   1583.0518  -1339.8149 



  95.880   .300853   1.648E+06  60120.4302    -.005205   1855.1733  -1357.5741 
 101.520   .271944   1.974E+06  52380.7923    -.005031   2095.2846  -1386.9783 
 107.160   .244105   2.255E+06  44502.2734    -.004827   2302.6588  -1406.8227 
 112.800   .217489   2.491E+06  36541.6003    -.004599   2476.7981  -1416.1110 
 118.440   .192226   2.682E+06  28559.3880    -.004350   2617.4574  -1414.4608 
 124.080   .168417   2.828E+06  20618.1152    -.004085   2724.6533  -1401.5934 
 129.720   .146143   2.928E+06  12864.5149    -.003808   2798.6704  -1347.9102 
 135.360   .125458   2.985E+06   5680.5906    -.003524   2840.7554  -1199.5807 
 141.000   .106393   3.004E+06   -672.4952    -.003236   2854.3782  -1053.2867 
 146.640   .088957   2.988E+06  -6211.1499    -.002948   2842.9656   -910.7753 
 152.280   .073142   2.943E+06 -10961.1225    -.002662   2809.8596   -773.6122 
 157.920   .058925   2.873E+06 -14956.4686    -.002383   2758.2802   -643.1773 
 163.560   .046266   2.783E+06 -18238.5021    -.002111   2691.2927   -520.6644 
 169.200   .035118   2.675E+06 -22665.7560    -.001848   2611.7792  -1049.2838 
 174.840   .025420   2.533E+06 -27827.2498    -.001598   2507.3623   -781.0332 
 180.480   .017097   2.366E+06 -31551.8883    -.001362   2384.3457   -539.7606 
 186.120   .010057   2.181E+06 -33993.3824    -.001143   2248.4037   -326.0175 
 191.760   .004201   1.986E+06 -35306.7963  -9.428E-04   2104.5675   -139.7321 
 197.400 -5.78E-04   1.786E+06 -35645.2754  -7.613E-04   1957.2260     19.7041 
 203.040  -.004387   1.587E+06 -35157.2677  -5.991E-04   1810.1393    153.3483 
 208.680  -.007335   1.392E+06 -33984.2414  -4.558E-04   1666.4628    262.6184 
 214.320  -.009529   1.205E+06 -32258.8950  -3.310E-04   1528.7802    349.2065 
 219.960  -.011069   1.029E+06 -30103.8404  -2.235E-04   1399.1428    414.9973 
 225.600  -.012050   8.660E+05 -27630.7325  -1.324E-04   1279.1129    461.9914 
 231.240  -.012562   7.176E+05 -25180.5011  -5.620E-05   1169.8109    406.8850 
 236.880  -.012684   5.821E+05 -22849.2815   6.316E-06   1069.9623    419.7886 
 242.520  -.012491   4.599E+05 -20474.9041   5.644E-05    979.8854    422.1891 
 248.160  -.012048   3.510E+05 -18112.0366   9.544E-05    899.6505    415.7071 
 253.800  -.011414   2.553E+05 -15806.3985   1.246E-04    829.1184    401.8951 
 259.440  -.010642   1.723E+05 -13595.2065   1.452E-04    767.9764    382.2155 
 265.080  -.009777   1.014E+05 -11507.7302   1.583E-04    715.7728    358.0243 
 270.720  -.008856  41968.1433  -9565.9272   1.652E-04    671.9490    330.5584 
 276.360  -.007913  -6999.7712  -7785.1341   1.669E-04    646.1833    300.9286 
 282.000  -.006973 -46394.1671  -6174.7888   1.643E-04    675.2102    270.1159 
 287.640  -.006059 -77188.9859  -4739.1631   1.584E-04    697.9007    238.9713 
 293.280  -.005187  -1.004E+05  -3478.0872   1.499E-04    714.9812    208.2188 
 298.920  -.004369  -1.169E+05  -2387.6511   1.394E-04    727.1698    178.4607 
 304.560  -.003614  -1.278E+05  -1460.8697   1.276E-04    735.1621    150.1852 
 310.200  -.002929  -1.338E+05   -688.3016   1.151E-04    739.6194    123.7751 
 315.840  -.002316  -1.359E+05    -58.6146   1.021E-04    741.1602     99.5181 
 321.480  -.001777  -1.348E+05    440.9070   8.906E-05    740.3526     77.6172 
 327.120  -.001312  -1.312E+05    930.0777   7.627E-05    737.7103     95.8476 
 332.760 -9.17E-04  -1.246E+05   1426.3969   6.397E-05    732.8062     80.1521 
 338.400 -5.90E-04  -1.153E+05   1833.7642   5.243E-05    726.0090     64.3044 
 344.040 -3.26E-04  -1.040E+05   2149.8675   4.188E-05    717.6913     47.7890 
 349.680 -1.18E-04 -91223.1193   2365.7625   3.248E-05    708.2415     28.7695 
 355.320  4.08E-05 -77468.5995   2399.5325   2.437E-05    698.1068    -16.7943 
 360.960  1.57E-04 -64236.1118   2258.7508   1.755E-05    688.3567    -33.1283 
 366.600  2.39E-04 -52047.3139   2050.1230   1.196E-05    679.3756    -40.8532 
 372.240  2.92E-04 -41149.8517   1807.4599   7.478E-06    671.3461    -45.1975 
 377.880  3.23E-04 -31683.6301   1545.9314   3.975E-06    664.3711    -47.5431 
 383.520  3.37E-04 -23724.7498   1274.9370   1.310E-06    658.5067    -48.5542 
 389.160  3.38E-04 -17306.6269   1000.8874  -6.634E-07    653.7777    -48.6265 
 394.800  3.30E-04 -12432.5705    728.3481  -2.094E-06    650.1863    -48.0186 
 400.440  3.14E-04  -9084.0108    551.5886  -3.129E-06    647.7190    -14.6621 
 406.080  2.94E-04  -6200.4168    470.9548  -3.864E-06    645.5943    -13.9314 
 411.720  2.71E-04  -3759.0007    394.9779  -4.343E-06    643.7954    -13.0108 



 417.360  2.45E-04  -1730.8602    324.5672  -4.607E-06    642.3010    -11.9575 
 423.000  2.19E-04    -82.8121    260.3292  -4.694E-06    641.0867    -10.8219 
 428.640  1.92E-04   1221.0087    202.6077  -4.639E-06    641.9253     -9.6467 
 434.280  1.66E-04   2217.7796    151.5247  -4.474E-06    642.6598     -8.4678 
 439.920  1.42E-04   2944.8427    107.0181  -4.226E-06    643.1955     -7.3146 
 445.560  1.19E-04   3438.7669     68.8780  -3.919E-06    643.5594     -6.2102 
 451.200  9.76E-05   3734.6054     36.7796  -3.574E-06    643.7774     -5.1722 
 456.840  7.85E-05   3865.3304     10.3129  -3.208E-06    643.8737     -4.2131 
 462.480  6.14E-05   3861.4290    -10.9903  -2.836E-06    643.8709     -3.3412 
 468.120  4.65E-05   3750.6386    -27.6334  -2.470E-06    643.7892     -2.5606 
 473.760  3.36E-05   3557.8057    -40.1349  -2.119E-06    643.6471     -1.8726 
 479.400  2.26E-05   3304.8475    -49.0122  -1.789E-06    643.4607     -1.2754 
 485.040  1.34E-05   3010.7998    -54.7670  -1.485E-06    643.2441      -.7653 
 490.680  5.82E-06   2691.9337    -57.8753  -1.211E-06    643.0091      -.3369 
 496.320 -2.81E-07   2361.9265    -58.7789  -9.676E-07    642.7660     .016497 
 501.960 -5.10E-06   2032.0725    -57.8794  -7.562E-07    642.5229       .3025 
 507.600 -8.81E-06   1711.5205    -55.5345  -5.762E-07    642.2867       .5291 
 513.240 -1.16E-05   1407.5284    -52.0559  -4.261E-07    642.0627       .7045 
 518.880 -1.36E-05   1125.7237    -47.7094  -3.043E-07    641.8551       .8369 
 524.520 -1.50E-05    870.3623    -42.7150  -2.083E-07    641.6669       .9342 
 530.160 -1.60E-05    644.5794    -37.2501  -1.354E-07    641.5006      1.0038 
 535.800 -1.66E-05    450.6244    -31.4516  -8.274E-08    641.3577      1.0525 
 541.440 -1.69E-05    290.0765    -25.4204  -4.711E-08    641.2394      1.0863 
 547.080 -1.71E-05    164.0365    -19.2260  -2.527E-08    641.1465      1.1103 
 552.720 -1.72E-05     73.2898    -12.9116  -1.385E-08    641.0796      1.1288 
 558.360 -1.72E-05     18.4386     -6.5001  -9.442E-09    641.0392      1.1448 
 564.000 -1.73E-05      0.0000      0.0000  -8.555E-09    641.0256      1.1602 
 
Output Verification: 
 
Computed forces and moments are within specified convergence limits. 
 
 
Output Summary for Load Case No.  7: 
 
Pile-head deflection             =      .70000000 in 
Computed slope at pile head      =          0.000 
Maximum bending moment           =   -9594567.661 lbs-in 
Maximum shear force              =     158244.700 lbs 
Depth of maximum bending moment  =          0.000 in 
Depth of maximum shear force     =          0.000 in 
Number of iterations             =              7 
Number of zero deflection points =              3 
 
 
 
 
------------------------------------------------------------------------------ 
             Computed Values of Load Distribution and Deflection 
                 for Lateral Loading for Load Case Number  8 
------------------------------------------------------------------------------ 
 
Pile-head boundary conditions are Displacement and Slope (BC Type 5) 
Specified deflection at pile head   =         .800000 in 
Specified slope at pile head        =       0.000E+00 in/in 
Specified axial load at pile head   =      290000.000 lbs 
 



  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 
    X         y          M           V           S        Stress        p 
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 
-------- --------- ----------- ----------- ----------- ----------- ----------- 
   0.000   .800000  -1.075E+07   1.745E+05      0.0000   8561.0145   -457.4880 
   5.640   .797084  -9.771E+06   1.716E+05  -9.870E-04   7840.6034   -575.2881 
  11.280   .788867  -8.810E+06   1.680E+05    -.001881   7132.5433   -683.4957 
  16.920   .775870  -7.869E+06   1.639E+05    -.002683   6439.4818   -789.6575 
  22.560   .758603  -6.953E+06   1.592E+05    -.003396   5764.0161   -882.5702 
  28.200   .737564  -6.063E+06   1.540E+05    -.004022   5108.4303   -963.8857 
  33.840   .713236  -5.203E+06   1.483E+05    -.004564   4474.7334  -1027.4096 
  39.480   .686085  -4.375E+06   1.424E+05    -.005024   3864.5139  -1086.6889 
  45.120   .656560  -3.581E+06   1.361E+05    -.005407   3279.2573  -1136.9957 
  50.760   .625092  -2.822E+06   1.295E+05    -.005715   2720.2348  -1188.3311 
  56.400   .592094  -2.101E+06   1.227E+05    -.005952   2188.7376  -1246.3251 
  62.040   .557956  -1.418E+06   1.155E+05    -.006121   1686.2085  -1286.0846 
  67.680   .523048  -7.772E+05   1.082E+05    -.006227   1213.6585  -1304.9690 
  73.320   .487719  -1.772E+05   1.008E+05    -.006273    771.6046  -1318.5641 
  78.960   .452293   3.808E+05  93238.2962    -.006263    921.6163  -1376.2085 
  84.600   .417074   8.950E+05  85341.7681    -.006201   1300.4859  -1423.9788 
  90.240   .382341   1.364E+06  77206.5037    -.006093   1645.8761  -1460.8667 
  95.880   .348348   1.786E+06  68901.8103    -.005941   1956.8681  -1484.0600 
 101.520   .315323   2.160E+06  60437.1955    -.005751   2232.8693  -1517.5765 
 107.160   .283471   2.486E+06  51812.8500    -.005528   2473.0507  -1540.7020 
 112.800   .252967   2.763E+06  43090.3508    -.005276   2676.8326  -1552.3828 
 118.440   .223963   2.990E+06  34335.4912    -.004999   2843.9089  -1552.1774 
 124.080   .196581   3.167E+06  25616.2351    -.004703   2974.2584  -1539.7574 
 129.720   .170916   3.294E+06  17002.0945    -.004392   3068.1516  -1514.9023 
 135.360   .147039   3.373E+06   8765.3478    -.004071   3126.1562  -1405.9298 
 141.000   .124992   3.406E+06   1311.1001    -.003745   3150.8173  -1237.4205 
 146.640   .104793   3.400E+06  -5204.0333    -.003418   3146.0806  -1072.9105 
 152.280   .086438   3.359E+06 -10807.7960    -.003093   3115.8025   -914.2393 
 157.920   .069906   3.288E+06 -15537.7126    -.002773   3063.7070   -763.0361 
 163.560   .055157   3.192E+06 -19439.9019    -.002461   2993.3460   -620.7190 
 169.200   .042141   3.077E+06 -24680.2037    -.002160   2908.0663  -1237.5441 
 174.840   .030794   2.921E+06 -30838.2081    -.001871   2793.4241   -946.1454 
 180.480   .021032   2.735E+06 -35378.8037    -.001599   2656.2672   -663.9949 
 186.120   .012753   2.527E+06 -38417.1417    -.001346   2503.2304   -413.4300 
 191.760   .005846   2.306E+06 -40131.4157    -.001114   2340.2106   -194.4686 
 197.400  1.90E-04   2.078E+06 -40698.1375  -9.029E-04   2172.3653     -6.4966 
 203.040  -.004338   1.850E+06 -40288.8589  -7.139E-04   2004.1269    151.6308 
 208.680  -.007863   1.626E+06 -39067.4673  -5.467E-04   1839.2279    281.4868 
 214.320  -.010505   1.411E+06 -37188.0491  -4.006E-04   1680.7380    384.9736 
 219.960  -.012382   1.208E+06 -34793.3019  -2.747E-04   1531.1076    464.2276 
 225.600  -.013603   1.019E+06 -32013.4661  -1.675E-04   1392.2178    521.5298 
 231.240  -.014271   8.474E+05 -29239.1829  -7.773E-05   1265.4336    462.2586 
 236.880  -.014480   6.899E+05 -26584.2124  -3.783E-06   1149.3857    479.2203 
 242.520  -.014314   5.476E+05 -23868.4282   5.574E-05   1044.4898    483.8237 
 248.160  -.013851   4.205E+05 -21156.2482   1.023E-04    950.8705    477.9422 
 253.800  -.013160   3.086E+05 -18501.7343   1.374E-04    868.4045    463.3748 
 259.440  -.012302   2.114E+05 -15949.0858   1.624E-04    796.7635    441.8197 
 265.080  -.011328   1.282E+05 -13533.2641   1.787E-04    735.4534    414.8547 
 270.720  -.010286  58122.3498 -11280.7130   1.877E-04    683.8519    383.9223 
 276.360  -.009212    293.8108  -9210.1487   1.905E-04    641.2421    350.3204 
 282.000  -.008137 -46391.2230  -7333.3878   1.883E-04    675.2080    315.1977 
 287.640  -.007088 -83042.6455  -5656.1914   1.820E-04    702.2139    279.5528 
 293.280  -.006084  -1.108E+05  -4179.1034   1.727E-04    722.6579    244.2373 



 298.920  -.005140  -1.307E+05  -2898.2631   1.611E-04    737.3645    209.9614 
 304.560  -.004267  -1.440E+05  -1806.1798   1.479E-04    747.1349    177.3022 
 310.200  -.003472  -1.516E+05   -892.4543   1.337E-04    752.7329    146.7139 
 315.840  -.002759  -1.545E+05   -144.4420   1.189E-04    754.8746    118.5387 
 321.480  -.002130  -1.536E+05    452.1521   1.041E-04    754.2201     93.0195 
 327.120  -.001584  -1.498E+05   1011.5752   8.953E-05    751.3675    105.3575 
 332.760  -.001120  -1.425E+05   1558.5313   7.547E-05    746.0282     88.5986 
 338.400 -7.33E-04  -1.324E+05   2010.5650   6.224E-05    738.5958     71.6970 
 344.040 -4.18E-04  -1.200E+05   2365.5027   5.010E-05    729.4676     54.1674 
 349.680 -1.68E-04  -1.059E+05   2615.2724   3.923E-05    719.0559     34.4034 
 355.320  2.45E-05 -90658.5406   2676.0565   2.978E-05    707.8255    -12.8487 
 360.960  1.68E-04 -75811.5157   2543.4057   2.177E-05    696.8858    -34.1906 
 366.600  2.70E-04 -62040.1513   2324.5463   1.514E-05    686.7386    -43.4191 
 372.240  3.39E-04 -49640.1700   2064.9395   9.772E-06    677.6020    -48.6400 
 377.880  3.80E-04 -38779.5987   1782.3881   5.519E-06    669.5996    -51.5555 
 383.520  4.01E-04 -29552.8860   1487.7066   2.232E-06    662.8011    -52.9415 
 389.160  4.06E-04 -22005.5703   1188.2518  -2.477E-07    657.2400    -53.2482 
 394.800  3.98E-04 -16148.5949    889.2899  -2.083E-06    652.9244    -52.7667 
 400.440  3.82E-04 -11967.5662    690.2352  -3.435E-06    649.8437    -17.8201 
 406.080  3.59E-04  -8351.5041    591.9912  -4.413E-06    647.1793    -17.0182 
 411.720  3.32E-04  -5275.4716    498.9734  -5.068E-06    644.9128    -15.9668 
 417.360  3.02E-04  -2706.5055    412.3876  -5.452E-06    643.0199    -14.7374 
 423.000  2.71E-04   -605.9054    333.0593  -5.611E-06    641.4721    -13.3931 
 428.640  2.39E-04   1068.7594    261.4846  -5.589E-06    641.8131    -11.9880 
 434.280  2.08E-04   2361.9235    197.8783  -5.424E-06    642.7660    -10.5674 
 439.920  1.78E-04   3318.5698    142.2216  -5.151E-06    643.4709     -9.1690 
 445.560  1.50E-04   3983.0325     94.3059  -4.800E-06    643.9605     -7.8224 
 451.200  1.24E-04   4398.0403     53.7737  -4.396E-06    644.2662     -6.5507 
 456.840  1.00E-04   4603.9811     20.1560  -3.963E-06    644.4180     -5.3705 
 462.480  7.89E-05   4638.3657     -7.0944  -3.519E-06    644.4433     -4.2928 
 468.120  6.03E-05   4535.4677    -28.5741  -3.078E-06    644.3675     -3.3241 
 473.760  4.42E-05   4326.1177    -44.9036  -2.651E-06    644.2133     -2.4665 
 479.400  3.04E-05   4037.6283    -56.7063  -2.249E-06    644.0007     -1.7188 
 485.040  1.88E-05   3693.8278    -64.5908  -1.877E-06    643.7474     -1.0771 
 490.680  9.24E-06   3315.1845    -69.1372  -1.540E-06    643.4684      -.5351 
 496.320  1.45E-06   2918.9987    -70.8859  -1.240E-06    643.1764    -.085022 
 501.960 -4.75E-06   2519.6492    -70.3303  -9.787E-07    642.8822       .2820 
 507.600 -9.59E-06   2128.8750    -67.9112  -7.551E-07    642.5943       .5758 
 513.240 -1.33E-05   1756.0814    -64.0140  -5.683E-07    642.3196       .8062 
 518.880 -1.60E-05   1408.6557    -58.9679  -4.160E-07    642.0636       .9832 
 524.520 -1.80E-05   1092.2839    -53.0465  -2.958E-07    641.8305      1.1166 
 530.160 -1.93E-05    811.2585    -46.4701  -2.042E-07    641.6234      1.2155 
 535.800 -2.03E-05    568.7696    -39.4093  -1.378E-07    641.4447      1.2883 
 541.440 -2.09E-05    367.1725    -31.9899  -9.280E-08    641.2962      1.3427 
 547.080 -2.13E-05    208.2272    -24.2981  -6.512E-08    641.1791      1.3849 
 552.720 -2.16E-05     93.3030    -16.3872  -5.062E-08    641.0944      1.4204 
 558.360 -2.19E-05     23.5455     -8.2846  -4.500E-08    641.0430      1.4529 
 564.000 -2.21E-05      0.0000      0.0000  -4.387E-08    641.0256      1.4849 
 
Output Verification: 
 
Computed forces and moments are within specified convergence limits. 
 
 
Output Summary for Load Case No.  8: 
 
Pile-head deflection             =      .80000000 in 



Computed slope at pile head      =          0.000 
Maximum bending moment           =  -10748744.852 lbs-in 
Maximum shear force              =     174494.417 lbs 
Depth of maximum bending moment  =          0.000 in 
Depth of maximum shear force     =          0.000 in 
Number of iterations             =              7 
Number of zero deflection points =              3 
 
 
 
 
------------------------------------------------------------------------------ 
             Computed Values of Load Distribution and Deflection 
                 for Lateral Loading for Load Case Number  9 
------------------------------------------------------------------------------ 
 
Pile-head boundary conditions are Displacement and Slope (BC Type 5) 
Specified deflection at pile head   =         .900000 in 
Specified slope at pile head        =       0.000E+00 in/in 
Specified axial load at pile head   =      290000.000 lbs 
 
  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 
    X         y          M           V           S        Stress        p 
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 
-------- --------- ----------- ----------- ----------- ----------- ----------- 
   0.000   .900000  -1.189E+07   1.905E+05      0.0000   9402.0912   -483.6171 
   5.640   .896774  -1.082E+07   1.875E+05    -.001092   8615.2408   -608.5506 
  11.280   .887677  -9.772E+06   1.837E+05    -.002083   7841.3991   -723.4916 
  16.920   .873278  -8.743E+06   1.793E+05    -.002974   7083.3819   -836.4630 
  22.560   .854135  -7.740E+06   1.743E+05    -.003766   6343.9562   -935.6105 
  28.200   .830793  -6.765E+06   1.688E+05    -.004464   5625.5624  -1022.2421 
  33.840   .803781  -5.821E+06   1.628E+05    -.005069   4930.3438  -1089.9554 
  39.480   .773610  -4.912E+06   1.565E+05    -.005586   4259.9969  -1154.2873 
  45.120   .740775  -4.038E+06   1.498E+05    -.006016   3616.1351  -1210.2089 
  50.760   .705749  -3.202E+06   1.428E+05    -.006364   3000.1704  -1267.9792 
  56.400   .668985  -2.406E+06   1.355E+05    -.006634   2413.5537  -1333.5835 
  62.040   .630917  -1.652E+06   1.279E+05    -.006829   1857.9150  -1380.4979 
  67.680   .591952  -9.411E+05   1.200E+05    -.006954   1334.4412  -1405.9425 
  73.320   .552477  -2.752E+05   1.120E+05    -.007012    843.8112  -1425.2140 
  78.960   .512853   3.454E+05   1.038E+05    -.007009    895.4976  -1487.1444 
  84.600   .473416   9.186E+05  95268.2512    -.006948   1317.8589  -1538.2200 
  90.240   .434477   1.443E+06  86481.2895    -.006835   1704.0606  -1577.7238 
  95.880   .396321   1.916E+06  77505.6831    -.006673   2053.1160  -1605.1153 
 101.520   .359205   2.339E+06  68346.8691    -.006468   2364.3281  -1642.6911 
 107.160   .323358   2.709E+06  59007.6233    -.006226   2636.7672  -1669.0982 
 112.800   .288980   3.025E+06  49554.0494    -.005950   2869.7717  -1683.2330 
 118.440   .256244   3.287E+06  40056.7668    -.005646   3062.9734  -1684.5977 
 124.080   .225291   3.495E+06  30588.8604    -.005320   3216.3101  -1672.8159 
 129.720   .196234   3.649E+06  21225.2059    -.004976   3330.0337  -1647.6290 
 135.360   .169157   3.751E+06  12041.8314    -.004620   3404.7167  -1608.8868 
 141.000   .144115   3.800E+06   3481.3709    -.004257   3441.2553  -1426.7375 
 146.640   .121135   3.804E+06  -4039.4695    -.003892   3443.9132  -1240.2272 
 152.280   .100219   3.768E+06 -10526.0911    -.003527   3417.0613  -1059.9932 
 157.920   .081347   3.697E+06 -16019.1913    -.003168   3364.9283   -887.9147 
 163.560   .064480   3.597E+06 -20569.4012    -.002817   3291.5555   -725.6349 
 169.200   .049566   3.474E+06 -26467.4608    -.002477   3200.7580  -1365.8756 
 174.840   .036536   3.307E+06 -33484.8484    -.002151   3077.5442  -1122.5598 



 180.480   .025300   3.103E+06 -38902.9222    -.001843   2927.6361   -798.7430 
 186.120   .015748   2.874E+06 -42594.9765    -.001555   2758.6471   -510.4961 
 191.760   .007755   2.628E+06 -44762.0041    -.001291   2577.3598   -257.9534 
 197.400   .001188   2.373E+06 -45603.6961    -.001050   2389.7218    -40.5190 
 203.040  -.004091   2.117E+06 -45314.6492  -8.342E-04   2200.8591    143.0179 
 208.680  -.008222   1.865E+06 -44081.2213  -6.427E-04   2015.1029    294.3679 
 214.320  -.011341   1.622E+06 -42079.0310  -4.750E-04   1836.0301    415.6286 
 219.960  -.013581   1.392E+06 -39471.0822  -3.301E-04   1666.5108    509.1759 
 225.600  -.015065   1.178E+06 -36406.4813  -2.065E-04   1508.7644    577.5620 
 231.240  -.015910   9.818E+05 -33324.5402  -1.026E-04   1364.4185    515.3249 
 236.880  -.016222   8.021E+05 -30357.3175  -1.682E-05   1232.0371    536.8818 
 242.520  -.016099   6.394E+05 -27308.7522   5.252E-05   1112.1462    544.1698 
 248.160  -.015630   4.939E+05 -24253.3260   1.070E-04   1004.9356    539.3147 
 253.800  -.014892   3.655E+05 -21253.7567   1.484E-04    910.3084    524.3624 
 259.440  -.013956   2.537E+05 -18361.5335   1.781E-04    827.9289    501.2487 
 265.080  -.012883   1.578E+05 -15617.6053   1.979E-04    757.2683    471.7755 
 270.720  -.011724  76844.7722 -13053.1836   2.092E-04    697.6471    437.5939 
 276.360  -.010523   9836.4311 -10690.6264   2.134E-04    648.2734    400.1924 
 282.000  -.009317 -44443.4987  -8544.3714   2.117E-04    673.7729    360.8910 
 287.640  -.008135 -87236.6377  -6621.8899   2.054E-04    705.3041    320.8400 
 293.280  -.007000  -1.198E+05  -4924.6375   1.954E-04    729.3053    281.0225 
 298.920  -.005930  -1.434E+05  -3448.9793   1.828E-04    746.7060    242.2605 
 304.560  -.004939  -1.593E+05  -2187.0729   1.682E-04    758.4118    205.2240 
 310.200  -.004033  -1.686E+05  -1127.6954   1.524E-04    765.2891    170.4418 
 315.840  -.003219  -1.725E+05   -257.0036   1.360E-04    768.1520    138.3142 
 321.480  -.002499  -1.720E+05    440.7801   1.194E-04    767.7530    109.1269 
 327.120  -.001872  -1.680E+05   1071.4394   1.031E-04    764.7763    114.5112 
 332.760  -.001336  -1.602E+05   1667.2038   8.731E-05    759.0963     96.7528 
 338.400 -8.87E-04  -1.494E+05   2162.4162   7.241E-05    751.1299     78.8544 
 344.040 -5.19E-04  -1.361E+05   2554.9796   5.868E-05    741.2980     60.3525 
 349.680 -2.25E-04  -1.208E+05   2837.3963   4.632E-05    730.0358     39.7953 
 355.320  3.38E-06  -1.042E+05   2937.6185   3.550E-05    717.8269     -4.2555 
 360.960  1.75E-04 -87781.4520   2827.0952   2.626E-05    705.7056    -34.9371 
 366.600  3.00E-04 -72428.3561   2599.6086   1.856E-05    694.3930    -45.7319 
 372.240  3.85E-04 -58518.5764   2324.4622   1.226E-05    684.1438    -51.8378 
 377.880  4.38E-04 -46248.5286   2022.2678   7.221E-06    675.1029    -55.3234 
 383.520  4.66E-04 -35731.0183   1705.2800   3.278E-06    667.3533    -57.0837 
 389.160  4.75E-04 -27023.6944   1381.8002   2.598E-07    660.9375    -57.6255 
 394.800  4.69E-04 -20145.1625   1057.7865  -2.009E-06    655.8692    -57.2730 
 400.440  4.52E-04 -15085.2907    836.7841  -3.703E-06    652.1409    -21.0967 
 406.080  4.27E-04 -10694.1232    720.2351  -4.943E-06    648.9054    -20.2327 
 411.720  3.97E-04  -6944.8678    609.4446  -5.792E-06    646.1428    -19.0547 
 417.360  3.62E-04  -3800.6414    505.9388  -6.309E-06    643.8261    -17.6495 
 423.000  3.25E-04  -1217.2408    410.7832  -6.550E-06    641.9225    -16.0936 
 428.640  2.88E-04    854.4201    324.6419  -6.567E-06    641.6552    -14.4530 
 434.280  2.51E-04   2466.2034    247.8355  -6.408E-06    642.8428    -12.7833 
 439.920  2.16E-04   3670.9657    180.3975  -6.113E-06    643.7305    -11.1308 
 445.560  1.82E-04   4521.0827    122.1270  -5.719E-06    644.3569     -9.5325 
 451.200  1.51E-04   5067.2642     72.6378  -5.257E-06    644.7593     -8.0169 
 456.840  1.23E-04   5357.6350     31.4037  -4.756E-06    644.9733     -6.6052 
 462.480  9.76E-05   5437.0554     -2.2019  -4.237E-06    645.0318     -5.3117 
 468.120  7.52E-05   5346.6572    -28.8699  -3.718E-06    644.9652     -4.1450 
 473.760  5.57E-05   5123.5658    -49.3253  -3.214E-06    644.8008     -3.1087 
 479.400  3.90E-05   4800.7831    -64.3010  -2.737E-06    644.5630     -2.2019 
 485.040  2.48E-05   4407.2046    -74.5160  -2.294E-06    644.2730     -1.4205 
 490.680  1.31E-05   3967.7469    -80.6587  -1.891E-06    643.9492      -.7577 
 496.320  3.49E-06   3503.5617    -83.3725  -1.532E-06    643.6072      -.2046 



 501.960 -4.20E-06   3032.3164    -83.2467  -1.218E-06    643.2599       .2492 
 507.600 -1.02E-05   2568.5218    -80.8092  -9.483E-07    642.9182       .6151 
 513.240 -1.49E-05   2123.8905    -76.5226  -7.226E-07    642.5906       .9049 
 518.880 -1.84E-05   1707.7101    -70.7829  -5.383E-07    642.2839      1.1304 
 524.520 -2.10E-05   1327.2202    -63.9197  -3.923E-07    642.0036      1.3033 
 530.160 -2.28E-05    987.9794    -56.1989  -2.809E-07    641.7536      1.4346 
 535.800 -2.41E-05    694.2158    -47.8267  -2.000E-07    641.5372      1.5343 
 541.440 -2.51E-05    449.1491    -38.9548  -1.450E-07    641.3566      1.6117 
 547.080 -2.58E-05    255.2806    -29.6871  -1.111E-07    641.2137      1.6747 
 552.720 -2.63E-05    114.6420    -20.0875  -9.335E-08    641.1101      1.7294 
 558.360 -2.68E-05     28.9984    -10.1884  -8.644E-08    641.0470      1.7809 
 564.000 -2.73E-05      0.0000      0.0000  -8.505E-08    641.0256      1.8320 
 
Output Verification: 
 
Computed forces and moments are within specified convergence limits. 
 
 
Output Summary for Load Case No.  9: 
 
Pile-head deflection             =      .90000000 in 
Computed slope at pile head      =          0.000 
Maximum bending moment           =  -11890226.136 lbs-in 
Maximum shear force              =     190539.636 lbs 
Depth of maximum bending moment  =          0.000 in 
Depth of maximum shear force     =          0.000 in 
Number of iterations             =              7 
Number of zero deflection points =              3 
 
 
 
 
------------------------------------------------------------------------------ 
             Computed Values of Load Distribution and Deflection 
                 for Lateral Loading for Load Case Number 10 
------------------------------------------------------------------------------ 
 
Pile-head boundary conditions are Displacement and Slope (BC Type 5) 
Specified deflection at pile head   =        1.000000 in 
Specified slope at pile head        =       0.000E+00 in/in 
Specified axial load at pile head   =      290000.000 lbs 
 
  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 
    X         y          M           V           S        Stress        p 
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 
-------- --------- ----------- ----------- ----------- ----------- ----------- 
   0.000     1.000  -1.301E+07   2.055E+05      0.0000  10227.1317   -483.6171 
   5.640   .996471  -1.186E+07   2.024E+05    -.001196   9377.9098   -609.6268 
  11.280   .986508  -1.072E+07   1.987E+05    -.002282   8541.6019   -728.4796 
  16.920   .970728  -9.609E+06   1.942E+05    -.003260   7721.1252   -849.3031 
  22.560   .949735  -8.521E+06   1.891E+05    -.004132   6919.4407   -961.0752 
  28.200   .924119  -7.462E+06   1.834E+05    -.004901   6139.2942  -1065.5621 
  33.840   .894454  -6.436E+06   1.772E+05    -.005569   5383.2575  -1152.5892 
  39.480   .861297  -5.446E+06   1.705E+05    -.006141   4653.4894  -1222.0100 
  45.120   .825186  -4.493E+06   1.634E+05    -.006619   3951.7317  -1283.5922 
  50.760   .786637  -3.581E+06   1.560E+05    -.007007   3279.5382  -1347.8558 
  56.400   .746145  -2.711E+06   1.482E+05    -.007310   2638.5210  -1421.1457 



  62.040   .704182  -1.886E+06   1.400E+05    -.007531   2030.4986  -1475.3043 
  67.680   .661196  -1.107E+06   1.316E+05    -.007675   1456.8362  -1507.4131 
  73.320   .617610  -3.764E+05   1.230E+05    -.007746    918.3765  -1532.4790 
  78.960   .573819   3.057E+05   1.142E+05    -.007750    866.2595  -1598.8240 
  84.600   .530194   9.369E+05   1.050E+05    -.007690   1331.3352  -1653.3456 
  90.240   .487078   1.515E+06  95563.6494    -.007572   1757.5507  -1695.2568 
  95.880   .444783   2.040E+06  85921.3974    -.007401   2143.8567  -1723.9815 
 101.520   .403595   2.509E+06  76087.2559    -.007182   2489.5192  -1763.3027 
 107.160   .363768   2.921E+06  66058.5340    -.006921   2793.5621  -1792.9817 
 112.800   .325527   3.276E+06  55899.1794    -.006623   3055.2420  -1809.6264 
 118.440   .289063   3.574E+06  45684.3124    -.006293   3274.1276  -1812.6669 
 124.080   .254537   3.812E+06  35491.8594    -.005938   3450.1131  -1801.6782 
 129.720   .222081   3.993E+06  25401.7871    -.005563   3583.4286  -1776.3616 
 135.360   .191790   4.117E+06  15495.4131    -.005173   3674.6462  -1736.5370 
 141.000   .163734   4.185E+06   6027.2597    -.004773   3724.6852  -1620.9642 
 146.640   .137948   4.201E+06  -2526.7300    -.004370   3736.2465  -1412.3654 
 152.280   .114441   4.171E+06  -9922.9863    -.003967   3714.2174  -1210.4205 
 157.920   .093197   4.102E+06 -16205.0624    -.003569   3663.3346  -1017.2661 
 163.560   .074179   4.000E+06 -21427.8263    -.003180   3588.1333   -834.7779 
 169.200   .057330   3.870E+06 -27990.0247    -.002801   3492.9027  -1492.2428 
 174.840   .042582   3.693E+06 -35887.6390    -.002437   3362.2478  -1308.3297 
 180.480   .029837   3.474E+06 -42233.5374    -.002093   3200.4997   -941.9889 
 186.120   .018977   3.224E+06 -46624.7482    -.001771   3016.2704   -615.1780 
 191.760   .009866   2.953E+06 -49284.9841    -.001473   2817.2487   -328.1680 
 197.400   .002357   2.672E+06 -50437.1433    -.001203   2610.1929    -80.3991 
 203.040  -.003702   2.389E+06 -50298.9860  -9.594E-04   2400.9429    129.3910 
 208.680  -.008465   2.108E+06 -49079.5347  -7.431E-04   2194.4486    303.0385 
 214.320  -.012084   1.837E+06 -46976.1953  -5.533E-04   1994.8127    442.8265 
 219.960  -.014706   1.580E+06 -44172.5797  -3.889E-04   1805.3428    551.3634 
 225.600  -.016471   1.340E+06 -40836.9949  -2.485E-04   1628.6127    631.4681 
 231.240  -.017508   1.120E+06 -37457.0191  -1.301E-04   1466.5277    567.1049 
 236.880  -.017938   9.182E+05 -34183.6226  -3.205E-05   1317.6047    593.6740 
 242.520  -.017870   7.349E+05 -30806.1539   4.746E-05   1182.4900    604.0100 
 248.160  -.017403   5.706E+05 -27409.4573   1.103E-04   1061.4470    600.4923 
 253.800  -.016626   4.253E+05 -24065.1960   1.582E-04    954.4124    585.4160 
 259.440  -.015619   2.986E+05 -20832.4250   1.930E-04    861.0496    560.9568 
 265.080  -.014449   1.897E+05 -17758.3402   2.165E-04    780.7999    529.1442 
 270.720  -.013177  97586.9521 -14879.1612   2.303E-04    712.9306    491.8413 
 276.360  -.011852  21106.7960 -12221.1080   2.360E-04    656.5777    450.7308 
 282.000  -.010515 -41039.1147  -9801.4382   2.350E-04    671.2645    407.3081 
 287.640  -.009201 -90222.2597  -7629.5108   2.287E-04    707.5040    362.8789 
 293.280  -.007935  -1.278E+05  -5707.8492   2.182E-04    735.2279    318.5614 
 298.920  -.006739  -1.553E+05  -4033.1792   2.046E-04    755.4704    275.2932 
 304.560  -.005627  -1.740E+05  -2597.4229   1.888E-04    769.2426    233.8403 
 310.200  -.004610  -1.852E+05  -1388.6305   1.715E-04    777.5137    194.8095 
 315.840  -.003693  -1.902E+05   -391.8403   1.534E-04    781.1974    158.6622 
 321.480  -.002879  -1.902E+05    410.1440   1.351E-04    781.1403    125.7294 
 327.120  -.002168  -1.861E+05   1112.2900   1.170E-04    778.1143    123.2585 
 332.760  -.001559  -1.780E+05   1754.6325   9.953E-05    772.1777    104.5225 
 338.400  -.001046  -1.666E+05   2290.8745   8.295E-05    763.7706     85.6343 
 344.040 -6.23E-04  -1.524E+05   2718.8701   6.761E-05    753.3372     66.1372 
 349.680 -2.83E-04  -1.361E+05   3031.2982   5.373E-05    741.3359     44.6529 
 355.320 -1.71E-05  -1.184E+05   3189.5639   4.149E-05    728.2722     11.4698 
 360.960  1.85E-04  -1.003E+05   3120.8831   3.097E-05    714.9260    -35.8247 
 366.600  3.32E-04 -83305.9208   2884.1359   2.214E-05    702.4079    -48.1282 
 372.240  4.34E-04 -67834.5170   2593.1105   1.487E-05    691.0081    -55.0722 
 377.880  5.00E-04 -54104.2660   2271.1644   9.002E-06    680.8912    -59.0930 



 383.520  5.36E-04 -42245.2278   1931.9357   4.367E-06    672.1532    -61.2008 
 389.160  5.49E-04 -32326.3172   1584.6314   7.805E-07    664.8446    -61.9567 
 394.800  5.45E-04 -24373.1392   1235.8730  -1.947E-06    658.9845    -61.7164 
 400.440  5.27E-04 -18379.3013    992.4780  -4.003E-06    654.5680    -24.5939 
 406.080  5.00E-04 -13164.8925    856.4010  -5.520E-06    650.7259    -23.6604 
 411.720  4.65E-04  -8701.0407    726.6661  -6.572E-06    647.4368    -22.3449 
 417.360  4.26E-04  -4946.6007    605.1381  -7.228E-06    644.6704    -20.7502 
 423.000  3.83E-04  -1851.4371    493.1353  -7.555E-06    642.3898    -18.9671 
 428.640  3.40E-04    640.6811    391.4984  -7.614E-06    641.4977    -17.0743 
 434.280  2.98E-04   2589.5711    300.6586  -7.458E-06    642.9337    -15.1384 
 439.920  2.56E-04   4056.5070    220.7029  -7.139E-06    644.0146    -13.2147 
 445.560  2.17E-04   5102.4517    151.4372  -6.698E-06    644.7853    -11.3477 
 451.200  1.81E-04   5786.6288     92.4433  -6.174E-06    645.2894     -9.5722 
 456.840  1.47E-04   6165.4090     43.1325  -5.599E-06    645.5685     -7.9139 
 462.480  1.17E-04   6291.4804      2.7933  -5.000E-06    645.6614     -6.3908 
 468.120  9.10E-05   6213.2742    -29.3669  -4.399E-06    645.6038     -5.0136 
 473.760  6.79E-05   5974.6112    -54.1848  -3.813E-06    645.4279     -3.7871 
 479.400  4.80E-05   5614.5414    -72.5103  -3.255E-06    645.1626     -2.7113 
 485.040  3.11E-05   5167.3433    -85.1806  -2.737E-06    644.8331     -1.7817 
 490.680  1.71E-05   4662.6562    -92.9992  -2.264E-06    644.4612      -.9908 
 496.320  5.60E-06   4125.7177    -96.7196  -1.841E-06    644.0656      -.3285 
 501.960 -3.66E-06   3577.6817    -97.0331  -1.471E-06    643.6618       .2173 
 507.600 -1.10E-05   3035.9950    -94.5603  -1.152E-06    643.2627       .6596 
 513.240 -1.67E-05   2514.8114    -89.8461  -8.854E-07    642.8786      1.0121 
 518.880 -2.10E-05   2025.4273    -83.3575  -6.670E-07    642.5180      1.2888 
 524.520 -2.42E-05   1576.7213    -75.4837  -4.938E-07    642.1874      1.5033 
 530.160 -2.65E-05   1175.5864    -66.5392  -3.614E-07    641.8918      1.6685 
 535.800 -2.83E-05    827.3417    -56.7677  -2.651E-07    641.6353      1.7965 
 541.440 -2.95E-05    536.1139    -46.3488  -1.995E-07    641.4207      1.8981 
 547.080 -3.05E-05    305.1803    -35.4051  -1.590E-07    641.2505      1.9826 
 552.720 -3.13E-05    137.2642    -24.0118  -1.377E-07    641.1268      2.0576 
 558.360 -3.21E-05     34.7772    -12.2064  -1.295E-07    641.0513      2.1288 
 564.000 -3.28E-05      0.0000      0.0000  -1.278E-07    641.0256      2.1997 
 
Output Verification: 
 
Computed forces and moments are within specified convergence limits. 
 
 
Output Summary for Load Case No. 10: 
 
Pile-head deflection             =     1.00000000 in 
Computed slope at pile head      =          0.000 
Maximum bending moment           =  -13009943.561 lbs-in 
Maximum shear force              =     205532.609 lbs 
Depth of maximum bending moment  =          0.000 in 
Depth of maximum shear force     =          0.000 in 
Number of iterations             =              7 
Number of zero deflection points =              3 
 
 
 
 
 
------------------------------------------------------------------------------ 
                        Summary of Pile-head Response 
------------------------------------------------------------------------------ 



 
Definition of symbols for pile-head boundary conditions: 
 
y = pile-head displacment, in 
M = pile-head moment, lbs-in 
V = pile-head shear force, lbs 
S = pile-head slope, radians 
R = rotational stiffness of pile-head, in-lbs/rad 
 
 BC    Boundary     Boundary       Axial    Pile Head    Maximum     Maximum  
Type  Condition    Condition       Load     Deflection    Moment      Shear 
          1            2            lbs         in        in-lbs       lbs 
---- ------------ ------------ ----------- ----------- ----------- ----------- 
  5  y=   .100000 S=     0.000   2.900E+05     .100000  -1.711E+06  34107.5954 
  5  y=   .200000 S=     0.000   2.900E+05       .2000  -3.382E+06  67212.3567 
  5  y=   .300000 S=     0.000   2.900E+05       .3000  -4.733E+06  88298.0984 
  5  y=   .400000 S=     0.000   2.900E+05       .4000  -6.007E+06   1.071E+05 
  5  y=   .500000 S=     0.000   2.900E+05       .5000  -7.232E+06   1.248E+05 
  5  y=   .600000 S=     0.000   2.900E+05       .6000  -8.424E+06   1.417E+05 
  5  y=   .700000 S=     0.000   2.900E+05       .7000  -9.595E+06   1.582E+05 
  5  y=   .800000 S=     0.000   2.900E+05       .8000  -1.075E+07   1.745E+05 
  5  y=   .900000 S=     0.000   2.900E+05       .9000  -1.189E+07   1.905E+05 
  5  y=     1.000 S=     0.000   2.900E+05      1.0000  -1.301E+07   2.055E+05 
 
 
------------------------------------------------------------------------------ 
                     Pile-head Deflection vs. Pile Length 
------------------------------------------------------------------------------ 
 
 Boundary Condition Type 5, Deflection and Slope 
 
Deflection =          .10000  in 
Slope      =          .00000 
Axial Load =         290000. lbs 
 
 
 
   Pile       Pile Head       Maximum      Maximum 
  Length      Deflection      Moment        Shear  
    in           in           in-lbs         lbs 
-----------  ------------  ------------  ------------ 
   564.000     .10000000  -1711057.100     34107.595 
   535.800     .10000000  -1710724.677     34109.042 
   507.600     .10000000  -1710725.972     34112.612 
   479.400     .10000000  -1710988.289     34118.474 
   451.200     .10000000  -1711495.956     34125.437 
   423.000     .10000000  -1712297.210     34134.005 
   394.800     .10000000  -1712341.252     34137.415 
   366.600     .10000000  -1712801.173     34143.648 
   338.400     .10000000  -1712653.905     34143.189 
   310.200     .10000000  -1712468.347     34141.591 
 
The analysis ended normally.  
 



============================================================================== 
 
                    LPILE Plus for Windows, Version 4.0 
 
               Analysis of Individual Piles and Drilled Shafts 
              Subjected to Lateral Loading Using the p-y Method 
 
                   (c) Copyright ENSOFT, Inc., 1985-2001 
                             All Rights Reserved 
 
============================================================================== 
 
 
This program is licensed to:  
 
Mano 
URS 
 
Path to file locations:      X:\Route 84 - Isabel 
Avenue\geotech\Analysis\pile\lateral\RW400N-Type B\ 
Name of input data file:     RW400N-Type B_CIDH 24_ Free.lpd 
Name of output file:         RW400N-Type B_CIDH 24_ Free.lpo 
Name of plot output file:    RW400N-Type B_CIDH 24_ Free.lpp 
Name of runtime file:        RW400N-Type B_CIDH 24_ Free.lpr 
 
 
------------------------------------------------------------------------------ 
                          Time and Date of Analysis 
------------------------------------------------------------------------------ 
 
               Date:  April 23, 2009     Time:  13:37:38 
 
 
------------------------------------------------------------------------------ 
                                Problem Title 
------------------------------------------------------------------------------ 
 
Route 84 Widening_Retaining Wall 400N-Type B - 24 inch CIDH pile                 
 
 
------------------------------------------------------------------------------ 
                                Program Options 
------------------------------------------------------------------------------ 
 
Units Used in Computations - US Customary Units, inches, pounds 
 
Basic Program Options: 
 
Analysis Type 1:  
- Computation of Lateral Pile Response Using User-specified Constant EI 
 
Computation Options: 
- Only internally-generated p-y curves used in analysis 
- Analysis does not use p-y multipliers (individual pile or shaft action only) 
- Analysis assumes no shear resistance at pile tip 
- Analysis includes automatic computation of pile-top deflection vs. 
  pile embedment length 



- No computation of foundation stiffness matrix elements 
- Output pile response for full length of pile 
- Analysis assumes no soil movements acting on pile 
- Additional p-y curves computed at specified depths 
 
Solution Control Parameters: 
- Number of pile increments            =          100 
- Maximum number of iterations allowed =          100 
- Deflection tolerance for convergence =   1.0000E-05 in 
- Maximum allowable deflection         =   1.0000E+02 in 
 
Printing Options: 
- Values of pile-head deflection, bending moment, shear force, and  
  soil reaction are printed for full length of pile. 
- Printing Increment (spacing of output points) =  1 
 
 
------------------------------------------------------------------------------ 
                   Pile Structural Properties and Geometry 
------------------------------------------------------------------------------ 
 
Pile Length                               =     564.00 in 
Depth of ground surface below top of pile =     -24.00 in 
Slope angle of ground surface             =        .00 deg. 
 
Structural properties of pile defined using  2 points 
 
Point    Depth         Pile      Moment of       Pile      Modulus of 
           X         Diameter     Inertia        Area      Elasticity 
           in           in         in**4        Sq.in      lbs/Sq.in 
-----  ---------   -----------   ----------   ----------   ----------- 
  1       0.0000        24.000   16286.0000     452.4000   3600000.000 
  2     564.0000        24.000   16286.0000     452.4000   3600000.000 
 
 
------------------------------------------------------------------------------ 
                      Soil and Rock Layering Information 
------------------------------------------------------------------------------ 
 
The soil profile is modelled using  7 layers 
 
Layer  1 is sand, p-y criteria by Reese et al., 1974 
Distance from top of pile to top of layer    =      -24.000 in 
Distance from top of pile to bottom of layer =      168.000 in 
p-y subgrade modulus k for top of soil layer =       60.000 lbs/in**3 
p-y subgrade modulus k for bottom of layer   =       60.000 lbs/in**3 
 
Layer  2 is sand, p-y criteria by Reese et al., 1974 
Distance from top of pile to top of layer    =      168.000 in 
Distance from top of pile to bottom of layer =      228.000 in 
p-y subgrade modulus k for top of soil layer =      150.000 lbs/in**3 
p-y subgrade modulus k for bottom of layer   =      150.000 lbs/in**3 
 
Layer  3 is sand, p-y criteria by Reese et al., 1974 
Distance from top of pile to top of layer    =      228.000 in 
Distance from top of pile to bottom of layer =      324.000 in 
p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3 



p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3 
 
Layer  4 is stiff clay with water-induced erosion 
Distance from top of pile to top of layer    =      324.000 in 
Distance from top of pile to bottom of layer =      396.000 in 
p-y subgrade modulus k for top of soil layer =      750.000 lbs/in**3 
p-y subgrade modulus k for bottom of layer   =      750.000 lbs/in**3 
 
Layer  5 is sand, p-y criteria by Reese et al., 1974 
Distance from top of pile to top of layer    =      396.000 in 
Distance from top of pile to bottom of layer =      570.000 in 
p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3 
p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3 
 
Layer  6 is sand, p-y criteria by Reese et al., 1974 
Distance from top of pile to top of layer    =      570.000 in 
Distance from top of pile to bottom of layer =      714.000 in 
p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3 
p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3 
 
Layer  7 is sand, p-y criteria by Reese et al., 1974 
Distance from top of pile to top of layer    =      714.000 in 
Distance from top of pile to bottom of layer =      858.000 in 
p-y subgrade modulus k for top of soil layer =      125.000 lbs/in**3 
p-y subgrade modulus k for bottom of layer   =      125.000 lbs/in**3 
 
 
(Depth of lowest layer extends  294.00 in below pile tip) 
 
 
------------------------------------------------------------------------------ 
                   Effective Unit Weight of Soil vs. Depth 
------------------------------------------------------------------------------ 
 
Distribution of effective unit weight of soil with depth 
is defined using 14 points 
 
Point        Depth X    Eff. Unit Weight 
 No.           in          lbs/in**3 
-----      ----------   ---------------- 
  1           -24.00         .06660 
  2           168.00         .06660 
  3           168.00         .07520 
  4           228.00         .07520 
  5           228.00         .03910 
  6           324.00         .03910 
  7           324.00         .03910 
  8           396.00         .03910 
  9           396.00         .04200 
 10           570.00         .04200 
 11           570.00         .04200 
 12           714.00         .04200 
 13           714.00         .03910 
 14           858.00         .03910 
 
 
 



------------------------------------------------------------------------------ 
                           Shear Strength of Soils 
------------------------------------------------------------------------------ 
 
Distribution of shear strength parameters with depth 
defined using 14 points 
 
Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD 
 No.       in         lbs/in**2            Deg.            k_rm        % 
-----   --------     ----------     ------------------    ------    ------ 
  1      -24.000         .00000           34.00           ------    ------ 
  2      168.000         .00000           34.00           ------    ------ 
  3      168.000         .00000           36.00           ------    ------ 
  4      228.000         .00000           36.00           ------    ------ 
  5      228.000         .00000           36.00           ------    ------ 
  6      324.000         .00000           36.00           ------    ------ 
  7      324.000        6.94400             .00           .00500        .0 
  8      396.000        6.94400             .00           .00500        .0 
  9      396.000         .00000           36.00           ------    ------ 
 10      570.000         .00000           36.00           ------    ------ 
 11      570.000         .00000           38.00           ------    ------ 
 12      714.000         .00000           38.00           ------    ------ 
 13      714.000         .00000           36.00           ------    ------ 
 14      858.000         .00000           36.00           ------    ------ 
 
Notes: 
 
(1)  Cohesion = uniaxial compressive strength for rock materials. 
(2)  Values of E50 are reported for clay strata.  
(3)  Default values will be generated for E50 when input values are 0. 
(4)  RQD and k_rm are reported only for weak rock strata. 
 
Static loading criteria was used for computation of  p-y curves 
 
 
 
------------------------------------------------------------------------------ 
              Pile-head Loading and Pile-head Fixity Conditions 
------------------------------------------------------------------------------ 
 
Number of loads specified = 10 
 
Load Case Number  1 
 
Pile-head boundary conditions are Displacement and Moment (BC Type 4) 
Deflection at pile head     =            .100 in 
Bending moment at pile head =            .000 in-lbs 
Axial load at pile head     =      290000.000 lbs 
 
Load Case Number  2 
 
Pile-head boundary conditions are Displacement and Moment (BC Type 4) 
Deflection at pile head     =            .200 in 
Bending moment at pile head =            .000 in-lbs 
Axial load at pile head     =      290000.000 lbs 
 
Load Case Number  3 



 
Pile-head boundary conditions are Displacement and Moment (BC Type 4) 
Deflection at pile head     =            .300 in 
Bending moment at pile head =            .000 in-lbs 
Axial load at pile head     =      290000.000 lbs 
 
Load Case Number  4 
 
Pile-head boundary conditions are Displacement and Moment (BC Type 4) 
Deflection at pile head     =            .400 in 
Bending moment at pile head =            .000 in-lbs 
Axial load at pile head     =      290000.000 lbs 
 
Load Case Number  5 
 
Pile-head boundary conditions are Displacement and Moment (BC Type 4) 
Deflection at pile head     =            .500 in 
Bending moment at pile head =            .000 in-lbs 
Axial load at pile head     =      290000.000 lbs 
 
Load Case Number  6 
 
Pile-head boundary conditions are Displacement and Moment (BC Type 4) 
Deflection at pile head     =            .600 in 
Bending moment at pile head =            .000 in-lbs 
Axial load at pile head     =      290000.000 lbs 
 
Load Case Number  7 
 
Pile-head boundary conditions are Displacement and Moment (BC Type 4) 
Deflection at pile head     =            .700 in 
Bending moment at pile head =            .000 in-lbs 
Axial load at pile head     =      290000.000 lbs 
 
Load Case Number  8 
 
Pile-head boundary conditions are Displacement and Moment (BC Type 4) 
Deflection at pile head     =            .800 in 
Bending moment at pile head =            .000 in-lbs 
Axial load at pile head     =      290000.000 lbs 
 
Load Case Number  9 
 
Pile-head boundary conditions are Displacement and Moment (BC Type 4) 
Deflection at pile head     =            .900 in 
Bending moment at pile head =            .000 in-lbs 
Axial load at pile head     =      290000.000 lbs 
 
Load Case Number 10 
 
Pile-head boundary conditions are Displacement and Moment (BC Type 4) 
Deflection at pile head     =           1.000 in 
Bending moment at pile head =            .000 in-lbs 
Axial load at pile head     =      290000.000 lbs 
 
 
 



 
------------------------------------------------------------------------------ 
                   Output of p-y Curves at Specified Depths 
------------------------------------------------------------------------------ 
 
 
 
p-y curves are generated and printed for verification at  1 depths. 
 
Depth      Depth Below Pile Head      Depth Below Ground Surface 
 No.                 in                         in 
-----      ---------------------      -------------------------- 
  1                60.000                     84.000 
 
Depth of ground surface below top of pile =     -24.00 in 
 
 
p-y Curve in Sand Computed Using Reese Criteria 
 
Soil Layer Number           =            1 
Depth below pile head       =       60.000 in 
Depth below ground surface  =       84.000 in 
Equivalent Depth (see note) =       84.000 in 
Pile Diameter               =       24.000 in 
Angle of Friction           =       34.000 deg. 
Avg. Eff. Unit Weight       =       .06660 lbs/in**3 
k                           =       60.000 pci   
A (static)                  =        .9800 
B (static)                  =        .6200 
Pst                         =     1715.339 lbs/in 
Psd                         =     6357.074 lbs/in 
Ps                          =     1715.339 lbs/in 
pu                          =     1681.032 lbs/in 
Cbar                        =    1627.7632 
n                           =       2.1528 
m                           =    1235.0441 
yk                          =        .1212  in 
ym                          =        .4000  in 
yu                          =        .9000  in 
p-multiplier                =      1.00000 
y-multiplier                =      1.00000 
 
If Psd <= Pst then actual depth is used in place of equivalent depth in 
computations. 
 
        y, in             p, lbs/in 
----------------    ----------------- 
          .0000             .000 
          .0333          168.000 
          .0667          336.000 
          .1000          504.000 
          .1333          638.427 
          .1667          708.154 
          .2000          770.741 
          .2333          827.954 
          .2667          880.936 
          .3000          930.477 



          .3333          977.149 
          .3667         1021.382 
          .4000         1063.510 
          .9000         1681.032 
        24.9000         1681.032 
        48.9000         1681.032 
        72.9000         1681.032 
 
 
 
 
 
 
 
------------------------------------------------------------------------------ 
             Computed Values of Load Distribution and Deflection 
                 for Lateral Loading for Load Case Number  1 
------------------------------------------------------------------------------ 
 
Pile-head boundary conditions are Displacement and Moment (BC Type 4) 
Specified deflection at pile head     =         .100000 in 
Specified bending moment at pile head =            .000 in-lbs 
Specified axial load at pile head     =      290000.000 lbs 
 
  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 
    X         y          M           V           S        Stress        p 
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 
-------- --------- ----------- ----------- ----------- ----------- ----------- 
   0.000   .100000      0.0000  14342.7942    -.001155    641.0256   -144.0000 
   5.640   .093485  80492.3824  13467.8781    -.001151    700.3348   -166.2539 
  11.280   .087014   1.557E+05  12479.6232    -.001140    755.7379   -184.1911 
  16.920   .080627   2.250E+05  11401.9689    -.001122    806.8058   -197.9558 
  22.560   .074363   2.880E+05  10257.9092    -.001097    853.2079   -207.7391 
  28.200   .068254   3.443E+05   9069.2485    -.001066    894.7076   -213.7718 
  33.840   .062332   3.938E+05   7856.3941    -.001031    931.1570   -216.3185 
  39.480   .056624   4.363E+05   6638.1834  -9.911E-04    962.4906   -215.6711 
  45.120   .051153   4.719E+05   5431.7497  -9.474E-04    988.7186   -212.1423 
  50.760   .045938   5.007E+05   4252.4227  -9.006E-04   1009.9197   -206.0588 
  56.400   .040994   5.228E+05   3113.6650  -8.514E-04   1026.2331   -197.7560 
  62.040   .036334   5.386E+05   2027.0412  -8.003E-04   1037.8508   -187.5716 
  67.680   .031966   5.483E+05   1002.2190  -7.481E-04   1045.0098   -175.8406 
  73.320   .027896   5.523E+05     46.9976  -6.951E-04   1047.9838   -162.8904 
  78.960   .024125   5.511E+05   -832.6366  -6.421E-04   1047.0759   -149.0366 
  84.600   .020654   5.450E+05  -1632.4325  -5.893E-04   1042.6109   -134.5790 
  90.240   .017478   5.346E+05  -2349.7771  -5.374E-04   1034.9285   -119.7986 
  95.880   .014592   5.203E+05  -2983.5817  -4.867E-04   1024.3762   -104.9549 
 101.520   .011988   5.025E+05  -3534.1547  -4.375E-04   1011.3037    -90.2838 
 107.160   .009657   4.818E+05  -4003.0642  -3.901E-04    996.0568    -75.9962 
 112.800   .007587   4.587E+05  -4392.9936  -3.449E-04    978.9728    -62.2767 
 118.440   .005767   4.334E+05  -4707.5923  -3.020E-04    960.3760    -49.2831 
 124.080   .004181   4.065E+05  -4951.3241  -2.616E-04    940.5739    -37.1466 
 129.720   .002816   3.784E+05  -5129.3161  -2.238E-04    919.8539    -25.9712 
 135.360   .001656   3.494E+05  -5247.2096  -1.888E-04    898.4814    -15.8350 
 141.000  6.86E-04   3.198E+05  -5311.0140  -1.566E-04    876.6972     -6.7907 
 146.640 -1.11E-04   2.900E+05  -5326.9672  -1.273E-04    854.7168      1.1335 
 152.280 -7.50E-04   2.602E+05  -5301.4005  -1.008E-04    832.7293      7.9327 
 157.920  -.001248   2.305E+05  -5240.6113  -7.723E-05    810.8976     13.6238 



 163.560  -.001621   2.013E+05  -5150.7433  -5.646E-05    789.3585     18.2443 
 169.200  -.001885   1.726E+05  -4940.4636  -3.848E-05    768.2237     56.3229 
 174.840  -.002055   1.457E+05  -4603.5605  -2.316E-05    748.3889     63.1462 
 180.480  -.002146   1.208E+05  -4234.4005  -1.035E-05    730.0173     67.7616 
 186.120  -.002172  97979.6461  -3844.7654   1.756E-07    713.2199     70.4069 
 191.760  -.002144  77406.9813  -3445.0751   8.611E-06    698.0614     71.3273 
 197.400  -.002075  59091.0292  -3044.3650   1.518E-05    684.5656     70.7685 
 203.040  -.001973  43016.8976  -2650.2985   2.009E-05    672.7217     68.9714 
 208.680  -.001848  29129.9499  -2269.2090   2.356E-05    662.4894     66.1668 
 214.320  -.001707  17343.1568  -1906.1671   2.579E-05    653.8046     62.5715 
 219.960  -.001557   7544.0090  -1565.0691   2.699E-05    646.5843     58.3852 
 225.600  -.001403   -399.1144  -1248.7406   2.733E-05    641.3197     53.7880 
 231.240  -.001249  -6631.2009   -982.9821   2.700E-05    645.9117     40.4526 
 236.880  -.001098 -11575.4624   -766.3887   2.612E-05    649.5548     36.3536 
 242.520 -9.54E-04 -15361.5103   -572.9136   2.482E-05    652.3445     32.2546 
 248.160 -8.18E-04 -18119.1339   -402.3186   2.321E-05    654.3763     28.2400 
 253.800 -6.92E-04 -19975.6032   -253.9302   2.138E-05    655.7442     24.3800 
 259.440 -5.77E-04 -21053.4120   -126.7158   1.941E-05    656.5384     20.7315 
 265.080 -4.73E-04 -21468.4469    -19.3571   1.736E-05    656.8442     17.3390 
 270.720 -3.81E-04 -21328.5586     69.6811   1.530E-05    656.7411     14.2349 
 276.360 -3.01E-04 -20732.5090    142.0871   1.328E-05    656.3020     11.4410 
 282.000 -2.32E-04 -19769.2638    199.6441   1.133E-05    655.5922      8.9693 
 287.640 -1.73E-04 -18517.5988    244.1781   9.492E-06    654.6699      6.8229 
 293.280 -1.24E-04 -17045.9862    277.5111   7.782E-06    653.5856      4.9973 
 298.920 -8.52E-05 -15412.7291    301.4202   6.220E-06    652.3822      3.4811 
 304.560 -5.43E-05 -13666.3144    317.6017   4.822E-06    651.0954      2.2570 
 310.200 -3.08E-05 -11845.9543    327.6403   3.595E-06    649.7541      1.3027 
 315.840 -1.38E-05  -9982.2908    332.9819   2.545E-06    648.3809       .5915 
 321.480 -2.12E-06  -8098.2424    334.9112   1.675E-06    646.9927     .092657 
 327.120  5.13E-06  -6209.9725    318.9327   9.869E-07    645.6013     -5.7588 
 332.760  9.01E-06  -4503.9103    280.7939   4.716E-07    644.3443     -7.7656 
 338.400  1.04E-05  -3044.1600    235.2174   1.085E-07    643.2687     -8.3963 
 344.040  1.02E-05  -1851.0126    188.0768  -1.270E-07    642.3895     -8.3203 
 349.680  9.02E-06   -922.2386    142.5879  -2.603E-07    641.7052     -7.8105 
 355.320  7.30E-06   -241.7697    100.7543  -3.163E-07    641.2038     -7.0241 
 360.960  5.45E-06    215.3049     63.8427  -3.176E-07    641.1843     -6.0652 
 366.600  3.71E-06    479.4149     32.6212  -2.842E-07    641.3789     -5.0063 
 372.240  2.24E-06    584.2022      7.5290  -2.330E-07    641.4561     -3.8917 
 377.880  1.09E-06    565.1041    -11.1228  -1.777E-07    641.4420     -2.7224 
 383.520  2.37E-07    459.3185    -22.5715  -1.285E-07    641.3641     -1.3374 
 389.160 -3.63E-07    310.9182    -22.1437  -9.143E-08    641.2547      1.4891 
 394.800 -7.94E-07    209.8368    -11.6057  -6.638E-08    641.1803      2.2478 
 400.440 -1.11E-06    180.2229     -5.1208  -4.762E-08    641.1584     .051853 
 406.080 -1.33E-06    152.2301     -4.7968  -3.163E-08    641.1378     .063038 
 411.720 -1.47E-06    126.2186     -4.4200  -1.823E-08    641.1186     .070565 
 417.360 -1.54E-06    102.4318     -4.0097  -7.237E-09    641.1011     .074945 
 423.000 -1.55E-06     81.0129     -3.5821   1.587E-09    641.0853     .076673 
 428.640 -1.52E-06     62.0202     -3.1510   8.466E-09    641.0713     .076214 
 434.280 -1.45E-06     45.4421     -2.7274   1.364E-08    641.0591     .074000 
 439.920 -1.37E-06     31.2108     -2.3201   1.732E-08    641.0486     .070423 
 445.560 -1.26E-06     19.2146     -1.9359   1.975E-08    641.0398     .065835 
 451.200 -1.14E-06      9.3097     -1.5795   2.112E-08    641.0325     .060544 
 456.840 -1.02E-06      1.3291     -1.2542   2.163E-08    641.0266     .054818 
 462.480 -8.99E-07     -4.9079      -.9617   2.146E-08    641.0293     .048881 
 468.120 -7.79E-07     -9.5893      -.7028   2.076E-08    641.0327     .042918 
 473.760 -6.64E-07    -12.9040      -.4773   1.968E-08    641.0351     .037077 
 479.400 -5.57E-07    -15.0372      -.2840   1.834E-08    641.0367     .031471 



 485.040 -4.58E-07    -16.1669      -.1214   1.683E-08    641.0376     .026179 
 490.680 -3.67E-07    -16.4614     .012385   1.527E-08    641.0378     .021256 
 496.320 -2.85E-07    -16.0772       .1195   1.370E-08    641.0375     .016728 
 501.960 -2.12E-07    -15.1583       .2022   1.220E-08    641.0368     .012603 
 507.600 -1.48E-07    -13.8361       .2628   1.080E-08    641.0358     .008869 
 513.240 -9.05E-08    -12.2297       .3033   9.550E-09    641.0347     .005500 
 518.880 -4.00E-08    -10.4463       .3257   8.459E-09    641.0333     .002458 
 524.520  4.88E-09     -8.5832       .3318   7.544E-09    641.0320  -3.035E-04 
 530.160  4.51E-08     -6.7283       .3229   6.807E-09    641.0306    -.002835 
 535.800  8.17E-08     -4.9626       .3003   6.245E-09    641.0293    -.005191 
 541.440  1.16E-07     -3.3612       .2647   5.845E-09    641.0281    -.007426 
 547.080  1.48E-07     -1.9955       .2167   5.587E-09    641.0271    -.009590 
 552.720  1.79E-07      -.9346       .1566   5.446E-09    641.0263    -.011729 
 558.360  2.09E-07      -.2466     .084418   5.389E-09    641.0258    -.013877 
 564.000  2.39E-07      0.0000      0.0000   5.377E-09    641.0256    -.016059 
 
Output Verification: 
 
Computed forces and moments are within specified convergence limits. 
 
 
Output Summary for Load Case No.  1: 
 
Pile-head deflection             =      .10000000 in 
Computed slope at pile head      =     -.00115512 
Maximum bending moment           =     552310.020 lbs-in 
Maximum shear force              =      14342.794 lbs 
Depth of maximum bending moment  =         73.320 in 
Depth of maximum shear force     =          0.000 in 
Number of iterations             =              5 
Number of zero deflection points =              4 
 
 
 
 
------------------------------------------------------------------------------ 
             Computed Values of Load Distribution and Deflection 
                 for Lateral Loading for Load Case Number  2 
------------------------------------------------------------------------------ 
 
Pile-head boundary conditions are Displacement and Moment (BC Type 4) 
Specified deflection at pile head     =         .200000 in 
Specified bending moment at pile head =            .000 in-lbs 
Specified axial load at pile head     =      290000.000 lbs 
 
  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 
    X         y          M           V           S        Stress        p 
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 
-------- --------- ----------- ----------- ----------- ----------- ----------- 
   0.000   .200000      0.0000  28684.0775    -.002310    641.0256   -287.4774 
   5.640   .186970   1.610E+05  26935.7190    -.002303    759.6438   -332.5078 
  11.280   .174028   3.114E+05  24959.2096    -.002280    870.4498   -368.3820 
  16.920   .161254   4.500E+05  22803.9017    -.002243    972.5856   -395.9115 
  22.560   .148725   5.759E+05  20515.7834    -.002194   1065.3897   -415.4780 
  28.200   .136508   6.886E+05  18138.4638    -.002133   1148.3889   -427.5432 
  33.840   .124665   7.875E+05  15712.7571    -.002062   1221.2875   -432.6365 
  39.480   .113249   8.726E+05  13276.3387    -.001982   1283.9545   -431.3417 



  45.120   .102306   9.438E+05  10863.4751    -.001895   1336.4105   -424.2838 
  50.760   .091875   1.001E+06   8504.8258    -.001801   1378.8126   -412.1167 
  56.400   .081988   1.046E+06   6227.3161    -.001703   1411.4393   -395.5109 
  62.040   .072668   1.077E+06   4054.0755    -.001601   1434.6748   -375.1418 
  67.680   .063932   1.097E+06   2004.4392    -.001496   1448.9927   -351.6796 
  73.320   .055792   1.105E+06     94.0060    -.001390   1454.9407   -325.7790 
  78.960   .048250   1.102E+06  -1665.2511    -.001284   1453.1249   -298.0711 
  84.600   .041307   1.090E+06  -3264.8301    -.001179   1444.1952   -269.1555 
  90.240   .034955   1.069E+06  -4699.5046    -.001075   1428.8305   -239.5943 
  95.880   .029183   1.041E+06  -5967.0971  -9.733E-04   1407.7262   -209.9066 
 101.520   .023975   1.005E+06  -7068.2242  -8.750E-04   1381.5815   -180.5640 
 107.160   .019313   9.637E+05  -8006.0220  -7.803E-04   1351.0881   -151.9884 
 112.800   .015174   9.173E+05  -8785.8573  -6.898E-04   1316.9206   -124.5489 
 118.440   .011533   8.668E+05  -9415.0286  -6.040E-04   1279.7276    -98.5614 
 124.080   .008361   8.131E+05  -9902.4635  -5.232E-04   1240.1240    -74.2878 
 129.720   .005631   7.568E+05 -10258.4162  -4.477E-04   1198.6850    -51.9365 
 135.360   .003312   6.988E+05 -10494.1690  -3.777E-04   1155.9409    -31.6637 
 141.000   .001371   6.397E+05 -10621.7412  -3.133E-04   1112.3736    -13.5746 
 146.640 -2.22E-04   5.800E+05 -10653.6083  -2.546E-04   1068.4141      2.2743 
 152.280  -.001501   5.204E+05 -10602.4330  -2.017E-04   1024.4406     15.8730 
 157.920  -.002497   4.611E+05 -10480.8107  -1.545E-04    980.7788     27.2555 
 163.560  -.003243   4.026E+05 -10301.0287  -1.129E-04    937.7023     36.4970 
 169.200  -.003771   3.453E+05  -9880.3841  -7.695E-05    895.4346    112.6678 
 174.840  -.004111   2.914E+05  -9206.4538  -4.632E-05    855.7676    126.3146 
 180.480  -.004293   2.416E+05  -8468.0094  -2.069E-05    819.0275    135.5451 
 186.120  -.004344   1.960E+05  -7688.6171   3.593E-07    785.4362    140.8351 
 191.760  -.004289   1.548E+05  -6889.1196   1.723E-05    755.1232    142.6746 
 197.400  -.004150   1.182E+05  -6087.5918   3.037E-05    728.1362    141.5551 
 203.040  -.003947  86081.9895  -5299.3649   4.020E-05    704.4534    137.9580 
 208.680  -.003697  58315.2498  -4537.1113   4.714E-05    683.9940    132.3447 
 214.320  -.003415  34749.1668  -3810.9795   5.162E-05    666.6298    125.1489 
 219.960  -.003114  15158.5518  -3128.7696   5.402E-05    652.1949    116.7695 
 225.600  -.002806   -720.0560  -2496.1423   5.471E-05    641.5562    107.5664 
 231.240  -.002497 -13176.9071  -1964.6996   5.404E-05    650.7348     80.8885 
 236.880  -.002196 -23058.6541  -1531.6373   5.230E-05    658.0159     72.6797 
 242.520  -.001907 -30624.8621  -1144.8783   4.972E-05    663.5909     64.4690 
 248.160  -.001635 -36135.5201   -803.9588   4.651E-05    667.6513     56.4245 
 253.800  -.001383 -39845.6525   -507.5454   4.285E-05    670.3851     48.6867 
 259.440  -.001152 -42000.8127   -253.5878   3.892E-05    671.9731     41.3692 
 265.080 -9.44E-04 -42833.4256    -39.4652   3.484E-05    672.5866     34.5608 
 270.720 -7.59E-04 -42559.9345    137.8765   3.073E-05    672.3850     28.3263 
 276.360 -5.97E-04 -41378.6976    281.7973   2.669E-05    671.5147     22.7094 
 282.000 -4.58E-04 -39468.5730    395.8477   2.280E-05    670.1072     17.7340 
 287.640 -3.40E-04 -36988.1265    483.6647   1.913E-05    668.2796     13.4068 
 293.280 -2.42E-04 -34075.3966    548.8791   1.571E-05    666.1334      9.7189 
 298.920 -1.63E-04 -30848.1506    595.0348   1.258E-05    663.7555      6.6484 
 304.560 -1.00E-04 -27404.5696    625.5184   9.782E-06    661.2181      4.1614 
 310.200 -5.24E-05 -23824.3035    643.4987   7.318E-06    658.5801      2.2146 
 315.840 -1.76E-05 -20169.8444    651.8750   5.202E-06    655.8874       .7558 
 321.480  6.28E-06 -16488.1710    653.2330   3.439E-06    653.1746      -.2742 
 327.120  2.12E-05 -12812.6261    618.4761   2.030E-06    650.4664    -12.0509 
 332.760  2.92E-05  -9518.3998    544.4911   9.557E-07    648.0391    -14.1849 
 338.400  3.20E-05  -6673.8926    462.5506   1.768E-07    645.9432    -14.8720 
 344.040  3.12E-05  -4301.4077    379.1756  -3.510E-07    644.1950    -14.6936 
 349.680  2.80E-05  -2395.6431    298.4238  -6.732E-07    642.7908    -13.9418 
 355.320  2.36E-05   -932.9850    223.0162  -8.333E-07    641.7131    -12.7985 
 360.960  1.86E-05    122.7059    154.8089  -8.722E-07    641.1161    -11.3886 



 366.600  1.37E-05    816.1122     95.0571  -8.271E-07    641.6270     -9.8000 
 372.240  9.29E-06   1197.6557     44.6119  -7.302E-07    641.9081     -8.0883 
 377.880  5.50E-06   1321.7237      4.1321  -6.090E-07    641.9995     -6.2662 
 383.520  2.42E-06   1246.2578    -25.5202  -4.855E-07    641.9439     -4.2488 
 389.160  2.38E-08   1035.4441    -37.9676  -3.758E-07    641.7886      -.1652 
 394.800 -1.81E-06    819.2126    -28.8588  -2.866E-07    641.6293      3.3953 
 400.440 -3.21E-06    710.8539    -18.8621  -2.130E-07    641.5494       .1497 
 406.080 -4.22E-06    607.1448    -17.8769  -1.496E-07    641.4730       .1997 
 411.720 -4.90E-06    509.6922    -16.6502  -9.587E-08    641.4012       .2353 
 417.360 -5.30E-06    419.6442    -15.2580  -5.117E-08    641.3348       .2584 
 423.000 -5.47E-06    337.7490    -13.7659  -1.474E-08    641.2745       .2708 
 428.640 -5.47E-06    264.4132    -12.2291   1.422E-08    641.2205       .2742 
 434.280 -5.31E-06    199.7577    -10.6936   3.654E-08    641.1728       .2703 
 439.920 -5.05E-06    143.6693     -9.1964   5.306E-08    641.1315       .2606 
 445.560 -4.71E-06     95.8489     -7.7662   6.458E-08    641.0963       .2465 
 451.200 -4.32E-06     55.8548     -6.4249   7.188E-08    641.0668       .2292 
 456.840 -3.90E-06     23.1411     -5.1876   7.568E-08    641.0427       .2096 
 462.480 -3.47E-06     -2.9084     -4.0640   7.665E-08    641.0278       .1888 
 468.120 -3.04E-06    -22.9515     -3.0593   7.541E-08    641.0426       .1675 
 473.760 -2.62E-06    -37.6637     -2.1746   7.249E-08    641.0534       .1462 
 479.400 -2.22E-06    -47.7185     -1.4082   6.839E-08    641.0608       .1255 
 485.040 -1.85E-06    -53.7722      -.7559   6.351E-08    641.0653       .1058 
 490.680 -1.51E-06    -56.4527      -.2117   5.820E-08    641.0672     .087182 
 496.320 -1.19E-06    -56.3510       .2312   5.278E-08    641.0672     .069894 
 501.960 -9.10E-07    -54.0172       .5805   4.747E-08    641.0654     .053979 
 507.600 -6.57E-07    -49.9579       .8439   4.247E-08    641.0625     .039425 
 513.240 -4.31E-07    -44.6366      1.0289   3.792E-08    641.0585     .026161 
 518.880 -2.29E-07    -38.4761      1.1423   3.392E-08    641.0540     .014067 
 524.520 -4.80E-08    -31.8622      1.1904   3.054E-08    641.0491     .002985 
 530.160  1.16E-07    -25.1482      1.1783   2.780E-08    641.0442    -.007264 
 535.800  2.66E-07    -18.6613      1.1103   2.569E-08    641.0394    -.016877 
 541.440  4.05E-07    -12.7084       .9892   2.418E-08    641.0350    -.026051 
 547.080  5.38E-07     -7.5822       .8171   2.320E-08    641.0312    -.034974 
 552.720  6.67E-07     -3.5672       .5949   2.267E-08    641.0283    -.043814 
 558.360  7.94E-07      -.9454       .3228   2.245E-08    641.0263    -.052707 
 564.000  9.20E-07      0.0000      0.0000   2.240E-08    641.0256    -.061744 
 
Output Verification: 
 
Computed forces and moments are within specified convergence limits. 
 
 
Output Summary for Load Case No.  2: 
 
Pile-head deflection             =      .20000000 in 
Computed slope at pile head      =     -.00231024 
Maximum bending moment           =    1104618.347 lbs-in 
Maximum shear force              =      28684.078 lbs 
Depth of maximum bending moment  =         73.320 in 
Depth of maximum shear force     =          0.000 in 
Number of iterations             =              5 
Number of zero deflection points =              4 
 
 
 
 
------------------------------------------------------------------------------ 



             Computed Values of Load Distribution and Deflection 
                 for Lateral Loading for Load Case Number  3 
------------------------------------------------------------------------------ 
 
Pile-head boundary conditions are Displacement and Moment (BC Type 4) 
Specified deflection at pile head     =         .300000 in 
Specified bending moment at pile head =            .000 in-lbs 
Specified axial load at pile head     =      290000.000 lbs 
 
  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 
    X         y          M           V           S        Stress        p 
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 
-------- --------- ----------- ----------- ----------- ----------- ----------- 
   0.000   .300000      0.0000  40870.9492    -.003446    641.0256   -324.1493 
   5.640   .280564   2.310E+05  38834.7535    -.003435    811.2281   -397.9059 
  11.280   .261253   4.493E+05  36411.3629    -.003402    972.0776   -461.4525 
  16.920   .242186   6.528E+05  33644.0685    -.003349   1122.0594   -519.8576 
  22.560   .223473   8.398E+05  30582.8733    -.003278   1259.7809   -565.6726 
  28.200   .205215   1.009E+06  27287.9566    -.003189   1384.1467   -602.7375 
  33.840   .187505   1.158E+06  23821.4305    -.003084   1494.2685   -626.5270 
  39.480   .170423   1.287E+06  20254.0286    -.002967   1589.5713   -638.5091 
  45.120   .154040   1.396E+06  16660.7982    -.002838   1669.7594   -635.6860 
  50.760   .138414   1.485E+06  13117.3130    -.002699   1734.8862   -620.8690 
  56.400   .123593   1.553E+06   9685.1387    -.002553   1785.2889   -596.2141 
  62.040   .109615   1.602E+06   6408.0385    -.002401   1821.5373   -565.8782 
  67.680   .096507   1.633E+06   3315.2265    -.002246   1844.3368   -530.8636 
  73.320   .084284   1.647E+06    436.2234    -.002088   1854.5044   -490.0594 
  78.960   .072955   1.645E+06  -2216.6776    -.001930   1852.9950   -450.6856 
  84.600   .062518   1.628E+06  -4636.3882    -.001772   1840.7316   -407.3678 
  90.240   .052965   1.598E+06  -6808.9420    -.001617   1818.7314   -363.0414 
  95.880   .044279   1.557E+06  -8730.8516    -.001465   1788.0369   -318.4868 
 101.520   .036437   1.505E+06 -10402.8323    -.001318   1749.6972   -274.4141 
 107.160   .029412   1.444E+06 -11829.3936    -.001176   1704.7512   -231.4587 
 112.800   .023170   1.375E+06 -13018.4074    -.001041   1654.2129   -190.1775 
 118.440   .017674   1.300E+06 -13980.6622  -9.119E-04   1599.0578   -151.0477 
 124.080   .012883   1.220E+06 -14729.4104  -7.907E-04   1540.2116   -114.4659 
 129.720   .008755   1.137E+06 -15279.9150  -6.773E-04   1478.5411    -80.7485 
 135.360   .005243   1.050E+06 -15649.0027  -5.721E-04   1414.8461    -50.1336 
 141.000   .002301   9.620E+05 -15854.6275  -4.753E-04   1349.8544    -22.7829 
 146.640 -1.19E-04   8.729E+05 -15915.4489  -3.871E-04   1284.2172      1.2151 
 152.280  -.002065   7.837E+05 -15850.4288  -3.074E-04   1218.5073     21.8417 
 157.920  -.003586   6.951E+05 -15678.4482  -2.363E-04   1153.2184     39.1443 
 163.560  -.004730   6.077E+05 -15417.9463  -1.736E-04   1088.7664     53.2322 
 169.200  -.005545   5.218E+05 -14800.6518  -1.193E-04   1025.4916    165.6665 
 174.840  -.006076   4.411E+05 -13807.0360  -7.297E-05    966.0393    186.6795 
 180.480  -.006368   3.663E+05 -12713.6788  -3.414E-05    910.9112    201.0358 
 186.120  -.006461   2.978E+05 -11556.1260  -2.200E-06    860.4527    209.4439 
 191.760  -.006393   2.359E+05 -10365.8624   2.347E-05    814.8686    212.6354 
 197.400  -.006196   1.808E+05  -9170.2379   4.352E-05    774.2409    211.3449 
 203.040  -.005902   1.324E+05  -7992.4975   5.858E-05    738.5459    206.2935 
 208.680  -.005535  90448.3500  -6851.9022   6.929E-05    707.6706    198.1730 
 214.320  -.005120  54835.0696  -5763.9257   7.628E-05    681.4297    187.6343 
 219.960  -.004675  25181.7340  -4740.5145   8.013E-05    659.5803    175.2774 
 225.600  -.004216   1099.9416  -3790.3970   8.140E-05    641.8361    161.6436 
 231.240  -.003757 -17840.2042  -2991.4104   8.059E-05    654.1708    121.6850 
 236.880  -.003307 -32906.7930  -2339.6075   7.815E-05    665.2723    109.4508 
 242.520  -.002875 -44486.6174  -1756.8914   7.443E-05    673.8047     97.1861 



 248.160  -.002468 -52967.9916  -1242.7168   6.974E-05    680.0540     85.1453 
 253.800  -.002089 -58732.5936   -795.2199   6.437E-05    684.3015     73.5416 
 259.440  -.001742 -62148.6271   -411.4475   5.855E-05    686.8186     62.5479 
 265.080  -.001428 -63565.2573    -87.5771   5.251E-05    687.8624     52.2997 
 270.720  -.001149 -63308.2529    180.8774   4.640E-05    687.6730     42.8969 
 276.360 -9.05E-04 -61676.7540    398.8749   4.039E-05    686.4709     34.4071 
 282.000 -6.94E-04 -58941.0733    571.6730   3.459E-05    684.4551     26.8688 
 287.640 -5.15E-04 -55341.4334    704.6722   2.909E-05    681.8028     20.2941 
 293.280 -3.65E-04 -51087.5401    803.2771   2.397E-05    678.6684     14.6722 
 298.920 -2.44E-04 -46358.8916    872.7750   1.929E-05    675.1842      9.9724 
 304.560 -1.48E-04 -41305.7297    918.2312   1.507E-05    671.4609      6.1468 
 310.200 -7.41E-05 -36050.5421    944.3989   1.135E-05    667.5887      3.1325 
 315.840 -1.99E-05 -30690.0372    955.6428   8.140E-06    663.6390       .8547 
 321.480  1.77E-05 -25297.5175    955.8743   5.447E-06    659.6656      -.7726 
 327.120  4.15E-05 -19925.5922    905.7544   3.272E-06    655.7074    -17.0005 
 332.760  5.46E-05 -15091.3096    802.7891   1.587E-06    652.1454    -19.5121 
 338.400  5.95E-05 -10875.3240    690.3023   3.383E-07    649.0389    -20.3769 
 344.040  5.84E-05  -7305.8067    575.8437  -5.362E-07    646.4088    -20.2113 
 349.680  5.34E-05  -4378.0528    464.3050  -1.098E-06    644.2515    -19.3414 
 355.320  4.60E-05  -2064.8537    359.0736  -1.408E-06    642.5471    -17.9747 
 360.960  3.75E-05   -323.0971    262.5449  -1.523E-06    641.2637    -16.2554 
 366.600  2.88E-05    901.6339    176.4157  -1.495E-06    641.6900    -14.2869 
 372.240  2.07E-05   1671.7631    101.8959  -1.371E-06    642.2574    -12.1386 
 377.880  1.34E-05   2055.5055     39.9143  -1.192E-06    642.5402     -9.8407 
 383.520  7.21E-06   2125.8959     -8.5756  -9.909E-07    642.5921     -7.3543 
 389.160  2.20E-06   1962.0136    -41.8981  -7.943E-07    642.4713     -4.4621 
 394.800 -1.75E-06   1655.8837    -45.7754  -6.202E-07    642.2457      3.0872 
 400.440 -4.80E-06   1447.6957    -36.4386  -4.710E-07    642.0923       .2237 
 406.080 -7.06E-06   1246.3971    -34.8649  -3.414E-07    641.9440       .3343 
 411.720 -8.65E-06   1055.5368    -32.7502  -2.307E-07    641.8034       .4156 
 417.360 -9.66E-06    877.7294    -30.2497  -1.377E-07    641.6724       .4711 
 423.000 -1.02E-05    714.7707    -27.4981  -6.108E-08    641.5523       .5046 
 428.640 -1.04E-05    567.7502    -24.6107   6.044E-10    641.4440       .5193 
 434.280 -1.02E-05    437.1602    -21.6837   4.894E-08    641.3478       .5186 
 439.920 -9.80E-06    322.9984    -18.7958   8.550E-08    641.2636       .5055 
 445.560 -9.23E-06    224.8642    -16.0096   1.119E-07    641.1913       .4826 
 451.200 -8.54E-06    142.0447    -13.3729   1.295E-07    641.1303       .4524 
 456.840 -7.77E-06     73.5939    -10.9208   1.399E-07    641.0799       .4171 
 462.480 -6.96E-06     18.4005     -8.6768   1.443E-07    641.0392       .3786 
 468.120 -6.14E-06    -24.7522     -6.6548   1.440E-07    641.0439       .3384 
 473.760 -5.34E-06    -57.1366     -4.8608   1.401E-07    641.0677       .2978 
 479.400 -4.56E-06    -80.0400     -3.2941   1.335E-07    641.0846       .2578 
 485.040 -3.83E-06    -94.7311     -1.9492   1.250E-07    641.0954       .2192 
 490.680 -3.15E-06   -102.4360      -.8165   1.156E-07    641.1011       .1825 
 496.320 -2.53E-06   -104.3197       .1158   1.056E-07    641.1025       .1481 
 501.960 -1.96E-06   -101.4750       .8613   9.572E-08    641.1004       .1162 
 507.600 -1.45E-06    -94.9169      1.4341   8.628E-08    641.0956     .086861 
 513.240 -9.86E-07    -85.5807      1.8479   7.759E-08    641.0887     .059885 
 518.880 -5.71E-07    -74.3262      2.1158   6.990E-08    641.0804     .035114 
 524.520 -1.97E-07    -61.9431      2.2494   6.335E-08    641.0713     .012264 
 530.160  1.43E-07    -49.1600      2.2586   5.801E-08    641.0619    -.009000 
 535.800  4.57E-07    -36.6556      2.1513   5.388E-08    641.0526    -.029049 
 541.440  7.51E-07    -25.0694      1.9333   5.091E-08    641.0441    -.048262 
 547.080  1.03E-06    -15.0145      1.6082   4.898E-08    641.0367    -.067006 
 552.720  1.30E-06     -7.0886      1.1779   4.792E-08    641.0309    -.085611 
 558.360  1.57E-06     -1.8849       .6422   4.749E-08    641.0270      -.1043 
 564.000  1.84E-06      0.0000      0.0000   4.740E-08    641.0256      -.1234 



 
Output Verification: 
 
Computed forces and moments are within specified convergence limits. 
 
 
Output Summary for Load Case No.  3: 
 
Pile-head deflection             =      .30000000 in 
Computed slope at pile head      =     -.00344615 
Maximum bending moment           =    1646892.921 lbs-in 
Maximum shear force              =      40870.949 lbs 
Depth of maximum bending moment  =         73.320 in 
Depth of maximum shear force     =          0.000 in 
Number of iterations             =              5 
Number of zero deflection points =              4 
 
 
 
 
------------------------------------------------------------------------------ 
             Computed Values of Load Distribution and Deflection 
                 for Lateral Loading for Load Case Number  4 
------------------------------------------------------------------------------ 
 
Pile-head boundary conditions are Displacement and Moment (BC Type 4) 
Specified deflection at pile head     =         .400000 in 
Specified bending moment at pile head =            .000 in-lbs 
Specified axial load at pile head     =      290000.000 lbs 
 
  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 
    X         y          M           V           S        Stress        p 
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 
-------- --------- ----------- ----------- ----------- ----------- ----------- 
   0.000   .400000      0.0000  48775.7230    -.004469    641.0256   -352.9717 
   5.640   .374798   2.768E+05  46555.9060    -.004455    844.9725   -434.1974 
  11.280   .349745   5.397E+05  43907.9386    -.004416   1038.7104   -504.7981 
  16.920   .324986   7.865E+05  40875.8427    -.004352   1220.5542   -570.4132 
  22.560   .300653   1.015E+06  37510.6477    -.004265   1388.9373   -622.9184 
  28.200   .276871   1.224E+06  33876.2115    -.004158   1542.6026   -665.8888 
  33.840   .253753   1.411E+06  30039.7603    -.004031   1680.5188   -694.5549 
  39.480   .231400   1.576E+06  26072.8598    -.003887   1801.9923   -712.1474 
  45.120   .209902   1.718E+06  22047.9801    -.003729   1906.5916   -715.1149 
  50.760   .189336   1.837E+06  18024.8547    -.003558   1994.2308   -711.5253 
  56.400   .169767   1.933E+06  14031.8636    -.003377   2064.9802   -704.4290 
  62.040   .151246   2.006E+06  10130.0597    -.003187   2118.9949   -679.1894 
  67.680   .133813   2.057E+06   6422.4408    -.002992   2156.8581   -635.5691 
  73.320   .117496   2.088E+06   2964.9919    -.002793   2179.5862   -590.4766 
  78.960   .102313   2.100E+06   -354.9753    -.002591   2188.2325   -586.8167 
  84.600   .088268   2.093E+06  -3631.5008    -.002390   2182.8814   -575.0717 
  90.240   .075359   2.067E+06  -6709.8464    -.002189   2163.8090   -516.5402 
  95.880   .063571   2.024E+06  -9455.9453    -.001993   2132.3902   -457.2537 
 101.520   .052881   1.967E+06 -11868.4928    -.001801   2090.0195   -398.2595 
 107.160   .043258   1.896E+06 -13951.5887    -.001615   2038.0864   -340.4269 
 112.800   .034664   1.814E+06 -15713.9538    -.001437   1977.9544   -284.5252 
 118.440   .027055   1.723E+06 -17168.3561    -.001266   1910.9434   -231.2203 
 124.080   .020380   1.625E+06 -18331.0236    -.001105   1838.3131   -181.0732 



 129.720   .014587   1.520E+06 -19221.0523  -9.540E-04   1761.2504   -134.5399 
 135.360   .009619   1.411E+06 -19859.8180  -8.130E-04   1680.8580    -91.9728 
 141.000   .005417   1.299E+06 -20270.3995  -6.826E-04   1598.1464    -53.6234 
 146.640   .001919   1.185E+06 -20477.0177  -5.632E-04   1514.0273    -19.6454 
 152.280 -9.36E-04   1.070E+06 -20504.4974  -4.547E-04   1429.3105      9.9009 
 157.920  -.003211   9.550E+05 -20377.7537  -3.573E-04   1344.7016     35.0437 
 163.560  -.004967   8.411E+05 -20121.3066  -2.709E-04   1260.8034     55.8950 
 169.200  -.006267   7.289E+05 -19435.6492  -1.954E-04   1178.1178    187.2460 
 174.840  -.007171   6.225E+05 -18286.2639  -1.304E-04   1099.7364    220.3375 
 180.480  -.007738   5.231E+05 -16975.9980  -7.532E-05   1026.4471    244.2958 
 186.120  -.008021   4.313E+05 -15553.8469  -2.942E-05    958.8230    260.0131 
 191.760  -.008070   3.477E+05 -14063.6505   8.055E-06    897.2432    268.4253 
 197.400  -.007930   2.726E+05 -12543.9228   3.789E-05    841.9145    270.4852 
 203.040  -.007642   2.061E+05 -11027.8250   6.092E-05    792.8939    267.1381 
 208.680  -.007243   1.480E+05  -9543.2677   7.796E-05    750.1107    259.3007 
 214.320  -.006763  98207.4904  -8113.1204   8.980E-05    713.3878    247.8437 
 219.960  -.006230  56236.7932  -6755.5135   9.723E-05    682.4626    233.5772 
 225.600  -.005666  21687.2442  -5484.2124   1.010E-04    657.0054    217.2388 
 231.240  -.005091  -5955.4377  -4406.5916   1.017E-04    645.4138    164.8962 
 236.880  -.004519 -28351.8991  -3519.8552   1.001E-04    661.9161    149.5493 
 242.520  -.003962 -45986.7964  -2720.4844   9.651E-05    674.9101    133.9155 
 248.160  -.003430 -59354.6583  -2009.0740   9.144E-05    684.7599    118.3577 
 253.800  -.002930 -68948.2718  -1384.3271   8.527E-05    691.8287    103.1838 
 259.440  -.002468 -75248.8025   -843.3589   7.833E-05    696.4712     88.6490 
 265.080  -.002047 -78717.6057   -381.9887   7.093E-05    699.0271     74.9575 
 270.720  -.001668 -79789.6555      4.9816   6.330E-05    699.8170     62.2660 
 276.360  -.001333 -78868.4947    323.5088   5.567E-05    699.1382     50.6869 
 282.000  -.001040 -76322.5945    580.0705   4.821E-05    697.2624     40.2924 
 287.640 -7.89E-04 -72483.0001    781.4494   4.105E-05    694.4332     31.1186 
 293.280 -5.77E-04 -67642.1326    934.5411   3.431E-05    690.8663     23.1693 
 298.920 -4.02E-04 -62053.6171   1046.1840   2.807E-05    686.7486     16.4204 
 304.560 -2.60E-04 -55933.0104   1123.0125   2.240E-05    682.2387     10.8237 
 310.200 -1.49E-04 -49459.3058   1171.3292   1.733E-05    677.4687      6.3099 
 315.840 -6.50E-05 -42777.1039   1196.9975   1.289E-05    672.5451      2.7923 
 321.480 -3.88E-06 -35999.3488   1205.3496   9.104E-06    667.5510       .1694 
 327.120  3.77E-05 -29210.5409   1160.1549   5.967E-06    662.5488    -16.1959 
 332.760  6.34E-05 -22932.3213   1055.1424   3.459E-06    657.9228    -21.0426 
 338.400  7.67E-05 -17319.8506    930.4988   1.523E-06    653.7874    -23.1572 
 344.040  8.06E-05 -12441.2773    798.2235   9.166E-08    650.1927    -23.7489 
 349.680  7.78E-05  -8316.1888    665.4449  -9.067E-07    647.1533    -23.3358 
 355.320  7.04E-05  -4932.0928    536.9892  -1.544E-06    644.6598    -22.2159 
 360.960  6.03E-05  -2253.8999    416.2864  -1.890E-06    642.6864    -20.5865 
 366.600  4.91E-05   -230.2014    305.8169  -2.009E-06    641.1953    -18.5870 
 372.240  3.77E-05   1202.2870    207.3888  -1.962E-06    641.9115    -16.3165 
 377.880  2.69E-05   2115.5633    122.3538  -1.803E-06    642.5844    -13.8377 
 383.520  1.73E-05   2588.3351     51.8411  -1.576E-06    642.9328    -11.1668 
 389.160  9.15E-06   2705.4878     -2.8531  -1.322E-06    643.0191     -8.2283 
 394.800  2.43E-06   2560.4765    -39.1369  -1.069E-06    642.9123     -4.6383 
 400.440 -2.90E-06   2267.5191    -51.8351  -8.364E-07    642.6964       .1354 
 406.080 -7.00E-06   1978.5119    -50.5180  -6.321E-07    642.4835       .3317 
 411.720 -1.00E-05   1699.7438    -48.2230  -4.552E-07    642.2781       .4822 
 417.360 -1.21E-05   1436.0455    -45.1941  -3.044E-07    642.0838       .5919 
 423.000 -1.35E-05   1190.9504    -41.6463  -1.780E-07    641.9032       .6661 
 428.640 -1.41E-05    966.8579    -37.7661  -7.425E-08    641.7381       .7098 
 434.280 -1.43E-05    765.1919    -33.7122   9.061E-09    641.5895       .7277 
 439.920 -1.40E-05    586.5548    -29.6169   7.408E-08    641.4578       .7245 
 445.560 -1.35E-05    430.8710    -25.5879   1.230E-07    641.3431       .7042 



 451.200 -1.27E-05    297.5204    -21.7105   1.580E-07    641.2449       .6708 
 456.840 -1.17E-05    185.4595    -18.0495   1.813E-07    641.1623       .6275 
 462.480 -1.06E-05     93.3294    -14.6518   1.947E-07    641.0944       .5774 
 468.120 -9.49E-06     19.5502    -11.5490   2.001E-07    641.0400       .5229 
 473.760 -8.36E-06    -37.5975     -8.7592   1.993E-07    641.0533       .4663 
 479.400 -7.24E-06    -79.9053     -6.2899   1.936E-07    641.0845       .4093 
 485.040 -6.17E-06   -109.1810     -4.1398   1.845E-07    641.1061       .3532 
 490.680 -5.16E-06   -127.2056     -2.3008   1.731E-07    641.1194       .2989 
 496.320 -4.22E-06   -135.7008      -.7603   1.605E-07    641.1256       .2474 
 501.960 -3.35E-06   -136.3063       .4979   1.474E-07    641.1261       .1988 
 507.600 -2.56E-06   -130.5664      1.4914   1.346E-07    641.1218       .1535 
 513.240 -1.83E-06   -119.9240      2.2381   1.225E-07    641.1140       .1113 
 518.880 -1.17E-06   -105.7217      2.7554   1.117E-07    641.1035     .072147 
 524.520 -5.73E-07    -89.2078      3.0593   1.023E-07    641.0914     .035611 
 530.160 -2.02E-08    -71.5471      3.1633   9.456E-08    641.0784     .001269 
 535.800  4.94E-07    -53.8348      3.0784   8.853E-08    641.0653    -.031385 
 541.440  9.78E-07    -37.1124      2.8126   8.416E-08    641.0530    -.062885 
 547.080  1.44E-06    -22.3845      2.3708   8.129E-08    641.0421    -.093761 
 552.720  1.90E-06    -10.6355      1.7553   7.971E-08    641.0335      -.1245 
 558.360  2.34E-06     -2.8451       .9658   7.906E-08    641.0277      -.1555 
 564.000  2.79E-06      0.0000      0.0000   7.892E-08    641.0256      -.1870 
 
Output Verification: 
 
Computed forces and moments are within specified convergence limits. 
 
 
Output Summary for Load Case No.  4: 
 
Pile-head deflection             =      .40000000 in 
Computed slope at pile head      =     -.00446852 
Maximum bending moment           =    2099817.547 lbs-in 
Maximum shear force              =      48775.723 lbs 
Depth of maximum bending moment  =         78.960 in 
Depth of maximum shear force     =          0.000 in 
Number of iterations             =              6 
Number of zero deflection points =              4 
 
 
 
 
------------------------------------------------------------------------------ 
             Computed Values of Load Distribution and Deflection 
                 for Lateral Loading for Load Case Number  5 
------------------------------------------------------------------------------ 
 
Pile-head boundary conditions are Displacement and Moment (BC Type 4) 
Specified deflection at pile head     =         .500000 in 
Specified bending moment at pile head =            .000 in-lbs 
Specified axial load at pile head     =      290000.000 lbs 
 
  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 
    X         y          M           V           S        Stress        p 
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 
-------- --------- ----------- ----------- ----------- ----------- ----------- 
   0.000   .500000      0.0000  55877.2609    -.005460    641.0256   -379.1008 
   5.640   .469208   3.180E+05  53494.3849    -.005444    875.3725   -465.8907 



  11.280   .438589   6.212E+05  50652.9396    -.005399   1098.7629   -541.7141 
  16.920   .408307   9.071E+05  47396.5214    -.005326   1309.3844   -613.0441 
  22.560   .378517   1.173E+06  43774.5995    -.005225   1505.5321   -671.3253 
  28.200   .349364   1.418E+06  39852.5884    -.005101   1685.8091   -719.4588 
  33.840   .320980   1.640E+06  35701.7832    -.004954   1849.0589   -752.4579 
  39.480   .293485   1.837E+06  31393.8188    -.004787   1994.4823   -775.1890 
  45.120   .266987   2.009E+06  26997.8501    -.004602   2121.5236   -783.6652 
  50.760   .241580   2.156E+06  22571.1756    -.004401   2229.9643   -786.0776 
  56.400   .217342   2.278E+06  18139.0362    -.004188   2319.7307   -785.6031 
  62.040   .194340   2.375E+06  13764.1674    -.003964   2390.8199   -765.7688 
  67.680   .172627   2.447E+06   9557.9350    -.003732   2443.6854   -725.8029 
  73.320   .152241   2.495E+06   5585.4969    -.003495   2479.2558   -682.8631 
  78.960   .133209   2.521E+06   1735.2155    -.003253   2498.5318   -682.4850 
  84.600   .115544   2.525E+06  -2087.1763    -.003011   2501.5193   -672.9731 
  90.240   .099249   2.507E+06  -5830.0951    -.002769   2488.4408   -654.3031 
  95.880   .084315   2.468E+06  -9385.4487    -.002529   2459.7359   -606.4606 
 101.520   .070720   2.410E+06 -12597.6130    -.002295   2416.5305   -532.6047 
 107.160   .058432   2.334E+06 -15396.2957    -.002066   2360.5624   -459.8360 
 112.800   .047410   2.243E+06 -17790.4177    -.001846   2293.5460   -389.1434 
 118.440   .037605   2.139E+06 -19794.1241    -.001636   2217.1488   -321.3907 
 124.080   .028961   2.025E+06 -21426.0697    -.001435   2132.9707   -257.3134 
 129.720   .021415   1.902E+06 -22708.6938    -.001246   2042.5269   -197.5179 
 135.360   .014902   1.773E+06 -23667.4953    -.001070   1947.2332   -142.4827 
 141.000   .009350   1.639E+06 -24330.3179  -9.056E-04   1848.3943    -92.5608 
 146.640   .004687   1.501E+06 -24726.6533  -7.546E-04   1747.1961    -47.9836 
 152.280  8.38E-04   1.362E+06 -24886.9675  -6.168E-04   1644.6991     -8.8654 
 157.920  -.002271   1.223E+06 -24842.0585  -4.925E-04   1541.8365     24.7906 
 163.560  -.004717   1.084E+06 -24622.4445  -3.816E-04   1439.4131     53.0867 
 169.200  -.006576   9.461E+05 -23918.6935  -2.840E-04   1338.1084    196.4705 
 174.840  -.007920   8.147E+05 -22678.3812  -1.993E-04   1241.2990    243.3566 
 180.480  -.008823   6.909E+05 -21206.5654  -1.269E-04   1150.0989    278.5639 
 186.120  -.009351   5.759E+05 -19566.1391  -6.593E-05   1065.3478    303.1476 
 191.760  -.009567   4.704E+05 -17813.8489  -1.561E-05    987.6352    318.2319 
 197.400  -.009528   3.750E+05 -16000.0029   2.505E-05    917.3268    324.9759 
 203.040  -.009285   2.898E+05 -14168.3647   5.703E-05    854.5918    324.5412 
 208.680  -.008884   2.150E+05 -12356.2137   8.131E-05    799.4299    318.0655 
 214.320  -.008367   1.502E+05 -10594.5499   9.888E-05    751.6980    306.6380 
 219.960  -.007769  95151.0340  -8908.4195   1.107E-04    711.1357    291.2805 
 225.600  -.007119  49351.7964  -7317.3421   1.176E-04    677.3895    272.9313 
 231.240  -.006442  12226.6302  -5959.2465   1.206E-04    650.0346    208.6629 
 236.880  -.005759 -18262.9779  -4833.3661   1.203E-04    654.4823    190.5855 
 242.520  -.005085 -42687.2640  -3811.2151   1.174E-04    672.4789    171.8794 
 248.160  -.004435 -61637.4189  -2894.9910   1.124E-04    686.4419    153.0228 
 253.800  -.003818 -75710.2827  -2084.3838   1.057E-04    696.8112    134.4266 
 259.440  -.003242 -85495.1777  -1376.9517   9.799E-05    704.0210    116.4359 
 265.080  -.002712 -91562.8429   -768.4868   8.947E-05    708.4918     99.3318 
 270.720  -.002233 -94456.3961   -253.3650   8.053E-05    710.6239     83.3355 
 276.360  -.001804 -94684.2193    175.1257   7.143E-05    710.7917     68.6116 
 282.000  -.001427 -92714.6375    524.4813   6.242E-05    709.3405     55.2734 
 287.640  -.001100 -88972.2444    802.7043   5.368E-05    706.5830     43.3873 
 293.280 -8.21E-04 -83835.7210   1018.0548   4.537E-05    702.7982     32.9782 
 298.920 -5.88E-04 -77636.9839   1178.8303   3.760E-05    698.2308     24.0344 
 304.560 -3.97E-04 -70661.5071   1293.1720   3.047E-05    693.0911     16.5123 
 310.200 -2.45E-04 -63149.6627   1368.8985   2.403E-05    687.5562     10.3411 
 315.840 -1.26E-04 -55298.9368   1413.3636   1.833E-05    681.7715      5.4267 
 321.480 -3.79E-05 -47266.8888   1433.3358   1.340E-05    675.8533      1.6556 
 327.120  2.48E-05 -39174.7393   1401.2262   9.241E-06    669.8907    -13.0420 



 332.760  6.63E-05 -31491.2873   1303.8667   5.842E-06    664.2293    -21.4826 
 338.400  9.07E-05 -24486.2344   1172.3037   3.150E-06    659.0678    -25.1709 
 344.040  1.02E-04 -18278.0046   1026.0304   1.093E-06    654.4934    -26.6991 
 349.680  1.03E-04 -12916.1869    874.9209  -4.075E-07    650.5427    -26.8858 
 355.320  9.73E-05  -8407.5638    725.3558  -1.433E-06    647.2206    -26.1515 
 360.960  8.69E-05  -4729.4857    581.7850  -2.065E-06    644.5105    -24.7601 
 366.600  7.40E-05  -1838.2736    447.3935  -2.381E-06    642.3801    -22.8964 
 372.240  6.00E-05    324.9010    324.4600  -2.454E-06    641.2650    -20.6970 
 377.880  4.63E-05   1829.6622    214.5900  -2.350E-06    642.3738    -18.2640 
 383.520  3.35E-05   2753.1642    118.8954  -2.130E-06    643.0543    -15.6702 
 389.160  2.23E-05   3177.7692     38.1715  -1.844E-06    643.3671    -12.9553 
 394.800  1.27E-05   3189.7721    -26.8843  -1.538E-06    643.3760    -10.1142 
 400.440  4.92E-06   2879.5454    -56.0529  -1.246E-06    643.1474      -.2293 
 406.080 -1.33E-06   2561.5722    -56.5216  -9.845E-07    642.9131     .063081 
 411.720 -6.19E-06   2245.2026    -55.5048  -7.533E-07    642.6800       .2975 
 417.360 -9.83E-06   1937.9420    -53.3143  -5.521E-07    642.4536       .4793 
 423.000 -1.24E-05   1645.6230    -50.2305  -3.797E-07    642.2382       .6143 
 428.640 -1.41E-05   1372.5845    -46.5015  -2.346E-07    642.0370       .7081 
 434.280 -1.51E-05   1121.8537    -42.3435  -1.146E-07    641.8523       .7664 
 439.920 -1.54E-05    895.3251    -37.9413  -1.757E-08    641.6853       .7947 
 445.560 -1.53E-05    693.9332    -33.4500   5.887E-08    641.5370       .7980 
 451.200 -1.47E-05    517.8160    -28.9968   1.172E-07    641.4072       .7812 
 456.840 -1.39E-05    366.4666    -24.6829   1.597E-07    641.2957       .7486 
 462.480 -1.29E-05    238.8708    -20.5867   1.888E-07    641.2016       .7040 
 468.120 -1.18E-05    133.6308    -16.7661   2.067E-07    641.1241       .6509 
 473.760 -1.06E-05     49.0731    -13.2610   2.155E-07    641.0618       .5921 
 479.400 -9.38E-06    -16.6583    -10.0964   2.171E-07    641.0379       .5301 
 485.040 -8.16E-06    -65.5242     -7.2847   2.131E-07    641.0739       .4669 
 490.680 -6.98E-06    -99.5266     -4.8284   2.052E-07    641.0990       .4041 
 496.320 -5.85E-06   -120.6593     -2.7223   1.946E-07    641.1145       .3427 
 501.960 -4.78E-06   -130.8703      -.9557   1.825E-07    641.1221       .2837 
 507.600 -3.79E-06   -132.0364       .4856   1.698E-07    641.1229       .2274 
 513.240 -2.87E-06   -125.9483      1.6177   1.574E-07    641.1184       .1741 
 518.880 -2.01E-06   -114.3037      2.4571   1.459E-07    641.1099       .1236 
 524.520 -1.22E-06    -98.7090      3.0195   1.356E-07    641.0984     .075821 
 530.160 -4.82E-07    -80.6869      3.3187   1.270E-07    641.0851     .030279 
 535.800  2.13E-07    -61.6889      3.3660   1.202E-07    641.0711    -.013522 
 541.440  8.74E-07    -43.1114      3.1695   1.151E-07    641.0574    -.056151 
 547.080  1.51E-06    -26.3132      2.7343   1.118E-07    641.0450    -.098191 
 552.720  2.13E-06    -12.6343      2.0620   1.099E-07    641.0350      -.1402 
 558.360  2.75E-06     -3.4129      1.1517   1.091E-07    641.0282      -.1826 
 564.000  3.37E-06      0.0000      0.0000   1.090E-07    641.0256      -.2258 
 
Output Verification: 
 
Computed forces and moments are within specified convergence limits. 
 
 
Output Summary for Load Case No.  5: 
 
Pile-head deflection             =      .50000000 in 
Computed slope at pile head      =     -.00545951 
Maximum bending moment           =    2525000.037 lbs-in 
Maximum shear force              =      55877.261 lbs 
Depth of maximum bending moment  =         84.600 in 
Depth of maximum shear force     =          0.000 in 
Number of iterations             =              6 



Number of zero deflection points =              4 
 
 
 
 
------------------------------------------------------------------------------ 
             Computed Values of Load Distribution and Deflection 
                 for Lateral Loading for Load Case Number  6 
------------------------------------------------------------------------------ 
 
Pile-head boundary conditions are Displacement and Moment (BC Type 4) 
Specified deflection at pile head     =         .600000 in 
Specified bending moment at pile head =            .000 in-lbs 
Specified axial load at pile head     =      290000.000 lbs 
 
  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 
    X         y          M           V           S        Stress        p 
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 
-------- --------- ----------- ----------- ----------- ----------- ----------- 
   0.000   .600000      0.0000  62559.6118    -.006432    641.0256   -405.2299 
   5.640   .563726   3.569E+05  60014.1208    -.006414    904.0078   -497.4265 
  11.280   .527645   6.979E+05  56982.0944    -.006364   1155.2898   -577.7601 
  16.920   .491944   1.020E+06  53510.7046    -.006281   1392.9491   -653.2292 
  22.560   .456795   1.322E+06  49652.2856    -.006168   1615.1797   -715.0045 
  28.200   .422365   1.601E+06  45474.1926    -.006028   1820.4985   -766.5887 
  33.840   .388802   1.855E+06  41047.3047    -.005862   2007.6642   -803.2297 
  39.480   .356246   2.083E+06  36439.6732    -.005672   2175.7886   -830.6821 
  45.120   .324820   2.284E+06  31716.0811    -.005462   2324.2018   -844.3505 
  50.760   .294634   2.459E+06  26930.8645    -.005234   2452.5601   -852.5348 
  56.400   .265781   2.605E+06  22105.6013    -.004990   2560.6514   -858.5515 
  62.040   .238342   2.724E+06  17303.5255    -.004734   2648.3178   -844.3123 
  67.680   .212380   2.816E+06  12642.3864    -.004468   2715.8792   -808.5739 
  73.320   .187947   2.881E+06   8194.9412    -.004194   2764.1625   -768.5343 
  78.960   .165077   2.922E+06   3851.7720    -.003914   2794.0987   -771.5966 
  84.600   .143792   2.938E+06   -480.3093    -.003633   2805.6112   -764.6025 
  90.240   .124101   2.929E+06  -4744.2190    -.003350   2798.8623   -747.4223 
  95.880   .106000   2.895E+06  -8882.8047    -.003070   2774.2556   -720.1613 
 101.520   .089468   2.838E+06 -12813.7880    -.002795   2732.4339   -673.8044 
 107.160   .074477   2.760E+06 -16366.7347    -.002525   2674.4903   -586.1058 
 112.800   .060983   2.662E+06 -19431.1070    -.002264   2602.4896   -500.5511 
 118.440   .048934   2.548E+06 -22022.0053    -.002014   2518.4481   -418.2072 
 124.080   .038267   2.420E+06 -24160.1229    -.001775   2424.3093   -339.9905 
 129.720   .028912   2.281E+06 -25870.8923    -.001549   2321.9210   -266.6653 
 135.360   .020796   2.133E+06 -27183.6271    -.001336   2213.0182   -198.8435 
 141.000   .013837   1.979E+06 -28130.6719    -.001139   2099.2074   -136.9880 
 146.640   .007952   1.820E+06 -28746.5701  -9.559E-04   1981.9565    -81.4157 
 152.280   .003054   1.658E+06 -29067.2582  -7.887E-04   1862.5863    -32.3035 
 157.920 -9.44E-04   1.495E+06 -29129.2926  -6.370E-04   1742.2669     10.3055 
 163.560  -.004132   1.331E+06 -28969.1145  -5.011E-04   1622.0156     46.4953 
 169.200  -.006597   1.169E+06 -28282.1670  -3.808E-04   1502.6998    197.1031 
 174.840  -.008427   1.014E+06 -26996.1530  -2.758E-04   1387.8682    258.9302 
 180.480  -.009708   8.658E+05 -25401.6595  -1.854E-04   1278.9879    306.4930 
 186.120  -.010519   7.277E+05 -23575.7439  -1.088E-04   1177.1910    340.9948 
 191.760  -.010935   6.002E+05 -21588.4016  -4.492E-05   1083.3019    363.7365 
 197.400  -.011026   4.843E+05 -19502.1349   7.249E-06    997.8687    376.0744 
 203.040  -.010853   3.802E+05 -17371.7515   4.883E-05    921.1938    379.3807 
 208.680  -.010475   2.882E+05 -15244.3699   8.098E-05    853.3668    375.0099 



 214.320  -.009940   2.080E+05 -13159.6040   1.048E-04    794.2960    364.2687 
 219.960  -.009292   1.394E+05 -11149.9033   1.216E-04    743.7389    348.3911 
 225.600  -.008569  81844.9105  -9241.0205   1.322E-04    701.3314    328.5177 
 231.240  -.007801  34727.9006  -7602.0499   1.378E-04    666.6142    252.6775 
 236.880  -.007014  -4357.0033  -6234.8572   1.393E-04    644.2360    232.1426 
 242.520  -.006230 -36056.8590  -4986.3841   1.373E-04    667.5934    210.5784 
 248.160  -.005465 -61052.6268  -3860.7478   1.327E-04    686.0110    188.5834 
 253.800  -.004734 -80040.0262  -2858.9150   1.259E-04    700.0015    166.6765 
 259.440  -.004046 -93712.9204  -1979.1480   1.175E-04    710.0761    145.2976 
 265.080  -.003408  -1.027E+05  -1217.4431   1.081E-04    716.7343    124.8105 
 270.720  -.002827  -1.078E+05   -567.9524   9.793E-05    720.4552    105.5054 
 276.360  -.002304  -1.095E+05    -23.3821   8.748E-05    721.6908     87.6046 
 282.000  -.001840  -1.083E+05    424.6361   7.700E-05    720.8604     71.2670 
 287.640  -.001435  -1.049E+05    785.2047   6.675E-05    718.3471     56.5942 
 293.280  -.001087 -99710.3092   1067.8538   5.690E-05    714.4951     43.6360 
 298.920 -7.93E-04 -93078.8165   1282.2674   4.763E-05    709.6088     32.3972 
 304.560 -5.50E-04 -85402.1377   1438.0433   3.904E-05    703.9524     22.8425 
 310.200 -3.53E-04 -76985.4106   1544.4852   3.123E-05    697.7507     14.9028 
 315.840 -1.97E-04 -68082.5173   1610.4246   2.426E-05    691.1908      8.4799 
 321.480 -7.90E-05 -58899.1682   1644.0706   1.815E-05    684.4243      3.4512 
 327.120  7.35E-06 -49596.7696   1633.6227   1.293E-05    677.5700     -7.1562 
 332.760  6.68E-05 -40514.2020   1552.4259   8.596E-06    670.8777    -21.6370 
 338.400  1.04E-04 -32113.5252   1415.1489   5.103E-06    664.6878    -27.0427 
 344.040  1.24E-04 -24568.0145   1255.5888   2.376E-06    659.1281    -29.5389 
 349.680  1.31E-04 -17958.2575   1086.7313   3.310E-07    654.2578    -30.3397 
 355.320  1.28E-04 -12310.7679    916.5621  -1.125E-06    650.0966    -30.0040 
 360.960  1.18E-04  -7615.7573    750.5510  -2.083E-06    646.6372    -28.8652 
 366.600  1.05E-04  -3837.7382    592.5858  -2.634E-06    643.8534    -27.1508 
 372.240  8.87E-05   -922.7722    445.4379  -2.863E-06    641.7056    -25.0293 
 377.880  7.23E-05   1196.1669    311.0373  -2.850E-06    641.9070    -22.6305 
 383.520  5.66E-05   2595.0518    190.6638  -2.668E-06    642.9378    -20.0552 
 389.160  4.22E-05   3355.5814     85.1032  -2.381E-06    643.4981    -17.3777 
 394.800  2.97E-05   3562.8059     -5.1889  -2.049E-06    643.6508    -14.6408 
 400.440  1.91E-05   3303.7528    -48.9912  -1.718E-06    643.4599      -.8920 
 406.080  1.03E-05   3015.8063    -52.8855  -1.414E-06    643.2478      -.4890 
 411.720  3.17E-06   2711.8313    -54.6936  -1.139E-06    643.0238      -.1522 
 417.360 -2.52E-06   2402.5883    -54.7761  -8.930E-07    642.7959       .1229 
 423.000 -6.91E-06   2096.8776    -53.4662  -6.765E-07    642.5707       .3416 
 428.640 -1.02E-05   1801.7031    -51.0664  -4.890E-07    642.3532       .5094 
 434.280 -1.24E-05   1522.4478    -47.8478  -3.291E-07    642.1474       .6320 
 439.920 -1.39E-05   1263.0561    -44.0488  -1.952E-07    641.9563       .7152 
 445.560 -1.46E-05   1026.2155    -39.8758  -8.505E-08    641.7818       .7646 
 451.200 -1.48E-05    813.5352    -35.5043   3.437E-09    641.6251       .7856 
 456.840 -1.46E-05    625.7159    -31.0805   7.266E-08    641.4867       .7831 
 462.480 -1.40E-05    462.7094    -26.7235   1.250E-07    641.3666       .7619 
 468.120 -1.32E-05    323.8656    -22.5277   1.628E-07    641.2643       .7260 
 473.760 -1.22E-05    208.0645    -18.5653   1.884E-07    641.1789       .6791 
 479.400 -1.10E-05    113.8331    -14.8892   2.039E-07    641.1095       .6244 
 485.040 -9.87E-06     39.4471    -11.5360   2.113E-07    641.0547       .5647 
 490.680 -8.67E-06    -16.9837     -8.5281   2.124E-07    641.0382       .5020 
 496.320 -7.47E-06    -57.4446     -5.8771   2.088E-07    641.0680       .4381 
 501.960 -6.31E-06    -83.9602     -3.5857   2.020E-07    641.0875       .3744 
 507.600 -5.19E-06    -98.5519     -1.6504   1.932E-07    641.0983       .3119 
 513.240 -4.13E-06   -103.2082    -.063280   1.835E-07    641.1017       .2509 
 518.880 -3.12E-06    -99.8660      1.1857   1.737E-07    641.0992       .1920 
 524.520 -2.17E-06    -90.4014      2.1077   1.646E-07    641.0923       .1350 
 530.160 -1.27E-06    -76.6297      2.7129   1.566E-07    641.0821     .079675 



 535.800 -4.05E-07    -60.3115      3.0103   1.500E-07    641.0701     .025764 
 541.440  4.24E-07    -43.1643      3.0061   1.450E-07    641.0574    -.027260 
 547.080  1.23E-06    -26.8774      2.7038   1.416E-07    641.0454    -.079931 
 552.720  2.02E-06    -13.1289      2.1039   1.397E-07    641.0353      -.1328 
 558.360  2.81E-06     -3.6021      1.2042   1.389E-07    641.0283      -.1863 
 564.000  3.59E-06      0.0000      0.0000   1.387E-07    641.0256      -.2407 
 
Output Verification: 
 
Computed forces and moments are within specified convergence limits. 
 
 
Output Summary for Load Case No.  6: 
 
Pile-head deflection             =      .60000000 in 
Computed slope at pile head      =     -.00643158 
Maximum bending moment           =    2937703.425 lbs-in 
Maximum shear force              =      62559.612 lbs 
Depth of maximum bending moment  =         84.600 in 
Depth of maximum shear force     =          0.000 in 
Number of iterations             =              7 
Number of zero deflection points =              4 
 
 
 
 
------------------------------------------------------------------------------ 
             Computed Values of Load Distribution and Deflection 
                 for Lateral Loading for Load Case Number  7 
------------------------------------------------------------------------------ 
 
Pile-head boundary conditions are Displacement and Moment (BC Type 4) 
Specified deflection at pile head     =         .700000 in 
Specified bending moment at pile head =            .000 in-lbs 
Specified axial load at pile head     =      290000.000 lbs 
 
  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 
    X         y          M           V           S        Stress        p 
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 
-------- --------- ----------- ----------- ----------- ----------- ----------- 
   0.000   .700000      0.0000  68992.9304    -.007391    641.0256   -431.3590 
   5.640   .658315   3.943E+05  66284.7553    -.007372    931.5929   -528.9868 
  11.280   .616843   7.718E+05  63061.9123    -.007316   1209.7159   -613.8653 
  16.920   .575791   1.130E+06  59375.0897    -.007224   1473.3615   -693.5186 
  22.560   .535351   1.465E+06  55280.0600    -.007100   1720.6213   -758.6196 
  28.200   .495706   1.776E+06  50849.5110    -.006944   1949.9305   -812.4971 
  33.840   .457025   2.061E+06  46160.0590    -.006759   2159.9903   -850.4292 
  39.480   .419463   2.319E+06  41278.0708    -.006548   2349.8785   -880.7723 
  45.120   .383159   2.549E+06  36258.7764    -.006314   2518.8541   -899.1194 
  50.760   .348237   2.749E+06  31149.0537    -.006060   2666.4604   -912.8391 
  56.400   .314807   2.920E+06  25965.8743    -.005787   2792.3528   -925.1678 
  62.040   .282961   3.061E+06  20772.1714    -.005499   2896.2223   -916.5708 
  67.680   .252776   3.172E+06  15690.6493    -.005199   2978.2542   -885.3874 
  73.320   .224311   3.255E+06  10800.4778    -.004890   3039.1664   -848.7160 
  78.960   .197612   3.310E+06   5995.2527    -.004575   3079.8089   -855.2645 
  84.600   .172710   3.337E+06   1183.7903    -.004255   3100.0218   -850.9278 
  90.240   .149617   3.337E+06  -3571.8529    -.003934   3099.9035   -835.4706 



  95.880   .128336   3.310E+06  -8209.0008    -.003614   3079.8164   -808.9081 
 101.520   .108850   3.256E+06 -12731.6809    -.003298   3040.3862   -794.8791 
 107.160   .091131   3.177E+06 -16995.6334    -.002989   2981.9479   -717.1608 
 112.800   .075135   3.074E+06 -20757.1442    -.002688   2906.3323   -616.7083 
 118.440   .060808   2.952E+06 -23961.7752    -.002398   2815.9057   -519.6857 
 124.080   .048082   2.812E+06 -26631.9779    -.002121   2712.9564   -427.1947 
 129.720   .036881   2.658E+06 -28795.9233    -.001858   2599.6684   -340.1619 
 135.360   .027123   2.493E+06 -30486.5145    -.001610   2478.0995   -259.3385 
 141.000   .018717   2.320E+06 -31740.4023    -.001379   2350.1630   -185.3026 
 146.640   .011570   2.140E+06 -32597.0204    -.001164   2217.6145   -118.4627 
 152.280   .005584   1.956E+06 -33097.6466  -9.673E-04   2082.0414    -59.0643 
 157.920  6.59E-04   1.770E+06 -33284.5017  -7.881E-04   1944.8571     -7.1963 
 163.560  -.003306   1.583E+06 -33199.8889  -6.269E-04   1807.2991     37.2009 
 169.200  -.006412   1.397E+06 -32554.7228  -4.835E-04   1670.4294    191.5815 
 174.840  -.008760   1.217E+06 -31255.4449  -3.578E-04   1537.8882    269.1554 
 180.480  -.010448   1.046E+06 -29566.2403  -2.490E-04   1411.5143    329.8533 
 186.120  -.011568   8.845E+05 -27578.5095  -1.561E-04   1292.7504    375.0157 
 191.760  -.012209   7.351E+05 -25375.7307  -7.823E-05   1182.6737    406.1115 
 197.400  -.012451   5.985E+05 -23032.8777  -1.408E-05   1082.0303    424.6874 
 203.040  -.012368   4.753E+05 -20616.1123   3.757E-05    991.2714    432.3216 
 208.680  -.012027   3.658E+05 -18182.7232   7.803E-05    910.5903    430.5824 
 214.320  -.011488   2.700E+05 -15781.2822   1.086E-04    839.9589    420.9924 
 219.960  -.010802   1.875E+05 -13451.9895   1.306E-04    779.1635    404.9979 
 225.600  -.010014   1.178E+05 -11227.1751   1.453E-04    727.8387    383.9433 
 231.240  -.009163  60358.1948  -9307.4950   1.539E-04    685.4993    296.7943 
 236.880  -.008279  12327.9602  -7697.8800   1.574E-04    650.1092    273.9911 
 242.520  -.007388 -26988.6655  -6221.0282   1.567E-04    660.9117    249.7152 
 248.160  -.006512 -58357.7055  -4883.2105   1.526E-04    684.0253    224.6883 
 253.800  -.005667 -82570.3188  -3686.8846   1.458E-04    701.8659    199.5408 
 259.440  -.004867  -1.004E+05  -2631.2117   1.370E-04    715.0200    174.8113 
 265.080  -.004122  -1.127E+05  -1712.5662   1.267E-04    724.0652    150.9495 
 270.720  -.003438  -1.202E+05   -925.0291   1.155E-04    729.5593    128.3190 
 276.360  -.002819  -1.235E+05   -260.8566   1.038E-04    732.0319    107.2031 
 282.000  -.002267  -1.234E+05    289.0809   9.193E-05    731.9776     87.8102 
 287.640  -.001782  -1.206E+05    734.8965   8.019E-05    729.8508     70.2804 
 293.280  -.001362  -1.154E+05   1087.3201   6.884E-05    726.0628     54.6925 
 298.920  -.001005  -1.085E+05   1357.3729   5.807E-05    720.9796     41.0709 
 304.560 -7.07E-04  -1.003E+05   1556.0796   4.803E-05    714.9211     29.3925 
 310.200 -4.64E-04 -91115.3286   1694.2192   3.882E-05    708.1621     19.5932 
 315.840 -2.69E-04 -81304.6364   1782.1117   3.053E-05    700.9333     11.5744 
 321.480 -1.19E-04 -71112.9761   1829.4380   2.320E-05    693.4238      5.2080 
 327.120 -7.71E-06 -60744.4617   1864.0301   1.686E-05    685.7839      7.0587 
 332.760  7.09E-05 -50141.8569   1820.7320   1.152E-05    677.9716    -22.4126 
 338.400  1.22E-04 -40244.2977   1674.6515   7.175E-06    670.6788    -29.3890 
 344.040  1.52E-04 -31275.2593   1499.4294   3.735E-06    664.0702    -32.7465 
 349.680  1.64E-04 -23342.9524   1310.9488   1.108E-06    658.2254    -34.0906 
 355.320  1.64E-04 -16491.3821   1118.6312  -8.078E-07    653.1770    -34.1071 
 360.960  1.55E-04 -10722.1503    928.8500  -2.117E-06    648.9260    -33.1912 
 366.600  1.40E-04  -6007.0302    746.1147  -2.921E-06    645.4518    -31.6085 
 372.240  1.22E-04  -2296.4200    573.6347  -3.321E-06    642.7177    -29.5546 
 377.880  1.03E-04    474.4326    413.6402  -3.408E-06    641.3752    -27.1811 
 383.520  8.39E-05   2380.5906    267.5921  -3.271E-06    642.7797    -24.6090 
 389.160  6.61E-05   3503.5720    136.3433  -2.988E-06    643.6072    -21.9332 
 394.800  5.02E-05   3928.3174     20.2867  -2.631E-06    643.9201    -19.2217 
 400.440  3.64E-05   3741.0110    -38.7079  -2.262E-06    643.7821     -1.6984 
 406.080  2.47E-05   3499.0905    -46.7915  -1.913E-06    643.6039     -1.1681 
 411.720  1.48E-05   3219.4626    -52.0947  -1.590E-06    643.3978      -.7125 



 417.360  6.73E-06   2916.6646    -55.0293  -1.295E-06    643.1747      -.3281 
 423.000  2.16E-07   2602.9695    -55.9848  -1.030E-06    642.9436    -.010681 
 428.640 -4.89E-06   2288.5250    -55.3236  -7.944E-07    642.7119       .2451 
 434.280 -8.75E-06   1981.5175    -53.3777  -5.891E-07    642.4857       .4449 
 439.920 -1.15E-05   1688.3514    -50.4458  -4.125E-07    642.2697       .5947 
 445.560 -1.34E-05   1413.8380    -46.7930  -2.633E-07    642.0674       .7006 
 451.200 -1.45E-05   1161.3873    -42.6505  -1.395E-07    641.8814       .7684 
 456.840 -1.50E-05    933.1963    -38.2165  -3.872E-08    641.7132       .8039 
 462.480 -1.49E-05    730.4316    -33.6579   4.130E-08    641.5638       .8126 
 468.120 -1.45E-05    553.4006    -29.1121   1.031E-07    641.4334       .7994 
 473.760 -1.38E-05    401.7104    -24.6898   1.490E-07    641.3216       .7688 
 479.400 -1.28E-05    274.4119    -20.4778   1.815E-07    641.2278       .7248 
 485.040 -1.17E-05    170.1274    -16.5413   2.029E-07    641.1510       .6711 
 490.680 -1.05E-05     87.1621    -12.9277   2.153E-07    641.0899       .6104 
 496.320 -9.30E-06     23.5983     -9.6690   2.206E-07    641.0430       .5452 
 501.960 -8.05E-06    -22.6260     -6.7848   2.206E-07    641.0423       .4776 
 507.600 -6.81E-06    -53.6556     -4.2849   2.170E-07    641.0652       .4089 
 513.240 -5.60E-06    -71.6700     -2.1724   2.109E-07    641.0784       .3402 
 518.880 -4.43E-06    -78.8502      -.4451   2.037E-07    641.0837       .2723 
 524.520 -3.30E-06    -77.3571       .9017   1.962E-07    641.0826       .2053 
 530.160 -2.22E-06    -69.3208      1.8738   1.891E-07    641.0767       .1394 
 535.800 -1.17E-06    -56.8393      2.4766   1.831E-07    641.0675     .074354 
 541.440 -1.53E-07    -41.9837      2.7139   1.783E-07    641.0566     .009808 
 547.080  8.42E-07    -26.8095      2.5874   1.750E-07    641.0454    -.054692 
 552.720  1.82E-06    -13.3707      2.0957   1.731E-07    641.0355      -.1196 
 558.360  2.79E-06     -3.7356      1.2353   1.723E-07    641.0284      -.1855 
 564.000  3.76E-06      0.0000      0.0000   1.721E-07    641.0256      -.2526 
 
Output Verification: 
 
Computed forces and moments are within specified convergence limits. 
 
 
Output Summary for Load Case No.  7: 
 
Pile-head deflection             =      .70000000 in 
Computed slope at pile head      =     -.00739101 
Maximum bending moment           =    3337267.623 lbs-in 
Maximum shear force              =      68992.930 lbs 
Depth of maximum bending moment  =         84.600 in 
Depth of maximum shear force     =          0.000 in 
Number of iterations             =              7 
Number of zero deflection points =              4 
 
 
 
 
------------------------------------------------------------------------------ 
             Computed Values of Load Distribution and Deflection 
                 for Lateral Loading for Load Case Number  8 
------------------------------------------------------------------------------ 
 
Pile-head boundary conditions are Displacement and Moment (BC Type 4) 
Specified deflection at pile head     =         .800000 in 
Specified bending moment at pile head =            .000 in-lbs 
Specified axial load at pile head     =      290000.000 lbs 
 



  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 
    X         y          M           V           S        Stress        p 
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 
-------- --------- ----------- ----------- ----------- ----------- ----------- 
   0.000   .800000      0.0000  75258.0502    -.008341    641.0256   -457.4880 
   5.640   .752957   4.308E+05  72387.1404    -.008320    958.4675   -560.5651 
  11.280   .706149   8.437E+05  68973.3080    -.008259   1262.7207   -650.0138 
  16.920   .659798   1.236E+06  65070.7149    -.008159   1551.6409   -733.8845 
  22.560   .614117   1.604E+06  60738.5305    -.008022   1823.2169   -802.3511 
  28.200   .569307   1.947E+06  56054.7412    -.007851   2075.8012   -858.5671 
  33.840   .525554   2.262E+06  51101.8814    -.007649   2308.0365   -897.7662 
  39.480   .483028   2.549E+06  45947.9623    -.007417   2518.9674   -929.8647 
  45.120   .441884   2.805E+06  40645.7055    -.007160   2707.8084   -950.3682 
  50.760   .402263   3.031E+06  35235.0871    -.006879   2874.0493   -968.2908 
  56.400   .364286   3.225E+06  29721.8825    -.006578   3017.2438   -986.7463 
  62.040   .328058   3.387E+06  24164.9959    -.006260   3136.9368   -983.7809 
  67.680   .293668   3.518E+06  18690.9832    -.005928   3233.1790   -957.3584 
  73.320   .261187   3.618E+06  13384.4858    -.005585   3306.5746   -924.3782 
  78.960   .230669   3.687E+06   8142.6744    -.005234   3357.8850   -934.4201 
  84.600   .202151   3.727E+06   2877.0513    -.004877   3386.8668   -932.8221 
  90.240   .175656   3.736E+06  -2345.7779    -.004518   3393.5528   -919.2450 
  95.880   .151186   3.715E+06  -7458.0347    -.004160   3378.2602   -893.6121 
 101.520   .128733   3.665E+06 -12460.2972    -.003805   3341.5923   -880.2399 
 107.160   .108268   3.587E+06 -17345.2829    -.003456   3283.8682   -852.0245 
 112.800   .089749   3.481E+06 -21825.3674    -.003116   3205.7583   -736.6579 
 118.440   .073118   3.351E+06 -25664.9536    -.002788   3109.9789   -624.8975 
 124.080   .058306   3.200E+06 -28888.0199    -.002472   2999.1645   -518.0338 
 129.720   .045229   3.033E+06 -31525.2661    -.002173   2875.8373   -417.1599 
 135.360   .033799   2.852E+06 -33612.9972    -.001890   2742.3810   -323.1703 
 141.000   .023915   2.660E+06 -35192.0080    -.001624   2601.0195   -236.7626 
 146.640   .015475   2.460E+06 -36306.4854    -.001378   2453.8003   -158.4421 
 152.280   .008370   2.255E+06 -37002.9389    -.001151   2302.5823    -88.5272 
 157.920   .002488   2.047E+06 -37329.1708  -9.444E-04   2149.0280    -27.1578 
 163.560  -.002283   1.837E+06 -37333.2916  -7.576E-04   1994.5999     25.6966 
 169.200  -.006058   1.628E+06 -36750.3695  -5.910E-04   1840.5610    181.0134 
 174.840  -.008950   1.424E+06 -35464.4641  -4.442E-04   1690.5761    274.9814 
 180.480  -.011068   1.229E+06 -33703.5869  -3.165E-04   1546.8711    349.4431 
 186.120  -.012520   1.045E+06 -31573.6110  -2.071E-04   1411.2139    405.8675 
 191.760  -.013405   8.739E+05 -29171.6715  -1.148E-04   1284.9484    445.8841 
 197.400  -.013815   7.166E+05 -26585.4238  -3.831E-05   1169.0322    471.2250 
 203.040  -.013837   5.742E+05 -23892.6193   2.377E-05   1064.0777    483.6702 
 208.680  -.013547   4.470E+05 -21160.9697   7.289E-05    970.3930    484.9998 
 214.320  -.013015   3.352E+05 -18448.2676   1.105E-04    888.0241    476.9513 
 219.960  -.012300   2.385E+05 -15802.7291   1.381E-04    816.7951    461.1830 
 225.600  -.011457   1.565E+05 -13263.5247   1.571E-04    756.3478    439.2441 
 231.240  -.010528  88421.9622 -11063.1884   1.689E-04    706.1775    341.0170 
 236.880  -.009552  31166.1879  -9210.0622   1.746E-04    663.9898    316.1200 
 242.520  -.008558 -16038.8406  -7502.8499   1.754E-04    652.8435    289.2745 
 248.160  -.007574 -54039.6400  -5950.1495   1.720E-04    680.8436    261.3285 
 253.800  -.006618 -83719.1820  -4556.0689   1.654E-04    702.7124    233.0263 
 259.440  -.005708  -1.060E+05  -3320.8109   1.563E-04    719.1097    205.0084 
 265.080  -.004856  -1.217E+05  -2241.2548   1.453E-04    730.6897    177.8129 
 270.720  -.004069  -1.317E+05  -1311.5220   1.331E-04    738.0880    151.8796 
 276.360  -.003354  -1.369E+05   -523.5149   1.202E-04    741.9112    127.5555 
 282.000  -.002713  -1.380E+05    132.5754   1.070E-04    742.7288    105.1007 
 287.640  -.002147  -1.358E+05    667.8020   9.380E-05    741.0671     84.6960 
 293.280  -.001655  -1.308E+05   1094.0357   8.098E-05    737.4045     66.4507 



 298.920  -.001234  -1.237E+05   1423.5847   6.873E-05    732.1693     50.4106 
 304.560 -8.80E-04  -1.150E+05   1668.8568   5.726E-05    725.7382     36.5654 
 310.200 -5.88E-04  -1.051E+05   1842.0676   4.667E-05    718.4367     24.8569 
 315.840 -3.53E-04 -94343.1518   1954.9892   3.708E-05    710.5404     15.1862 
 321.480 -1.70E-04 -83128.7073   2018.7383   2.855E-05    702.2773      7.4198 
 327.120 -3.15E-05 -71665.1611   2081.3338   2.110E-05    693.8306     14.7772 
 332.760  6.81E-05 -59720.2837   2061.2378   1.478E-05    685.0293    -21.9034 
 338.400  1.35E-04 -48462.7480   1912.5012   9.577E-06    676.7344    -30.8401 
 344.040  1.76E-04 -38178.5982   1726.2914   5.410E-06    669.1567    -35.1917 
 349.680  1.96E-04 -29007.8767   1522.2615   2.178E-06    662.3995    -37.1593 
 355.320  2.01E-04 -21014.6130   1311.4706  -2.280E-07    656.5098    -37.5893 
 360.960  1.94E-04 -14213.7428   1101.2742  -1.922E-06    651.4987    -36.9485 
 366.600  1.79E-04  -8585.9517    896.8487  -3.019E-06    647.3520    -35.5428 
 372.240  1.60E-04  -4087.4133    701.8811  -3.629E-06    644.0374    -33.5946 
 377.880  1.38E-04   -656.8627    518.9480  -3.857E-06    641.5096    -31.2753 
 383.520  1.16E-04   1778.9367    349.7566  -3.803E-06    642.3364    -28.7217 
 389.160  9.52E-05   3300.8314    195.3219  -3.559E-06    643.4578    -26.0424 
 394.800  7.60E-05   3993.8089     56.1246  -3.208E-06    643.9684    -23.3184 
 400.440  5.90E-05   3944.4101    -17.3943  -2.826E-06    643.9320     -2.7522 
 406.080  4.41E-05   3806.8457    -31.0484  -2.453E-06    643.8306     -2.0897 
 411.720  3.13E-05   3602.2089    -41.1872  -2.097E-06    643.6799     -1.5056 
 417.360  2.05E-05   3349.1128    -48.2494  -1.762E-06    643.4934      -.9987 
 423.000  1.15E-05   3063.7211    -52.6630  -1.454E-06    643.2831      -.5664 
 428.640  4.08E-06   2759.8299    -54.8378  -1.174E-06    643.0592      -.2048 
 434.280 -1.79E-06   2448.9904    -55.1585  -9.232E-07    642.8301     .091060 
 439.920 -6.33E-06   2140.6622    -53.9806  -7.025E-07    642.6029       .3266 
 445.560 -9.71E-06   1842.3876    -51.6271  -5.109E-07    642.3832       .5079 
 451.200 -1.21E-05   1559.9795    -48.3873  -3.473E-07    642.1751       .6410 
 456.840 -1.36E-05   1297.7150    -44.5157  -2.098E-07    641.9818       .7319 
 462.480 -1.45E-05   1058.5291    -40.2329  -9.648E-08    641.8056       .7868 
 468.120 -1.47E-05    844.2037    -35.7268  -4.962E-09    641.6477       .8111 
 473.760 -1.45E-05    655.5474    -31.1543   6.717E-08    641.5087       .8103 
 479.400 -1.40E-05    492.5630    -26.6442   1.224E-07    641.3886       .7891 
 485.040 -1.31E-05    354.6010    -22.2990   1.631E-07    641.2869       .7518 
 490.680 -1.21E-05    240.4964    -18.1990   1.918E-07    641.2028       .7022 
 496.320 -1.10E-05    148.6891    -14.4044   2.105E-07    641.1352       .6435 
 501.960 -9.75E-06     77.3265    -10.9589   2.214E-07    641.0826       .5784 
 507.600 -8.48E-06     24.3492     -7.8925   2.262E-07    641.0436       .5090 
 513.240 -7.20E-06    -12.4406     -5.2245   2.268E-07    641.0348       .4371 
 518.880 -5.92E-06    -35.3252     -2.9662   2.245E-07    641.0517       .3637 
 524.520 -4.66E-06    -46.6339     -1.1232   2.206E-07    641.0600       .2898 
 530.160 -3.43E-06    -48.7168       .3022   2.160E-07    641.0615       .2157 
 535.800 -2.23E-06    -43.9316      1.3094   2.115E-07    641.0580       .1415 
 541.440 -1.04E-06    -34.6384      1.8978   2.078E-07    641.0512     .067151 
 547.080  1.18E-07    -23.2038      2.0656   2.050E-07    641.0427    -.007639 
 552.720  1.27E-06    -12.0085      1.8094   2.033E-07    641.0345    -.083241 
 558.360  2.41E-06     -3.4593      1.1233   2.025E-07    641.0282      -.1600 
 564.000  3.55E-06      0.0000      0.0000   2.024E-07    641.0256      -.2383 
 
Output Verification: 
 
Computed forces and moments are within specified convergence limits. 
 
 
Output Summary for Load Case No.  8: 
 
Pile-head deflection             =      .80000000 in 



Computed slope at pile head      =     -.00834088 
Maximum bending moment           =    3735638.054 lbs-in 
Maximum shear force              =      75258.050 lbs 
Depth of maximum bending moment  =         90.240 in 
Depth of maximum shear force     =          0.000 in 
Number of iterations             =              7 
Number of zero deflection points =              4 
 
 
 
 
------------------------------------------------------------------------------ 
             Computed Values of Load Distribution and Deflection 
                 for Lateral Loading for Load Case Number  9 
------------------------------------------------------------------------------ 
 
Pile-head boundary conditions are Displacement and Moment (BC Type 4) 
Specified deflection at pile head     =         .900000 in 
Specified bending moment at pile head =            .000 in-lbs 
Specified axial load at pile head     =      290000.000 lbs 
 
  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 
    X         y          M           V           S        Stress        p 
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 
-------- --------- ----------- ----------- ----------- ----------- ----------- 
   0.000   .900000      0.0000  81385.5390    -.009282    641.0256   -483.6171 
   5.640   .847652   4.665E+05  78351.8460    -.009259    984.7591   -592.1605 
  11.280   .795556   9.141E+05  74746.8585    -.009193   1314.5593   -686.2038 
  16.920   .743957   1.340E+06  70628.1702    -.009084   1628.1702   -774.3239 
  22.560   .693085   1.741E+06  66058.3073    -.008936   1923.4769   -846.1948 
  28.200   .643156   2.114E+06  61120.5212    -.008751   2198.7485   -904.7931 
  33.840   .594375   2.459E+06  55903.2398    -.008531   2452.5682   -945.3066 
  39.480   .546928   2.773E+06  50476.0818    -.008279   2683.9466   -979.2175 
  45.120   .500985   3.055E+06  44889.7565    -.007999   2892.0525  -1001.7489 
  50.760   .456700   3.305E+06  39182.6490    -.007693   3076.3249  -1022.0481 
  56.400   .414207   3.522E+06  33355.0950    -.007365   3236.2591  -1044.4604 
  62.040   .373626   3.705E+06  27457.2984    -.007017   3371.3047  -1046.9568 
  67.680   .335055   3.855E+06  21613.0859    -.006653   3481.3819  -1025.4590 
  73.320   .298576   3.971E+06  15911.3406    -.006277   3566.9773   -996.4365 
  78.960   .264251   4.055E+06  10253.1885    -.005891   3628.7575  -1010.0004 
  84.600   .232126   4.106E+06   4553.3021    -.005498   3666.3950  -1011.2359 
  90.240   .202228   4.124E+06  -1117.5392    -.005103   3679.8549   -999.7008 
  95.880   .174569   4.110E+06  -6686.8321    -.004707   3669.4055   -975.2258 
 101.520   .149139   4.064E+06 -12151.5516    -.004313   3635.6220   -962.6180 
 107.160   .125914   3.987E+06 -17518.8578    -.003926   3578.8052   -940.6821 
 112.800   .104852   3.879E+06 -22598.5493    -.003548   3499.4783   -860.6269 
 118.440   .085895   3.744E+06 -27095.6675    -.003181   3399.5301   -734.0958 
 124.080   .068970   3.584E+06 -30893.8612    -.002829   3281.9419   -612.7814 
 129.720   .053989   3.405E+06 -34026.1151    -.002492   3149.5757   -497.9470 
 135.360   .040855   3.209E+06 -36531.9159    -.002174   3005.1438   -390.6349 
 141.000   .029461   3.000E+06 -38456.0083    -.001876   2851.1841   -291.6674 
 146.640   .019696   2.781E+06 -39847.1666    -.001598   2690.0405   -201.6511 
 152.280   .011439   2.555E+06 -40756.9955    -.001341   2523.8482   -120.9832 
 157.920   .004568   2.326E+06 -41238.7723    -.001106   2354.5239    -49.8596 
 163.560  -.001041   2.094E+06 -41346.3392  -8.938E-04   2183.7615     11.7153 
 169.200  -.005514   1.862E+06 -40848.6990  -7.035E-04   2013.0309    164.7529 
 174.840  -.008977   1.635E+06 -39606.3125  -5.353E-04   1845.9460    275.8097 



 180.480  -.011552   1.417E+06 -37800.0330  -3.885E-04   1685.1359    364.7149 
 186.120  -.013359   1.210E+06 -35550.3212  -2.621E-04   1532.7099    433.0552 
 191.760  -.014509   1.017E+06 -32968.1379  -1.550E-04   1390.2936    482.6126 
 197.400  -.015107   8.388E+05 -30154.0307  -6.575E-05   1259.0711    515.2977 
 203.040  -.015251   6.770E+05 -27197.5840   7.153E-06   1139.8289    533.0876 
 208.680  -.015027   5.320E+05 -24177.1991   6.530E-05   1033.0029    537.9708 
 214.320  -.014514   4.040E+05 -21160.1697   1.103E-04    938.7243    531.8978 
 219.960  -.013782   2.929E+05 -18203.0149   1.438E-04    856.8657    516.7387 
 225.600  -.012892   1.982E+05 -15352.0322   1.675E-04    787.0845    494.2481 
 231.240  -.011893   1.192E+05 -12871.9077   1.827E-04    728.8646    385.2286 
 236.880  -.010830  52433.3043 -10774.7802   1.910E-04    679.6600    358.4336 
 242.520  -.009739  -2952.1527  -8835.7147   1.934E-04    643.2009    329.1782 
 248.160  -.008649 -47866.1168  -7065.8334   1.909E-04    676.2948    298.4393 
 253.800  -.007585 -83279.3164  -5471.0746   1.846E-04    702.3883    267.0780 
 259.440  -.006566  -1.102E+05  -4052.8471   1.753E-04    722.2123    235.8396 
 265.080  -.005608  -1.296E+05  -2808.6813   1.638E-04    736.4958    205.3540 
 270.720  -.004719  -1.424E+05  -1732.8676   1.507E-04    745.9512    176.1403 
 276.360  -.003908  -1.496E+05   -817.0665   1.367E-04    751.2617    148.6119 
 282.000  -.003178  -1.521E+05    -50.8847   1.221E-04    753.0716    123.0838 
 287.640  -.002530  -1.506E+05    577.5913   1.076E-04    751.9790     99.7801 
 293.280  -.001964  -1.459E+05   1081.3085   9.333E-05    748.5303     78.8430 
 298.920  -.001477  -1.387E+05   1473.8095   7.964E-05    743.2167     60.3417 
 304.560  -.001066  -1.295E+05   1768.8453   6.674E-05    736.4728     44.2809 
 310.200 -7.24E-04  -1.190E+05   1980.0376   5.479E-05    728.6759     30.6100 
 315.840 -4.48E-04  -1.074E+05   2120.5887   4.390E-05    720.1479     19.2308 
 321.480 -2.29E-04 -95179.4328   2203.0359   3.416E-05    711.1566     10.0058 
 327.120 -6.23E-05 -82643.5507   2289.9000   2.560E-05    701.9198     20.7971 
 332.760  5.97E-05 -69433.1180   2290.5636   1.829E-05    692.1860    -20.5618 
 338.400  1.44E-04 -56865.8221   2142.7666   1.221E-05    682.9260    -31.8485 
 344.040  1.97E-04 -45302.6682   1947.8191   7.301E-06    674.4060    -37.2818 
 349.680  2.26E-04 -34918.3053   1730.1155   3.442E-06    666.7545    -39.9181 
 355.320  2.36E-04 -25798.2259   1502.5031   5.218E-07    660.0345    -40.7955 
 360.960  2.32E-04 -17971.7770   1273.3633  -1.583E-06    654.2678    -40.4597 
 366.600  2.18E-04 -11429.5086   1048.5563  -2.998E-06    649.4472    -39.2590 
 372.240  1.98E-04  -6134.2564    832.2586  -3.842E-06    645.5455    -37.4423 
 377.880  1.75E-04  -2029.0629    627.4081  -4.235E-06    642.5207    -35.1997 
 383.520  1.51E-04    956.7607    435.9809  -4.287E-06    641.7306    -32.6823 
 389.160  1.27E-04   2902.8244    259.1896  -4.101E-06    643.1645    -30.0097 
 394.800  1.04E-04   3893.8339     97.6538  -3.774E-06    643.8947    -27.2725 
 400.440  8.42E-05   4016.7051      9.6718  -3.394E-06    643.9853     -3.9269 
 406.080  6.61E-05   4014.0325    -10.2328  -3.007E-06    643.9833     -3.1315 
 411.720  5.03E-05   3911.1166    -25.8749  -2.626E-06    643.9075     -2.4154 
 417.360  3.65E-05   3730.7539    -37.7067  -2.259E-06    643.7746     -1.7803 
 423.000  2.48E-05   3493.1735    -46.1844  -1.911E-06    643.5995     -1.2260 
 428.640  1.50E-05   3216.0454    -51.7573  -1.588E-06    643.3953      -.7502 
 434.280  6.87E-06   2914.5469    -54.8582  -1.294E-06    643.1732      -.3494 
 439.920  3.62E-07   2601.4766    -55.8961  -1.028E-06    642.9425    -.018685 
 445.560 -4.73E-06   2287.4026    -55.2512  -7.931E-07    642.7111       .2474 
 451.200 -8.58E-06   1980.8375    -53.2709  -5.878E-07    642.4852       .4548 
 456.840 -1.14E-05   1688.4293    -50.2679  -4.113E-07    642.2697       .6100 
 462.480 -1.32E-05   1415.1609    -46.5190  -2.620E-07    642.0684       .7193 
 468.120 -1.43E-05   1164.5515    -42.2658  -1.379E-07    641.8837       .7889 
 473.760 -1.48E-05    938.8542    -37.7151  -3.674E-08    641.7174       .8248 
 479.400 -1.47E-05    739.2457    -33.0414   4.397E-08    641.5703       .8325 
 485.040 -1.43E-05    566.0035    -28.3890   1.068E-07    641.4427       .8173 
 490.680 -1.35E-05    418.6688    -23.8747   1.541E-07    641.3341       .7836 
 496.320 -1.25E-05    296.1927    -19.5911   1.885E-07    641.2439       .7355 



 501.960 -1.14E-05    197.0649    -15.6094   2.122E-07    641.1708       .6765 
 507.600 -1.01E-05    119.4241    -11.9832   2.274E-07    641.1136       .6094 
 513.240 -8.83E-06     61.1499     -8.7512   2.361E-07    641.0707       .5367 
 518.880 -7.49E-06     19.9379     -5.9404   2.400E-07    641.0403       .4601 
 524.520 -6.13E-06     -6.6431     -3.5691   2.407E-07    641.0305       .3809 
 530.160 -4.77E-06    -21.1084     -1.6492   2.393E-07    641.0412       .3000 
 535.800 -3.43E-06    -26.0289      -.1889   2.371E-07    641.0448       .2179 
 541.440 -2.10E-06    -24.0147       .8057   2.347E-07    641.0433       .1348 
 547.080 -7.81E-07    -17.7082      1.3289   2.327E-07    641.0387     .050721 
 552.720  5.27E-07     -9.7856      1.3744   2.313E-07    641.0329    -.034599 
 558.360  1.83E-06     -2.9620       .9344   2.307E-07    641.0278      -.1214 
 564.000  3.13E-06      0.0000      0.0000   2.306E-07    641.0256      -.2099 
 
Output Verification: 
 
Computed forces and moments are within specified convergence limits. 
 
 
Output Summary for Load Case No.  9: 
 
Pile-head deflection             =      .90000000 in 
Computed slope at pile head      =     -.00928163 
Maximum bending moment           =    4124197.832 lbs-in 
Maximum shear force              =      81385.539 lbs 
Depth of maximum bending moment  =         90.240 in 
Depth of maximum shear force     =          0.000 in 
Number of iterations             =              7 
Number of zero deflection points =              4 
 
 
 
 
------------------------------------------------------------------------------ 
             Computed Values of Load Distribution and Deflection 
                 for Lateral Loading for Load Case Number 10 
------------------------------------------------------------------------------ 
 
Pile-head boundary conditions are Displacement and Moment (BC Type 4) 
Specified deflection at pile head     =        1.000000 in 
Specified bending moment at pile head =            .000 in-lbs 
Specified axial load at pile head     =      290000.000 lbs 
 
  Depth    Deflect.    Moment      Shear       Slope       Total     Soil Res 
    X         y          M           V           S        Stress        p 
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in 
-------- --------- ----------- ----------- ----------- ----------- ----------- 
   0.000     1.000      0.0000  87291.5156    -.010218    641.0256   -483.6171 
   5.640   .942373   5.013E+05  84208.5669    -.010193   1010.4306   -609.6271 
  11.280   .885018   9.832E+05  80452.2060    -.010122   1365.4888   -722.4158 
  16.920   .828197   1.442E+06  76117.2523    -.010005   1703.5009   -814.8019 
  22.560   .772158   1.875E+06  71309.4373    -.009846   2022.2483   -890.0971 
  28.200   .717136   2.279E+06  66117.2606    -.009646   2319.9161   -951.1003 
  33.840   .663351   2.652E+06  60635.0322    -.009409   2595.0276   -992.9523 
  39.480   .611004   2.993E+06  54933.9604    -.009137   2846.5586  -1028.7044 
  45.120   .560281   3.301E+06  49062.7146    -.008835   3073.6315  -1053.2977 
  50.760   .511349   3.576E+06  43058.0566    -.008504   3275.6343  -1076.0137 
  56.400   .464357   3.815E+06  36917.8317    -.008148   3452.0026  -1101.3711 



  62.040   .419435   4.019E+06  30690.6722    -.007772   3602.1145  -1106.8415 
  67.680   .376694   4.187E+06  24495.5377    -.007377   3725.8181  -1090.0147 
  73.320   .336224   4.319E+06  18418.1467    -.006968   3823.4883  -1065.0885 
  78.960   .298097   4.417E+06  12363.0280    -.006548   3895.6939  -1082.1167 
  84.600   .262366   4.480E+06   6248.4461    -.006120   3942.0246  -1086.1747 
  90.240   .229067   4.508E+06    149.0828    -.005687   3962.3778  -1076.7201 
  95.880   .198213   4.500E+06  -5858.1141    -.005254   3956.9720  -1053.4916 
 101.520   .169800   4.459E+06 -11766.3563    -.004823   3926.3526  -1041.6297 
 107.160   .143807   4.383E+06 -17579.6754    -.004398   3870.8022  -1019.8310 
 112.800   .120192   4.275E+06 -23237.6321    -.003981   3790.8406   -986.5367 
 118.440   .098896   4.134E+06 -28403.1504    -.003577   3687.2607   -845.2074 
 124.080   .079844   3.966E+06 -32787.1272    -.003187   3563.3914   -709.3942 
 129.720   .062943   3.775E+06 -36424.7219    -.002815   3422.4353   -580.5330 
 135.360   .048090   3.564E+06 -39358.5052    -.002462   3267.4349   -459.8157 
 141.000   .035171   3.339E+06 -41637.0866    -.002130   3101.2440   -348.1918 
 146.640   .024063   3.102E+06 -43313.7557    -.001820   2926.5050   -246.3717 
 152.280   .014639   2.856E+06 -44445.1543    -.001534   2745.6319   -154.8335 
 157.920   .006764   2.605E+06 -45089.9907    -.001271   2560.7986    -73.8319 
 163.560  3.03E-04   2.352E+06 -45307.8094    -.001032   2373.9328     -3.4087 
 169.200  -.004882   2.098E+06 -44906.0412  -8.185E-04   2186.7144    145.8797 
 174.840  -.008929   1.848E+06 -43720.9724  -6.287E-04   2002.6720    274.3575 
 180.480  -.011974   1.607E+06 -41881.2425  -4.625E-04   1824.8458    378.0290 
 186.120  -.014147   1.377E+06 -39521.9648  -3.190E-04   1655.6937    458.5943 
 191.760  -.015572   1.162E+06 -36768.0140  -1.969E-04   1497.1306    517.9840 
 197.400  -.016368   9.630E+05 -33732.9374  -9.469E-05   1350.5734    558.2843 
 203.040  -.016640   7.817E+05 -30518.2735  -1.077E-05   1216.9897    581.6674 
 208.680  -.016489   6.188E+05 -27213.2438   5.659E-05   1096.9487    590.3289 
 214.320  -.016002   4.745E+05 -23894.7792   1.092E-04    990.6723    586.4316 
 219.960  -.015258   3.489E+05 -20627.8404   1.488E-04    898.0857    572.0574 
 225.600  -.014324   2.414E+05 -17465.9884   1.772E-04    818.8668    549.1667 
 231.240  -.013259   1.513E+05 -14706.2165   1.961E-04    752.4913    429.4758 
 236.880  -.012112  74832.6161 -12364.6395   2.069E-04    696.1645    400.8706 
 242.520  -.010925  11127.4802 -10192.8254   2.111E-04    649.2247    369.2762 
 248.160  -.009732 -40832.8779  -8204.5125   2.096E-04    671.1125    335.7993 
 253.800  -.008560 -82105.1703  -6407.5549   2.037E-04    701.5231    301.4197 
 259.440  -.007434  -1.138E+05  -4804.6435   1.943E-04    724.8595    266.9886 
 265.080  -.006369  -1.369E+05  -3394.0289   1.822E-04    741.9249    233.2294 
 270.720  -.005378  -1.527E+05  -2170.2305   1.683E-04    753.5080    200.7417 
 276.360  -.004470  -1.620E+05  -1124.7192   1.532E-04    760.3683    170.0070 
 282.000  -.003650  -1.658E+05   -246.5621   1.374E-04    763.2252    141.3962 
 287.640  -.002920  -1.652E+05    476.9772   1.215E-04    762.7488    115.1780 
 293.280  -.002280  -1.609E+05   1059.8906   1.058E-04    759.5537     91.5288 
 298.920  -.001727  -1.536E+05   1516.9301   9.068E-05    754.1946     70.5419 
 304.560  -.001257  -1.440E+05   1863.1697   7.636E-05    747.1644     52.2381 
 310.200 -8.65E-04  -1.328E+05   2113.6214   6.305E-05    738.8931     36.5746 
 315.840 -5.46E-04  -1.204E+05   2282.9056   5.087E-05    729.7491     23.4552 
 321.480 -2.92E-04  -1.072E+05   2384.9712   3.992E-05    720.0415     12.7383 
 327.120 -9.57E-05 -93640.6358   2493.6235   3.025E-05    710.0228     25.7909 
 332.760  4.96E-05 -79208.5173   2513.3727   2.194E-05    699.3888    -18.7876 
 338.400  1.52E-04 -65361.5630   2368.1409   1.499E-05    689.1859    -32.7130 
 344.040  2.19E-04 -52544.9121   2165.2574   9.315E-06    679.7423    -39.2315 
 349.680  2.57E-04 -40967.9323   1934.7007   4.818E-06    671.2120    -42.5262 
 355.320  2.73E-04 -30737.2471   1691.1416   1.369E-06    663.6737    -43.8423 
 360.960  2.72E-04 -21896.3320   1443.9745  -1.163E-06    657.1595    -43.8056 
 366.600  2.60E-04 -14445.4109   1199.7297  -2.911E-06    651.6694    -42.8060 
 372.240  2.40E-04  -8353.8591    963.0646  -4.008E-06    647.1810    -41.1178 
 377.880  2.15E-04  -3568.9324    737.2780  -4.581E-06    643.6553    -38.9484 



 383.520  1.88E-04    -22.3781    524.6222  -4.754E-06    641.0421    -36.4614 
 389.160  1.61E-04   2364.3565    326.5242  -4.641E-06    642.7678    -33.7861 
 394.800  1.35E-04   3675.9966    143.7701  -4.351E-06    643.7342    -31.0203 
 400.440  1.12E-04   4000.3151     41.5672  -3.981E-06    643.9732     -5.2219 
 406.080  9.06E-05   4157.8981     14.7467  -3.589E-06    644.0893     -4.2889 
 411.720  7.15E-05   4178.3981     -7.0326  -3.188E-06    644.1044     -3.4342 
 417.360  5.46E-05   4088.9991    -24.2272  -2.790E-06    644.0385     -2.6631 
 423.000  4.00E-05   3914.2432    -37.3153  -2.405E-06    643.9098     -1.9780 
 428.640  2.75E-05   3675.9510    -46.7817  -2.040E-06    643.7342     -1.3788 
 434.280  1.70E-05   3393.2198    -53.1051  -1.700E-06    643.5259      -.8635 
 439.920  8.30E-06   3082.4870    -56.7480  -1.389E-06    643.2969      -.4283 
 445.560  1.31E-06   2757.6452    -58.1485  -1.108E-06    643.0576    -.068315 
 451.200 -4.19E-06   2430.1965    -57.7144  -8.584E-07    642.8163       .2222 
 456.840 -8.38E-06   2109.4350    -55.8193  -6.400E-07    642.5799       .4498 
 462.480 -1.14E-05   1802.6486    -52.7999  -4.519E-07    642.3539       .6209 
 468.120 -1.35E-05   1515.3300    -48.9552  -2.923E-07    642.1422       .7425 
 473.760 -1.47E-05   1251.3905    -44.5461  -1.592E-07    641.9477       .8210 
 479.400 -1.53E-05   1013.3709    -39.7972  -5.028E-08    641.7723       .8630 
 485.040 -1.53E-05    802.6423    -34.8983   3.707E-08    641.6171       .8742 
 490.680 -1.49E-05    619.5963    -30.0071   1.055E-07    641.4822       .8603 
 496.320 -1.41E-05    463.8177    -25.2517   1.576E-07    641.3674       .8260 
 501.960 -1.31E-05    334.2413    -20.7348   1.960E-07    641.2719       .7757 
 507.600 -1.19E-05    229.2882    -16.5361   2.231E-07    641.1946       .7131 
 513.240 -1.06E-05    146.9840    -12.7165   2.412E-07    641.1339       .6413 
 518.880 -9.16E-06     85.0567     -9.3212   2.523E-07    641.0883       .5627 
 524.520 -7.71E-06     41.0160     -6.3827   2.584E-07    641.0559       .4793 
 530.160 -6.24E-06     12.2145     -3.9245   2.610E-07    641.0346       .3924 
 535.800 -4.77E-06     -4.1065     -1.9634   2.613E-07    641.0287       .3030 
 541.440 -3.29E-06    -10.7874      -.5117   2.606E-07    641.0336       .2117 
 547.080 -1.83E-06    -10.7313       .4202   2.596E-07    641.0335       .1187 
 552.720 -3.66E-07     -6.8967       .8228   2.588E-07    641.0307     .024046 
 558.360  1.09E-06     -2.2962       .6863   2.583E-07    641.0273    -.072453 
 564.000  2.55E-06      0.0000      0.0000   2.582E-07    641.0256      -.1709 
 
Output Verification: 
 
Computed forces and moments are within specified convergence limits. 
 
 
Output Summary for Load Case No. 10: 
 
Pile-head deflection             =     1.00000000 in 
Computed slope at pile head      =     -.01021751 
Maximum bending moment           =    4507628.453 lbs-in 
Maximum shear force              =      87291.516 lbs 
Depth of maximum bending moment  =         90.240 in 
Depth of maximum shear force     =          0.000 in 
Number of iterations             =              7 
Number of zero deflection points =              4 
 
 
 
 
 
------------------------------------------------------------------------------ 
                        Summary of Pile-head Response 
------------------------------------------------------------------------------ 



 
Definition of symbols for pile-head boundary conditions: 
 
y = pile-head displacment, in 
M = pile-head moment, lbs-in 
V = pile-head shear force, lbs 
S = pile-head slope, radians 
R = rotational stiffness of pile-head, in-lbs/rad 
 
 BC    Boundary     Boundary       Axial    Pile Head    Maximum     Maximum  
Type  Condition    Condition       Load     Deflection    Moment      Shear 
          1            2            lbs         in        in-lbs       lbs 
---- ------------ ------------ ----------- ----------- ----------- ----------- 
  4  y=   .100000 M=     0.000   2.900E+05     .100000   5.523E+05  14342.7942 
  4  y=   .200000 M=     0.000   2.900E+05       .2000   1.105E+06  28684.0775 
  4  y=   .300000 M=     0.000   2.900E+05       .3000   1.647E+06  40870.9492 
  4  y=   .400000 M=     0.000   2.900E+05       .4000   2.100E+06  48775.7230 
  4  y=   .500000 M=     0.000   2.900E+05       .5000   2.525E+06  55877.2609 
  4  y=   .600000 M=     0.000   2.900E+05       .6000   2.938E+06  62559.6118 
  4  y=   .700000 M=     0.000   2.900E+05       .7000   3.337E+06  68992.9304 
  4  y=   .800000 M=     0.000   2.900E+05       .8000   3.736E+06  75258.0502 
  4  y=   .900000 M=     0.000   2.900E+05       .9000   4.124E+06  81385.5390 
  4  y=     1.000 M=     0.000   2.900E+05      1.0000   4.508E+06  87291.5156 
 
 
------------------------------------------------------------------------------ 
                     Pile-head Deflection vs. Pile Length 
------------------------------------------------------------------------------ 
 
Boundary Condition Type 4, Deflection and Moment 
 
Deflection =          .10000  in 
Moment     =              0. in-lbs 
Axial Load =         290000. lbs 
 
 
 
   Pile       Pile Head       Maximum      Maximum 
  Length      Deflection      Moment        Shear  
    in           in           in-lbs         lbs 
-----------  ------------  ------------  ------------ 
   564.000     .10000000    552310.020     14342.794 
   535.800     .10000000    552467.656     14343.201 
   507.600     .10000000    552299.864     14343.697 
   479.400     .10000000    552179.228     14345.167 
   451.200     .10000000    552195.388     14346.866 
   423.000     .10000000    552340.571     14348.662 
   394.800     .10000000    552498.408     14349.556 
   366.600     .10000000    552357.339     14351.186 
   338.400     .10000000    552478.351     14351.333 
   310.200     .10000000    552210.119     14347.677 
 
The analysis ended normally.  
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INTRODUCTION 

 

V&A was retained by URS Corporation to perform a corrosion survey on State Highway 84, from Ruby Hill 

Drive to Jack London Boulevard, in Livermore, California. The objective of the investigation was to 

measure various soil parameters and evaluate the results with respect to possible levels of corrosion 

along the highway the soil was tested at depths ranging from 0 to 19 meters below existing grade. This 

report provides recommendations for corrosion control of structural foundation materials under 

consideration for a proposed retaining wall between the Ruby Hill Drive and Vallecitos Road intersections 

and modifications to existing retaining structures at the Stanley Boulevard Underpass. The materials being 

considered as part of this investigation include buried reinforced concrete. 

 

The investigation was conducted in accordance with California Department of Transportation’s Division of 

Engineering Services, Materials Engineering and Testing Services, Corrosion Technology Branch 

“Corrosion Guidelines” (Guidelines) dated September 2003.  These Guidelines consider representative 

soil or water samples to be corrosive to structural elements if one or more of the following conditions exist: 
 

1) The chloride concentration is 500 ppm or greater, 

2) The sulfate concentration is 2000 ppm or greater, 

3) The pH is 5.5 or less. 
 

Evaluation of the soil environment was made in terms of potential corrosion damage to concrete and metal 

structures.  Soil resistivity measurements were conducted in the field during the initial stages of the work.  In 

addition, soil samples taken during a geotechnical investigation were provided to V&A for laboratory testing.  

The soil samples were analyzed for minimum (saturated) resistivity, as well as for pH, chloride and sulfate ion 

concentrations.  All of these affect the corrosion rate of buried structures. 

 

Soil samples were selected from two borings taken between the Ruby Hill Drive and Vallecitos Road 

intersections at the southern end of the Highway 84 project alignment.  The minimum (saturated) resistivity of 

the samples ranged from 3,302 ohm-cm to 7,312 ohm-cm. The soil pH ranged from 7.5 to 8.6 and the water-

soluble chloride concentrations ranged from below the detection limit of 2 mg/kg to 9 mg/kg.  The water-

soluble sulfate concentrations ranged from below the detection limit of 5 mg/kg to 7 mg/kg.  The pH, chloride 

and sulfate ion concentrations all indicate the sampled soils are non-corrosive to metallic and reinforced 

concrete structures, as defined by the Guidelines. 

 

CONCLUSIONS 

 

• The soil boring chemical analyses gave pH values higher than 5.5, soluble chloride concentrations 

less than 500 mg/kg, and soluble sulfate concentrations less than 2,000 mg/kg.  According to the 

Guidelines, the soils at the proposed retaining wall site near the Vallecitos Road intersection and sites 

at the Stanley Boulevard Underpass are considered non-corrosive. 
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RECOMMENDATIONS 

 

The test data and a review of the project requirements were used to make recommendations for the 

structural foundation material listed below: 

 

Buried Reinforced Concrete Structures 

Buried concrete structures should be constructed of durable concrete as described in ACI Standards 

201.2R and 222R. These recommendations include, but are not limited to, the following for installations in 

non-corrosive soil: 

• The water/cement ratio should not exceed 0.50. 
• A minimum concrete cover of 5.1 centimeters should be applied over all steel reinforcement. 

• Sand and water used in concrete mixtures should contain a maximum of 100 ppm of water-soluble 
chloride ions and water-soluble sulfate ions.  They should also have a pH in the range of 6.5 to 8.0. 
Potable water should be used in concrete mixtures. 

• Based on sulfate ion concentrations, Type I-P (MS) modified or Type II modified cement should be 
used. 

 

TEST METHODS 
 

When predicting potential corrosion problems associated with a particular type of structure, it is necessary 

to investigate the soil conditions the structure will encounter. Since corrosion is an electrochemical 

process accompanied by current flow, the electrochemical characteristics of a soil are of primary 

importance. Test methods utilized during this investigation reflect the most practical methods of evaluating 

corrosivity.  
 

Resistivity is a measure of the ability of a soil to conduct an electric current. The higher the resistivity the 
more difficult it is for the soil to conduct current. Resistivity is primarily dependent on the soluble chemical 
and moisture content of the soil. Soils with high dissolved ion contents generally have low resistivity. As 
moisture is added to a soil, its resistivity will decrease as more ions are taken into solution.  The soil 
resistivity decreases until the maximum solubility of the dissolved ions is reached. Increasing the moisture 
content beyond this point increases the soil resistivity as the solution becomes more diluted. Since 
corrosion rate depends on current flow through the soil, corrosivity normally increases as soil resistivity 
decreases. 
 

Soils can contain a wide variety of soluble salts.  Therefore, soils with similar resistivities can have 

significantly different corrosion characteristics, depending on the ions present.  In most soils, the principle 

agents of corrosion are the chloride and sulfate ions, as well as pH.  Chloride ions break down the protective 

surface films on metals and can corrode reinforcing steel in concrete structures.  Sulfates attack the Portland 

cement in concretes.  This is an expansive reaction that disrupts the concrete matrix and softens the surface. 

 A high bicarbonate ion concentration lowers soil resistivity and facilitates other forms of corrosion; however, 

bicarbonate is not corrosive to metals.  Soil pH is another measure of corrosivity.  Acid (low pH) soils are 

corrosive to buried metallic and concrete structures.  Neutral (pH 7) and alkaline (pH greater than 7) soils are 

passive to metal surfaces; therefore, corrosion rates become negligible. 
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Field Soil Resistivity 

Field (in-situ) soil resistivity was measured at 17 locations along the Highway 84 project alignment.  The 

same testing configuration was used at each location.  Two resistivity stations (Station 2 at 248+00 and 

Station 3 at 253+00) were located along the proposed retaining wall transect between the Ruby Hill Drive 

and Vallecitos Road intersections at the south end of the highway alignment.  At the Stanley Boulevard 

Underpass, one resistivity station (Station 14 at 398+00) was located about 150 feet south of the bridge on 

the east side of Highway 84.  Figure 1 is a vicinity and project location map for the Highway 84 Widening 

Project. Figures 2 and 3 show the soil resistivity test sites and the soil boring locations for the proposed 

retaining walls. 

 

 

 

 

 

 

Figure 1. Vicinity Map, Including Retaining Wall Locations for the Highway 84 Widening Project, 

Livermore, CA. 
 

Highway 84 Widening Project Alignment 

Stanley Blvd. Underpass retaining 

Ruby Hills Dr./Vallecitos Rd. retaining 

Livermore 
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Figure 2. Soil Resistivity Test Sites and Soil Boring Sites  at the Vallecitos Rd. Retaining Wall Site 
 

 

 

Figure 3. Soil Resistivity Test Site and Soil Bore Locations at the Stanley Blvd. Underpass. 
 

In-situ soil resistivity measurements were conducted by the Wenner Electrode Method using an AEMC 

Soil Resistance Meter, Model 4500. The Wenner Electrode Method uses four equally spaced metal pins, 

driven into the ground in a straight line, as electrodes (see Figure 4). 
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P2

C2

P1

C1

Nilsson Soil
Resistance Meter

Equally Spaced Steel Pins in Straight Line
 

 

Figure 4. Wenner Electrode Method for Soil Resistivity Measurement 

 

An alternating current from the Soil Resistance Meter causes a current to flow through the soil between 

the outside electrodes, C1 and C2. The current flowing through the soil creates a voltage gradient, which 

is proportional to the average resistance of the soil mass to a depth equal to the distance between 

electrodes. The voltage drop is measured across electrodes P1 and P2. Resistivity of the soil is then 

computed from the instrument reading according to the following formula: 

 

ρ = 2πAR 

   

where:  ρ = soil resistivity in ohm-cm 

    A = the distance between probes in cm 

    R = soil resistance in ohms (instrument reading) 

  π = 3.1416 

     

Soil resistivity measurements were conducted at electrode spacings of 1.5, 3.0, 4.5 and 6.0 meters. 

Another method of calculating the soil resistivity using the data from the Wenner Electrode Method is the 

Barnes-Layer Resistivity calculation. The Barnes-Layer calculation is used to determine the resistivity for 

each soil layer. While the Wenner Electrode Method with 6.0 meter electrode spacings will consider the 

entire six meters below the surface, the Barnes-Layer method will calculate the resistivity of layers 0 to 1.5 

meters, 1.5 to 3.0 meters, 3.0 to 4.5 meters and 4.5 to 6.0 meters below the surface. This method 

assumes the soil layers have a uniform thickness and are parallel to the surface; this may not always be 

true.  

 

Soil Resistance Meter 

Equally Spaced Metal Electrodes in a Straight Line 



Route 84-Isabel Avenue Widening Project/Retaining Walls                                                   Foundation Investigation Report 

  

  Page 6 

The Barnes-Layer method uses the following parameters to calculate layer resistivities: 
 

abab KR −− =ρ  

and 

baab RRR

111 −=
−  

 

where: 

 
 

 

 

 

 
 

Soil resistivities measured at the Ruby Hill Drive to Vallecitos Road Retaining Wall Site and at the Stanley 

Boulevard Underpass, with Barnes-Layer resistivities calculated from this data, are listed in Table 1. 
 

Laboratory Soil Analysis 
 

To supplement the field resistivity test data, soil samples were obtained from soil borings NB03, NB05, 

NB20, and NB22A for laboratory soil resistivity analysis using a Soil Box in accordance with California Test 

Method 643.  This apparatus is shown in Figure 5. 

 

 

 
Figure 5. Soil Resistivity Measurement Using the Soil Box Method 

ρb-a = Soil resistivity of layer depth b-a (ohm-cm) 

a = Soil depth to top of layer (cm) 

b = Soil depth to bottom of layer (cm) 

Ra = Soil resistance read at depth a (ohms) 

Rb = Soil resistance read at depth b (ohms) 

Rb-a = Resistance of soil layer from a to b (ohms) 

K = Layer constant (cm) 

 = 2 π (b-a) 
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This apparatus consists of a small plastic box with metal end plates for passing current through a tightly 

packed soil sample. Current is passed through the sample, causing a voltage drop across the sample. 

The soil resistivity is measured with a Soil Resistance Meter, similar to the AEMC Model 4500. 

 

Soil resistivity is first measured in the "as-received" state. Distilled water is then added to the soil sample 

in 10-mL increments.  The resistivity is measured after each addition. As the soil sample becomes more 

saturated, the soil resistivity decreases until the minimum soil resistivity is reached.  

 

Soil boring samples from this study were forwarded to Cooper Testing Labs, Inc., in Palo Alto, CA, for 

minimum resistivity measurement, pH analysis and analysis of water soluble chloride and sulfate ion 

concentrations.  The analytical procedures followed California Test Methods 417, 422 and 643. 

 

TEST RESULTS 

 
Table 1 lists the results of the field soil resistivity measurements taken at the proposed Ruby Hill 
Drive/Vallecitos Road retaining wall site and at the existing Stanley Boulevard Underpass retaining walls. 
Barnes-Layer resistivities calculated from this data are also included in Table 1.  Table 2 lists the minimum 
resistivities and chemical analyses for the soil bore samples from these sites. 
 

 

Table 1.  Field Soil Resistivity Data 

Site Survey 
Station 

Depth 
(meters) 

Resistivity 
(ohm-cm) 

Layer 
(meters) 

Layer 
Resistivity 
(ohm-cm) 

1.5 8,570 0 - 1.5 8,570 

3.0 6,435 1.5 - 3.0 5,151 

4.5 4,223 3.0 - 4.5 2,502 
2 248+00 

6.0 1,494 4.5 - 6.0 508 

1.5 6,885 0 - 1.5 6,885 

3.0 6,109 1.5 - 3.0 5,491 

4.5 4,654 3.0 - 4.5 3,152 
3 253+00 

6.0 4,137 4.5 - 6.0 3,102 

1.5 4,012 0 - 1.5 4,012 

3.0 3,581 1.5 - 3.0 3,234 

4.5 3,993 3.0 - 4.5 5,185 
14 398+00 

6.0 4,596 4.5 - 6.0 8,406 
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Table 2.  Laboratory Soil Resistivity and Chemical Data 

Chemical Data 
Item 
No. 

Boring 
No. 

Sample 
No. 

Depth 
(meters) 

Minimum 
Soil 

Resistivity 
(ohm-cm) 

pH Sulfate 
(mg/kg) 

Chloride 
(mg/kg) 

1 NB03 2-3 1.5 - 2.0 3,302 7.5 <5 6 
2 NB05 2-3 1.5 - 2.0 7,312 8.4 <5 <2 
3 NB20 2-3 1.1 - 1.5 5,340 8.2 7 <2 
4 NB22A 1-4 1.1 - 1.5 5,386 8.6 <5 9 

 

 

Based on the Guidelines, the analyzed soil samples are considered non-corrosive to buried metallic 

objects and reinforced concrete structures in regard to chloride and sulfate contents, pH and minimum soil 

resistivity. 
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CTL # 632-005 & 006 Date: 6/13/2008 Tested By: PJ Checked: PJ

Client: V&A Project: URS-Caltrans Hwy 84 Widening Proj. No: 08-0216

Remarks:

Chloride pH ORP Moisture

Boring Sample, No. Depth, ft. As Rec. Minimum Saturated mg/kg mg/kg % (Redox) As Received Sample Description 

Dry Wt. Dry Wt. Dry Wt. mv %

ASTM G57 Cal 643 ASTM G57 Cal 422-mod. Cal 417-mod. Cal 417-mod. Cal 643 SM 2580B ASTM D2216

NB03-2-3 - 5 - 6.5 - 3,302 - 6 <5 <0.0005 7.5 - 2.7 Brown Clayey SAND, trace Gravel

NB05-2-3 - 5-6.5 - 7,312 - <2 <5 <0.0005 8.4 - 1.6 Reddish Brown SAND w/ Gravel, trace Clay

NB07-3-3 - 5 - 6.5 - 1,510 - 20 <5 <0.0005 7.1 - 3.0 Brown Sandy CLAY

NB11-5-3 - 20 - 21.5 - 7,255 - <2 <5 <0.0005 7.4 - 1.6 Brown GRAVEL w/ Clay & Sand

NB12-2-X - 5 - 6.5 - 10,028 - <2 <5 <0.0005 8.6 - 0.9 Brown SAND w/ Clay & Gravel

NB13-6-3 - 25-26.5 - 7,992 - <2 <5 <0.0005 8.3 - 1.2 Brown GRAVEL w/ Sand, trace Silt

NB14-2-3 - 5 - 6.5 - 10,586 - <2 <5 <0.0005 8.5 - 0.7 Brown GRAVEL w/ Sand

NB20-2-3 - 3.5 - 5 - 5,340 - <2 7 0.0007 8.2 - 2.0 Brown Clayey SAND

NB22A-1-4 - 3.5 - 5 - 5,386 - 9 <5 <0.0005 8.6 - 1.3 Brown SAND w/ Clay & Gravel

NB23-2-4 - 5 - 6.5 - 5,347 - 2 <5 <0.0005 8.4 - 1.1 Brown SAND w/ Clay & Gravel

NB23-13-3 - 60 - 61.5 - 6,052 - 3 <5 <0.0005 7.9 - 1.9 Reddish Brown Silty SAND w/ Gravel (slightly plastic)

NB24-2-X - 5 - 6.5 - 14,478 - <2 <5 <0.0005 9.1 - 0.6 Grayish Brown SAND w/ Clay & Gravel

NB24-13-4 - 60 - 61.5 - 1,978 - 7 <5 <0.0005 7.8 - 2.1 Reddish Brown Sandy SILT

NB25A-2-4 - 8.5 - 10 - 23,278 - <2 <5 <0.0005 8.3 - 0.5 Brown GRAVEL w/ Silt & Sand

 water - 1,686 - 63.7* 19.9* - 8.3 - - Water sampled at existing Arroyo del Valle bridge

Note: The Chloride and Sulfate results for the water sample are in units of mg/L.

Arroyo del Valle

Sample Location or ID Resistivity @ 15.5 oC (Ohm-cm) Sulfate

Corrosivity Test Summary
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10-1.__  SOIL NAIL WALL EARTHWORK 

This work shall consist of stability testing, excavating for soil nail wall construction, and 

backfilling around completed soil nail walls in conformance with the details shown on the plans, 

the provisions in Section 19-3, "Structure Excavation and Backfill," of the Standard 

Specifications, and these special provisions. 

Horizontal Borings 

Prior to construction of this soil nail wall and submittal of working drawings, the Contractor 

shall make three horizontal borings, one at each Wall Zone as defined in “Stability Testing.”  

The location of each horizontal boring shall be submitted to the Engineer for his approval.  Each 

horizontal boring shall extend horizontally a minimum of 50 feet. 

The Contractor shall retain either a California Professional Geotechnical Engineer or 

Certified Engineering Geologist to supervise the drilling and log the boreholes on a full time 

basis during drilling.  Soil/rock samples shall be classified in accordance with the Caltrans Soil 

& Rock Logging, Classification, and Presentation Manual (June 2007).  Soil and/or rock sample 

shall be obtained with either an auger (disturbed) or NX rock core with minimum 2-inch 

diameter if bedrock is encountered.  Soil and/or rock samples shall be collected, identified and 

placed in water tight bags.  Engineer shall witness all drilling operations. 

The Contractor shall furnish all equipment and labor to drill these borings, provide access to 

and from the drill holes, and backfill holes with a soil-cement-bentonite grout mixture approved 

by the Engineer.  Contractor shall provide all access/permission necessary for drilling and 

provide surveyed locations of holes (horizontal and vertical location, including a site plan with 

marked locations to the Engineer.  Utility locations shall be the responsibility of the Contractor.  

Contractor is advised that an existing 24 inch diameter high pressure gas line is located on Ruby 

Hill Drive as shown on Plans; Contractor shall locate horizontal borings to avoid interference 

with gas lines. 

Working Drawings 

The Contractor shall submit a complete working drawing submittal for earthwork for each 

soil nail wall to the Offices of Structure Design in conformance with the provisions in 

Section 5-1.02, "Plans and Working Drawings," of the Standard Specifications.  Working 

drawings shall be 11" x 17" in size.  For initial review, 5 sets of drawings shall be submitted.  

After review, between 6 and 12 sets, as requested by the Engineer, shall be submitted to Offices 

of Structure Design for final approval and use during construction. 

Working drawing submittals for soil nail wall earthwork shall show the contract number, 

structure number, full name of the structure as shown on the project plans, and District-County-

Route-Post Mile on each drawing and calculation sheet.  The Contractor's name, address, and 

telephone and fax numbers shall be shown on the working drawings.  Each sheet shall be 

numbered in the lower right hand corner. 

The working drawing submittal for soil nail wall earthwork shall contain all information 

required for the construction and quality control of the earthwork, including the following: 

 

A. A proposed schedule and detailed construction sequence.  The construction sequence 

shall include measures to ensure wall and slope stability during all stages of wall 

construction, including provisions for installation of verification and proof test soil nails 

and discontinuous rows of soil nails. 

B. Methods of excavation to the staged lifts indicated and types of excavation equipment. 



C. Exposed vertical soil lift height and proposed maximum duration of exposure for each 

wall zone, including supporting calculations, and provisions for stabilization of the 

exposed soil face. 

D. Details for the monitoring system for wall deflection. 

E. Information on space requirements for installation equipment. 

F. A detailed construction dewatering plan addressing all elements necessary to divert, 

control, and dispose of surface water and ground water. 

 

The working drawings shall be stamped and signed by an engineer who is registered as a 

Civil Engineer in the State of California. 

The Contractor shall allow the Engineer 4 weeks to review the working drawings after a 

complete submittal has been received. 

Should the Engineer fail to review the complete working drawing submittal within the time 

specified and if, in the opinion of the Engineer, the Contractor's controlling operation is delayed 

or interfered with by reason of the delay in reviewing the soil nail wall earthwork working 

drawing submittal, an extension of time commensurate with the delay in completion of the work 

thus caused will be granted in conformance with the provisions in Section 8-1.09, "Right of Way 

Delays," of the Standard Specifications. 

 

Stability Testing 

The Contractor shall perform stability testing to verify the Contractor's proposed excavation 

lift height and exposure duration for soil nail wall construction.  Stability testing shall be 

performed before roadway excavation. 

A minimum of one stability test shall be performed within the limits of each wall zone as 

defined in the following table: 

 

Wall 

Zone 

Beginning 

Stationing 

End 

Stationing 

Upper 

Elevation (ft) 

Lower 

Elevation (ft) 

1 246+80 251+80 558.0 532.0 

2 251+80 258+00 552.0 530.0 

3 251+80 258+00 530.0 520.0 

 

The stability tests shall be conducted by performing staged roadway excavation to produce a 

neat excavated face no more than 3 feet in front of the location of the final soil nail wall face.  

The height of the excavated face shall be as specified in the approved working drawings.  The 

excavated face shall be 20 feet long and parallel to the soil nail wall alignment.  The excavated 

face shall have a constant height within the 20-foot section.  Ramps may be excavated outside 

the 20-foot section to provide construction access.  The excavated face shall be left open for the 

duration specified in the approved working drawings. 

The excavated face shall maintain its integrity without raveling, sloughing, or measurable 

lateral movement at the completion of the stability test.  After written approval by the Engineer, 

the proposed excavation height may be used in that wall zone as the stand-up height of the 

excavated face for the duration observed in the stability test. 

If at any time the exposed excavated face fails to maintain its integrity without raveling, 

sloughing, or measurable lateral movement for the duration of time observed in the approved 

stabilization test, the Contractor shall immediately stabilize the excavated face and perform 

additional stability testing as described herein. 



If the Contractor uses a maximum excavation lift height of not greater than 5 feet, no stability 

testing will be required. 

When stability testing is not performed, shotcrete shall be applied during the same work shift 

in which excavation has occurred.  Completion of the shotcrete facing may be delayed up to 

24 hours if the Contractor demonstrates that the integrity of the excavated face is maintained. 

 

Construction 

No excavation or drilling for installation of production soil nails will be permitted in any wall 

zone until stability testing and verification soil nail testing have been completed in that wall 

zone, and the test results have been approved by the Engineer. 

Excavation for soil nail installation shall proceed from the top down in a staged lift sequence 

as shown on the approved wall earthwork working drawings. 

The complete excavated face shall be cleaned of all loose materials, mud, rebound, and other 

materials that could prevent or reduce shotcrete bond to the excavated face and soil nails. 

The Contractor shall remove all cobbles, boulders or portions of boulders, rubble, or debris 

that are encountered at the final wall alignment during wall face excavation and that protrude 

from the excavated face more than 2 inches into the design shotcrete thickness as shown on the 

plans.  Such over excavation shall be backfilled with shotcrete. 

The Contractor shall immediately notify the Engineer of the occurrence of raveling or local 

instability of the final wall face excavation or a horizontal movement of the wall face exceeding 

0.4 percent of the total excavated wall height. 

Unstable areas shall be temporarily stabilized by means of buttressing the exposed 

excavation face with an earth berm or other methods approved in writing by the Engineer.  

Construction of the wall in unstable areas shall be suspended until remedial measures, submitted 

by the Contractor and approved by the Engineer, have been taken. 

The Contractor shall protect installed soil nails during excavation and subsequent operations.  

Damaged soil nails shall be replaced by the Contractor, at the Contractor's expense. 

The Contractor shall complete soil nail construction and application of shotcrete wall facing 

in conformance with the construction sequence in the approved wall earthwork working 

drawings. 

Where the Contractor's excavation and installation methods result in a discontinuous wall 

along any soil nail row, the ends of the structurally completed wall section shall extend beyond 

the ends of the next lower excavation lift by a distance equal to twice the lift height.  The 

Contractor shall maintain temporary slopes at the ends of each wall section to ensure slope 

stability. 

No excavation shall proceed to the next underlying excavation lift until the portion of wall in 

the current excavation lift is structurally complete.  A portion of soil nail wall shall be considered 

structurally complete when: 

 

A. Soil nail construction has been completed. 

B. Reinforced shotcrete facing has been constructed. 

C. Soil nail grout and shotcrete facing have been cured for at least 72 hours or have attained 

a minimum compressive strength of 3,000 psi. 

D The soil nail facing anchorage has been attached. 

E The representative soil nail tests have been completed for that portion of wall. 

F The soil nail test results have been approved in writing by the Engineer. 

 



Measurement and Payment 

Excavation and backfill for soil nail wall construction will be measured and paid for as 

structure excavation (soil nail wall) and structure backfill (soil nail wall). 

Full compensation for stability testing and furnishing, constructing, and removing working 

and stabilizing berms for soil nail wall construction shall be considered as included in the 

contract price paid per cubic yard for structure excavation (soil nail wall), and no additional 

compensation will be allowed therefor. 

Full compensation for shotcrete used to fill voids created by the removal of cobbles and 

boulders or other obstructions shall be considered as included in the contract price paid per cubic 

yard for shotcrete and no additional compensation will be allowed therefor. 



 

10-1.__  SOIL NAIL ASSEMBLY 

This work shall consist of drilling holes in existing foundation materials, installing and 

grouting steel bars in drilled holes, installing anchorage systems, and testing of installed soil 

nails in conformance with the details shown on the plans, the provisions of the Standard 

Specifications, and these special provisions. 

 

Working Drawings 

The Contractor shall submit a complete working drawing submittal for soil nail assemblies to 

the Offices of Structure Design in conformance with the provisions in Section 5-1.02, "Plans and 

Working Drawings," of the Standard Specifications.  Working drawings shall be 11" x 17" in 

size.  For initial review, 5 sets of drawings shall be submitted.  After review, between 6 and 

12 sets, as requested by the Engineer, shall be submitted to the Offices of Structure Design for 

final approval and use during construction. 

Working drawing submittals for soil nail assemblies shall show the contract number, 

structure number, full name of the structure as shown on the project plans, and District-County-

Route-Post mile on each drawing and calculation sheet.  The Contractor's name, address, and 

telephone and fax numbers shall also be shown on the working drawings.  Each working drawing 

sheet shall be numbered in the lower right hand corner of the sheet. 

The working drawing submittal for soil nail assemblies shall contain all information required 

for the construction and quality control of the soil nail wall, including the following: 

 

A. The proposed schedule and detailed construction sequence of the installation and 

grouting of soil nails, application of shotcrete, and construction of cast-in-place 

reinforced concrete. 

B. Complete details and specifications for the anchorage system, soil nails, and test soil 

nails, including encapsulation materials and grouting methods. 

C. Drilling methods and equipment, including proposed drilled hole diameter with assumed 

bond strength, supporting calculations, and equipment space requirements. 

D. Grout mix designs and testing procedures. 

E. Grout placement procedures and equipment, including minimum required cure time. 

F. Proposed soil nail testing equipment, including jacking frame and appurtenant bracing, 

and the method and equipment for determining soil nail displacement during testing. 

G. Details for providing bonded and unbonded lengths, including type of packers or other 

appropriate devices. 

H. Details for isolation of installed proof soil nails during shotcrete installation. 

I. Procedure for extraction of grouted soil nails. 

 

The working drawings shall be stamped and signed by an engineer who is registered as a 

Civil Engineer in the State of California. 

The Contractor shall allow the Engineer 4 weeks to review the working drawings after a 

complete submittal has been received. 

Should the Engineer fail to review the complete working drawing submittal within the time 

specified, and if, in the opinion of the Engineer, the Contractor's controlling operation is delayed 

or interfered with by reason of the delay in reviewing the soil nail working drawing submittal, an 

extension of time commensurate with the delay in completion of the work thus caused will be 

granted in conformance with the provisions in Section 8-1.09, "Right of Way Delays," of the 

Standard Specifications. 

 



Materials 

The materials specified below shall be used for construction of soil nail assemblies and test 

soil nails. 

Bar reinforcement for soil nails shall conform to the provisions for bar reinforcement in 

Section 52, "Reinforcement," of the Standard Specifications.  When Grade 60 soil nails are 

shown on the plans, the bar reinforcement shall also conform to the requirements in ASTM 

Designation:  A 615/A 615M or A706/A706M.  When Grade 75 soil nails are shown on the 

plans, the bar reinforcement shall also conform to the requirements in ASTM 

Designation:  A 615/A 615M.  The soil nail shall be either a reinforcing bar encapsulated full 

length in a grouted corrugated plastic sheathing or an epoxy-coated reinforcing bar partially 

encapsulated in a grouted corrugated plastic sheathing.  The bar shall be centered in the 

sheathing and the space between the sheathing and the bar shall be filled with grout.  The epoxy 

coating shall have a minimum thickness of 12 mils. 

Bar reinforcement for soil nails shall conform to the provisions for bar reinforcement in 

Section 52, "Reinforcement," of the Standard Specifications. When Grade 60 soil nails are 

shown on the plans, the bar reinforcement shall also conform to the requirements in ASTM 

Designation:  A 615/A 615M or A 706/A 706M.  When Grade 75 soil nails are shown on the 

plans, the bar reinforcement shall also conform to the requirements in ASTM 

Designation:  A 615/A 615M.  The soil nail shall be a reinforcing bar encapsulated full length in 

a grouted corrugated plastic sheathing.  The bar shall be centered in the sheathing and the space 

between the sheathing and the bar shall be filled with grout. 

Soil nails shall be lengthened or additional soil nails shall be installed if ordered by the 

Engineer.  The lengthening or addition of soil nails, if ordered by the Engineer, will be paid for 

as extra work as provided in Section 4-1.03D, "Extra Work," of the Standard Specifications. 

Bar reinforcement for soil nails shall have a minimum length of 6 inches of thread on the 

anchorage end.  Threading may be continuous spiral deformed ribbing provided by the bar 

deformations or may be cut into a reinforcing bar.  If threads are cut into a reinforcing bar, the 

bar size shall be the next larger bar designation number from that shown on the plans and coarse 

threads shall be used.  The epoxy coating at the anchorage end of epoxy-coated bars may be 

omitted for a maximum length of 6 inches.  Metal surfaces of assembled splices of epoxy-coated 

bars shall be epoxy coated. 

Corrugated plastic sheathing shall be either polyvinyl chloride (PVC) or high-density 

polyethylene (HDPE).  The minimum sheathing wall thickness shall be 25 mils. 

HDPE shall have a density between 0.940 and 0.960 grams per cubic centimeter when 

measured in conformance with the requirements in ASTM Designation:  D 792, Test Method A. 

The sheathing shall have sufficient strength to prevent damage during construction 

operations and shall be watertight, chemically stable without embrittlement or softening, and 

nonreactive with concrete. 

Splicing of soil nails shall be made only at the locations shown in the approved working 

drawings or at ends of soil nails that the Engineer has ordered to be lengthened. 

Bar reinforcement for verification and proof test soil nails shall conform to the provisions for 

bar reinforcement in Section 52, "Reinforcement," of the Standard Specifications and shall be of 

a size and grade determined by the Contractor.  Test soil nail bars shall be not smaller than the 

production soil nails they represent. 

Verification and proof test soil nails shall be lengthened if ordered by the Engineer.  The 

lengthening of test soil nails, if ordered by the Engineer, will be paid for as extra work as 

provided in Section 4-1.03D, "Extra Work," of the Standard Specifications. 

Bar reinforcement for verification and proof test soil nails need not be epoxy coated or 

encapsulated in grouted plastic sheathing.  Splicing of test soil nails shall be made only at 



locations outside of the bonded length. 

Anchorages for soil nails shall conform to the details shown on the plans and the provisions 

in Section 75-1.02, "Miscellaneous Iron and Steel," of the Standard Specifications, except that 

nuts, washers, wedges, and bearing plates to be fully encased in concrete, grout, or shotcrete 

need not be galvanized.  Concrete anchors on bearing plates shall conform to the provisions for 

stud connectors in Section 55-2, "Materials," of the Standard Specifications. 

Grout shall conform to the provisions in Section 50-1.09, "Bonding and Grouting," of the 

Standard Specifications.  California Test 541 will not be required nor will the grout be required 

to pass through a screen with a 0.07-inch maximum clear opening prior to being introduced into 

the grout pump.  Fine aggregate may be added to the grout mixture of cement and water in 

drilled holes 6 inches or greater in diameter, but only to the extent that the cement content of the 

grout is not less than 930 pounds per cubic yard of grout.  Fine aggregate, if used, shall conform 

to the provisions in Section 90-2, "Materials," and Section 90-3, "Aggregate Gradings," of the 

Standard Specifications.  Grout with fine aggregate shall have a nominal penetration equal to or 

greater than 90 mm when measured in conformance with California Test 533 and shall have an 

air content of equal to or less than 2 percent when measured in conformance with California 

Test 504.  Air-entraining admixtures shall not be used for grout with fine aggregate. 

The consistency of grout with fine aggregate shall be verified prior to use by producing a 

batch to be tested.  The test batch shall be produced and delivered to the project under conditions 

and in time periods similar to those expected during the placement of grout in the soil nails.  

Grout for the test batch shall be placed in an excavated hole or suitable container of adequate 

size to allow testing in conformance with California Test 533.  The test batch shall demonstrate 

that the proposed grout mix achieves the specified nominal penetration.  Upon completion of the 

testing, the grout shall be disposed of in conformance with the provisions in Section 7-1.13, 

"Disposal of Material Outside the Highway Right of Way," of the Standard Specifications. 

 

Construction 

No excavation or drilling for the installation of production or proof soil nails will be 

permitted in any wall zone until stability testing and verification soil nail testing have been 

completed in that wall zone and the test results have been approved by the Engineer. 

Difficult soil nail assembly construction is anticipated due to caving soils, hazardous and 

contaminated materials, serpentine materials, tidal flow fluctuation, high ground water, cobbles 

and boulders, subsurface concrete debris, low overhead clearance, underground utilities, 

overhead utilities, the requirements of soil nail assembly embedment into existing foundation 

materials, sound control,and traffic control. 

The Engineer shall be present during drilling, installation, grouting, and testing for 

verification soil nails. 

The Contractor shall determine the required drilled hole diameter and installation method to 

achieve the soil nail pullout resistance values specified on the plans. 

Drilling equipment shall be designed to drill straight and clean holes.  The drilling method 

and the size and capability of the drilling equipment shall be as approved in the working 

drawings. 

At locations where caving conditions are anticipated, sufficient casing and auger lengths 

shall be available on site to maintain uninterrupted installation of anchors. 

At locations where hard drilling conditions such as rock, cobbles, boulders, or obstructions 

are anticipated, a down hole pneumatic hammer drill rig and drill bit shall be available on site to 

drill holes for soil nails. 

Drilled holes for walls shall not extend beyond the right-of-way or easement limits as shown 

on the plans or as specified in these special provisions. 



Holes shall be drilled in the existing foundation materials.  Holes for verification and proof 

soil nails shall be of the same diameter as those for the production soil nails they represent. 

Holes shall be cleaned to remove material resulting from drilling operations.  Water for 

cleaning holes shall not be used unless approved in writing by the Engineer.  Soil nails shall not 

be installed in the drilled holes until the holes have been inspected by the Engineer. 

Soil nails shall be installed in drilled holes in an expeditious manner so that caving or 

deterioration of the drilled holes does not occur. 

Centralizers shall be used during installation to support the soil nail in the center of the 

drilled hole.  Centralizers shall be spaced at a maximum of 7.5 feet on center along the length of 

the bar, and 18 inches from the end of the bar. 

Where the soil nail cannot be completely inserted, the Contractor shall remove the bar and 

clean or redrill the hole to permit unobstructed installation.  Partially installed bars shall not be 

driven or forced into the drilled hole and will be rejected.  When open-hole drilling methods are 

being used, the Contractor shall have hole cleaning tools on site suitable for cleaning drilled 

holes along their full length just prior to bar insertion and grouting. 

The Contractor may install verification soil nails through the existing slope face, drill 

platform work bench, stabilization berm, stability test exposed face, or into slot cuts made for the 

lift in which the verification soil nails are located.  Slot cuts shall only be large enough to 

accommodate the drill and test setup equipment.  The verification test nails shall be installed 

within the limits of each wall test zone or within the limits of the 20-foot excavated stability test 

face, and shall be at least 10 feet apart. 

The length of drilled hole shall be verified and recorded by the Contractor before grouting. 

The Contractor shall grout the drilled hole after installation of the soil nail.  Grout shall be 

injected at the low end of the drilled hole and shall fill the drilled hole with a dense grout free of 

voids or inclusion of foreign material.  The Contractor shall completely grout the drilled hole in 

one continuous operation.  Cold joints shall not be used in grout placement. 

Only the bonded length of test soil nails shall be grouted. 

Soil nails shall be installed and grouted in the same work shift as the drilling operation. 

Any remaining void at the exterior end of the drilled hole shall be filled with shotcrete, and 

the soil nail secured at the face of the shotcrete.  The steel bearing plate shall be seated with full 

bearing on the shotcrete surface, and the nut for the soil nail shall be hand tightened before the 

initial set of the shotcrete.  The nut shall be made wrench tight after the shotcrete has set for 

24 hours unless a shorter time is approved by the Engineer. 

After placing grout, soil nails shall remain undisturbed for the cure time stated in the 

approved soil nail working drawings. 

The Contractor shall construct verification soil nails using the same equipment, methods, nail 

inclination, and drill hole diameter as to be used for production soil nails. 

 

Testing 

The Contractor shall perform load testing of verification and proof soil nails to verify the 

Contractor's soil nail installation methods and pullout resistance.  Load testing shall consist of 

incrementally loading the soil nail until either the maximum test load has been held for the 

specified duration or a pullout failure has occurred.Production soil nails shall be represented by 

proof soil nails within a given wall zone. 

The Contractor shall monitor and record total movement of the test soil nail relative to the 

grout during application of the test load. 

Test loads shall be applied using a hydraulic jack supported by a reaction frame capable of 

supporting the test equipment without excessive deformation.  Test loads shall be maintained 

within 5 percent of the intended load throughout hold periods.  Applied test loads shall be 



determined by using either a calibrated pressure gage or a load cell.  Movements of the soil nail 

head shall be measured using a gage capable of measuring to 0.001 inch and recorded to the 

nearest 0.001 inch at each increment of load, including the ending alignment load, during the 

load tests.  The gage shall have sufficient capacity to allow the test to be completed without 

resetting the gage during testing.  Unloading and repositioning of test equipment during testing 

will not be allowed. 

The pressure gage shall be graduated in 100 psi increments or less, and shall have an 

accurately reading dial at least 6 inches in diameter.  Each jack and its gage shall be calibrated as 

a unit with the cylinder extension in the approximate position that it will have at final jacking 

force, and shall be accompanied by a certified calibration chart.  Each jack and pressure gage 

assembly shall be calibrated in conformance with the provisions for jacks used to stress tendons 

permanently anchored at greater than 25 percent of ultimate tensile strength in Section 50-1.08, 

"Prestressing," of the Standard Specifications.  The load cell shall be calibrated and shall be 

provided with an indicator capable of measuring the test load in the soil nail.  The range of the 

load cell shall be such that the lower 10 percent of the manufacturer's rated capacity will not be 

used in determining the jacking force. 

The test load may be verified by State forces with State-furnished operated in conformance 

with the requirements of California Test 677.  The Contractor shall provide sufficient labor, 

equipment, and material to install and support such testing equipment at the soil nails and to 

remove the testing equipment after the testing is complete, as ordered by the Engineer. 

The Contractor shall furnish to the Engineer complete results for each soil nail tested.  Data 

for each test shall list key personnel, test loading equipment, soil nail location, hole diameter and 

depth, bonded length, type of soil, method of drilling, and amount of ground water encountered 

within the bonded length.  Test data shall also include the dates and times of drilling, soil nail 

installation, grouting, and testing.  The test load and amount of displacement shall be included in 

the test data when any displacement of the soil nail relative to a fixed reference point occurs. 

The test load T shall be determined by the following equation: 

 

T= LB × Qd  

 

Where: 

 

LB = soil nail bonded length (ft), not less than 10 feet 

Qd = design pullout resistance (pounds/linear foot), as shown on the plans. 

 

The Contractor shall perform load testing on verification soil nails in the presence of the 

Engineer.  Two verification soil nails shall be installed and tested for each soil nail wall zone 

listed.  Installation and testing of verification soil nails may be performed during stability testing. 

The verification test procedure shall conform to the following: 

 

A. The test shall be conducted by measuring and recording the test load applied to the 

verification soil nail and the movement of the soil nail head at each load listed in the 

following loading schedule. 

 



VERIFICATION TEST 

TEST LOAD HOLD TIME 

AL (0.10T) Until Stable 

0.20T 2 minutes 

0.40T 2 minutes 

0.60T 2 minutes 

0.80T 2 minutes 

1.00T (Creep Test) 60 minutes 

1.25T 2 minutes 

1.50T (Maximum Test 

Load) 

10 minutes 

AL  Until Stable 

  

T = Test load as determined by Contractor. 

AL = Alignment load = 0.10T 

 

B. Each increment of load shall be applied in less than one minute and held for at least 

one minute but not more than 2 minutes, except that the creep test load shall be held for 

60 minutes.  During the creep test, the movement of the soil nail head shall be measured 

at 1, 2, 3, 4, 5, 6, 10, 20, 30, 40, 50, and 60 minutes.  The observation period for the 

60-minute load shall start when the pump begins to apply the increment of load from 

0.80T to 1.00T. 

C If the movement measured between 6 minutes and 60 minutes at 1.00T is less than 

0.08 inch, the load shall continue to be increased incrementally to 1.50T, then reduced to 

the ending alignment load. 

D. If the movement measured between 6 minutes and 60 minutes is 0.08 inch or greater, the 

load shall be reduced to the ending alignment load. 

 

The Contractor shall perform load testing on proof soil nails at locations shown on the plans 

in the presence of the Engineer.  In addition to proof soil nails designated on the plans, the 

Engineer will instruct the Contractor to install and test 3 additional proof soil nails at locations to 

be determined by the Engineer. 

Proof soil nail testing shall be performed against a temporary bearing yoke that bears directly 

on the shotcrete facing.  Test loads transmitted through the temporary bearing yoke shall not 

fracture the shotcrete or cause displacement or sloughing of the soil surrounding the drilled hole. 

The proof test procedure shall conform to the following: 

 

A. The proof test shall be conducted by measuring and recording the test load applied to the 

soil nail and the movement of the soil nail head at each load listed in the following 

loading schedule. 

 



PROOF TEST 

TEST LOAD HOLD TIME 

AL (0.10T) Until Stable 

0.20T 2 minutes 

0.40T 2 minutes 

0.60T 2 minutes 

0.80T 2 minutes 

1.00T (Creep Test) 10 minutes 

1.25T* 2 minutes 

1.50T* 2 minutes 

AL Until stable 

  

T = Test load as determined by Contractor. 

AL = Alignment load = 0.10T 

* Loads for supplemental load testing only 

 

B. Each increment of load shall be applied in less than one minute and held for at least 

2 minutes, except that the creep test load shall be held for 10 minutes.  During the creep 

test, the movement of the soil nail head shall be measured and recorded at 1, 2, 3, 4, 5, 6, 

and 10 minutes.  The observation period for the 10-minute load hold shall start when the 

pump begins to apply the increment of load from 0.80T to 1.00T. 

C. If the load of 1.00T cannot be maintained with 0.08 inch or less of measured movement 

between one minute and 10 minutes, the 1.00T load shall be maintained for an additional 

50 minutes.  Soil nail head movement shall be measured at 20, 30, 50, and 60 minutes.  A 

creep curve showing the movement between 6 minutes and 60 minutes shall be plotted as 

a function of the logarithm of time. 

D. The load shall be reduced to the ending alignment load after creep testing is completed. 

 

Soil nails shall be unloaded only after completion of testing. 

A soil nail test will be considered acceptable when: 

 

A. For verification tests, a total creep movement of less than 0.08 inch is measured between 

6 minutes and 60 minutes of creep testing and the creep rate is linear or decreasing in 

time logarithmic scale between the one-minute and 60-minute readings. 

B. For proof tests, (1) a total creep movement of 0.08 inch or less is measured between 

one minute and 10 minutes of creep testing or (2) a creep movement of less than 

0.08 inch is measured between 6 minutes and 60 minutes and the creep rate is linear or 

decreasing in time logarithmic scale between the 6-minute and 60-minute readings. 

C. The total measured movement at the maximum test load less the measured movement at 

the final alignment load exceeds 80 percent of the theoretical elastic elongation of the soil 

nail unbonded length. 

D. A pullout failure of the soil nail does not occur.  A pullout failure has occurred when 

attempts to increase the test load result in movement of the soil nail relative to a fixed 

reference point without an increase in load.  The pullout failure load shall be recorded as 

part of the test data. 

 

The Engineer will select up to one-half of proof test nails for supplemental load testing.  

Only those proof nails exhibiting a creep movement of less than 0.08 inch in 10 minutes will be 

considered for supplemental testing.  Supplemental testing shall be performed immediately 

following creep testing.  Soil nails selected for supplemental testing shall be tested to the loads 



and for the durations specified in these special provisions.  The test load and movement of the 

soil nail head shall be recorded, and the results included in the soil nail test data. 

Verification soil nails that fail to meet acceptance criteria will be rejected.  The Contractor 

shall submit revised working drawings for additional verification soil nails. 

The Engineer will determine the cause of failure for each rejected verification test nail.  

Installation methods, if determined to be the cause of failure, will be rejected and the Contractor 

shall include proposed alternative installation methods in the revised working drawings.  The 

Contractor, at the Contractor's expense, shall install additional verification soil nails at the 

direction of the Engineer until acceptance criteria are met.  If the Engineer revises soil nail 

lengths or nominal pullout resistance values, the replacement verification test nails will be paid 

for as extra work as provided in Section 4-1.03D, "Extra Work," of the Standard Specifications. 

The Contractor shall log horizontal borings for additional verification soil nails and submit a 

test boring report to the Engineer.  The soil and rock classification shall conform to the "Soil and 

Rock Logging Classification Manual: Field Manual" published by the Department.  The test 

boring report shall be signed by a geologist or engineer who is registered as a Geologist or Civil 

Engineer in the State of California.  The logging manual can be obtained by contacting the 

Transportation Laboratory and is available at: 

 

http://www.dot.ca.gov/hq/esc/geotech/request.htm 

 

The test boring report shall include the following: 

 

A. Summary of drilling methods, drilling equipment, drill platforms, and any drilling 

difficulties encountered. 

B. Location map of the surveyed position of the new test borings relative to existing and 

proposed facilities (in California Coordinate System and bridge stationing). 

C. Bore hole survey notes. 

D. Depth increments of borings. 

E. Soil and rock classifications and descriptions. 

F. Photographs of cuttings. 

G. Copies of original daily drilling notes, including dates and weather conditions. 

 

Logging of horizontal test borings and submittal of the test boring report will be paid for as 

extra work as provided in Section 4-1.03D, "Extra Work," of the Standard Specifications. 

Production soil nails represented by proof soil nails that fail to meet acceptance criteria, 

except those represented by proof soil nails selected for supplemental load testing, will be 

rejected.  The Contractor shall propose alternative installation methods, revise production soil 

nails, or modify the soil nail plan to the satisfaction of the Engineer.  The Contractor shall submit 

revised working drawings for replacement soil nails.  Additional proof test soil nails, production 

soil nails, installation, and testing, including revised working drawings, shall be at the 

Contractor's expense. 

Verification and proof soil nails shall be removed to 6 inches behind the front face of the 

shotcrete after testing has been completed, and the void filled with grout. 

Verification and proof soil nails shall be extracted when requested by the Engineer, and the 

void filled with grout. 

 

RESEARCH INVESTIGATION EQUIPMENT AND ACTIVITIES 

The State will conduct research activities within the limits of the soil nailing. 

Research activities will consist of placing and monitoring survey markers and slope indicator 



casings at locations shown on the plans.  Survey markers will be installed on the face and on the 

crest of the wall. 

Research devices will be furnished and installed by State forces.  Work by the Contractor that 

is ordered by the Engineer to assist in handling and setting up research devices will be paid for as 

extra work as provided in Section 4-1.03D, "Extra Work," of the Standard Specifications. 

Instrumentation and survey markers shall be protected by the Contractor and will be replaced 

or restored at the Contractor's expense if damaged by the Contractor's operations. 

The installation of research devices will be scheduled in advance with the Contractor.  The 

Contractor shall coordinate operations so as not to interfere with the installation and monitoring 

of the research devices. 

In the event that the research devices are not installed by the times scheduled, and if, in the 

opinion of the Engineer, the Contractor's operations are delayed or interfered with by reason of 

the research devices not being installed by those times, the State will compensate the Contractor 

for such delays to the extent provided in Section 8-1.09, "Right of Way Delays," of the Standard 

Specifications. 

 

Measurement and Payment 

Soil nail assembly will be measured and paid for by the linear foot.  The length to be paid for 

will be the length of soil nail assembly or test soil nail measured along the bar centerline from 

the back face of shotcrete to the tip end shown on the plans or ordered in writing by the 

Engineer. 

The contract price paid per linear foot for soil nail assembly shall include full compensation 

for furnishing all labor, materials, tools, equipment, and incidentals, and for doing all the work 

involved in constructing the soil nail assemblies, complete in place, as shown on the plans, as 

specified in the Standard Specifications and these special provisions, and as directed by the 

Engineer. 

Verification and proof test soil nails will be paid for as soil nail assembly. 

Full compensation for load testing and extracting verification and proof test soil nails shall be 

considered as included in the contract price paid per linear foot for soil nail assembly, and no 

separate payment will be made therefor. 

Full compensation for furnishing, installing, and removing casing shall be considered as 

included in the contract price paid per linear foot for soil nail assembly, and no additional 

compensation will be allowed therefor. 

The quantities of trial batch grout will not be included in any contract item of work, and full 

compensation for furnishing, producing, and disposing of trial batches shall be considered as 

included in the contract price paid per linear foot for soil nail assembly, and no additional 

compensation will be allowed therefor. 

Payment for proof soil nails that fail supplemental testing will be reduced by $1.00 per linear 

foot of proof soil nail assembly. 
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Executive Summary 
 
This study represents the hydrologic and hydraulic assessment for the proposed State 
Route 84 (SR 84) Expressway Bridge widening at Arroyo del Valle, the new Trail Bridge 
over Arroyo del Valle, the proposed SR 84 Expressway Bridge widening at Arroyo 
Mocho, and the new Access Bridge over Arroyo Mocho in the City of Livermore, 
Alameda County, California.  The bridges are located on the SR 84 Expressway 
Widening Project.   
 
Hydraulic analyses were performed for the existing and proposed conditions using the 
design flows from the Zone 7 Water Agency (Zone 7).  For Arroyo del Valle and Arroyo 
Mocho, the design flood simulation in the model was controlled by the normal depth 
calculated from the average channel slope at the downstream straight channel reach.  The 
Zone 7 design criterion is 100-year plus 2 ft of freeboard.  The results from the hydraulic 
analyses for the proposed conditions are summarized in Table 1 through Table 4, below.   
 
Table 1: SR 84 Expressway at Arroyo del Valle Hydrologic & Hydraulic Summary 

Design Flow Return 
Period 

Design 
Flows 
(cfs) 

Bridge 
Soffit 

Elevation 
(ft) 

Water Surface 
Elevation (ft) 

Freeboard 
(ft) 

Average Flow 
Velocity (ft/sec) 

100-year 7,000 417.48 411.18 6.30 11.68 
50-year 5,400 417.48 410.06 7.42 10.34 

 
Table 2: Trail Bridge at Arroyo del Valle Hydrologi c & Hydraulic Summary 

Design Flow Return 
Period 

Design 
Flows 
(cfs) 

Bridge 
Soffit 

Elevation 
(ft) 

Water Surface 
Elevation (ft) 

Freeboard 
(ft) 

Average Flow 
Velocity (ft/sec) 

100-year 7,000 415.58 411.71 3.87 8.31 
50-year 5,400 415.58 410.55 5.03 7.62 

 
Table 3: SR 84 Expressway at Arroyo Mocho Hydrologic & Hydraulic Summary 

Design Flow Return 
Period 

Design 
Flows 
(cfs) 

Bridge 
Soffit 

Elevation 
(ft) 

Water Surface 
Elevation (ft) 

Freeboard 
(ft) 

Average Flow 
Velocity (ft/sec) 

100-year 4,800 416.87 415.01 1.86 6.02 
50-year 3,900 416.87 413.97 2.90 5.70 

 
Table 4: Access Bridge at Arroyo Mocho Hydrologic & Hydraulic Summary 

Design Flow Return 
Period 

Design 
Flows 
(cfs) 

Bridge 
Soffit 

Elevation 
(ft) 

Water Surface 
Elevation (ft) 

Freeboard 
(ft) 

Average Flow 
Velocity (ft/sec) 

100-year 4,800 417.02 414.66 2.36 6.31 
50-year 3,900 417.02 413.62 3.40 6.00 
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The existing Arroyo del Valle Bridge was declared scour critical by Caltrans HQ.  The 
scour analysis was conducted using the methodology recommended by the FHWA.  The 
calculated potential scour depths at the bridge structures are summarized in Table 5 
through Table 7. 
 
Table 5: SR 84 Expressway at Arroyo del Valle Scour Analysis Summary  

Location Long Term 
Scour (ft) 

Contraction 
Scour (ft) 

Local Scour  
(ft) 

Total Scour  
(ft) 

Abutment #1 Negligible 1.15 12.74 13.89 
Pier #2 Negligible 1.15 13.37 14.52 

Abutment #3 Negligible 1.15 6.31 7.46 
 
Table 6: Trail Bridge at Arroyo del Valle Scour Analysis Summary  

Location Long Term 
Scour (ft) 

Contraction 
Scour (ft) 

Local Scour  
(ft) 

Total Scour  
(ft) 

Abutment #1 Negligible 2.90 21.58 24.48 
Pier #2 Negligible 2.90 22.43 25.33 

Abutment #3 Negligible 2.90 22.09 24.99 
 
Table 7: Access Bridge at Arroyo Mocho Scour Analysis Summary  

Location Long Term 
Scour (ft) 

Contraction 
Scour (ft) 

Local Scour  
(ft) 

Total Scour  
(ft) 

Abutment #1 Negligible 1.1 - 1.1 
Abutment #2 Negligible 1.1 - 1.1 

 

Photo 1.  Aerial of SR 84 Expressway at Arroyo del Valle (maps.live.com) 
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Photo 2.  Aerial of SR 84 Expressway at Arroyo Mocho (maps.live.com) 

 
Extensive coordination has been made between Caltrans and the Design Team over the 
recommended countermeasures in scour prevention for the bridges within this Project.  
According to Caltrans, rock slope protection (RSP) alone is insufficient for scour 
protection.  Supporting the piers of the SR 84 Bridge at Arroyo del Valle and the Trail 
Bridge at Arroyo del Valle on piles, as well as piles for the abutments of the new Trail 
Bridge, are the primary scour countermeasures proposed.  The piers for the widened SR 
84 Expressway bridge at Arroyo del Valle and the Trail Bridge at Arroyo del Valle 
should have piles as deep as the estimated total scour.  The Access Bridge at Arroyo 
Mocho should have spread footings located as deep as the estimated total scour.  RSP 
shall also be placed along the proposed embankments for the existing SR 84 Expressway 
bridge at Arroyo del Valle.  RSP generally consists of rock on channel and structure 
boundaries to limit the effects of erosion.  It is the most common type of countermeasure 
due to its general availability, ease of installation, and relatively low cost.   
 
Per Caltrans recommendation, the existing RSP at the Arroyo del Valle bridge appears to 
be substandard and will be removed and replaced with new RSP meeting the current 
standards in HEC-23.  The rock size at the toe of embankment was determined using the 
Isbash Formula per HEC-23.  For the Trail Bridge, just upstream of the Trail Bridge, in 
between the bridges, and on the upstream face of the SR 84 Bridge, at least ¼-Ton rock 
with a thickness of 3.3 feet and Backing Class Number 1 or 2 with a minimum thickness 
of 1.8 feet and 1.25 feet, respectively, would be required.  For the downstream face of the 
SR 84 Bridge and just downstream of the SR 84 Bridge, at least 1-Ton rock with a 
thickness of 5.4 feet and Light rock (inner layer) with a minimum thickness of 2.5 ft 
would be required.  ¼-Ton rock would also be required for the Access Bridge.   
 
The proposed embankment will only fill up to the edge of the low flow channel.  There 
will be no fill in the low flow channel.  Permitting agencies may require mitigation for 
any impacted areas in the channel and/or habitats, which would prohibit certain 
countermeasures.   
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Acronyms 
 
ACCMA Alameda County Congestion Management Agency 
ACTIA Alameda County Transportation Improvement Authority 
Caltrans California Department of Transportation 
cfs cubic feet per second 
D/S downstream 
FEMA Federal Emergency Management Agency 
FHWA Federal Highway Administration 
Ex existing 
ft feet 
ft/s ft/s 
HEC Hydraulic Engineering Circular 
HP H Piles 
HQ Headquarters 
m meters 
mph miles per hour 
‘n’ roughness coefficient 
NAVD 88 North American Vertical Datum (1988)  
NGVD 29 National Geodetic Vertical Datum (1929) 
NOAA National Oceanic and Atmospheric Administration 
PDT Project Development Team 
Prop proposed 
Q flow 
RSP rock slope protection 
S slope 
SR State Route 
STP/CMAQ Surface Transportation Program and the Congestion Mitigation & Air 

Quality Improvement Program 
WRCC Western Regional Climate Center 
U/S upstream 
USGS United States Geological Survey 
Zone 7 Alameda County Flood Control & Water Conservation District,  

Zone 7 Water Agency 



Bridge Design Hydraulic Study Report 04-ALA-84 
State Route 84 Expressway Widening Project EA 297601 
Cities of Livermore and Pleasanton, Alameda County, California 33C0710/33C0713 
  

May 2009  1  

1 GENERAL DESCRIPTION 

1.1 Project Description 
The State Route 84 Expressway Widening Project (Project) proposes to widen and 
upgrade SR 84 in Alameda County to expressway standards (55 mph) between Ruby Hill 
Drive and Jack London Boulevard.  The purpose of this Project is to improve SR 84 as a 
regional route consistent with other committed projects on the route, improve local traffic 
circulation, upgrade SR 84 to an expressway facility with access control, and improve 
bicycle and pedestrian access. 
 
The current estimated cost of the proposed improvements is $120.8 million, which 
includes environmental documentation, project development, engineering, right-of-way 
acquisition, utility relocation, construction capital, and construction support and 
escalation to the mid-point of construction.  This project is proposed to be funded from 
the following sources: $93.8 million from the 2000 Measure B Program; $1 million from 
federal STP/CMAQ funds in fiscal year 2007/2008; $13.0 million from future State 
and/or Federal funds committed in the 2004 Alameda County Transportation Plan; and 
$13 million in funding from the Tri-Valley Transportation Development Fees, identified 
in the Transportation Expenditure Plan of the Tri-Valley Transportation Council.  The 
proposed project was also included in the most recent Regional Transportation Plan 
(RTP) (February 2005). 
 
This Project has been assigned the Project Development Category 4A because it requires 
new right-of-way, and increases traffic capacity, but does not require a new route 
adoption.  Controlled Access Highway Agreements with the County of Alameda, the City 
of Livermore and the City of Pleasanton are required. 

1.2 Need for Project 
The objectives of the Project are to: 

• Improve SR 84 as a regional connection between Route 680 and Route 580 using 
expressway standards to the maximum extent feasible, which would be consistent 
with other programmed projects, assisting the completion of a continuous four to 
six-lane facility between Pigeon Pass and the Route 580/Isabel Avenue 
Interchange 

• Improve local traffic circulation through added capacity on the SR 84 and 
intersection improvements, thereby attracting regional traffic currently using local 
streets back on to the SR 84 corridor 

• Complete the statutory designation of this section of SR 84 as an expressway 
facility by providing partial access control, and relocating private utilities out of 
State’s right-of-way 

• Improve pedestrian and bicycle access along this section of SR 84 by connecting 
multi-use trails. 
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1.3 Project History 
Beginning in March 2005, development of the Route 84 Expressway Widening Project 
was under the management of the Alameda County Transportation Improvement 
Authority (ACTIA), and City of Livermore sponsorship.  Monthly Project Development 
Team (PDT) meetings provided the forum for coordination, issue resolution, and 
information feedback among ACTIA, the Cities of Livermore and Pleasanton, Caltrans, 
Alameda County Congestion Management Agency (ACCMA), Alameda County Zone 7 
Water Agency (Zone 7), and other affected agencies.  Traffic studies were closely 
coordinated with the ACCMA Tri-Valley Triangle Traffic Study to ensure consistency in 
regional planning efforts.  Extensive design studies were performed on the PSR/PDS 
Alternatives to reduce environmental impacts and identify right-of-way and cost saving 
refinements to the proposed improvements.  Towards this end, additional design options 
were investigated, including: a new alignment between Ruby Hill Drive and Vallecitos 
Road; a modified Stanley Boulevard Intersection in lieu of a full interchange facility; and, 
Vallecitos/Isabel intersection options.   

1.4 Project Location 
The Arroyo del Valle bridge site is located along Isabel Avenue between Vineyard 
Avenue/East Vineyard Avenue and Alden Lane.  The Arroyo Mocho bridge site is 
located along Isabel Avenue between Stanley Boulevard and West/East Jack London 
Boulevard.  These bridges are part of SR 84, which is a direct link between I-580 and I-
680 (see Figures 1, 2, and 3).   

1.5 Key Tasks 
The key tasks performed for the Bridge Hydraulic Study included: 1) a hydraulic analysis 
to determine the water surface elevations and flow velocities, 2) a scour analysis to 
determine potential scour depths at the abutments, and 3) recommended countermeasures 
for the stream channel, bridge piers, and bridge abutments.   
 

1.6 Design Criteria 
Per the Federal Highway Administration (FHWA) and Caltrans design criteria, the basic 
criterion for hydraulic design of bridges is that they should be designed to pass the one 
percent (1%) probability flood (100-year flood, Q100), two percent (2%) probability 
flood (50-year flood or Q50) with 2 ft of freeboard, or the flood of-record, whichever is 
greater, without causing objectionable backwater, excessive flow velocities or 
encroaching on through traffic lanes.  The Zone 7 design criteria require passing the 100-
year flood with 2 ft of freeboard. 
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Figure 1. Project Location Map 

Source: United States Geological Survey (USGS)

Project site 
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Figure 2. Arroyo del Valle Vicinity Map 

Source: Google Earth 
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Figure 3. Arroyo Mocho Vicinity Map 
 

Source: Google Earth
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2 DESCRIPTION OF WATERSHED 

2.1 Geographic Location 
The proposed bridges are located in the SR 84 crossings of Arroyo del Valle and Arroyo 
Mocho.  Arroyo del Valle begins approximately 29.5 miles upstream of the Project site, 
at the confluence of Arroyo Bayo and San Antonio Creek in the County of Santa Clara, 
between the Burnt Hills and Seeboy Ridge.  Lake del Valle is located 6 miles upstream of 
the bridge site in the Del Valle Regional Park (State Recreation Area).  The headwaters 
of Arroyo Mocho begin approximately 27.8 miles upstream of the Project site, at the 
South Pocket of Mount Mocho (3,664 ft) in the County of Santa Clara.   

2.2 Watershed Size 
The watershed size for the SR 84 Expressway Bridge at Arroyo del Valle is 
approximately 160 square miles.  The watershed size for the SR 84 Expressway Bridge at 
Arroyo Mocho is approximately 50 square miles.   

2.3 Receiving Water Bodies 
Arroyo del Valle and Arroyo Mocho are tributaries to Alamo Canal.  Alamo Canal turns 
into Arroyo de la Laguna after it passes underneath I-680 about 6.4 miles downstream of 
the Arroyo del Valle crossing.  The confluence of Arroyo Mocho and Alamo Canal is 
approximately 6.8 miles downstream of the Arroyo Mocho crossing.   

2.4 Precipitation 
According to National Oceanic and Atmospheric Administration’s (NOAA) Western 
Regional Climate Center (WRCC), the mean annual precipitation in the City of 
Livermore is 14.5 inches per year.  According to the records, from 1930-2007, the 
maximum precipitation was 32.4 inches, in 1983, and the minimum precipitation was 6.4 
inches, in 1976.    

2.5 Land Use 
At the Arroyo del Valle and Arroyo Mocho bridge sites, the area consists of open space 
and gravel mining operations.  In the Project vicinity, the land use is residential with 
some commercial use in the City of Livermore.  In general, the Arroyo Mocho watershed 
in the City of Livermore is more developed than the Arroyo del Valle, which is further 
south and farther from the developed portions of the city.  Outside of the city, the 
watersheds can be characterized as rural, undeveloped, and hilly to mountainous.  Lake 
del Valle is a recreational area and park.  Lake del Valle is owned and operated by the 
Department of Water Resources.  Vegetation ranges from Valley Oak Woodland to 
Hardwood Rangeland. 
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3 DESCRIPTION OF STREAM AND SITE 

3.1 Soil and Bed Material 
According to a preliminary geotechnical evaluation of SR 84 Expressway Bridge at 
Arroyo del Valle: 
 

“Based on available subsurface data from the aggregate mining  
site of Vulcan Materials Company, located about 1,100 feet north  
of the creek crossing, the mining site generally consists of alluvium  
overlying the Livermore Formation.  From ground surface to about 
Elevation 350 to 360 feet, the upper 40 to 50 feet of alluvium  
consists of layers of medium dense to dense gravel, sandy silt and  
clayey gravel with clay interbeds.  Extending to about Elevation  
150 feet, the lower alluvium consists of interbeds of very dense  
gravel and very stiff to hard clays.  Groundwater measurements  
from the Vulcan Materials site varied from Elevation 327 feet to  
360 feet (Parikh, 2007a, page 2).” 
 

According to a preliminary geotechnical evaluation of Arroyo Mocho Bridge, exploratory 
borings were drilled on November 1996 to investigate the Arroyo Mocho Bridge site.  
Depths of these borings ranged from 78.7 ft to 94.4 ft (24 m to 30 m).  Note that this 
memorandum was written using metric units.  Based on log test of borings, sheet number 
407, the borings revealed silty sand to sandy silt in the upper 3.3 ft to 6.6 ft (1 m to 2 m) 
of the borings.  Underlying the surficial layer, loose to medium dense sand and silt layers 
were dense to very dense gravel deposits; these gravel deposits extended to terminal 
depths of the borings.  Scattered cobbles were encountered in two of the borings.  
Interbedded layers of very stiff to hard, sandy clay and clayey silt ranged in thickness 
from 3.3 ft to 6.6 ft (1 m to 3 m).  Groundwater was encountered in one of the borings at 
Elevation 332.39 ft NAVD 88 (100.5 m NGVD 29).  However, there was no indication of 
groundwater encountered or measured in the other borings (Parikh, 2007b, page 2).   

3.2 Existing Facility 
Information on the existing facilities was derived from as-built plans and from the 
structural engineering consultant, MGE Engineering, Inc.   
 

Existing Bridge at Arroyo del Valle 
Alignment - The existing bridge is skewed approximately 10° to the creek flow 

direction 
Length - 121.17 ft 
Total Width - 40.00 ft  
Lanes -  2 lanes (One lane in each direction) 
Structure - Continuous reinforced concrete “T” Beams (5) on reinforced 

concrete wall pier and reinforced concrete end diaphragm 
abutments; all on spread footings.   



Bridge Design Hydraulic Study Report 04-ALA-84 
State Route 84 Expressway Widening Project EA 297601 
Cities of Livermore and Pleasanton, Alameda County, California 33C0710/33C0713 
  

May 2009  8  

  

Photo 3.  SR 84 Expressway Bridge at  Photo 4.  SR 84 Expressway Bridge at 
Arroyo del Valle (looking upstream) Arroyo del Valle (looking downstream) 

 
Existing Bridge at Arroyo Mocho 
Alignment - The existing bridge is skewed approximately 15° to the creek flow 

direction 
Length - 123.83 ft 
Total Width - 61.25 ft  
Lanes -  2 lanes (One lane in each direction) 
Structure - Reinforced concrete slab on reinforced concrete pier walls and 

reinforced concrete diaphragm abutment.  All are found on HP 10 
x 57 steel piles.   

3.3 Proposed Action 
Information for the proposed facilities was obtained from the URS Corporation/MGE 
Engineering Inc. Type Selection Bridge General Plan entitled:  Arroyo del Valle Bridge 
(Widen) and Arroyo Mocho Bridge (Widen). 
 

Proposed Bridge at Arroyo del Valle 
Alignment - The proposed bridge is skewed approximately 10° to the creek 

flow direction 
Length - 121.17 ft  
Total Width - 93.42 ft 
Lanes -            4 (2 lanes and 10-ft shoulders in each direction, 22-ft median, and 

adjacent trail bridge upstream) 
Structure - Reinforced concrete “T” Beams (12) on reinforced concrete pier 

walls and reinforced concrete diaphragm abutment; abutments are 
found on spread footings and the pier is found on driven piles.   

 
Type Selection Bridge General Plan - See Figure 4.  
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Proposed Bridge at Arroyo Mocho 
Alignment - The proposed bridge is skewed approximately 10° to the creek 

flow direction 
Length - 123.83 ft  
Total Width - 131.83 ft  
Lanes -            6 (3 lanes and 10-ft shoulders in each direction, 26-ft median, bike 

lane, and adjacent Zone 7 access road downstream) 
Structure - Three-span cast-in-place reinforced concrete slab on reinforced 

concrete diaphragm abutment; all are found on HP 10x57 steel 
piles. 

 
Type Selection Bridge General Plan - See Figure 5.  

 

  
Photo 5.  SR 84 Expressway Bridge at  Photo 6.  SR 84 Expressway Bridge at 
Arroyo Mocho (looking downstream) Arroyo del Valle’s Upstream Face 

 

Figures 6 and 7 show the Type Selection Bridge General Plans for the Trail 
Bridge at Arroyo del Valle and the Access Bridge at Arroyo Mocho, respectively.  
The proposed Trail Bridge is skewed approximately 30° to the creek flow 
direction.  There is an existing 30° skew because the creek has an existing 
meander through this reach.  As shown on the Arroyo del Valle Trail Bridge 
General Plan, the abutment and pier foundations shall be on piles; and the Arroyo 
del Valle Bridge (Widen) General Plan shows the pier foundations on piles.,  Per 
extensive coordination with Caltrans and the Design Team, piles are the proposed 
primary scour countermeasures.  
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Figure 4. SR 84 Expressway at Arroyo del Valle  Bridge General Plan 
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Figure 5. SR 84 Expressway at Arroyo Mocho Bridge General Plan 
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Figure 6. Trail Bridge at Arroyo del Valle 
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Figure 7.  Access Bridge at Arroyo Mocho
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4 HYDROLOGY 

4.1 Hydrologic Stability 
The Arroyo del Valle and Arroyo Mocho watersheds are composed of open space, gravel 
mining, residential, and commercial areas.  Outside the limits of the City of Livermore, 
the watersheds can be characterized as rural, open space, recreational, and mountainous.  
We compared design flows from Zone 7 Water Agency and The Federal Emergency 
Management Agency (FEMA).  The land use in the watersheds have not changed 
significantly upstream of the project site. 
 

 
Photo 7.  Arroyo del Valle floodplain 

4.2 Design Discharge 
According to the FEMA Flood Insurance Study for unincorporated Alameda County, the 
base flood (100-year flow) of Arroyo del Valle upstream of Arroyo de la Laguna is 7,000 
cfs.  In addition, the base flood of Arroyo Mocho upstream of Arroyo Las Positas is 
5,200 cfs (February 9, 2000), which is 3.7 miles downstream of the Project site.   
 
According to the Zone 7 Water Agency’s Draft Hydrologic Procedures and Design 
Discharges (December 3, 1997), Arroyo del Valle’s 100-year flow at Route 84 is 7,000 
cfs and Arroyo Mocho’s 100-year flow is 4,800 cfs.  7,000 cfs is the maximum release 
from Lake del Valle.  We also interpolated the following 50-year flows from Zone 7’s 
15-year flows and 2-year flows.  The 50-year flows are 3,900 cfs for Arroyo Mocho and 
5,400 cfs for Arroyo del Valle. 
 
The flows from Zone 7 were utilized in this study, as shown in Table 8, below because 
the flows are in the Project location.  The flows from FEMA are located at least 3.2 miles 
downstream of the Project site.   
 
Table 8. Project Design Discharges 
Creek 100-year  50-year  
Arroyo del Valle 7,000 cfs 5,400 cfs 
Arroyo Mocho 4,800 cfs 3,900 cfs 
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5 HYDRAULIC ANALYSIS 

5.1 Design Tools 
The hydraulic analysis for Arroyo del Valle and Arroyo Mocho involved a standard step 
backwater calculation using the U.S. Army Corps of Engineers' HEC-RAS computer 
program to provide flow characteristics, water surface profiles, and channel velocities.   

5.2 Cross-Section Data 
Twelve cross-sections, distributed over a 2,200 ft reach of Arroyo del Valle, in the 
vicinity of the Project site, were obtained from a survey performed by Geomatics 
Transportation Services, Inc.  See Appendix E for Layout Plan of Surveyed Cross-
Sections.  At Zone 7’s request, eighteen cross-sections, distributed over a 2,100 ft reach 
of Arroyo Mocho were obtained from as-builts from the City of Livermore Department 
of Public Works (1998), which show the Arroyo Mocho Channel Realignment.  The 
surveyed data included the siltation and aggradation of the channel, which decreased the 
flow area.  The as-builts show the channel without siltation and aggradation.  These 
cross-sections were incorporated into the geometry file of the hydraulic model.  For the 
proposed condition, MGE Engineering provided the Type Selection for Arroyo del Valle 
Bridge (Widen),  Arroyo del Valle Trail Bridge, Arroyo Mocho Bridge (Widen), and 
Arroyo Mocho Access Bridge.   
 

 
Photo 8. Arroyo del Valle riparian vegetation 

5.3 Manning’s ‘n’ 
Manning’s ‘n’ values were used in the hydraulic model to estimate energy losses in the 
flow due to friction.  Manning’s ‘n’ values used for the Arroyo del Valle reach in the 
existing condition model were as follows:  Left and right overbank – 0.05; Embankment 
with riprap – 0.045; Vegetation in the riparian corridor – 0.06; Low flow channel – 0.025; 
and Gravel mining access road – 0.03.  Manning’s ‘n’ values used for the Arroyo Mocho 
reach in the existing condition model, were as follows: Left and right overbanks – 0.05; 
main channel – 0.035; rock slope protection (RSP) – 0.04; and concrete lined – 0.015.  In 
the proposed condition model, the ‘n’ values used were the same.  These Manning’s ‘n’ 
values were selected to best describe the friction characteristics of the existing and 
proposed site conditions.   
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5.4 Expansion and Contraction Coefficients 
The expansion and contraction coefficients used to represent the channel were 0.3 and 
0.1, respectively.  These values describe a creek with gradual transitions between cross-
sections.  The expansion and contraction coefficients used in the vicinity of the Arroyo 
del Valle bridges were 0.7 and 0.5, respectively.  The expansion and contraction 
coefficients used in the vicinity of the Arroyo Mocho bridges were 0.5 and 0.3, 
respectively.  These values were used because the bridge geometry intrudes into the 
channel.   

5.5 Water Surface Elevations 
At the request of Caltrans, we used a normal depth slope for the Arroyo del Valle model: 
a downstream boundary condition of 0.0056 ft/ft and an upstream boundary condition of 
0.008 ft/ft.  These slopes were obtained from the Arroyo del Valle survey.   
 
At Zone 7’s request we used a normal depth slope for the Arroyo Mocho model:  a 
downstream boundary condition of 0.0012 ft/ft and an upstream boundary condition of 
0.0012 ft/ft.  These slopes were obtained from the Arroyo Mocho Channel Realignment 
as-builts.   
 
Table 9 summarizes the calculated 100-year and 50-year water surface elevations of the 
existing bridge and proposed bridge from the Arroyo del Valle hydraulic models.   
 
 

Photo 9.   
Arroyo del Valle channel 
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Table 9. Arroyo del Valle Water Surface Elevations (ft) 
100-year 50-year Cross-Section D/S 

Length Ex Prop Change Ex Prop Change 
12 562.1 416.08 416.00 -0.08 415.16 415.04 -0.12 
11 352.7 414.38 413.48 -0.90 412.99 412.26 -0.73 
10 0.5 413.79 411.82 -1.97 412.21 410.65 -1.56 

U/S Trail Bridge 18.0 N/A 411.67 N/A N/A 410.52 N/A 
D/S Trail Bridge 26.5 N/A 411.71 N/A N/A 410.55 N/A 

9 1.3 413.62 411.74 -1.88 412.18 410.57 -1.61 
8.5 7.6 413.51 411.45 -2.06 412.04 410.24 -1.80 

8 (only for Ex) 6.6 412.96 N/A N/A 411.60 N/A N/A 
7 (only for Ex) 18.3 412.91 N/A N/A 411.53 N/A N/A 

6.5 (only for Ex) 0.5 412.21 N/A N/A 410.91 N/A N/A 
U/S Prop SR 84 

Bridge 53.4 N/A 411.18 N/A N/A 410.06 N/A 
U/S Ex SR 84 

Bridge 40.0 410.34 N/A N/A 409.25 N/A N/A 
D/S Ex and Prop 

SR 84 Bridge 0.5 409.76 409.71 -0.05 408.94 408.90 -0.04 
5.5 45.5 409.85 409.85 0 409.00 409.00 0 
5 53.9 410.62 410.62 0 409.57 409.57 0 
4 39.6 408.91 408.91 0 408.21 408.21 0 
3 476.8 408.71 408.71 0 407.99 407.99 0 
2 611.3 404.56 404.56 0 404.01 404.01 0 
1 0 400.46 400.46 0 399.91 399.91 0 

D/S = Downstream                      Ex = Existing                      Prop = Proposed                      U/S = Upstream  
 
The proposed condition would decrease the Arroyo del Valle 100-year water surface 
elevation by 0.08 ft at Cross-Section 12 and by 0.90 ft at Cross-Section 11.  The SR 84 
Bridge would be widened upstream and the upstream face would be in different locations 
for the proposed and existing conditions.  The proposed soffit elevation would be at 
417.48 ft, which would be above the 100-year water surface elevation of 411.18 ft and 
above the 50-year water surface elevation of 410.06 ft.  Freeboard clearance for the “100-
year event plus 2 feet” (413.18 ft) would be +4.30 ft for the proposed SR 84 Expressway 
Bridge at Arroyo del Valle.  The soffit elevation of the Trail Bridge would be 415.58 ft.  
The Arroyo del Valle 100-year water surface elevation at the downstream face of the 
Trail Bridge would be 411.71 ft, which would be below the soffit.  Freeboard clearance 
for the “100-year event plus 2 feet” (413.71 ft) would be +1.87 ft for the Trail Bridge.  
Zone 7’s design criteria for freeboard would be met. 
 
For the 100-year and 50-year water surface elevation, there would not be any anticipated 
increases to water surface elevations downstream of the SR 84 Bridge.  The 50-year 
water surface elevation would decrease by 0.12 ft at Cross-Section 12 and decrease by 
0.73 ft at Cross-Section 11.  At Cross-Sections 10, 9, and 8, the proposed 100-year water 
surface elevation would decrease by 1.97 ft, 1.88 ft, and 2.06 ft, respectively.  Similarly, 
the 50-year water surface elevations would decrease by 1.56 ft, 1.61 ft, and 1.80 ft, 
respectively.  The bridge would be widened upstream and the upstream face would be in 
different locations for the proposed and existing conditions.  The other decreases would 
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be at the downstream face of the SR 84 Bridge:  0.05 ft for the 100-year and 0.04 ft for 
the 50-year water surface elevations.   
 
Table 10 summarizes the calculated 100-year and 50-year water surface elevations of the 
existing bridge and proposed bridge from the Arroyo Mocho hydraulic models.   
 
Table 10. Arroyo Mocho Water Surface Elevations (ft) 

100-year 50-year Cross-Section D/S 
Length Ex Prop Change Ex Prop Change 

5249.344 328.08 416.25 416.30 0.05 415.23 415.27 0.04 
4921.260 65.62 415.81 415.87 0.06 414.79 414.84 0.05 
4855.643 187.52 415.62 415.69 0.07 414.60 414.66 0.06 
4790.026 177.57 415.35 415.42 0.07 414.31 414.38 0.07 
4668.123 55.67 414.98 415.06 0.08 413.93 414.02 0.09 
4612.454 12.72 414.99 415.07 0.08 413.94 414.02 0.08 
4599.738 2.00 414.98 415.07 0.09 413.93 414.02 0.09 

U/S SR 84 Bridge 61.3 414.93 415.01 0.08 413.88 413.97 0.09 
D/S SR 84 Bridge 35.13 414.91 414.80 -0.11 413.86 413.76 -0.10 

4501.312 7.88 414.91 N/A N/A 413.87 N/A N/A 
4493.428 34 414.84 N/A N/A 413.80 N/A N/A 
4461.920 61.5 N/A 414.81 N/A N/A 413.77 N/A 

U/S Access Bridge 18.5 N/A 414.66 N/A N/A 413.62 N/A 
D/S Access Bridge 14.31 N/A 414.64 N/A N/A 413.59 N/A 

4374.534 9.42 414.60 414.60 0.00 413.55 413.56 0.01 
4365.118 50.00 414.45 414.46 0.01 413.40 413.40 0 
4315.118 50.03 414.49 414.49 0 413.44 413.44 0 
4265.092 6.56 412.07 412.07 0 411.28 411.28 0 
4258.530 124.67 412.05 412.05 0 410.99 410.99 0 
4133.858 196.85 412.38 412.38 0 411.27 411.28 0.01 
3937.008 328.08 412.19 412.20 0.01 411.08 411.09 0.01 
3608.924 328.08 411.89 411.89 0 410.78 410.78 0 
3280.840 0 411.55 411.55 0 410.43 410.44 0.01 

 
The Arroyo Mocho model results indicate that the SR 84 Expressway Bridge widening 
and new Access Bridge would have sufficient freeboard to convey the 100-year flow per 
FHWA and Caltrans requirements.  However, the proposed widened bridge (SR 84 
Bridge) would not meet the criteria for Zone 7, which is 100-year storm plus 2 ft of 
freeboard.  The soffit of the proposed bridge upstream face would be 416.87 ft and the 
100-year water surface elevation would be 415.01 ft.  The soffit would not meet the Zone 
7 criteria by 0.14 ft.  The soffit of the proposed bridge downstream face would be 419.51 
ft and the 100-year water surface elevation would be 414.80 ft.  In addition, the proposed 
condition would raise the 100-year water surface elevations upstream of the bridge from 
0.05 ft to 0.09 ft.  These increases are due to energy losses from the proposed widening of 
SR 84 Expressway Bridge and the Access Bridge.  The downstream face of the bridge 
would decrease by 0.11 ft.  Note that the SR 84 bridge would be widened downstream 
and the downstream face would be in different locations for the proposed and existing 
conditions.  For the 50-year water surface elevation, the proposed condition would have 
an insignificant change when compared to the existing condition.  The 50-year water 
surface elevation ranges from -0.10 ft to +0.09 ft. 
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The proposed downstream bridge soffit of the proposed SR 84 Expressway Bridge 
widening at Arroyo Mocho would meet the “100-year plus 2ft” of 417.01 ft.  However, 
the existing SR 84 Bridge would remain and the existing soffit would remain at 416.87 ft 
(which is the proposed upstream bridge soffit). The difference is 0.14 ft. 
 
The proposed Arroyo Mocho Access Bridge would have a soffit elevation of 417.02 ft 
and a 100-year water surface elevation of 414.66 ft at the upstream face and 414.64 ft at 
the downstream face.  The proposed Arroyo Mocho Access Bridge’s soffit elevation 
would pass 416.66 ft (100-year plus 2 ft) and would meet the Zone 7 design criteria for 
freeboard.  Freeboard clearances for the “100-year event plus 2 ft” would be -0.14 ft and 
+0.36 for the widening and access bridges, respectively. 

5.6 Upstream Flow Velocities 
Table 11 summarizes the calculated 100-year flow velocities of the existing bridge and 
proposed bridge from the Arroyo del Valle hydraulic models. 
 
Table 11. Arroyo del Valle Velocities (ft/s) 

100-year 50-year Cross-Section D/S 
Length Ex Prop Change Ex Prop Change 

12 562.1 8.58 8.71 +0.13 7.71 7.88 +0.17 
11 352.7 4.21 5.18 +0.97 4.50 5.72  +1.22 
10 0.5 4.81 7.85 +3.04 5.15 7.20 +2.05 

U/S Trail Bridge 18.0 N/A 8.31 N/A N/A 7.62 N/A 
D/S Trail Bridge 26.5 N/A 7.64 N/A N/A 7.03 N/A 

9 1.3 5.35 7.35 +2.00 5.07 6.76 +1.69 
8.5 7.6 5.69 7.94 +2.25 5.51 7.54 +2.03 

8 (only for Ex) 6.6 7.70 N/A N/A 7.12 N/A N/A 
7 (only for Ex) 18.3 7.82 N/A N/A 7.30 N/A N/A 

6.5 (only for Ex) 0.5 9.86 N/A N/A 9.24 N/A N/A 
U/S Prop SR 84 

Bridge 
53.4 N/A 8.89 N/A N/A 8.20 N/A 

U/S Ex SR 84 
Bridge 

40.0 13.77 N/A N/A 12.93 N/A N/A 

D/S Ex and Prop 
SR 84 Bridge 

0.5 11.62 11.68 +0.06 10.31 10.34 +0.03 

5.5 45.5 11.11 11.10 -0.01 9.89 9.88 -0.01 
5 53.9 3.07 3.08 +0.01 2.83 2.83 0 
4 39.6 10.04 10.04 0 8.88 8.88 0 
3 476.8 8.90 8.90 0 7.95 7.95 0 
2 611.3 7.19 7.19 0 6.54 6.54 0 
1 0 5.89 5.89 0 5.32 5.32 0 

 
The results indicate that the proposed condition would increase the Arroyo del Valle flow 
velocity.  The largest increase would be at the upstream face of the Trail Bridge, which is 
3.04 ft/s for the 100-year flow velocity and 2.05 ft/s for the 50-year flow velocity.  For 
the 50-year flow, the increase would be 0.17 ft/s at Cross-Section 12 and 1.22 ft/s at 
Cross-Section 11.  For the 100-year flow, the increase would be 0.13 ft/s at Cross-Section 
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12 and 0.97 ft/s at Cross-Section 11.  In between the bridges, the 100-year flow velocity 
increases 2.00 ft/s and 2.25 ft/s at Cross-Sections 9 and 8, respectively.  In between the 
bridges, the 50-year flow velocity increases 1.69 ft/s and 2.03 ft/s at Cross-Sections 9 and 
8, respectively.  At Cross-Section 5.5, the 100-year and 50-year flow velocities would 
decrease 0.01 ft/s, which is insignificant.  At Cross-Section 5, the 100-year flow velocity 
increases 0.01 ft/s, which is also insignificant. 
 
The following table summarizes the calculated 100-year velocities of the existing bridge 
and proposed bridge from the Arroyo Mocho hydraulic models.   
 
Table 12. Arroyo Mocho Velocities (ft/s) 

100-year 50-year Cross-Section D/S 
Length Ex Prop Change Ex Prop Change 

5249.344 328.08 5.72 5.68 -0.04 5.37 5.34 -0.03 
4921.260 65.62 5.75 5.71 -0.04 5.41 5.37 -0.04 
4855.643 187.52 6.21 6.15 -0.06 5.89 5.83 -0.06 
4790.026 177.57 5.97 5.91 -0.06 5.64 5.59 -0.05 
4668.123 55.67 6.15 6.08 -0.07 5.84 5.77 -0.07 
4612.454 12.72 5.86 5.79 -0.07 5.55 5.48 -0.07 
4599.738 2.00 5.85 5.78 -0.07 5.55 5.48 -0.07 

U/S SR 84 Bridge 61.3 6.09 6.02 -0.07 5.78 5.70 -0.08 
D/S SR 84 Bridge 35.13 6.01 6.41 0.40 5.69 6.08 0.39 

4501.312 7.88 5.82 N/A N/A 5.51 N/A N/A 
4493.428 34 6.09 N/A N/A 5.78 N/A N/A 
4461.920 61.5 N/A 6.18 N/A N/A 5.86 N/A 

U/S Access Bridge 18.5 N/A 6.31 N/A N/A 6.00 N/A 
D/S Access Bridge 14.31 N/A 6.23 N/A N/A 5.92 N/A 

4374.534 9.42 6.16 6.26 +0.10 5.87 5.95 +0.12 
4365.118 50.00 6.75 6.75 0 6.49 6.49 0 
4315.118 50.03 6.23 6.22 -0.01 5.93 5.93 0 
4265.092 6.56 13.37 13.37 0 12.63 12.63 0 
4258.530 124.67 8.07 8.07 0 7.56 7.56 0 
4133.858 196.85 5.18 5.18 0 4.88 4.88 0 
3937.008 328.08 5.16 5.15 -0.01 4.85 4.85 0 
3608.924 328.08 5.10 5.10 0 4.79 4.79 0 
3280.840 0 5.07 5.07 0 4.76 4.76 0 

 
The table shows that, with the exception of SR 84 Bridge’s downstream face, the Arroyo 
Mocho flow velocities would decrease upstream of the Access Bridge and stay the same 
downstream of the Access Bridge.  At the downstream face of the SR 84 Bridge, the flow 
velocity would increase 0.28 ft/s, due to the constriction of the Access Bridge.  The flow 
velocities would decrease in the upstream Cross-Sections due to energy losses from the 
proposed widened SR 84 Expressway Bridge and the Access Bridge addition.  
 
The 100-year and 50-year HEC-RAS Cross-Sections of the upstream face of SR 84 
Expressway Bridge at Arroyo del Valle, Arroyo del Valle Trail Bridge, SR 84 
Expressway Bridge at Arroyo Mocho, Arroyo Mocho Access Bridge are shown in  
Figures 6, 7, 8, and 9, respectively.  The 100-year and 50-year Profiles for Arroyo del 
Valle and Arroyo Mocho are in Figures 10 and 11, respectively. 
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5.7 Rock Slope Protection (RSP) 
RSP generally consists of rock on channel and structure boundaries to limit the effects of 
erosion.  It is the most common type of countermeasure due to its general availability, 
ease of installation, and relatively low cost.  The photos show that there is existing RSP 
along the side slopes of Arroyo del Valle.   
   

        
Photos 10 and 11.  Existing Arroyo del Valle RSP along side slopes (embankment) 

 
Per Caltrans recommendation, the existing RSP at the Arroyo del Valle bridge appears to 
be substandard and will be removed and replaced with new RSP meeting the current 
standards in HEC-23.  The rock size at the toe of embankment was determined using the 
Isbash Formula per HEC-23.  For the Trail Bridge, just upstream of the Trail Bridge, in 
between the bridges, and on the upstream face of the SR 84 Bridge, at least ¼-Ton rock 
with a thickness of 3.3 feet and Backing Class Number 1 or 2 with a minimum thickness 
of 1.8 feet and 1.25 feet, respectively, would be required.  For the downstream face of the 
SR 84 Bridge and just downstream of the SR 84 Bridge, at least 1-Ton rock with a 
thickness of 5.4 feet and Light rock (inner layer) with a minimum thickness of 2.5 ft 
would be required.  ¼-Ton rock would also be required for the Access Bridge at Arroyo 
Mocho.   
 
The proposed embankment will only fill up to the edge of the low flow channel.  There 
will be no fill in the low flow channel.  Permitting agencies may require mitigation for 
any impacted areas in the channel and/or habitats, which would prohibit certain 
countermeasures.   
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Figure 8. SR 84 Expressway Arroyo del Valle Bridge Upstream Face Cross-Section 
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Figure 9. Arroyo del Valle Trail Bridge Upstream Face Cross-Section 
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Figure 10. SR 84 Expressway Arroyo Mocho Bridge Upstream Face Cross-Section 
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Figure 11. Arroyo Mocho Access Bridge Upstream Face Cross-Section 
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Figure 12. Arroyo del Valle Profile 
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Figure 13. Arroyo Mocho Profile
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6 SCOUR ANALYSIS 

6.1 Design Criteria 
The minimum design criteria for bridge scour are the 100-year flood requirements.  The 
local scour at the abutments and pier was evaluated per the criteria described in the 
Federal Highway Administration Manual HEC-18, Evaluating Scour at Bridges (Fourth 
Edition).  The scour analysis was based on hydraulic data taken from the HEC-RAS 3.1.3 
analysis of the bridge sites.  The existing Arroyo del Valle Bridge was declared scour 
critical by Caltrans HQ.  

6.2 Long-Term Bed Elevation Change 
According to the Bridge Inspection Report for Bridge Number 33-0710 at Arroyo del 
Valle (3/2/06), “there was 5.9 ft (1.8 m) of channel degradation between 1983 and 1999; 
this was attributed to in-stream gravel mining.”  Since then the channel has stabilized and 
we have assumed the long-term bed change to be negligible. 
 
The Arroyo Mocho channel is concrete lined underneath the SR 84 Expressway Bridge.  
According to the Bridge Inspection Report for Bridge Number 33-0713 at Arroyo Mocho 
(3/2/06), “the bridge is not vulnerable to scour with the channel in its current state.”  
Scour was not calculated at the SR 84 Expressway Bridge at Arroyo Mocho because it is 
concrete lined.  For the proposed unlined Access Bridge at Arroyo Mocho, we assumed 
the long-term bed elevation change is negligible since the slopes are very flat (S=0.0012 
ft/ft); there is a concrete drop structure located downstream; and a concrete-lined channel 
is located upstream (at SR 84 Expressway Bridge). 

6.3 Contraction Scour 
Contraction scour occurs when the flow area of a stream is reduced significantly, either 
by a natural contraction or by a bridge.  There is contraction that occurs at the proposed 
bridge sites due to the proposed new bridges and widenings.  Using the Live-Bed 
Contraction scour equation at the channel, the calculated contraction scour depths at the 
channel are: 

• 1.15 ft (SR 84 Expressway Bridge at Arroyo del Valle) 

• 2.90 ft (Trail Bridge at Arroyo del Valle) 

• 1.10 ft (Access Bridge at Arroyo Mocho) 

6.4 Pier Scour 
The basic mechanism causing local scour at piers is the formation of vortices (known as 
horseshoe vortex) at their base.  The horseshoe vortex results from the pileup of water on 
the upstream surface of the pier and subsequent acceleration of the flow around the base 
of the pier.  The action of the vortex removes bed material from around the base of the 
pier.  Pier scour was calculated at the SR 84 Bridge at Arroyo Mocho because it is lined 
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with concrete.  To determine pier scour, an equation based on the CSU Equation is 
recommended for both live-bed and clear-water scour.  The CSU Equation was utilized to 
determine pier scour at the following locations: 

• 13.37 ft (SR 84 Expressway Bridge at Arroyo del Valle) 

• 22.43 ft (Trail Bridge at Arroyo del Valle) 

6.5 Abutment Scour 
High flow events will cause local scour at the abutments.  Abutment scour was 
calculated for the Trail Bridge at Arroyo del Valle and at the SR 84 Bridge at Arroyo 
del Valle.  Abutment scour was not calculated for the bridges at Arroyo Mocho because 
the concrete lined channel and banks under the SR 84 Expressway Bridge, and the 100-
year water surface does not reach the Access Bridge abutments. 

We assumed an angle of attack of 30º for the Trail Bridge.  Using the Froelich Equation 
to determine live-bed abutment scour, the calculated abutment scour depths are: 

• 12.74 ft (Left Abutment) at the Arroyo del Valle SR 84 Expressway 
Bridge  

• 6.31 ft (Right Abutment) at the Arroyo del Valle SR 84 Expressway 
Bridge 

• 21.58 ft (Left Abutment) at the Arroyo del Valle Trail Bridge  

• 22.09 ft (Right Abutment) at the Arroyo del Valle Trail Bridge 

6.6 Total Scour 
Total scour is the sum of local scour, contraction scour, and long-term scour.  HEC-18 
was used to perform the detailed calculations to estimate scour.  The itemized total scour 
depth for the abutments and piers of the proposed bridge is shown in the following tables. 

 
Table 13. Summary of Scour at Prop SR 84 Expressway Bridge at Arroyo del Valle 

Location Long-term 
Bed Change 

Contraction 
Scour 

Local 
Scour 

Total 
Scour 
Depth 

Abutment 1 Negligible 1.15 ft 12.74 ft 13.89 ft 
Pier 2 Negligible 1.15 ft 13.37 ft 14.52 ft 

Abutment 3 Negligible 1.15 ft 6.31 ft 7.46 ft 
 

Table 14. Summary of Scour at Proposed Arroyo del Valle Trail Bridge 
Location Long-term 

Bed Change 
Contraction 

Scour 
Local 
Scour 

Total 
Scour 
Depth 

Abutment 1 Negligible 2.90 ft 21.58 ft 24.48 ft 
Pier 2 Negligible 2.90 ft 22.43 ft 25.33 ft 

Abutment 3 Negligible 2.90 ft 22.09 ft 24.99 ft 
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Table 15. Summary of Scour at Proposed Arroyo Mocho Access Bridge 

Location Long-term 
Bed Change 

Contraction 
Scour 

Local 
Scour 

Total 
Scour 
Depth 

Abutment 1 Negligible 1.1 ft - 1.1 ft 
Abutment 2 Negligible 1.1 ft - 1.1 ft 
 

The potential for lateral channel migration, long-term degradation, and contraction scour 
must be considered in setting pier foundation depths in and near the main channel of both 
Arroyo del Valle and Arroyo Mocho.  The foundation of the proposed bridge piers or 
spread footings must be constructed below the estimated total scour depth or the bedrock 
layer to avoid structural damage, and/or undermining.  (see Appendix F for scour 
calculations) 
 

 
 
 
 

6.7 Scour Protection Recommendations  
Extensive coordination has been made between Caltrans and the Design team over the 
scour protection recommendations for the bridges within the Project.  A meeting took 
place on June 19, 2008 between Caltrans Headquaters and the Design team over the 
existing conditions of the bridges and several alternatives for the bridge scour 
countermeasures.  A separate memorandum was sent to Caltrans from the Design team, 
summarizing approximate costs of several alternatives to limit scour on the Arroyo del 
Valle Bridge.  The meeting minutes and memorandum can be found in Appendix G . 
 
The proposed bridge scour countermeasure should consider the total estimated scour.  In 
this study, we researched gabions, pre-cast concrete blocks, concrete lining, sheet piling, 
and riprap for scour countermeasures.   
 
A gabion is a basket or compartmented rectangular container made of wire mesh.  When 
filled with cobbles or other rock of suitable size, the gabion becomes a flexible and 
permeable unit with which flow- and erosion-control structures can be built.  HEC-23 

Photo 12.   
Existing Arroyo del Valle main channel 
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states that vandalism is always a maintenance concern since countermeasures can be 
made ineffective by vandals.  For example, gabions may not be appropriate for an area 
with documented vandalism.  Gabions have been eliminated as an alternative because of 
the potential for vandalism. 
 
According to the HEC-11, pre-cast concrete block revetments consist of pre-formed 
sections, which interlock with each other, and are attached to each other, or butt together 
to form a continuous blanket or mat.  The concrete blocks which make up the mats differ 
in shape and method of articulation, but share certain common features.  These features 
include flexibility, rapid installation, and provisions for the establishment of vegetation 
within the revetment.  Pre-cast block revetments that are assembled by simply butting 
individual blocks end to end (with no physical connection) should not be used on slopes 
steeper than 3:1 (H:V).  Since some of our slopes are steeper than 3:1, we do not 
recommend pre-cast concrete block revetments.  Furthermore, since there is little 
available documented experience with the use of pre-cast concrete blocks as a scour 
countermeasure for bridges, we have eliminated pre-cast concrete blocks as an 
alternative. 
 
Concrete pavement revetments are cast-in-place, or pre-cast and set in place on a 
prepared slope to provide a continuous, monolithic armor for bank protection. Cast-in-
place designs are the most common of the two design methods.  Components of concrete 
pavement revetment design include layout of a general scheme, bank and foundation 
preparation, bank slope, pavement thickness, pavement reinforcement, edge treatment, 
stubwalls, filter design, pressure relief, and concrete quality.  Note that cement and grout 
are unpopular with environmental agencies.  After discussions with Caltrans HQ, it was 
determined that concrete lining shall be eliminated as an alternative.   
 
According to Caltrans, RSP alone is insufficient for scour protection.  Supporting the 
piers of the SR 84 Bridge at Arroyo del Valle and Trail Bridge at Arroyo del Valle on 
piles, as well as the abutments of the new Trail Bridge, are the proposed primary scour 
countermeasures.  Please refer to Appendix G for relevant correspondences and meeting 
minutes. 
 
SR 84 Expressway Bridge at Arroyo Mocho is already concrete-lined and would not 
require any other countermeasure. 
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Appendix A  Arroyo del Valle 

 HEC-RAS Results: Existing Condition 

 

 



 

HEC-RAS  Plan: existing   River: Arroyo Del Valle   Reach: ADV_1
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Crit Depth Length Chnl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  (ft) (ft)
ADV_1 12      Zone 7/FEMA Q100 7000.00 407.86 416.08 414.01 417.23 0.007781 8.58 815.42 128.06 0.60 6.15 100.00
ADV_1 12      Zone 7/FEMA Q50 5400.00 407.86 415.16 413.20 416.09 0.007352 7.71 700.14 122.97 0.57 5.34 100.00

ADV_1 11.8221* Zone 7/FEMA Q100 7000.00 407.16 415.37 413.31 416.46 0.007249 8.41 832.59 133.94 0.59 6.15 100.00
ADV_1 11.8221* Zone 7/FEMA Q50 5400.00 407.16 414.49 412.52 415.37 0.006752 7.52 717.84 128.73 0.56 5.36 100.00

ADV_1 11.6441* Zone 7/FEMA Q100 7000.00 406.47 414.69 412.61 415.73 0.007053 8.18 855.44 139.75 0.58 6.14 100.00
ADV_1 11.6441* Zone 7/FEMA Q50 5400.00 406.47 413.88 411.84 414.69 0.006406 7.26 743.75 134.57 0.54 5.37 100.00

ADV_1 11.4662* Zone 7/FEMA Q100 7000.00 405.77 414.67 411.90 415.14 0.002755 5.97 1465.41 406.33 0.41 6.13 100.00
ADV_1 11.4662* Zone 7/FEMA Q50 5400.00 405.77 413.42 411.13 414.14 0.004346 6.80 793.67 141.25 0.51 5.36 100.00

ADV_1 11.2883* Zone 7/FEMA Q100 7000.00 405.07 414.52 411.16 414.88 0.001912 5.25 1679.30 424.79 0.35 6.09 100.00
ADV_1 11.2883* Zone 7/FEMA Q50 5400.00 405.07 413.13 410.41 413.73 0.003350 6.20 870.57 148.93 0.45 5.34 100.00

ADV_1 11.1104* Zone 7/FEMA Q100 7000.00 404.37 414.42 410.42 414.70 0.001316 4.59 1928.57 443.76 0.30 6.05 62.10
ADV_1 11.1104* Zone 7/FEMA Q50 5400.00 404.37 413.06 409.68 413.40 0.001908 4.95 1329.08 432.09 0.35 5.31 62.10

ADV_1 11      Zone 7/FEMA Q100 7000.00 403.94 414.38 409.95 414.61 0.001072 4.21 2099.00 455.65 0.27 6.01 352.70
ADV_1 11      Zone 7/FEMA Q50 5400.00 403.94 412.99 409.21 413.28 0.001516 4.50 1475.20 443.68 0.31 5.27 352.70

ADV_1 10      Zone 7/FEMA Q100 7000.00 402.77 413.79 408.81 414.12 0.001791 4.81 1706.40 430.32 0.32 6.04 19.10
ADV_1 10      Zone 7/FEMA Q50 5400.00 402.77 412.21 408.05 412.62 0.002236 5.15 1049.09 155.49 0.35 5.28 19.10

ADV_1 9       Zone 7/FEMA Q100 7000.00 402.71 413.62 408.67 414.07 0.002276 5.35 1309.02 182.46 0.35 5.96 25.90
ADV_1 9       Zone 7/FEMA Q50 5400.00 402.71 412.18 407.91 412.57 0.002200 5.07 1065.65 153.76 0.34 5.20 25.90

ADV_1 8.5     Zone 7/FEMA Q100 7000.00 401.81 413.51 414.00 0.002207 5.69 1325.01 285.68 0.36 28.00
ADV_1 8.5     Zone 7/FEMA Q50 5400.00 401.81 412.04 412.51 0.002521 5.51 987.20 179.74 0.37 28.00

ADV_1 8       Zone 7/FEMA Q100 7000.00 400.84 412.96 413.88 0.003835 7.70 909.58 113.37 0.48 6.60
ADV_1 8       Zone 7/FEMA Q50 5400.00 400.84 411.60 412.39 0.003847 7.12 758.40 107.83 0.47 6.60

ADV_1 7       Zone 7/FEMA Q100 7000.00 400.94 412.91 413.86 0.002976 7.82 894.71 121.03 0.51 18.30
ADV_1 7       Zone 7/FEMA Q50 5400.00 400.94 411.53 412.36 0.002845 7.30 739.30 109.10 0.49 18.30

ADV_1 6.5     Zone 7/FEMA Q100 7000.00 400.94 412.21 410.10 413.72 0.006292 9.86 709.61 99.87 0.65 9.16 0.50
ADV_1 6.5     Zone 7/FEMA Q50 5400.00 400.94 410.91 409.04 412.24 0.006413 9.24 584.25 92.71 0.65 8.10 0.50

ADV_1 6       Bridge

ADV_1 5.5     Zone 7/FEMA Q100 7000.00 400.10 409.85 411.76 0.010358 11.11 630.34 100.03 0.78 45.50
ADV_1 5.5     Zone 7/FEMA Q50 5400.00 400.10 409.00 410.51 0.009547 9.89 546.12 97.39 0.74 45.50

ADV_1 5       Zone 7/FEMA Q100 7000.00 399.65 410.62 406.42 410.76 0.001146 3.07 2291.59 393.28 0.21 6.77 53.90
ADV_1 5       Zone 7/FEMA Q50 5400.00 399.65 409.57 406.05 409.70 0.001216 2.83 1905.04 352.97 0.22 6.40 53.90

ADV_1 4       Zone 7/FEMA Q100 7000.00 399.53 408.91 410.47 0.012652 10.04 699.90 137.63 0.76 39.60
ADV_1 4       Zone 7/FEMA Q50 5400.00 399.53 408.21 409.44 0.011540 8.88 607.93 125.56 0.71 39.60



HEC-RAS  Plan: existing   River: Arroyo Del Valle   Reach: ADV_1 (Continued)
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Crit Depth Length Chnl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  (ft) (ft)
ADV_1 3       Zone 7/FEMA Q100 7000.00 399.61 408.71 409.94 0.009697 8.90 786.32 154.88 0.70 476.80
ADV_1 3       Zone 7/FEMA Q50 5400.00 399.61 407.99 408.97 0.008727 7.95 679.08 145.76 0.65 476.80

ADV_1 2       Zone 7/FEMA Q100 7000.00 395.50 404.56 403.62 405.36 0.008988 7.19 973.25 272.92 0.67 8.12 611.30
ADV_1 2       Zone 7/FEMA Q50 5400.00 395.50 404.01 402.97 404.67 0.008899 6.54 825.28 264.24 0.65 7.47 611.30

ADV_1 1       Zone 7/FEMA Q100 7000.00 390.15 400.46 399.06 401.00 0.005604 5.89 1187.73 312.18 0.53 8.91
ADV_1 1       Zone 7/FEMA Q50 5400.00 390.15 399.91 398.66 400.35 0.005602 5.32 1014.42 310.93 0.52 8.51
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Arroyo del Valle at SR 84       Plan: Existing 10-deg skew (October 2008)    12/17/2008 
   RS = 7  upstream of the bridge crossing
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Arroyo del Valle at SR 84       Plan: Existing 10-deg skew (October 2008)    12/17/2008 
   RS = 5.5  Downstream Face of Bridge
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Arroyo del Valle at SR 84       Plan: Existing 10-deg skew (October 2008)    12/17/2008 
   RS = 5  Immediate downstream of the bridge crossing
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Arroyo del Valle at SR 84       Plan: Existing 10-deg skew (October 2008)    12/17/2008 
   RS = 4  

Station (ft)

E
le

va
tio

n 
(ft

)

Legend

WS Zone 7/FEMA Q100

WS Zone 7/FEMA Q50

0 ft/s

2 ft/s

4 ft/s

6 ft/s

8 ft/s

10 ft/s

12 ft/s

Ground

Bank Sta

.05 .
0
4
5

.
0
6

.
0
2
5

.
0
6

.
0
4
5

.
0
3

.
0
4
5

.05

1 in Horiz. = 300 ft    1 in Vert. = 30 ft



-500 0 500 1000 1500
390

400

410

420
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Plan: existing    Arroyo Del Valle    ADV_1  RS: 6       Profile: Zone 7/FEMA Q100
 E.G. US. (ft) 413.72  Element Inside BR US Inside BR DS
 W.S. US. (ft) 412.21  E.G. Elev (ft) 413.28 411.86 
 Q Total (cfs) 7000.00  W.S. Elev (ft) 410.34 409.76 
 Q Bridge (cfs) 7000.00  Crit W.S. (ft) 410.34 408.93 
 Q Weir (cfs)   Max Chl Dpth (ft) 9.40 9.66 
 Weir Sta Lft (ft)   Vel Total (ft/s) 13.77 11.62 
 Weir Sta Rgt (ft)   Flow Area (sq ft) 508.47 602.48 
 Weir Submerg    Froude # Chl  1.00 0.82 
 Weir Max Depth (ft)   Specif Force (cu ft) 4773.86 4609.47 
 Min El Weir Flow (ft) 422.01  Hydr Depth (ft) 5.89 6.24 
 Min El Prs (ft) 418.46  W.P. Total (ft) 104.61 113.54 
 Delta EG (ft) 1.96  Conv. Total (cfs) 61700.8 98787.5 
 Delta WS (ft) 2.36  Top Width (ft) 86.38 96.56 
 BR Open Area (sq ft) 1271.16  Frctn Loss (ft) 0.30 0.00 
 BR Open Vel (ft/s) 13.77  C & E Loss (ft) 0.42 0.09 
 Coef of Q    Shear Total (lb/sq ft) 3.91 1.66 
 Br Sel Method  Energy only  Power Total (lb/ft s) 53.77 19.33 

  
Plan: existing    Arroyo Del Valle    ADV_1  RS: 6       Profile: Zone 7/FEMA Q50
 E.G. US. (ft) 412.24  Element Inside BR US Inside BR DS
 W.S. US. (ft) 410.91  E.G. Elev (ft) 411.85 410.59 
 Q Total (cfs) 5400.00  W.S. Elev (ft) 409.25 408.94 
 Q Bridge (cfs) 5400.00  Crit W.S. (ft) 409.25 407.99 
 Q Weir (cfs)   Max Chl Dpth (ft) 8.31 8.84 
 Weir Sta Lft (ft)   Vel Total (ft/s) 12.93 10.31 
 Weir Sta Rgt (ft)   Flow Area (sq ft) 417.53 523.82 
 Weir Submerg    Froude # Chl  1.00 0.77 
 Weir Max Depth (ft)   Specif Force (cu ft) 3445.64 3347.75 
 Min El Weir Flow (ft) 422.01  Hydr Depth (ft) 5.19 5.57 
 Min El Prs (ft) 418.46  W.P. Total (ft) 96.00 108.84 
 Delta EG (ft) 1.72  Conv. Total (cfs) 47405.7 42072.0 
 Delta WS (ft) 1.91  Top Width (ft) 80.39 94.01 
 BR Open Area (sq ft) 1271.16  Frctn Loss (ft) 0.58 0.01 
 BR Open Vel (ft/s) 12.93  C & E Loss (ft) 0.47 0.07 
 Coef of Q    Shear Total (lb/sq ft) 3.52 4.95 
 Br Sel Method  Energy only  Power Total (lb/ft s) 45.57 51.03 
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Appendix B  Arroyo Mocho 

 HEC-RAS Results: Existing Condition 



 

HEC-RAS  Plan: Existing   River: Arroyo Mocho   Reach: 1
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Crit Depth Length Chnl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  (ft) (ft)
1 5249.344 Q100 4800.00 405.35 416.25 416.76 0.001302 5.72 839.06 113.06 0.37 328.08
1 5249.344 Q50 3900.00 405.35 415.23 415.68 0.001306 5.37 725.96 107.95 0.37 328.08

1 4921.26 Q100 4800.00 404.96 415.81 416.33 0.001323 5.75 834.54 112.88 0.37 65.62
1 4921.26 Q50 3900.00 404.96 414.79 415.24 0.001330 5.41 721.44 107.75 0.37 65.62

1 4855.643 Q100 4800.00 404.88 415.62 416.22 0.001664 6.21 772.84 110.94 0.41 187.52
1 4855.643 Q50 3900.00 404.88 414.60 415.14 0.001702 5.89 662.09 104.87 0.41 187.52

1 4790.026 Q100 4800.00 404.79 415.35 415.90 0.001640 5.97 803.97 112.00 0.39 177.57
1 4790.026 Q50 3900.00 404.79 414.31 414.81 0.001671 5.64 690.90 106.75 0.39 177.57

1 4668.123 Q100 4800.00 404.63 414.98 415.57 0.002114 6.15 780.82 110.95 0.41 55.67
1 4668.123 Q50 3900.00 404.63 413.93 414.46 0.002197 5.84 667.62 105.65 0.41 55.67

1 4612.454 Q100 4800.00 404.56 414.99 415.52 0.000262 5.86 819.45 114.48 0.39 12.72
1 4612.454 Q50 3900.00 404.56 413.94 414.42 0.000271 5.55 702.17 109.23 0.39 12.72

1 4599.738 Q100 4800.00 404.55 414.98 411.04 415.51 0.000262 5.85 820.27 114.51 0.39 6.49 2.00
1 4599.738 Q50 3900.00 404.55 413.93 410.43 414.41 0.000271 5.55 702.94 109.27 0.39 5.88 2.00

1 4550    Bridge

1 4501.312 Q100 4800.00 404.44 414.91 415.44 0.000257 5.82 824.99 114.72 0.38 7.88
1 4501.312 Q50 3900.00 404.44 413.87 414.34 0.000265 5.51 707.72 109.49 0.38 7.88

1 4493.428 Q100 4800.00 404.43 414.84 415.42 0.001738 6.09 787.78 111.27 0.40 128.31
1 4493.428 Q50 3900.00 404.43 413.80 414.32 0.001790 5.78 674.60 105.99 0.40 128.31

1 4374.534 Q100 4800.00 404.27 414.60 415.19 0.001797 6.16 778.72 110.86 0.41 9.42
1 4374.534 Q50 3900.00 404.27 413.55 414.08 0.001866 5.87 664.96 105.53 0.41 9.42

1 4365.118 Q100 4800.00 404.27 414.45 415.16 0.002744 6.75 711.58 107.63 0.46 50.00
1 4365.118 Q50 3900.00 404.27 413.40 414.05 0.002925 6.49 601.30 101.39 0.47 50.00

1 4315.118 Q100 4800.00 404.21 414.49 415.09 0.000306 6.23 770.70 110.02 0.41 50.03
1 4315.118 Q50 3900.00 404.21 413.44 413.98 0.000320 5.93 657.39 104.74 0.42 50.03

1 4265.092 Q100 4800.00 404.14 412.07 412.07 414.85 0.001987 13.37 359.05 64.79 1.00 7.93 6.56
1 4265.092 Q50 3900.00 404.14 411.28 411.28 413.76 0.002051 12.63 308.67 62.42 1.00 7.14 6.56

1 4258.53 Q100 4800.00 400.86 412.05 413.06 0.000470 8.07 595.06 76.71 0.51 124.67
1 4258.53 Q50 3900.00 400.86 410.99 411.88 0.000467 7.56 515.84 73.27 0.50 124.67

1 4133.858 Q100 4800.00 400.73 412.38 412.80 0.000981 5.18 926.27 116.87 0.32 196.85



HEC-RAS  Plan: Existing   River: Arroyo Mocho   Reach: 1 (Continued)
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Crit Depth Length Chnl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  (ft) (ft)
1 4133.858 Q50 3900.00 400.73 411.27 411.64 0.000987 4.88 799.77 111.33 0.32 196.85

1 3937.008 Q100 4800.00 400.50 412.19 412.61 0.000966 5.16 931.11 117.08 0.32 328.08
1 3937.008 Q50 3900.00 400.50 411.08 411.45 0.000971 4.85 804.25 111.53 0.32 328.08

1 3608.924 Q100 4800.00 400.11 411.89 412.29 0.000938 5.10 940.92 117.50 0.32 328.08
1 3608.924 Q50 3900.00 400.11 410.78 411.13 0.000940 4.79 813.44 111.94 0.31 328.08

1 3280.84 Q100 4800.00 399.71 411.55 406.33 411.94 0.001200 5.07 947.66 117.79 0.31 6.62
1 3280.84 Q50 3900.00 399.71 410.43 405.72 410.78 0.001201 4.76 819.78 112.23 0.31 6.01
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Plan: Existing    Arroyo Mocho    1  RS: 4550       Profile: Q100
 E.G. US. (ft) 415.51  Element Inside BR US Inside BR DS
 W.S. US. (ft) 414.98  E.G. Elev (ft) 415.50 415.47 
 Q Total (cfs) 4800.00  W.S. Elev (ft) 414.93 414.91 
 Q Bridge (cfs) 4800.00  Crit W.S. (ft) 411.16 411.03 
 Q Weir (cfs)   Max Chl Dpth (ft) 10.38 10.47 
 Weir Sta Lft (ft)   Vel Total (ft/s) 6.09 6.01 
 Weir Sta Rgt (ft)   Flow Area (sq ft) 788.40 798.76 
 Weir Submerg    Froude # Chl  0.40 0.40 
 Weir Max Depth (ft)   Specif Force (cu ft) 4138.02 4200.03 
 Min El Weir Flow (ft) 420.12  Hydr Depth (ft) 7.09 7.15 
 Min El Prs (ft) 418.14  W.P. Total (ft) 147.93 148.80 
 Delta EG (ft) 0.07  Conv. Total (cfs) 238293.7 242583.4 
 Delta WS (ft) 0.07  Top Width (ft) 111.22 111.69 
 BR Open Area (sq ft) 1093.95  Frctn Loss (ft) 0.02 0.01 
 BR Open Vel (ft/s) 6.09  C & E Loss (ft) 0.01 0.02 
 Coef of Q    Shear Total (lb/sq ft) 0.14 0.13 
 Br Sel Method  Energy only  Power Total (lb/ft s) 0.82 0.79 

  
Plan: Existing    Arroyo Mocho    1  RS: 4550       Profile: Q50
 E.G. US. (ft) 414.41  Element Inside BR US Inside BR DS
 W.S. US. (ft) 413.93  E.G. Elev (ft) 414.40 414.37 
 Q Total (cfs) 3900.00  W.S. Elev (ft) 413.88 413.86 
 Q Bridge (cfs) 3900.00  Crit W.S. (ft) 410.54 410.42 
 Q Weir (cfs)   Max Chl Dpth (ft) 9.33 9.42 
 Weir Sta Lft (ft)   Vel Total (ft/s) 5.78 5.69 
 Weir Sta Rgt (ft)   Flow Area (sq ft) 674.98 684.84 
 Weir Submerg    Froude # Chl  0.40 0.40 
 Weir Max Depth (ft)   Specif Force (cu ft) 3166.69 3219.69 
 Min El Weir Flow (ft) 420.12  Hydr Depth (ft) 6.37 6.43 
 Min El Prs (ft) 418.14  W.P. Total (ft) 138.13 139.00 
 Delta EG (ft) 0.07  Conv. Total (cfs) 192548.0 196431.1 
 Delta WS (ft) 0.07  Top Width (ft) 106.00 106.47 
 BR Open Area (sq ft) 1093.95  Frctn Loss (ft) 0.02 0.01 
 BR Open Vel (ft/s) 5.78  C & E Loss (ft) 0.01 0.02 
 Coef of Q    Shear Total (lb/sq ft) 0.13 0.12 
 Br Sel Method  Energy only  Power Total (lb/ft s) 0.72 0.69 
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Appendix C  Arroyo del Valle 

 HEC-RAS Results: Proposed Condition 
 



 

HEC-RAS  Plan: proposed1208   River: Arroyo del Valle   Reach: 1
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Crit Depth Length Chnl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  (ft) (ft)
1 12      Zone 7 Q100 7000.00 407.86 416.00 414.01 417.17 0.008116 8.71 804.13 127.57 0.61 6.15 100.00
1 12      Zone 7 Q50 5400.00 407.86 415.04 413.20 416.01 0.007847 7.88 685.33 122.30 0.59 5.34 100.00

1 11.8221* Zone 7 Q100 7000.00 407.16 415.22 413.31 416.37 0.007793 8.61 812.82 133.06 0.61 6.15 100.00
1 11.8221* Zone 7 Q50 5400.00 407.16 414.29 412.52 415.23 0.007566 7.81 691.42 127.51 0.59 5.36 100.00

1 11.6441* Zone 7 Q100 7000.00 406.47 414.52 412.61 415.62 0.006906 8.41 831.90 138.67 0.61 6.14 100.00
1 11.6441* Zone 7 Q50 5400.00 406.47 413.60 411.83 414.51 0.006689 7.63 707.32 132.84 0.58 5.36 100.00

1 11.4662* Zone 7 Q100 7000.00 405.77 413.98 411.90 414.98 0.005510 8.02 872.94 144.97 0.58 6.13 100.00
1 11.4662* Zone 7 Q50 5400.00 405.77 413.08 411.13 413.89 0.005248 7.25 745.00 138.97 0.55 5.36 100.00

1 11.2883* Zone 7 Q100 7000.00 405.07 413.57 411.16 414.44 0.004530 7.47 937.27 152.06 0.53 6.09 100.00
1 11.2883* Zone 7 Q50 5400.00 405.07 412.69 410.41 413.39 0.004207 6.70 806.08 145.89 0.50 5.34 100.00

1 11.1104* Zone 7 Q100 7000.00 404.37 413.56 410.42 413.99 0.002328 5.62 1548.07 436.38 0.38 6.05 62.10
1 11.1104* Zone 7 Q50 5400.00 404.37 412.40 409.69 412.98 0.003318 6.10 885.92 153.49 0.45 5.32 62.10

1 11      Zone 7 Q100 7000.00 403.94 413.48 409.95 413.84 0.001851 5.18 1691.47 447.85 0.35 6.01 352.70
1 11      Zone 7 Q50 5400.00 403.94 412.26 409.21 412.77 0.002772 5.72 944.73 158.49 0.41 5.27 352.70

1 10      Zone 7 Q100 7000.00 402.77 411.82 409.02 412.78 0.004893 7.85 892.09 123.03 0.51 6.25 0.50
1 10      Zone 7 Q50 5400.00 402.77 410.65 408.19 411.46 0.004989 7.20 749.92 119.52 0.51 5.42 0.50

1 9.5     Bridge

1 9       Zone 7 Q100 7000.00 402.71 411.74 412.58 0.004667 7.35 952.23 133.24 0.48 25.90
1 9       Zone 7 Q50 5400.00 402.71 410.57 411.28 0.004776 6.76 798.48 129.73 0.48 25.90

1 8.5     Zone 7 Q100 7000.00 401.81 411.45 409.15 412.43 0.005712 7.94 882.14 139.97 0.56 7.34 0.50
1 8.5     Zone 7 Q50 5400.00 401.81 410.24 408.31 411.12 0.006347 7.54 716.64 132.73 0.57 6.50 0.50

1 6       Bridge

1 5.5     Zone 7 Q100 7000.00 400.10 409.85 411.77 0.010708 11.10 630.55 100.04 0.78 45.50
1 5.5     Zone 7 Q50 5400.00 400.10 409.00 410.52 0.009880 9.88 546.30 97.40 0.74 45.50

1 5       Zone 7 Q100 7000.00 399.65 410.62 406.42 410.76 0.001149 3.08 2275.64 358.32 0.22 6.77 53.90
1 5       Zone 7 Q50 5400.00 399.65 409.57 406.04 409.70 0.001216 2.83 1905.04 352.97 0.22 6.39 53.90

1 4       Zone 7 Q100 7000.00 399.53 408.91 410.47 0.012652 10.04 699.90 137.63 0.76 39.60
1 4       Zone 7 Q50 5400.00 399.53 408.21 409.44 0.011540 8.88 607.93 125.56 0.71 39.60

1 3       Zone 7 Q100 7000.00 399.61 408.71 409.94 0.009697 8.90 786.32 154.88 0.70 476.80
1 3       Zone 7 Q50 5400.00 399.61 407.99 408.97 0.008727 7.95 679.08 145.76 0.65 476.80

1 2       Zone 7 Q100 7000.00 395.50 404.56 403.62 405.36 0.008988 7.19 973.25 272.92 0.67 8.12 611.30
1 2       Zone 7 Q50 5400.00 395.50 404.01 402.97 404.67 0.008899 6.54 825.28 264.24 0.65 7.47 611.30



HEC-RAS  Plan: proposed1208   River: Arroyo del Valle   Reach: 1 (Continued)
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Crit Depth Length Chnl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  (ft) (ft)

1 1       Zone 7 Q100 7000.00 390.15 400.46 399.06 401.00 0.005604 5.89 1187.73 312.18 0.53 8.91
1 1       Zone 7 Q50 5400.00 390.15 399.91 398.66 400.35 0.005602 5.32 1014.42 310.93 0.52 8.51
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Arroyo del Valle at SR 84       Plan: ArroyoDelValle 10and30-deg skew Dec 2008    12/17/2008 
   RS = 5.5  Downstream Face of Bridge
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Arroyo del Valle at SR 84       Plan: ArroyoDelValle 10and30-deg skew Dec 2008    12/17/2008 
   RS = 5  Immediate downstream of the bridge crossing
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Plan: proposed1208    Arroyo del Valle    1  RS: 9.5       Profile: Zone 7 Q100
 E.G. US. (ft) 412.78  Element Inside BR US Inside BR DS
 W.S. US. (ft) 411.82  E.G. Elev (ft) 412.74 412.61 
 Q Total (cfs) 7000.00  W.S. Elev (ft) 411.67 411.71 
 Q Bridge (cfs) 7000.00  Crit W.S. (ft) 409.14 408.92 
 Q Weir (cfs)   Max Chl Dpth (ft) 8.90 9.00 
 Weir Sta Lft (ft)   Vel Total (ft/s) 8.31 7.64 
 Weir Sta Rgt (ft)   Flow Area (sq ft) 842.19 916.63 
 Weir Submerg    Froude # Chl  0.55 0.50 
 Weir Max Depth (ft)   Specif Force (cu ft) 5027.56 5162.91 
 Min El Weir Flow (ft) 420.14  Hydr Depth (ft) 7.11 7.10 
 Min El Prs (ft) 417.85  W.P. Total (ft) 138.26 148.92 
 Delta EG (ft) 0.20  Conv. Total (cfs) 119377.1 166124.3 
 Delta WS (ft) 0.08  Top Width (ft) 118.47 129.04 
 BR Open Area (sq ft) 1606.57  Frctn Loss (ft) 0.04 0.00 
 BR Open Vel (ft/s) 8.31  C & E Loss (ft) 0.08 0.03 
 Coef of Q    Shear Total (lb/sq ft) 1.31 0.68 
 Br Sel Method  Energy only  Power Total (lb/ft s) 10.87 5.21 

  
Plan: proposed1208    Arroyo del Valle    1  RS: 9.5       Profile: Zone 7 Q50
 E.G. US. (ft) 411.46  Element Inside BR US Inside BR DS
 W.S. US. (ft) 410.65  E.G. Elev (ft) 411.43 411.31 
 Q Total (cfs) 5400.00  W.S. Elev (ft) 410.52 410.55 
 Q Bridge (cfs) 5400.00  Crit W.S. (ft) 408.32 408.14 
 Q Weir (cfs)   Max Chl Dpth (ft) 7.75 7.84 
 Weir Sta Lft (ft)   Vel Total (ft/s) 7.62 7.03 
 Weir Sta Rgt (ft)   Flow Area (sq ft) 708.22 768.58 
 Weir Submerg    Froude # Chl  0.54 0.50 
 Weir Max Depth (ft)   Specif Force (cu ft) 3610.20 3701.45 
 Min El Weir Flow (ft) 420.14  Hydr Depth (ft) 6.16 6.12 
 Min El Prs (ft) 417.85  W.P. Total (ft) 131.82 142.40 
 Delta EG (ft) 0.17  Conv. Total (cfs) 92420.4 127615.8 
 Delta WS (ft) 0.08  Top Width (ft) 115.03 125.55 
 BR Open Area (sq ft) 1606.57  Frctn Loss (ft) 0.04 0.00 
 BR Open Vel (ft/s) 7.62  C & E Loss (ft) 0.07 0.03 
 Coef of Q    Shear Total (lb/sq ft) 1.15 0.60 
 Br Sel Method  Energy only  Power Total (lb/ft s) 8.73 4.24 



Plan: proposed1208    Arroyo del Valle    1  RS: 6       Profile: Zone 7 Q100
 E.G. US. (ft) 412.43  Element Inside BR US Inside BR DS
 W.S. US. (ft) 411.45  E.G. Elev (ft) 412.40 411.83 
 Q Total (cfs) 7000.00  W.S. Elev (ft) 411.18 409.71 
 Q Bridge (cfs) 7000.00  Crit W.S. (ft) 409.21 408.91 
 Q Weir (cfs)   Max Chl Dpth (ft) 9.37 9.61 
 Weir Sta Lft (ft)   Vel Total (ft/s) 8.89 11.68 
 Weir Sta Rgt (ft)   Flow Area (sq ft) 787.67 599.57 
 Weir Submerg    Froude # Chl  0.60 0.83 
 Weir Max Depth (ft)   Specif Force (cu ft) 4787.11 4602.42 
 Min El Weir Flow (ft) 421.67  Hydr Depth (ft) 6.83 6.22 
 Min El Prs (ft) 418.27  W.P. Total (ft) 137.52 112.20 
 Delta EG (ft) 0.67  Conv. Total (cfs) 136051.4 57665.5 
 Delta WS (ft) 1.60  Top Width (ft) 115.27 96.40 
 BR Open Area (sq ft) 1477.86  Frctn Loss (ft) 0.49 0.00 
 BR Open Vel (ft/s) 11.68  C & E Loss (ft) 0.09 0.06 
 Coef of Q    Shear Total (lb/sq ft) 0.95 4.92 
 Br Sel Method  Energy only  Power Total (lb/ft s) 8.41 57.39 

  
Plan: proposed1208    Arroyo del Valle    1  RS: 6       Profile: Zone 7 Q50
 E.G. US. (ft) 411.12  Element Inside BR US Inside BR DS
 W.S. US. (ft) 410.24  E.G. Elev (ft) 411.10 410.56 
 Q Total (cfs) 5400.00  W.S. Elev (ft) 410.06 408.90 
 Q Bridge (cfs) 5400.00  Crit W.S. (ft) 408.37 407.95 
 Q Weir (cfs)   Max Chl Dpth (ft) 8.25 8.80 
 Weir Sta Lft (ft)   Vel Total (ft/s) 8.20 10.34 
 Weir Sta Rgt (ft)   Flow Area (sq ft) 658.86 522.36 
 Weir Submerg    Froude # Chl  0.60 0.77 
 Weir Max Depth (ft)   Specif Force (cu ft) 3421.42 3342.95 
 Min El Weir Flow (ft) 421.67  Hydr Depth (ft) 5.72 5.56 
 Min El Prs (ft) 418.27  W.P. Total (ft) 133.05 107.59 
 Delta EG (ft) 0.61  Conv. Total (cfs) 103282.3 47066.7 
 Delta WS (ft) 1.24  Top Width (ft) 115.27 93.89 
 BR Open Area (sq ft) 1477.86  Frctn Loss (ft) 0.48 0.00 
 BR Open Vel (ft/s) 10.34  C & E Loss (ft) 0.06 0.04 
 Coef of Q    Shear Total (lb/sq ft) 0.85 3.99 
 Br Sel Method  Energy only  Power Total (lb/ft s) 6.93 41.25 
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Appendix D  Arroyo Mocho 

 HEC-RAS Results: Proposed Condition 

 



 

HEC-RAS  Plan: Proposed   River: Arroyo Mocho   Reach: 1
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Crit Depth Length Chnl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  (ft) (ft)
1 5249.344 Q100 4800.00 405.35 416.30 416.80 0.001278 5.68 844.46 113.31 0.37 328.08
1 5249.344 Q50 3900.00 405.35 415.27 415.71 0.001281 5.34 730.69 108.17 0.36 328.08

1 4921.26 Q100 4800.00 404.96 415.87 416.38 0.001295 5.71 840.66 113.14 0.37 65.62
1 4921.26 Q50 3900.00 404.96 414.84 415.29 0.001301 5.37 726.90 108.00 0.36 65.62

1 4855.643 Q100 4800.00 404.88 415.69 416.27 0.001620 6.15 780.14 111.32 0.41 187.52
1 4855.643 Q50 3900.00 404.88 414.66 415.18 0.001655 5.83 668.66 105.23 0.41 187.52

1 4790.026 Q100 4800.00 404.79 415.42 415.96 0.001595 5.91 811.88 112.35 0.39 177.57
1 4790.026 Q50 3900.00 404.79 414.38 414.86 0.001622 5.59 698.16 107.10 0.39 177.57

1 4668.123 Q100 4800.00 404.63 415.06 415.64 0.002043 6.08 790.05 111.36 0.40 55.67
1 4668.123 Q50 3900.00 404.63 414.02 414.53 0.002115 5.77 676.34 106.06 0.40 55.67

1 4612.454 Q100 4800.00 404.56 415.07 415.59 0.000254 5.79 828.88 114.88 0.38 12.72
1 4612.454 Q50 3900.00 404.56 414.02 414.49 0.000262 5.48 711.09 109.63 0.38 12.72

1 4599.738 Q100 4800.00 404.55 415.07 411.03 415.59 0.000253 5.78 830.11 114.93 0.38 6.49 2.00
1 4599.738 Q50 3900.00 404.55 414.02 410.43 414.48 0.000260 5.48 712.23 109.68 0.38 5.88 2.00

1 4550    Bridge

1 4461.92* Q100 4800.00 404.38 414.81 411.07 415.40 0.001786 6.18 777.02 109.61 0.41 6.69 61.50
1 4461.92* Q50 3900.00 404.38 413.77 410.45 414.30 0.001837 5.86 665.71 104.42 0.41 6.06 61.50

1 4400    Bridge

1 4374.534 Q100 4800.00 404.27 414.60 415.21 0.001854 6.26 766.98 109.17 0.42 9.42
1 4374.534 Q50 3900.00 404.27 413.56 414.11 0.001922 5.95 655.32 103.93 0.42 9.42

1 4365.118 Q100 4800.00 404.27 414.46 415.16 0.002745 6.75 711.53 107.62 0.46 50.00
1 4365.118 Q50 3900.00 404.27 413.40 414.05 0.002926 6.49 601.26 101.38 0.47 50.00

1 4315.118 Q100 4800.00 404.21 414.49 415.10 0.000305 6.22 771.36 110.04 0.41 50.03
1 4315.118 Q50 3900.00 404.21 413.44 413.98 0.000319 5.93 658.01 104.76 0.42 50.03

1 4265.092 Q100 4800.00 404.14 412.07 412.07 414.85 0.001987 13.37 359.04 64.79 1.00 7.93 6.56
1 4265.092 Q50 3900.00 404.14 411.28 411.28 413.76 0.002050 12.63 308.71 62.42 1.00 7.14 6.56

1 4258.53 Q100 4800.00 400.86 412.05 413.06 0.000470 8.07 594.98 76.70 0.51 124.67
1 4258.53 Q50 3900.00 400.86 410.99 411.88 0.000467 7.56 515.77 73.26 0.50 124.67

1 4133.858 Q100 4800.00 400.73 412.38 412.80 0.000980 5.18 926.48 116.87 0.32 196.85
1 4133.858 Q50 3900.00 400.73 411.28 411.64 0.000986 4.88 799.98 111.33 0.32 196.85



HEC-RAS  Plan: Proposed   River: Arroyo Mocho   Reach: 1 (Continued)
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Crit Depth Length Chnl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  (ft) (ft)

1 3937.008 Q100 4800.00 400.50 412.20 412.61 0.000966 5.15 931.30 117.08 0.32 328.08
1 3937.008 Q50 3900.00 400.50 411.09 411.45 0.000971 4.85 804.42 111.53 0.32 328.08

1 3608.924 Q100 4800.00 400.11 411.89 412.29 0.000936 5.10 941.61 117.52 0.32 328.08
1 3608.924 Q50 3900.00 400.11 410.78 411.13 0.000938 4.79 814.09 111.96 0.31 328.08

1 3280.84 Q100 4800.00 399.71 411.55 406.33 411.95 0.001200 5.07 947.62 117.77 0.31 6.62
1 3280.84 Q50 3900.00 399.71 410.44 405.71 410.79 0.001201 4.76 819.75 112.21 0.31 6.00
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Zone 7 Arroyo Mocho       Plan: Proposed Arroyo Mocho    4/8/2008 
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Plan: Proposed    Arroyo Mocho    1  RS: 4550       Profile: Q100
 E.G. US. (ft) 415.59  Element Inside BR US Inside BR DS
 W.S. US. (ft) 415.07  E.G. Elev (ft) 415.57 415.44 
 Q Total (cfs) 4800.00  W.S. Elev (ft) 415.01 414.80 
 Q Bridge (cfs) 4800.00  Crit W.S. (ft) 411.15 411.22 
 Q Weir (cfs)   Max Chl Dpth (ft) 10.46 10.42 
 Weir Sta Lft (ft)   Vel Total (ft/s) 6.02 6.41 
 Weir Sta Rgt (ft)   Flow Area (sq ft) 797.92 749.25 
 Weir Submerg    Froude # Chl  0.40 0.43 
 Weir Max Depth (ft)   Specif Force (cu ft) 4194.90 4016.09 
 Min El Weir Flow (ft) 421.15  Hydr Depth (ft) 7.15 7.03 
 Min El Prs (ft) 418.14  W.P. Total (ft) 149.01 145.95 
 Delta EG (ft) 0.18  Conv. Total (cfs) 241935.2 90952.6 
 Delta WS (ft) 0.26  Top Width (ft) 111.65 106.57 
 BR Open Area (sq ft) 1089.45  Frctn Loss (ft) 0.11 0.01 
 BR Open Vel (ft/s) 6.41  C & E Loss (ft) 0.02 0.02 
 Coef of Q    Shear Total (lb/sq ft) 0.13 0.89 
 Br Sel Method  Energy only  Power Total (lb/ft s) 0.79 5.72 

  
Plan: Proposed    Arroyo Mocho    1  RS: 4550       Profile: Q50
 E.G. US. (ft) 414.48  Element Inside BR US Inside BR DS
 W.S. US. (ft) 414.02  E.G. Elev (ft) 414.47 414.34 
 Q Total (cfs) 3900.00  W.S. Elev (ft) 413.97 413.76 
 Q Bridge (cfs) 3900.00  Crit W.S. (ft) 410.54 410.57 
 Q Weir (cfs)   Max Chl Dpth (ft) 9.42 9.38 
 Weir Sta Lft (ft)   Vel Total (ft/s) 5.70 6.08 
 Weir Sta Rgt (ft)   Flow Area (sq ft) 683.95 641.29 
 Weir Submerg    Froude # Chl  0.40 0.43 
 Weir Max Depth (ft)   Specif Force (cu ft) 3214.86 3076.25 
 Min El Weir Flow (ft) 421.15  Hydr Depth (ft) 6.43 6.32 
 Min El Prs (ft) 418.14  W.P. Total (ft) 139.20 136.22 
 Delta EG (ft) 0.18  Conv. Total (cfs) 195822.7 73565.7 
 Delta WS (ft) 0.25  Top Width (ft) 106.43 101.39 
 BR Open Area (sq ft) 1089.45  Frctn Loss (ft) 0.11 0.01 
 BR Open Vel (ft/s) 6.08  C & E Loss (ft) 0.02 0.02 
 Coef of Q    Shear Total (lb/sq ft) 0.12 0.83 
 Br Sel Method  Energy only  Power Total (lb/ft s) 0.69 5.02 



Plan: Proposed    Arroyo Mocho    1  RS: 4400       Profile: Q100
 E.G. US. (ft) 415.40  Element Inside BR US Inside BR DS
 W.S. US. (ft) 414.81  E.G. Elev (ft) 415.28 415.24 
 Q Total (cfs) 4800.00  W.S. Elev (ft) 414.66 414.64 
 Q Bridge (cfs) 4800.00  Crit W.S. (ft) 411.07 410.96 
 Q Weir (cfs)   Max Chl Dpth (ft) 10.28 10.37 
 Weir Sta Lft (ft)   Vel Total (ft/s) 6.31 6.23 
 Weir Sta Rgt (ft)   Flow Area (sq ft) 761.11 770.64 
 Weir Submerg    Froude # Chl  0.42 0.41 
 Weir Max Depth (ft)   Specif Force (cu ft) 4017.96 4072.98 
 Min El Weir Flow (ft) 422.19  Hydr Depth (ft) 6.99 7.05 
 Min El Prs (ft) 417.44  W.P. Total (ft) 112.30 112.78 
 Delta EG (ft) 0.19  Conv. Total (cfs) 110267.1 112236.6 
 Delta WS (ft) 0.21  Top Width (ft) 108.88 109.33 
 BR Open Area (sq ft) 1065.08  Frctn Loss (ft) 0.03 0.03 
 BR Open Vel (ft/s) 6.31  C & E Loss (ft) 0.01 0.00 
 Coef of Q    Shear Total (lb/sq ft) 0.80 0.78 
 Br Sel Method  Energy only  Power Total (lb/ft s) 5.06 4.86 

  
Plan: Proposed    Arroyo Mocho    1  RS: 4400       Profile: Q50
 E.G. US. (ft) 414.30  Element Inside BR US Inside BR DS
 W.S. US. (ft) 413.77  E.G. Elev (ft) 414.18 414.13 
 Q Total (cfs) 3900.00  W.S. Elev (ft) 413.62 413.59 
 Q Bridge (cfs) 3900.00  Crit W.S. (ft) 410.44 410.34 
 Q Weir (cfs)   Max Chl Dpth (ft) 9.24 9.32 
 Weir Sta Lft (ft)   Vel Total (ft/s) 6.00 5.92 
 Weir Sta Rgt (ft)   Flow Area (sq ft) 650.03 658.95 
 Weir Submerg    Froude # Chl  0.42 0.41 
 Weir Max Depth (ft)   Specif Force (cu ft) 3067.50 3113.73 
 Min El Weir Flow (ft) 422.19  Hydr Depth (ft) 6.27 6.33 
 Min El Prs (ft) 417.44  W.P. Total (ft) 106.68 107.15 
 Delta EG (ft) 0.20  Conv. Total (cfs) 87936.6 89672.1 
 Delta WS (ft) 0.21  Top Width (ft) 103.67 104.11 
 BR Open Area (sq ft) 1065.08  Frctn Loss (ft) 0.04 0.03 
 BR Open Vel (ft/s) 6.00  C & E Loss (ft) 0.01 0.00 
 Coef of Q    Shear Total (lb/sq ft) 0.75 0.73 
 Br Sel Method  Energy only  Power Total (lb/ft s) 4.49 4.30 
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Appendix E  Surveyed Cross-Sections 
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Appendix F  Scour Calculations and Rip Rap Sizing 
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MEMORANDUM 
 
To:  Overcomer Hor, Caltrans DES OSFP 
 
From:  Tim Lee, Consultant Project Manager 
 
Date:  September 22, 2008 (Revised December 2008) 
 
Subject: 04-Ala-84, PM 22.5/27.3, EA 04-297601  

ACTIA Route 84 Expressway Widening Project 
Arroyo del Valle Bridge – Scour Countermeasure Options 

 
Overcomer: 
 
Subsequent to the Type Selection Meeting on 6/4/08, additional studies were conducted 
to identify scour countermeasure options for the Arroyo del Valle Bridge widening. The 
study findings are summarized in this memorandum and the Draft Bridge Design 
Hydraulic Study Report (prepared by Wreco, and dated September 2008). Caltrans 
review and comment of both documents is requested at this time followed by a 
coordination meeting (or conference call) to reach consensus on the preferred scour 
countermeasure option.  
 
Active mining of gravel quarries each side of the Arroyo del Valle Bridge crossing will be 
ongoing until 2030 at which time a reclamation plan will convert their use to percolation 
ponds and flood management facilities. Quarry operators have permits to mine up to 50 
feet from existing State right-of-way and up to depths of 240 feet. As part of the 
Reclamation Plan a spillway will be constructed at the Arroyo del Valle Bridge crossing 
to create separate lakes (Lakes A and B) each side of Route 84.  
 
According to the Bridge Inspection Report (dated March 2006) there was 5.9 foot of 
channel degradation between 1983 and 1999. This was attributed to in-stream gravel 
mining. The thalweg (lowest point of the channel) is estimated to be only 2 foot above 
the pier footing. The existing foundations for the bridge abutments and pier are on 
spread footings.  The bridge is classified by Caltrans as a “scour critical” location.  
 
Caltrans HQ Hydraulics and Wreco conducted field visits and coordination meetings to 
further discuss scour concerns at the bridge crossing. Scour analysis was revised and 
documented in the Draft Bridge Design Hydraulic Study Report (dated September 
2008).  
 
The report identified that the total scour (contraction and local) at the bridge pier is 
estimated at 15 foot (Q100). Four design options were investigated as scour 
countermeasures and summarized as follows: 
 

C
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(1) Pier Retrofit (CIDH piles) - existing footing is expanded beyond deck footprint 
and connected to footing of bridge widening and supported on pile foundations. 
Estimated additional cost is $591,000. 

 
(2) Pier Retrofit (sheet piles) – construct sheet pile cofferdam around footing of 

bridge widening (assuming pile embedment of 20 foot) and connect to existing 
footing. Estimated additional cost is $500,000. 

 
(3) Reconstruct Bridge – existing bridge is reconstructed and widened with pile 

foundations. Estimated additional cost is $1,442,000. 
 
(4) Concrete Lined Channel – construct RC slab to provide a continuous monolithic 

lining of the channel and abutments beneath the bridge. Estimated additional 
cost is $445,000 including biological mitigation. 

 
Analysis of Scour Countermeasure Options 
The added cost for reconstructing the existing bridge (Option 3) is significantly higher 
than the other options. No structural deficiencies have been identified with the existing 
bridge and reconstructing it would not provide any significant benefits over the other 
options. Option 3 is therefore not considered cost effective and is rejected.  
 
The added costs for Options 1, 2 and 4 are similar and therefore not a basis for 
rejection. 
 
Concrete lining of the channel and abutment slopes would result in significant 
environmental impacts to riparian areas of the creek. This option is anticipated to be 
rejected by the permitting agencies (USACOE and CDFG) since there are other feasible 
solutions available. Furthermore, scour effects could undermine the RC slab over time. 
This option is rejected since it causes the most significant environmental impacts. 
 
The pier retrofit with sheet piling (Option 2) would not protect the existing pier from 
scour since there is inadequate vertical clearance under the superstructure. 
Furthermore, driving sheet piles could be difficult due to the presence of gravel deposits 
in the soil structure. This option is rejected since scour protection is inferior to Option 1 
and may not be constructible. 
 
Based on the above analysis, Option 1 is considered to be the preferred scour 
countermeasure. 
 
Additional Measures to Limit Scour 
The abutment and pier of the new trail bridge, upstream of the roadway bridge, 
will be founded on CIDH piles. 
 
RSP on the existing bridge abutments appears to be substandard, and the toe 
rocks have been displaced by creek flows. The RSP should be removed and 
replaced with RSP meeting current standards in HEC-23.  
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The channel alignment is skewed upstream of the bridge which exacerbates the 
effects of scouring. Realigning the channel to reduce the skew was considered 
but rejected since this would result in significant environmental impacts. 
 
Pile Foundation Design 
Based on subsurface conditions encountered at Arroyo Del Valle and Caltrans Bridge 
Design Specifications (Section 4), we estimate the design tip elevations for the 
proposed 36-inch diameter CIDH piles to be El. 324 and 311 for abutments and center 
pier, respectively. The estimated tip elevations exclude the contribution of shaft 
resistance in the upper 22 feet due to scour. The table below summarizes the pile data 
for the proposed CIDH piles: 

Location / Elevation 
below Scour 

Pile Type Nominal Compressive 
Resistance 

Estimated Design 
Tip 

Abutment 1 / El. 395 36-inch CIDH 900 kips 324 
Pier 2 / El. 382 36- inch CIDH 900 kips 311 

Abutment 3 / El. 395 36-inch CIDH 900 kips 324 
 
The above estimates assume deeper subsurface conditions are similar to those 
revealed in the December 2007 exploratory borings terminated at El. 350 and El. 
340 for Abutment 1 and 3, respectively. Therefore, if piles with load demand 
listed in the above table are proposed, 3 additional borings (one at each support 
location) extending to a depth of 120 feet will be required, or to El. 300. However, 
borings at the abutments will require only sampling from El. 350 to El. 300. 
 
Other Issues 
Restoring the 5.9 feet of channel degradation attributed to in-stream gravel 
mining would result in significant environmental impacts and is considered out of 
the scope of the highway widening project. This matter should be referred to 
Zone 7 for further action.  
 
Option 1 would not preclude construction of the future spillway. Since the future 
spillway could block fish passage, its construction may be prohibited by the 
environmental resource agencies. This issue should be further investigated by 
Zone 7. 
 
If you have any questions or need additional information on this matter please contact 
me at (415) 806-7500 or timlee@wmhcorporation.com .  
 
Regards 
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Tim Lee, P.E. 
Consultant Project Manager 
 
 
cc. Kevin Flora, Steve Ng, Scott Davis (Caltrans HQ Hydraulics) 

Issa Bouri, Caltrans District 4 
Nestor Perez, Caltrans District 4 
Kevin Melanephy, Caltrans Biology 
Michele Bellows (ACTIA) 
Ben Razeghi (URS) 
Han Bin Liang (WRECO) 
Bob Sennett/Guoping Xu (MGE) 
File 

 



 

  1/4    01/06/09 

   Responses Prepared By: Tim Lee 

REVIEW COMMENTS MATRIX 
    

TECHNICAL COMMENT REVIEW AND RESPONSE 
Comments dated 10/1/08 

Title:  Route 84 Expressway Widening Project Submittal:  Draft Bridge Hydrology Report and Scour Countermeasure Options Memo 
CODE:   A-Will Comply;   B-Consultant to Evaluate;   C-Will Not Incorporate;   D-Agency to Evaluate;  E-No Action Required 

No. Page No. Review Comments Design Responses Proposed 
Action: 

Final 
Action: 

MEMORANDUM SUMMARY REPORT (Kevin Flora comments) 
1  

 
 
 
 
 

2 
 
 
 
 

Is Option 1 driven piles or CIDH piles?   
 
 
 
 
From the details of Pier 2 shown in Figure 1 from MGE 
Engineering, we are concerned with the pile connection at the 
existing spread footing? Will the structure stay intact if the footing 
is undermined? 
 
On Page 2, RSP at Pier 2 is recommended which may indicate that 
the design for Pier Retrofit would not allow for the footing/pilecap 
to be undermined?  If this is the case, then the stability of the 
bridge is dependent on the rip rap which is not an acceptable long-
term strategy 

CIDH piles are proposed for Pier 2 on the bridge 
widening and new trail bridge. Abutments will remain 
on spread footings and be protected by RSP. Memo 
and report will be revised accordingly 
 
The footing retrofit will be designed to carry all bridge 
loads under a condition where the soil below the 
footing is no longer present due to scour. 
 
 
 
RSP is not needed at the pier in conjunction with the 
footing retrofit. 

A 
 
 
 
 
 

A 
 
 
 
 

E 

A 
 
 
 
 
 

A 
 
 
 
 

E 

2  The new widen foundation should be lower than the existing 
foundation such that it will not become exposed by scour.   

Due to constructability issues, the new widening 
footing will need to be located at the same elevation as 
the existing.  Additionally, it is not desirable from a 
structural point of view to have two piers connected 
with different stiffnesses. 

 
 

C 

 
 

C 

3  Option 1 was never discussed in Draft Hydraulic Report; 
therefore, it is not clear if the effects of the retrofit on hydraulics 
and scour potential have been addressed. 

Option 1 has been added to the Final Bridge Design 
Hydraulic Report. This option addresses scour 
concerns 

 
A 

 
A 

4 3 On Page 3, 3rd paragraph, the memo indicates that the existing 
access road should be lowered to provide more conveyance.  I did 
not find an adequate discussion of this issue in the Draft Hydraulic 
Report.   How much will the road be lowered?  From the Draft 
Hydraulic Report, it does not appear that flow capacity is a 
problem, so why is this needed? 

This recommendation has been withdrawn. There is 
sufficient flow capacity provided. 

A A 



 

  2/4    01/06/09 

   Responses Prepared By: Tim Lee 

REVIEW COMMENTS MATRIX 
    

TECHNICAL COMMENT REVIEW AND RESPONSE 
Comments dated 10/1/08 

Title:  Route 84 Expressway Widening Project Submittal:  Draft Bridge Hydrology Report and Scour Countermeasure Options Memo 
CODE:   A-Will Comply;   B-Consultant to Evaluate;   C-Will Not Incorporate;   D-Agency to Evaluate;  E-No Action Required 

No. Page No. Review Comments Design Responses Proposed 
Action: 

Final 
Action: 

5 3 On Page 3, last paragraph, why is Option 2 being discussed with 
respect to a future spillway if this option was rejected on Page 2? 

Will revise memo to state Option 1 A A 

6  The General Plan shows a 30-degree skew for the Trail Bridge, 
but the scour evaluation was based on a 10-degree hydraulic skew.  
This contradiction needs to be explained. 

Bridge has skew of 30 degrees at crossing. Channel 
approach to bridge has a skew of 10 degrees. This will 
be clarified in the Final Bridge Design Hydraulic 
Report. 

 
E 

 
E 

7  We do not agree with the statement “RSP on the existing bridge 
appears to be adequate.”  In fact, the RSP appears to be 
substandard.  We recommend that it be removed and replaced with 
RSP meeting current standards in HEC-23, not just keyed in at the 
toe as proposed. 

Will revise memo and Final Bridge Design Hydraulic 
Report to state that the existing RSP will be removed 
and replaced with new RSP meeting current standards 
in HEC-23 

A A 

8  The ground surface shown in the proposed footing retrofit plan 
does not accurately represent current channel conditions.  The 
existing ground is much lower than shown, with the top of the 
proposed footing 1 ft above the thalweg elevation (top of footing 
399.5 vs. thalweg 398.4). 

Will revise GP such that ground surface shown 
represents current channel conditions 

A A 

DRAFT BRIDGE DESIGN HYDRAULIC REPORT – HEC RAS Model Issues (Kevin Flora comments) 
1  To understand the HEC-RAS model, please provide a plan view 

showing the cross-section locations. 
Will revise Final Bridge Design Hydraulic Report to 
include this exhibit 

A A 

2 Table 9 Table 9 – Why will the widening and the new Trail bridge cause 
the WSEL to be lower upstream of the proposed bridges (XS 11 
and 12)?  This would not be expected and may indicate a problem 
with the model. 

Intermediate cross sections have been added to the 
HEC-RAS model to more accurately model  the water 
surface elevations. 

A A 

3 Table 9 Table 9 – Why would the 50-year discharge create more 
backwater at the U/S SR 84 Bridge cross-section than the 100-
year?  This appears to indicate a modeling error.   

The HEC-RAS model will be revised to address the 
backwater issue. 

A A 
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   Responses Prepared By: Tim Lee 

REVIEW COMMENTS MATRIX 
    

TECHNICAL COMMENT REVIEW AND RESPONSE 
Comments dated 10/1/08 

Title:  Route 84 Expressway Widening Project Submittal:  Draft Bridge Hydrology Report and Scour Countermeasure Options Memo 
CODE:   A-Will Comply;   B-Consultant to Evaluate;   C-Will Not Incorporate;   D-Agency to Evaluate;  E-No Action Required 

No. Page No. Review Comments Design Responses Proposed 
Action: 

Final 
Action: 

4 Figure 8 Figure 8 – The cross-section used in HEC-RAS at the upstream 
face of Rte 84 Bridge shows an approximately 5-foot high berm in 
the channel.  In reality, the berm is aligned with the bridge pier; 
however, Figure 8 shows it to be offset.  Furthermore, 
immediately under the bridge, the berm does not exist as shown in 
a recent Caltrans bridge cross-section (see attached).  This should 
be accounted for in the RAS model and subsequent scour analysis. 

Complied.  The HEC-RAS model has been revised to 
delete the berm on the upstream face of the SR 84 
Widening Bridge. 

A A 

 
1 28 The scour analysis explicitly neglects future degradation due to the 

use of a “grade control structure”; however, such a structure is not 
described in the draft report.  Moreover, in the Memorandum from 
Tim Lee it is noted that such a structure may not be built due to 
environmental concerns.  Therefore, we have concerns about the 
potential for degradation, especially with the possibility of pit 
capture by the stream of any of the deep gravel pits near the 
bridge. 

Reference to a grade control structure will be removed 
from the report since it is not part of the ACTIA 
Project and there is no guarantee it will be built in the 
future. If the structure is constructed in the future as 
part of the Zone 7 Reclamation Plan, the permitee 
would be required to provide justification that further 
degradation would not occur and the integrity of the 
bridge would be maintained. 

A A 

2  Detailed scour data needs to be provided for both the abutment 
and pier scour calculations in order to check the proposed scour 
depths.   

Abutment and pier scour calculations have been 
provided for the SR 84 Widening Bridge.  Only pier 
scour calculations were provided on the Trail Bridge 
and abutment scour was not calculated, because the 
100-year water surface elevations did not reach the 
abutments. 

E E 

3 31 Page 31 – Sheet pile pier protection “would extend from the 
foundations to the pier to the expected depths of degradation.”  
Does “degradation” refer to the maximum scour depth since 
degradation was neglected (see 5 above)?  Embedment beyond 
scour is not needed? 

This option has been eliminated and report updated 
accordingly. 

E E 

4  Was the additional width of the sheet piling included in the scour 
calculations? 
 

This option has been eliminated and report updated 
accordingly. 

E E 
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GEOTECHNICAL REVIEW (EDUARDO ORTEGA) 
1  We are in agreement with Design Option No.1 – Pier Retrofit 

(driven piles). 
 

Comment noted. Correction will be made to state that 
Option 1 is “Pier Retrofit (CIDH piles) 

A A 

2  In order to evaluate the proposed CIDH piles tip elevation we have 
to review the Geotechnical/Foundation Report.   Piles calculations 
should follow WSD method for Abutments and LRFD method for 
Center Pier. 
 

Will comply. Foundation Report will be updated to 
provide this information. Please note that only Pier 2 of 
the bridge widening will have CIDH pile foundations. 
The abutments will be spread footings. 

A A 

 



Bridge Design Hydraulic Study Report 04-ALA-84 
State Route 84 Expressway Widening Project EA 297601 
Cities of Livermore and Pleasanton, Alameda County, California 33C0710/33C0713 
 

May 2009  H-1  

 
 
 
 
 
 
 
 
 
 

Appendix H  Bridge Inspection Reports 
 









ClibPDF - www.fastio.com

http://www.fastio.com/


ClibPDF - www.fastio.com

http://www.fastio.com/


FOR CONTRACT NO. 297614 

ROUTE: 04-Ala-84-25.5/27.1       11/17/2011 

DRAINAGE/HYDRAULIC INFORMATION 
 

DRAINAGE REPORT FINAL PS&E SUBMITTAL 
DATED 01/2011 

  



  
 

January 2011 

 
  

State Route 84 Expressway Widening Project 
Cities of Livermore and Pleasanton, Alameda County, California 
 
 
  

Drainage Report 
Final PS&E Submittal 

  
  

Prepared for: 

              

Prepared by:  
 

  



 04-ALA-84 
 PM 22.9/27.1 
 EA 04-297601 
 

January 2011 

nn   
  

State Route 84 Expressway Widening Project 
Cities of Livermore and Pleasanton, Alameda County, California 
 
 
  

Drainage Report 
Final PS&E Submittal 

  
Submitted to: 
 
California Department of Transportation and 
Alameda County Transportation Improvement Authority 

This report has been prepared by or under the supervision of the following Registered 
Engineer.  The Registered Civil Engineer attests to the technical information contained 
herein and has judged the qualifications of any technical specialists providing 
engineering data upon which recommendations, conclusions, and decisions are based. 
 

 
  



Drainage Report 04-ALA-84 
State Route 84 Expressway Widening Project PM 22.9/27.1  
Cities of Livermore and Pleasanton, Alameda County, California EA 04-297601 
 

January 2011  i  

Table of Contents 
Executive Summary .......................................................................................................iii 
Acronyms........................................................................................................................v 
1 General information.........................................................................................1 

1.1 Project Description...........................................................................................1 
1.2 Need for Project ...............................................................................................1 
1.3 Project History.................................................................................................2 
1.4 Reference Documents ......................................................................................2 

1.4.1 Planned or Proposed Developments in the Regional Area ...............................2 
1.4.2 As-built Record Documents............................................................................2 
1.4.3 Previous Reports.............................................................................................3 
1.4.4 Geographical References ................................................................................3 

1.5 Topography......................................................................................................4 
1.6 Soil Characteristics ..........................................................................................4 
1.7 Land Use .........................................................................................................7 

1.7.1 Existing Condition..........................................................................................7 
1.7.2 Future Land Use .............................................................................................7 

1.8 Creeks, Streams, and River Crossings ..............................................................7 
1.9 Existing Drainage and Drainage Design Issues.................................................8 

1.9.1 Segment A (PM 25.5 to PM 27.1)...................................................................8 
1.9.2 Segment B (PM 22.9 to PM 25.7) .................................................................10 

1.10 Drainage Design Criteria................................................................................12 
1.11 Special Circumstances ...................................................................................12 
1.12 Agencies Impacting Design............................................................................12 

2 Off-site Hydrology.........................................................................................16 
2.1 Watershed and Basin Characteristics..............................................................16 
2.2 Estimating Design Discharge .........................................................................16 
2.3 Rainfall Data and Intensities ..........................................................................17 
2.4 Points of Concentration and Outfalls ..............................................................17 

3 Off-site Hydraulics ........................................................................................18 
3.1 System Controls.............................................................................................18 
3.2 Culvert Material.............................................................................................19 
3.3 Inlet and Outlet Treatment and Energy Dissipation ........................................19 

4 On-site Roadway Drainage ............................................................................20 
4.1 Recurrence Interval........................................................................................20 
4.2 Rainfall Data and Intensities ..........................................................................20 
4.3 Points of Concentration..................................................................................21 
4.4 Time of Concentration ...................................................................................21 
4.5 System Controls.............................................................................................21 

4.5.1 Segment A....................................................................................................21 
4.5.2 Segment B ....................................................................................................22 

4.6 Culvert Material Design.................................................................................22 
4.7 Hydraulic Grade Line Calculations ................................................................22 
4.8 Grate Interception, Bypass, Gutter Spread, and Inlet Capacity Calculations ...22 
4.9 Ditches and Gutters........................................................................................23 



Drainage Report 04-ALA-84 
State Route 84 Expressway Widening Project PM 22.9/27.1  
Cities of Livermore and Pleasanton, Alameda County, California EA 04-297601 
 

January 2011  ii  

4.10 Overside Drains .............................................................................................23 
4.11 Underdrains ...................................................................................................23 
4.12 Edge Drains ...................................................................................................24 

5 Temporary Drainage ......................................................................................25 
5.1 Segment A .....................................................................................................25 
5.2 Segment B .....................................................................................................25 

6 water quality issues........................................................................................27 
6.1 Storm Water Best Management Practices.......................................................27 
6.2 Hydrograph Modification...............................................................................27 

7 Floodplain Information ..................................................................................28 
7.1 Segment A .....................................................................................................28 
7.2 Segment B .....................................................................................................28 

8 Cost Estimate.................................................................................................29 
9 References .....................................................................................................30 
 

Figures 
Figure 1. Location Map .................................................................................................14 
Figure 2. Vicinity Map ..................................................................................................15 
 

Tables 
Table 1. Datum Shifts......................................................................................................4 
Table 2. Soil Properties ...................................................................................................6 
Table 3. City of Livermore Storm Drain Design Criteria ...............................................18 
Table 4. RSP Recommendation for Culvert Outfalls (Segment B Only).......................H-1 
 

Appendices 
Appendix A Drainage Plans .....................................................................................A-1 
Appendix B Hydrologic Data...................................................................................B-1 
Appendix C FEMA FIRMs ......................................................................................C-1 
Appendix D Hydraulic Analysis...............................................................................D-1 
Appendix E Watershed Maps................................................................................... E-1 
Appendix F Spread Flow and Inlets Capacity Calculations ...................................... F-1 
Appendix G On-site System Capacity Analysis ........................................................G-1 
Appendix H RSP Recommendations for Culvert Outfalls.........................................H-1 
Appendix I Drainage Cost Estimate ......................................................................... I-1 
Appendix J Project Photographs............................................................................... J-1 

 
 



Drainage Report 04-ALA-84 
State Route 84 Expressway Widening Project PM 22.9/27.1  
Cities of Livermore and Pleasanton, Alameda County, California EA 04-297601 
 

January 2011  iii  

Executive Summary 
This document is the Drainage Report for the proposed State Route 84 (SR 84) 
Expressway Project (Project) located in the cities of Pleasanton and Livermore, Alameda 
County, California.  The purpose of this report is to present the drainage design effort and 
clarify the procedures, methodologies, and criteria used in the drainage analysis and 
design.  It also summarizes the proposed improvements to the existing drainage systems 
and explains the basis for the design of the on-site storm water collection and treatment 
systems. 
 
The Project proposes to widen and upgrade SR 84 in Alameda County to expressway 
standards (55 mph), between Ruby Hill Drive and Jack London Boulevard, within the 
cities of Pleasanton and Livermore.  The purpose of the Project is to 1) improve SR 84 as 
a regional route to be consistent with other committed projects on the route; 2) improve 
local traffic circulation; 3) upgrade SR 84 to an expressway facility with access control; 
and 4) improve bicycle and pedestrian access.  
 
There were outstanding R/W and design issues in the southern portion of the Project after 
the 95% PS&E phase.  Due to time and funding constraints, ACTIA and Caltrans have 
decided to split the Project into two segments such that the northern portion could meet 
the deadline for the Corridor Mobility Improvement Account (CMIA) funding.  Segment 
A, the northern segment, would begin at station (Sta) “A2” 364+00 and ends at Sta "A3" 
447+77.79 (PM 25.5 to PM 27.1); and Segment B, the southern segment, would begin at 
Sta "A1" 226+97.10 and ends at Sta "A2" 367+01 (PM 22.9 to PM 25.7).  Project plan 
sheets would be submitted under two separate contracts in the 100% PS&E phase.  This 
report covers both segments of the Project. 
 
The existing drainage systems within the Project limits consist of roadside ditches, cross 
culverts, asphalt concrete (AC) dikes, AC overside drains, inlets, and longitudinal 
drainage systems.  There are three major drainage trunk lines within the Project limits in 
the existing condition: 1) a 42-inch (in.) drainage trunk line that drains combined flows 
from SR 84 and the city of Livermore to Arroyo Del Valle; 2) a 36-in. drainage trunk line 
that drains flows from SR 84 to the pumping plant north of Stanley Boulevard; and 3) a 
24-in. drainage trunk line that drains flows from SR 84 and connects to a 36-in. drainage 
system at the northern Project limit. 
 
The principal features of the Project improvements that would impact the existing 
drainage facilities are the widening of SR 84, the addition of the concrete barriers at the 
median and at the edge of shoulders, and the construction of new retaining walls at the 
edge of the shoulders.  The two existing bridges would be widened, and a new trail bridge 
and an access bridge would be constructed over Arroyo Del Valle and Arroyo Mocho.  
Refer to the Bridge Design Hydraulic Study for additional information pertaining to the 
bridge improvements (WRECO, 2009).  Drainage design improvements would be 
proposed to accommodate the increase in flow for any undersized culverts.  Also, with 
the addition of concrete barriers, retaining walls, and shoulder widening, additional inlets, 
longitudinal systems, and modifications to existing drainage systems would be proposed.  
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Flow diversion would be kept to the minimum extent practicable.  The proposed drainage 
systems within the Project limits would be designed to intercept storm water runoff from 
SR 84 and areas adjacent to Caltrans’ right-of-way (R/W), including areas from the city 
of Pleasanton and the city of Livermore.   
 
There would be impacts on local drainage systems.  An existing unpaved ditch, which 
currently conveys flows from an existing basin from the Ruby Hill development in the 
city of Pleasanton, would be impacted by the Project.  Flows at this location would be 
piped to an existing outfall on the east side of SR 84.  Also, the 42-in. longitudinal system 
that currently drains combined flows from SR 84 and the city of Livermore would be 
replaced with two separate systems, which would separate the on-site flows from the off-
site flows.  The replacement system for the city of Livermore would require a new outfall 
at Arroyo Del Valle.  Local agency requirements, as well as regulatory requirements, will 
be met for any proposed drainage improvements that would affect local drainage systems 
and any work in jurisdictional areas.   
 
Retaining walls and concrete barriers would be installed along the highway median and 
shoulders to improve safety.  The proposed retaining walls at the SR 84/Stanley 
Boulevard intersection would be designed to accommodate the existing pumping plant.  
WRECO performed a study to verify the existing condition of the pumping plant and 
analyze the impacts from the proposed roadway widening and modifications. A summary 
can be found in the State Route 84 Expressway Widening Project Pumping Plant Memo 
(WRECO, 2011). 
 
In general, this Project would not significantly affect existing drainage patterns.  The 
Project would modify existing drainage systems to accommodate the new widened 
highway and would adhere to current design standards.  The Project addresses the 
increased roadway runoff from the proposed widening by increasing the capacity of 
existing drainage systems, where needed, and by implementing outlet protection at the 
drainage outfalls.  Additional flows would not be significant when compared to the 
overall watersheds of the receiving water bodies of the Project.  In addition, the Project 
also considers water quality measures, or Best Management Practices (BMPs), to address 
potential temporary and permanent water quality impacts from the Project.  The 
implementation of BMPs is further discussed in the Storm Water Data Report (WRECO, 
2011). 
 
However, because the Project would result in more than 1 acre (ac) of added impervious 
area, and the receiving watercourses downstream of the Project are unlined channels, a 
hydromodification analysis is required to address flow control (i.e., hydrograph 
modification mitigation) requirements due to added runoff flow and volume associated 
with the proposed improvements.  Detailed analysis and mitigation requirements are 
further discussed in the Project’s Hydromodification Report (WRECO, 2011). 
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1 GENERAL INFORMATION 

1.1 Project Description 
The State Route 84 Expressway Project (Project) proposes to widen and upgrade State 
Route (SR) 84 in Alameda County to expressway standards (55 mph) between Ruby Hill 
Drive and Jack London Boulevard.  The purpose of this Project is to improve SR 84 as a 
regional route, consistent with other committed projects on the route; improve local 
traffic circulation; upgrade SR 84 to an expressway facility with access control; and 
improve bicycle and pedestrian access. 
 
This Project has been assigned to the Project Development Category 4A because it 
requires new right-of-way and an increase in traffic capacity, but the Project does not 
require a new route adoption.  Controlled Access Highway Agreements with the Alameda 
County, the City of Livermore, and the City of Pleasanton would be required. 
 
The Project proposes to widen SR 84 to four lanes between Ruby Hill Drive and Stanley 
Boulevard, and to six lanes between Stanley Boulevard and Jack London Boulevard. The 
widening would generally conform to the existing roadway alignment.  The 
improvements include widening the Arroyo del Valle and Arroyo Mocho bridges; 
widening and upgrading signalized intersections at Ruby Hill Drive, Vallecitos Road, 
Vineyard Avenue, Concannon Boulevard, Discovery Drive, and Jack London Boulevard; 
relocating existing private driveway access to signalized intersections on SR 84; and 
constructing new bridge crossings over Arroyo Mocho and Arroyo del Valle for private 
and recreational access. 
 
The roadway cross sections would consist of 12-ft-wide traveled lanes and 10-ft-wide 
shoulders, divided by a concrete median barrier. Where practical, side slopes would be 
4:1 (H:V) or flatter to provide a Clear Recovery Zone (CRZ) for errant vehicles.  Outside 
the CRZ, side slopes would be 2:1 (H:V) or flatter.  The roadway median at the 
intersections would be locally widened up to 36 ft to accommodate left-hand turn lanes. 

1.2 Need for Project 
The objectives of this Project are to: 

• Improve SR 84 as a regional connection between Interstate 680 (I-680) and 
Interstate 580 (I-580) using expressway standards to the maximum extent 
feasible.  This would be consistent with other programmed projects, assisting the 
completion of a continuous four- to six-lane facility between Pigeon Pass and the 
I-580/Isabel Avenue interchange. 

• Improve local traffic circulation through added capacity on SR 84 and intersection 
improvements, thereby attracting regional traffic currently using local streets onto 
the SR 84 corridor. 
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• Complete the statutory designation of this section of SR 84 as an expressway 
facility by providing partial access control and relocating private utilities out of 
state’s right-of-way. 

• Improve pedestrian and bicycle access along this section of SR 84 by connecting 
multi-use trails. 

1.3 Project History 
Beginning in March 2005, the development of the SR 84 Widening Project was under the 
management of the Alameda County Transportation Improvement Authority (ACTIA) 
and the city of Livermore’s sponsorship.  Monthly Project Development Team (PDT) 
meetings provided the forum for coordination, issue resolution, and feedback from 
ACTIA, the cities of Livermore and Pleasanton, the California Department of 
Transportation (Caltrans), the Alameda County Congestion Management Agency 
(ACCMA), Alameda County, Zone 7 Water Agency (Zone 7), and other affected 
agencies.  Traffic studies were closely coordinated with the ACCMA Tri-Valley Triangle 
Traffic Study to ensure consistency in regional planning efforts.  Extensive design studies 
were performed on the Project Study Report (PSR)/PDS alternatives to help reduce 
environmental impacts, identify right-of-way, and find cost saving refinements for the 
proposed improvements.  Additional design options were investigated including a new 
alignment between Ruby Hill Drive and Vallecitos Road; a modified Stanley Boulevard 
intersection in lieu of a full interchange facility; and other Vallecitos/Isabel intersection 
options.   

1.4 Reference Documents 
Base drawings for the Project (including topographic surveys, right-of-way, roadway 
layout, roadway profiles, roadway superelevation diagrams, and roadway cross sections) 
were provided by URS Corporation. 

1.4.1 Planned or Proposed Developments in the Regional Area 
1. Orchid Ranch, City of Livermore, Alameda County, California (Center Line, 

2007) 
2. Oaks Business Park, Construction Plans for Isabel Avenue (SR 84) Widening 

(Mark Thomas Company, Inc., 2008) 
3. Project Plans for Construction on State Highway, in Alameda County, in 

Livermore, on Route 84 from Jack London Boulevard to 0.3 km North of Airway 
Boulevard (Caltrans Contract No. 04-171314) 

1.4.2 As-built Record Documents 
WRECO utilized as-built record drawings, the city of Livermore’s Storm System 
Facilities maps, and the Project-specific survey file and cross sections from URS 
Corporation to estimate elevations of the existing drainage facilities for the design of 
drainage systems.  The as-built record drawings used are as follows: 
 

1. City of Pleasanton 
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• Project Plans for Ruby Hill Community Park and Storm Drain Line Ext. 
from Community Park to Detention Pond #3 dated September 18, 1995. 

 
2. City of Livermore  

• Project Plans for Construction on Isabel Avenue–Phase 1 In Alameda 
County, in Livermore, From 0.75 km south of Concannon Boulevard to 0.1 
km north of Airway Boulevard to be supplemented by Standard Plans 
dated July, 1997, February 26, 1998 Final Submittal. 

• Project Plans for Construction on Isabel Avenue Extension–Phase 2, In 
Alameda County in Livermore From 1.0 km south of Concannon Blvd to 
Airway Blvd (2002). 

• Improvement Plan, Isabel Avenue - Phase I (Ruggeri, Jensen, Azar & 
Associates, 1999)   

• City of Livermore Storm System Facilities (City of Livermore, 2003) 
• Isabel Avenue/Vallecitos Road Intersection Realignment Project (BKF, 

2005) 
• Discovery Drive, Oaks Business Park - Tract 7300 (Kier & Wright, 2007) 
• Oaks Business Park - Track 7300, Construction Plans for Isabel Avenue 

(SR 84) Widening (Mark Thomas & Company, Inc., 2008) 
• Isabel Avenue Pump Station Field Verification (URS Corporation, 2008)  

 
3. Caltrans: 

• 1998 Isabel Avenue Phase I (EA 233051) 
• 1999 Isabel Avenue Phase II (EA 233054) 
• 2004 Isabel Avenue Vallecitos Project #1999-13 
• 2006 Pigeon Pass (EA 04-172401) 

1.4.3 Previous Reports 
WRECO reviewed the city of Livermore’s Storm Drain Master Plan for flows currently 
discharging into the existing 42-in. storm drain system that conveys flow from SR 84 and 
the city of Livermore between the Ida Holm Park area and Arroyo Del Valle (Schaaf and 
Wheeler Consulting Civil Engineers, 2004). 
 
WRECO prepared the Location Hydraulic Study Report (2005), Water Quality Study 
Report (2007), Storm Water Data Report (2007), and Drainage Report (2006) for the 
PA/ED phase of this Project.  These reports provided information and recommendations 
for the Project drainage design.  A Bridge Design Hydraulic Study Report was also 
prepared for this Project (2009). 

1.4.4 Geographical References 
The vertical controls for the references provided are based on the National Geodetic 
Vertical Datum of 1929 (NGVD 29).  The survey for this Project is based on the North 
American Vertical Datum of 1988 (NAVD 88). 
 



Drainage Report 04-ALA-84 
State Route 84 Expressway Widening Project PM 22.9/27.1 
Cities of Livermore and Pleasanton, Alameda County, California EA 04-297601   
 

January 2011  4  

Using the Orthometric Height Conversion from the National Geodetic Survey website, 
the datum shift (from NGVD 29 to NAVD 88) was calculated based on each location of 
interest along SR 84.  The north latitudes and west longitudes were obtained from Google 
Earth (Google, Jan. 31, 2007).  The calculated datum shifts are summarized in Table 1. 
 
Table 1. Datum Shifts 

Location Latitude Longitude Datum Shift 
   (m) (ft) 

Ruby Hill Drive 37°37’58” N 121°48’07” W 0.827 2.71 
Arroyo Del Valle 37°39’14” N 121°48’20” W 0.821 2.69 

West of Ida Holm Park 37°39’56” N 121°48’20” W 0.817 2.68 
Jack London Boulevard 37°41’21” N 121°48’20” W 0.808 2.65 
 
Elevations obtained from the sources listed in Section 1.4.1 and 1.4.2 were adjusted by 
adding the datum shift to convert from the NGVD 29 datum to the NAVD 88 datum.  For 
example, the elevations near Arroyo Del Valle were adjusted by adding 2.69 ft to convert 
from the NGVD 29 datum to the NAVD 88 datum. 

1.5 Topography 
The terrain along the Project corridor is generally flat with gentle to moderate slope 
grades.  There is a depressed section along SR 84 where the highway undercrosses 
Stanley Boulevard at approximately Sta “A3” 401+00.   
 
The topography along the existing roadway ranges in elevation form approximately 410 
to 420 ft between Jack London Boulevard at Sta “A3” 448+00 to the drainage crossing of 
Arroyo Del Valle at Sta “A1” 320+00.  The incised Arroyo Del Valle and Arroyo Mocho 
drainage crossings are at about elevation 400 ft at the channel bottom.  South of the 
Arroyo Del Valle crossing, the road alignment gradually climbs a gentle alluvial fan, 
rising to about elevation 590 ft south of Ruby Hill Drive at Sta “A1” 227+00.  South of 
the intersection with Vallecitos Road, the road alignment is surrounded by low rolling 
hills as it enters the mouth of a canyon (URS, 2009). 

1.6 Soil Characteristics 
Geologic conditions along the Project alignment were evaluated in the Geotechnical 
Design Report and Materials Report prepared by URS (URS Corporation, 2009).  
WRECO used the NRCS, Web Soil Survey (WSS) to determine Hydrologic Soil Groups 
(HSGs) for the off-site watershed areas within the Project area.  HSGs are divided into 
four groups, identified as A, B, C, and D.  Three HSGs (Group A, Group B, and Group 
D) were found to be predominant in the pervious watershed areas, which drain to the 
Project area.   
 
The following is a summary of characteristics of each group: 
 
• Group A soils have characteristically low runoff potential due to high infiltration 

rates even when thoroughly wetted.  These soils consist primarily of deep, well to 
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excessively drained sands and gravels with high water transmission rates (at 
approximately 0.30 in./hr). 

 
• Group B soils have characteristically moderately low runoff potential due to 

moderate infiltration rates when thoroughly wetted.  These soils consist primarily 
of moderately deep to deep, and moderately well to well-drained soils.  These 
soils have moderate water transmission rates (at approximately 0.15–0.30 in./hr). 

 
• Group D soils have characteristically high runoff potential due to very slow 

infiltration rates.  These soils consist primarily of clays with high swelling 
potential, soils with permanently high water tables, soils with a claypan or clay 
layer at or near the surface, and shallow soils over nearly impervious parent 
material.  These soils have very low water transmission rates (at approximately 0–
0.05 in./hr). 

 
Soils underlying the Project, with reaches identified by intersections, are listed in Table 2.  
The identified soil properties include the soil types, soil groups, permeability ranges, and 
percent slopes.
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Table 2. Soil Properties 
Location Soil 

Symbol 
Soil Type Soil 

Group 
Permeability 

Range 
Slope Erosion 

Hazard 
Shrink/Swell 

Potential 
Corrosivity Prime and Other 

Important 
Farmlands 

Lg Livermore gravelly loam B 2.5 to 5 in./hr --- Moderate Low Moderate Prime if Irrigated 

Lm Livermore very gravelly coarse sandy 
loam 

B 2.5 to 5 in./hr --- Moderate Low Moderate Statewide Importance 

Rh Riverwash A 10 in./hr --- None Low High --- 

YmA Yolo loam A 0.8 to 2.5 in./hr 0 to 3% Moderate Low High Prime if Irrigated 

Yr Yolo gravelly loam A 0.8 to 2.5 in./hr 0 to 3% Moderate Low Moderate Prime if Irrigated 

W Jack London 
Boulevard to 
Stanley Boulevard 

  

Za Zamora silt loam A 0.2  to 0.8 in./hr 0 to 4% Very High Low-
Moderate 

High Prime if Irrigated 

Gp Gravel Pits A - --- Moderate Low Moderate --- 

Lg Livermore gravelly loam B 2.5 to 5 in./hr --- Moderate Low Moderate Prime if Irrigated 

Lm Livermore very gravelly coarse sandy 
loam 

B 2.5 to 5 in./hr --- Moderate Low Moderate Statewide Importance 

PtB2 Positas gravelly loam, thick surface D <0.05 to 10 in./hr 2 to 10% High High High --- 

Rh Riverwash A 10 in./hr --- None Low High --- 

Stanley Boulevard 
to Lilienthal Road 

Za Zamora silt loam A 0.2 to 0.8 in./hr 0 to 4% Very High Low-
Moderate 

High Prime if Irrigated 

Gp Gravel Pits A - --- Moderate Low Moderate --- 

Lm Livermore very gravely coarse sandy 
loam 

B 2.5 to 5 in./hr --- Moderate Low Moderate Statewide Importance 

PgA Pleasanton gravelly loam B 0.2 to 0.8 in./hr 0 to 3% Moderate-
High 

Moderate High Prime if Irrigated 

PoC2 Positas gravelly loam D 0.8 to 2.5 in./hr 2 to 20% High High High --- 

Rh Riverwash A 10 in./hr --- None Low High --- 

Lilienthal Road to 
Ruby Hill Drive 

YmA Yolo loam A 0.8 to 2.5 in./hr 0 to 3% Moderate Low High Prime if Irrigated 

Lm Livermore very gravelly coarse sandy 
loam 

B 2.5 to 5 in./hr --- Moderate Low Moderate Statewide Importance 

PgA Pleasanton gravelly loam B 0.2 to 0.8 in./hr 0 to 3% Moderate-
High 

Moderate High Prime if Irrigated 

PgB Pleasanton gravelly loam A 0.2 to 0.8 in./hr 3 to 12% Moderate-
High 

Moderate Moderate Statewide Importance 

PoC2 Positas gravelly loam D <0.05 to 10 in./hr 2 to 20% High High High --- 

PoE2 Positas gravelly loam D <0.05 to 10 in/hr 20 to 40%     

Ruby Hill Drive to 
Vallecitos Road 

Sa San Ysidro Loam D <0.05 in/hr ---     
Source: AGS, Inc. and NCRS, WSS 
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1.7 Land Use 

1.7.1 Existing Condition 
In the Project vicinity, the land use is residential with some commercial use within the 
City of Livermore.  Aerial photographs indicate that the east side of SR 84, from the 
northern project limits to Alden Lane, is residential.  The Ruby Hill Development in the 
City of Pleasanton is located on the west side of SR 84, from Vineyard Road to the 
southern Project limits.  The land use from Alden Lane to the southern end of the Project 
limits (on the west side of SR 84) is agricultural.  There are two gravel mining facilities 
along Arroyo Del Valle on both sides of the freeway, operated by Cemex and Vulcan; 
these activities are located adjacent to the western side of SR 84, between Arroyo Del 
Valle and Stanley Boulevard. 

1.7.2 Future Land Use  
Expansion of the Cemex and Vulcan gravel mining operations is planned to occur on 
both sides of SR 84 between Vineyard Avenue and Stanley Boulevard.  However, these 
operations are independent of the proposed highway improvements.  Mining operations 
would take place within 50 ft of the existing R/W limits.  Significant mining operations 
of up to depths of 240 ft are planned.  After mining is completed in approximately 25 
years, an adopted Zone 7 Reclamation Plan would be initiated.  This plan specifies the 
formation of basins—collectively referred to as the Chain of Lakes—to create seasonal 
water storage, flood water detention, and conveyance of both local and imported waters 
(see Attachments).  The Chain of Lakes would be located between the Cities of 
Livermore and Pleasanton; when completed, it would consist of a series of reclaimed 
gravel quarry pits converted into nine linked lakes.  More information can be found in the 
Storm Water Data Report (WRECO, 2010). 

1.8 Creeks, Streams, and River Crossings 
Two major creeks cross SR 84 within the Project limits: Arroyo Del Valle and Arroyo 
Mocho.  Arroyo Del Valle crosses SR 84 underneath a bridge just north of the SR 
84/Vineyard Avenue intersection, between Sta “A1” 319+10 and Sta “A1” 320+55.  
Arroyo Mocho crosses SR 84 underneath a bridge between Stanley Boulevard and 
Discovery Drive, between Sta “A3” 413+90 to Sta “A3” 415+15.  Both bridges would be 
widened as part of this Project.  Arroyo Las Positas, which is located approximately 0.5 
mile north of the Project limits, is also a receiving water body for the Project.  The 
locations of these creeks are shown in Figure 2.   
 
One new trail bridge and one access bridge would be constructed also as part of the 
Project.  The trail bridge at Arroyo Del Valle would be located 19 ft upstream of the 
proposed SR 84/Arroyo Del Valle bridge; and the access bridge at Arroyo Mocho would 
be located approximately 64 ft downstream of the proposed SR 84/Arroyo Mocho bridge.  
Both bridges would be located outside of Caltrans’ R/W.  Detailed hydrologic and 
hydraulic analyses for the bridges proposed for the Project are discussed in the Draft 
Bridge Design Hydraulic Study Report (WRECO, 2009). 
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1.9 Existing Drainage and Drainage Design Issues 
The existing drainage systems within the Project limits consist of roadside ditches, cross 
culverts, longitudinal culverts, asphalt concrete (AC) dikes and concrete curbs with inlets 
to collect storm water at shoulders, and AC overside drains.  There is also a pump facility 
just north of the Stanley Boulevard overcrossing.   
 
Currently, most of the storm water within the Project area discharges to Arroyo Del Valle 
and Arroyo Mocho.  A portion of the runoff, toward the northern end of the Project, 
discharges to Arroyo Las Positas, which is approximately 0.5 mi away from the northern 
Project limit.  Arroyo Las Positas is a tributary of Arroyo Mocho.  Storm water flows 
from Arroyo Del Valle and Arroyo Mocho, eventually discharging into Arroyo de la 
Laguna (approximately 9 mi from the Project limits). 
 
The principal features of the proposed improvements, which would impact the existing 
drainage facilities, are the widening of SR 84, the addition of the median concrete 
barriers, and the construction of new dikes, concrete barriers, and retaining walls along 
the edge of the shoulders.  The two bridges over Arroyo Del Valle and Arroyo Mocho 
would also be widened.  At these locations, culverts in serviceable condition would be 
extended to address the proposed widening.  Undersized culverts would be replaced with 
larger size culverts and additional inlets and new longitudinal systems would need to be 
proposed to meet the current drainage design requirements (time of concentration of 5 
minutes [min]).  Existing drainage systems at the edge of shoulders would need to be 
relocated or adjusted, or new systems would need to be proposed to address new concrete 
barriers and retaining walls.  There are also proposed drainage improvements outside of 
Caltrans’ right of way (R/W).   
 
In general, this Project would not significantly affect the existing drainage patterns and 
would address the increased roadway runoff from the proposed widening by 
implementing outlet protection, velocity dissipation devices, and possible peak flow 
attenuation facilities.  The increased runoff would not be significant compared to the 
overall watershed of the receiving water bodies of the Project.  The Project design goal is 
to maintain the existing flow patterns and to minimize the increased flow volume to the 
maximum extent practicable. 
 
The following summarizes the existing drainage conditions and the basis of the drainage 
design: 

1.9.1 Segment A (PM 25.5 to PM 27.1) 
1. Roadway runoff between the Ida Holm Park area, in the south, and just south of 

the Arroyo Mocho Bridge, in the north, would drain to the existing Isabel 
Pumping Plant adjacent to the Stanley Boulevard overcrossing prior to being 
discharged to Arroyo Mocho.  The proposed retaining walls along the edge of 
shoulders of SR 84 near Stanley Boulevard would be designed to accommodate 
the existing pumping plant, including the existing junction structures and storage 
bays.  The existing 24-in culvert along NB SR 84 that connects from the north to 
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the existing junction box at approximately Sta “A3” 402+60 would be impacted 
by the proposed retaining walls along NB SR 84 (RW 400N).  New culvert 
connections to the existing storage structures would be proposed.  
 
Inlet bases were pre-constructed for future widening at the time the pumping plant 
was constructed.  However, these inlet bases do not line up with the Project’s 
edge of shoulders.  Modifications to these inlet bases would require structural 
modifications to the existing junction box and storage bay, and would be included 
in the Project’s structure plans. 
 

2. WRECO performed a study to verify the existing condition of the pumping plant 
and analyze the impacts from the proposed roadway widening.  The capacity of 
existing pumping plant and storage bays were verified to handle the proposed 
Project’s runoff.  A summary can be found in the State Route 84 Expressway 
Widening Project Pumping Plant Capacity Memo (WRECO, 2011). 

 
3. There is an existing inlet located at a low point along the southbound side of SR 

84 at approximately Sta “A3” 400+96 that ties into the underlying 96 in. x 96 in. 
reinforced concrete box storage bay.  Due to the proposed Project widening, the 
inlet grate location will be located in the middle of the southbound shoulder, 
approximately 3.5 ft offset from the edge of shoulder.  Because of the underlying 
storage bay structural connection, as well as the shallow depth to the top of the 
storage bay, the inlet grate location could not be moved to the edge of shoulder.  
In order to minimize ponding at this location, two slotted pipes were proposed to 
the north and south of this inlet.  These slotted pipes would serve as flanking 
inlets to add additional capacity to avoid any spread problems.  The slotted pipes 
were sized to a non-standard 12 in. diameter due to the shallowness of the 
underlying storage bay.  The use of the 12 in. diameter slotted pipes was approved 
by Caltrans District 4 Hydraulics (email from Carlos Mora, January 6, 2011).   

  
4. Flows from north of the Arroyo Mocho Bridge to the end of the Project limits, at 

Jack London Boulevard, would drain north and connect to the existing City of 
Livermore storm drain systems designed by Mark Thomas and Company, Inc. as 
part of a separate project (Caltrans Contract No. 04-171314). 

 
5. There are currently gutter spread problems at Discovery Drive within Caltrans’ 

R/W in the existing condition.  Large offsite runoff is currently conveyed along 
existing curbs and gutters that drain east into Caltrans’ R/W.  At least two lanes 
would be proposed on each traffic direction of Discovery Drive.  However, 
because no shoulder would be provided in the proposed condition, the drainage 
design assumed an allowable spread width of the combined width of the gutter 
and the rightmost lane on both sides of Discovery Drive.  Additional inlets were 
proposed at the Project limit to improve surface flow and to reduce gutter spread 
width.  Gutter spreads are significantly minimized at both sides of Discovery 
Drive when compared to the existing condition.   
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6. The proposed roadway consists of reaches at superelevation with very shallow 
longitudinal and cross slopes and no high-side gutter.  Slotted drain pipes were 
proposed at some of these locations where inlets alone are found not sufficient to 
handle the resulting water spread.  However, for maintenance and safety concerns, 
no slotted drain pipes would be proposed along the median shoulder. 

 
7. Some cross culverts would be impacted by the proposed roadway widening.  In 

general, culverts in good condition would remain unless they are undersized or 
adjustments to the invert elevations are required.  In addition, cross culverts that 
would not be used in the proposed condition would be abandoned as opposed to 
being removed in order to minimize impacts to the existing roadway operations.  
All abandoned culverts will be back-filled with sand. 

 
8. The proposed roadway connection between the access bridge over Arroyo Mocho 

and the Voyager Street extension (line “AC2”) will be constructed over an 
existing ditch.  This ditch will not be replaced in the proposed Project due to 
easement restrictions; however the proposed roadway embankment on the right 
side of line “AC2” will create a small undefined gutter due to the existing ground 
topography and the proposed grading.  This undefined gutter will be relieved via a 
cross culvert at approximately Sta “AC2” 220+75.  The cross culvert will outfall 
into the space between lines “AC2” and “AC3” and the area will be graded to 
drain toward an existing inlet that connects to a drainage system along Voyager 
Street and Discovery Drive. 

1.9.2 Segment B (PM 22.9 to PM 25.7) 
1. Large offsite runoff from Ruby Hill Drive is currently conveyed along existing 

curbs and gutters that drain east into Caltrans’ R/W.  At least two lanes would be 
proposed on each traffic direction of Ruby Hill Drive.  However, because no 
shoulder would be proposed in the proposed condition, the drainage design 
assumed an allowable spread width of the combined width of the gutter and the 
rightmost lane on both sides of Ruby Hill Drive.  Although the Project would not 
increase the drainage areas to inlets at Ruby Hill Drive, additional inlets would be 
proposed at the Project limit to reduce the current gutter spread width and to 
minimize the by-pass flows across SR 84 at the Ruby Hill Drive intersection.  
Gutter spreads are significantly minimized at both sides of Ruby Hill Drive when 
compared to the existing condition. 

 
2. Flow from an existing basin at the Ruby Hill Development in the city of 

Pleasanton is currently conveyed through culverts and a ditch that crosses SR 84 
at Sta “A1” 242+50, approximately.  The ditch would be covered entirely by the 
proposed roadway widening.  Culverts and manholes would be proposed to 
convey flow from the existing 24-in. RCP to the existing 42-in. corrugated metal 
pipe (CMP).  The existing outfall at the end of the 42” CMP on the east side of 
SR 84 would remain. 
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3. Offsite runoff from residential developments in the city of Pleasanton currently 
flows into Caltrans’ R/W from Cabonia Court (approximately at Sta “A1” 
271+05) and Sangro Court (approximately at Sta “A1” 267+60) through two 
separate 15-in. RCPs.  These culverts discharge into the existing ditch on the left 
side of SR 84.  According to field investigation, substantial soil erosion occurs at 
both outfall locations.  The existing eroded ditch would be replaced by a concrete 
lined gutter, and flared end sections would be proposed at both pipe outfalls.  
 
Although as-built records indicate that both culverts are designed as emergency 
overflows, no further information was obtained for the basis of the original design 
to determine the actual discharges.  Based on the existing conditions observed, 
proposed gutter on the left side of SR 84 and the downstream culvert system were 
designed to accommodate the 25-year recurrence interval design storm for these 
two tributary areas in addition to the on-site highway flows. 
 

4. Flows between Sta “A1” 319+00 to Sta “A2” 362+00 that drain to Arroyo Del 
Valle are currently conveyed through existing 42-in. RCPs, which combine on-
site runoff from SR 84 with a significant amount of off-site runoff from the city of 
Livermore.  Per Caltrans’ direction, this existing system would need to be 
replaced with two separate systems, which would separate Caltrans runoff from 
city of Livermore’s runoff. 

 
All existing lateral connections from the city of Livermore to the existing 42-in. 
system are currently connecting from the east.  Therefore, the new city’s 
replacement system would be proposed on the east side of SR 84.  The upstream 
end of this longitudinal drainage system would connect to the existing city of 
Livermore storm drain system at the Ida Holm Park area (at approximately Sta 
“A2” 356+80), where it begins to merge into the combined system within 
Caltran’s R/W in the existing condition.  This new longitudinal system would 
drain south roughly parallel to SR 84 outside of Caltran’s R/W beneath the trail 
path, collecting runoff from all existing laterals from the residential areas on the 
east side of SR 84, and it would outfall at Arroyo Del Valle on the east side of SR 
84.  This system would contain runoff solely from city of Livermore and would 
be maintained by the city.     
 
Another longitudinal drainage system would be proposed within Caltrans’ R/W, 
which would convey only on-site runoff.  This system would also drain south and 
outfall separately at Arroyo Del Valle on the west side of SR 84. 
 

9. Large offsite runoff from Concannon Boulevard is currently conveyed along 
existing curbs and gutters that drain west into Caltrans’ R/W.  At least two lanes 
would be proposed on each traffic direction of Concannon Boulevard.  The 
drainage design assumed an allowable spread width of the combined width of the 
shoulder and the rightmost lane on both sides of Concannon Boulevard.  
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10. The proposed roadway consists of reaches at superelevation with very shallow 
longitudinal and cross slopes and no high-side gutter.  Slotted drain pipes were 
proposed at some of these locations where inlets alone are found not sufficient to 
handle the resulting water spread.  However, for maintenance and safety concerns, 
no slotted drain pipes would be proposed at the median shoulder. 

 
11. Some cross culverts would be impacted by the proposed roadway widening.  In 

general, culverts in good condition would remain unless they are undersized or 
adjustments to the invert elevations are required.  In addition, cross culverts that 
would not be used in the proposed condition would be abandoned as opposed to 
being removed in order to minimize impacts to the existing roadway operations.  
All abandoned culverts will be back-filled with sand. 

1.10 Drainage Design Criteria 
The drainage design for the Project adheres to the methodologies as specified in the 
Highway Design Manual (HDM) published by Caltrans; the Hydraulic Engineering 
Circular Number 22 (HEC-22) publication for highway pavement drainage published by 
the U.S. Department of Transportation, Federal Highway Administration (FHWA); the 
city of Livermore’s 1995 Facilities Planning Guidelines; and the city of Pleasanton’s 
Design Guide (1984), depending upon the jurisdiction for which the proposed drainage 
system is located. 
 
There would be impacts to local drainage systems due to the Project development.  In 
general, drainage systems that convey offsite flows from the west side of SR 84 are under 
the jurisdiction of the city of Pleasanton, and drainage systems that convey offsite flows 
from the east side of SR 84 are under the jurisdiction of the city of Livermore.  All 
proposed drainage systems within Caltrans’ right-of-way would be designed per the 
HDM. 

1.11 Special Circumstances 
Environmentally sensitive areas (ESAs) exist within the Project limits.  ESAs have been 
confirmed as the areas at creek crossings and on the east side of SR 84, between Ruby 
Hill Drive (at approximately Sta “A1” 234+50) and the Project limit at Vallecitos Road 
(at approximately “V” 115+00).  Between Ruby Hill Drive and Vallecitos Road, SR 84 
would be realigned to avoid encroachment onto the ESA on the east side.  Impacts to 
these areas would be minimized to the maximum extent practicable. 

1.12 Agencies Impacting Design 
The Project is located in the city of Pleasanton and the city of Livermore, Alameda 
County, California.  Any drainage improvements proposed for local roads and/or any 
other off-site drainage systems impacted by the Project will conform to the local 
agencies’ requirements.  
 
The Project is under the jurisdiction of the San Francisco Bay Regional Water Quality 
Control Board (SBRWQCB) (Region 2), United States Army Corps of Engineers 
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(USACE), Federal Emergency Management Agency (FEMA), California Department of 
Water Resources, and the Zone 7 Water Agency.  Although work within ESAs would be 
minimized, it is still anticipated that permits with regulatory agencies would be 
necessary. 
 
Permits from the following agencies are anticipated: 
• USACE (404) 
• California Department of Fish and Game (1602) 
• SFBRWQCB (401) 
• City of Livermore (encroachment) 
• City of Pleasanton (encroachment) 
• Zone 7 Water Agency (encroachment) 
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Figure 1. Location Map

Source: United States Geological Survey (USGS) 

Project Location 
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Figure 2. Vicinity Map

Source: URS Corporation 
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2 OFF-SITE HYDROLOGY 
Off-site hydrology for the city of Pleasanton was based on as-built records and 
topographic survey, and the analysis would be based on procedures presented in the 
Design Guide from the city of Pleasanton.  Runoff from Ruby Hill Drive would flow into 
Caltrans’ R/W on the left side of SR 84.  Drainage from residential properties in the city 
of Pleasanton would flow into Caltrans’ right-of-way from Cabonia Court and Sangro 
Court through two separate 15-in. RCPs (emergency overflows). 
 
Flows from an existing basin, from the Ruby Hill Development in the city of Pleasanton, 
are currently conveyed through a 24-in. RCP, which outfalls into a ditch and flows under 
SR 84 through a 42-in. CMP at approximate Sta “A1” 240+24.  The roadway widening 
would impact this drainage ditch.  The ditch would be replaced with two 42-in. 
alternative pipe culverts (APC), which would connect the existing 24-in. and 42-in. 
culverts. 
 
Off-site hydrology for the city of Livermore was based on information provided in the 
city of Livermore’s Storm Drain Master Plan developed by Schaaf and Wheeler 
Consulting Civil Engineers (2004).  The report documented existing drainage information 
and provided drainage design standards in five subsections of the city of Livermore: 
Northeast, Southwest, East, Downtown, and Northwest.  This Project is within the 
Southwest subsection. 

2.1 Watershed and Basin Characteristics 
In the city of Pleasanton, the land use of the watershed is composed of single family 
residential developments.  Off-site watersheds from the city of Pleasanton were 
delineated from local topography and verified from field investigations. 
 
The watersheds east of SR 84, in the city of Livermore between the Arroyo Del Valle 
Bridge and Stanley Boulevard, are primarily residential.  Further details are provided in 
the Storm Drain Master Plan (Schaaf and Wheeler Consulting Civil Engineers, 2004). 

2.2 Estimating Design Discharge 
The Storm Drain Master Plan (Schaaf and Wheeler Consulting Civil Engineers, 2004) 
provides design discharges of off-site flows from the city of Livermore.  Discharges were 
estimated using the MOUSE model.  The southwest subsection of the city of Livermore, 
where the Project is located, was modeled as an independent drainage system. 
 
Design discharges at each drainage node in the model included: full and maximum pipe 
capacity discharges; existing (undeveloped) land use planning conditions; and, ultimate 
(developed) land use planning conditions.  The maximum pipe capacity discharges for 
the ultimate land use planning condition were used in WRECO’s calculations.  Refer to 
the Storm Drain Master Plan for further details. 
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The city of Pleasanton does not have sufficient information regarding their storm water 
discharge.  Therefore, design discharges of off-site flows from the city of Pleasanton 
would be estimated using rational method as specified in the city of Pleasanton’s Design 
Guide.  According to the Design Guide, the runoff coefficient should be 0.4 for ”single 
family residential” development.  This number would be multiplied by a factor of 1.1 to 
obtain the runoff coefficient for the 25-year recurrence interval. 

2.3 Rainfall Data and Intensities 
Per the city of Livermore’s design criteria, runoff calculations for drainage systems in 
their R/W were based on a 10-year recurrence interval design storm, 24-hour rainfall data 
from the Alameda County Hydrology and Hydraulics Manual.  A frequency factor of 
3.211 was applied for the 100-year recurrence interval design storm.  Further details are 
provided in the Storm Drain Master Plan (Schaaf and Wheeler Consulting Civil 
Engineers, 2004). 
 
The design rainfall intensities, for the discharges from the city of Pleasanton, were based 
on the methodologies provided in the city of Pleasanton’s Design Guide.  The intensity for 
a 25-year recurrence interval design storm, 5-minute storm event was estimated to be 2.919 
in./hr. 

2.4 Points of Concentration and Outfalls 
Flows draining to Arroyo Del Valle are currently conveyed through an existing 42 in. 
pipe culvert within the Caltrans’ R/W, which combines the on-site flows from SR 84 with 
large off-site flows from the city of Livermore.  Per Caltrans’ direction, this existing 
system would need to be replaced with two separate systems, which would separate the 
on-site flows from the off-site flows.  The new longitudinal drainage system would be 
42-in. in diameter and would convey these off-site flows from the city of Livermore, and 
would outfall at Arroyo Del Valle. 
 
These off-site flows from the city of Livermore’s residential areas would concentrate at 
culvert trunk lines, which would tie into the 42-in. diameter longitudinal drainage system 
through manholes spaced no more than 500 ft apart. 
 
There is currently no new storm drain system proposed within the jurisdiction of the city 
of Pleasanton. 
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3 OFF-SITE HYDRAULICS 
This section summarizes the procedures followed to develop design recommendations, 
including upstream and downstream inverts and culvert sizes.  These procedures were 
used to design the 42-in. diameter longitudinal drainage system that would convey runoff 
from the city of Livermore.  Drainage design was based on procedures specified in the 
1995 Facilities Planning Guidelines by the city of Livermore, and data provided in the 
Storm Drain Master Plan. 
 
A capacity analysis for the inlets and pipes was performed using the Hydraflow Storm 
Sewers 2008 software (Intelisolve, 2008).  The upstream invert elevations, where the city 
of Livermore’s drainage systems tie into the proposed longitudinal system, were based on 
elevations shown on the city of Livermore’s Storm System Facilities maps.  WRECO 
specified downstream invert elevations at the proposed manholes and for the outfall into 
Arroyo Del Valle.  These invert elevations were determined based on the design criteria 
listed in Table 3 and the invert elevations at each existing lateral connections.  The 
feasibility of these invert elevations would need verification and refinement. 

3.1 System Controls 
The new drainage systems within the City of Livermore were designed based on the 
city’s 1995 Facilities Planning Guidelines.  Summary of design standards are listed in 
Table 3. 
 
Table 3. City of Livermore Storm Drain Design Criteria 

Condition Design Criteria 
New systems 10-year HGL 1.25 ft below curb 
New systems 100-year HGL below curb 
New outfalls Flap-gated 

Closed Conduits  Max velocity < 14 ft/sec 
Closed Conduits Min velocity > 2.5 ft/sec 
Closed Conduits Min Slope > 0.0007 ft/ft 
Closed Conduits Min Pipe Size 12-in. 
Improvements Min Pipe Size 12-in. 

Manhole spacing  No farther than 500 ft apart 
Gutter flow Not to exceed 8 ft during a 10-year design storm 

Source: Schaaf and Wheeler Consulting Civil Engineers, 2004 
 
Existing culvert diameters, slopes, and elevations were determined using the city of 
Livermore’s Storm System Facilities map, Caltrans’ as-built drawings, and the ground 
survey performed for the Project. 
 
Because the elevations of the existing lateral connections are relatively deep, the outfall 
of the city of Livermore’s 42-in. longitudinal system at Arroyo Del Valle would be 
located close to the bottom of the channel.  An automatic drainage gate would be 
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proposed to offer protection against backwater surges, and the downstream boundary 
control would be the elevation of the culvert soffit at the outfall at Arroyo Del Valle.   

3.2 Culvert Material 
Culvert material for the new longitudinal and lateral systems would be specified in the 
contract documents as APC Type A (any allowable pipe materials) where slopes allow, or 
APC Type B (designated for culvert with smooth interior wall).  Manning’s n roughness 
coefficients of 0.024 and 0.013 would be used for Type A and Type B respectively in the 
capacity calculations using Hydraflow Storm Sewers 2008.  

3.3 Inlet and Outlet Treatment and Energy Dissipation 
Rock slope protection and headwalls would be specified at the proposed outfall at Arroyo 
Del Valle to minimize potential erosion.  The California Bank and Shore Rock Slope 
Protection Design manual would be used to design the rock slope protection (Caltrans, 
1997). 
 



Drainage Report 04-ALA-84 
State Route 84 Expressway Widening Project PM 22.9/27.1 
Cities of Livermore and Pleasanton, Alameda County, California EA 04-297601   
 

January 2011  20  

4 ON-SITE ROADWAY DRAINAGE 
URS Corporation provided roadway layouts, profiles, superelevation diagrams, and cross 
sections at 50 ft intervals along the length of major alignments.  This information was 
used to determine the location of drainage structures and to estimate the top of grate 
elevations of the proposed inlets and cover elevations of manholes. 

4.1 Recurrence Interval  
This Project would upgrade SR 84 within the Project limits to expressway standards (55 
mph).  Since the proposed Project will be a multi-lane highway with permitted speeds of 
over 45 mph (75 kph), according to Table 831.3 of the HDM, runoff would be estimated 
based on the 25-year recurrence interval design storm.  With the exception of runoff from 
the depressed section along SR 84, from Sta “A2” 357+00 to Sta “A3” 415+50, where 
flows would drain to the existing Isabel Pumping Plant just north of the Stanley 
Boulevard overcrossing, the 50-year recurrence interval design storm would be used. 

4.2 Rainfall Data and Intensities 
WRECO used the WinIDF program developed by Caltrans to estimate design rainfall 
intensities.   
 
The Project area south of Ida Holm Park is within 3 mi of the Arroyo Del Valle rain 
gages. The estimated design rainfall intensity was obtained directly from the WinIDF 
program by inputting a reference point within this area.  
 
There are currently no rain gages within 3 mi of the Project site north of Ida Holm Park.  
Therefore, rainfall intensity for the northern part of the Project was estimated using the 
quadrant method presented in the Caltrans IDF Equation (Gonsalves, 1999).   WRECO 
identified the closest rain gage station in each quadrant relative to the northern part of the 
Project and input those into the WinIDF program.  If two stations within a quadrant are 
about the same distance to the Project reference point, then the station with a longer 
record is used.  
 
The following are the rainfall intensities used at various locations of the Project: 
• From the southern end of the Project to Ida Holm Park: 3.266 in./hr (25-year, 5-

min storm) 
• From Ida Holm Park to Arroyo Mocho crossing: 3.524 in./hr (50-year, 5-min 

storm) 
• From the Arroyo Mocho crossing to the northern end of Project: 3.137 in./hr (25-

year, 5-min storm) 
 
The rainfall data used in the Project was reviewed and approved by Caltrans District 4 
Hydraulics.  The approved rainfall intensity tables and curves can be found in Appendix 
B. 
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4.3 Points of Concentration 
Storm water flows would be conveyed in roadside gutters, and along dikes, barriers, or 
retaining walls.  The points of concentration for the on-site roadway drainage systems 
also include drainage inlets, manholes, and outfalls. 

4.4 Time of Concentration 
WRECO estimated times of concentration following the procedures in section 816.6 in 
the HDM.  The HDM also recommends a minimum time of concentration of five minutes 
for paved areas and steep unpaved areas, and ten minutes for rural or undeveloped areas.  
All of the on-site drainage systems in the Project have relatively short flow path lengths, 
therefore the calculated times of concentration for those catchments would be shorter 
than the suggested minimums.  Consequently, WRECO used a five minute time of 
concentration for all on-site paved catchments in the Project that drain directly to inlet.  
For all other locations, WRECO estimated times of concentration following the 
procedures in the HDM.  

4.5 System Controls 
WRECO specified upstream and downstream invert elevations for the proposed culverts.  
For proposed systems connecting to existing systems, the upstream and/or downstream 
invert elevations of the existing systems control the proposed culvert vertical alignments.  
The existing invert elevations were determined based on survey data (provided by URS 
Corporation), as-built drawings, the city of Livermore’s Storm System Facilities map, and 
the latest drainage plans from regional planned developments in cities of Pleasanton and 
Livermore.  For systems that discharge to open channels, the topography at the channel 
controls the proposed culvert vertical alignments.  

4.5.1 Segment A  
The downstream boundary control for drainage systems that connect to the existing Isabel 
Pumping Plant at Stanley Boulevard would be the post-Project water surface elevation at 
the pumping plant.  WRECO performed an estimate on the flow depth using the post-
Project required storage volume divided by the footprint of the pumping plant storage, 
assuming a uniform water distribution.  WRECO then added the resulting depth to the 
flowline of the upstream storage bay to obtain an estimated headwater elevation of 
approximately 390.25 ft.  
 
The downstream boundary control for the drainage system that discharges to Arroyo 
Mocho would be the 25-year water surface elevation at the outfall at the Arroyo Mocho.  
WRECO conducted a hydraulic analysis using the Hydrologic Engineering Center River 
Analysis System (HEC-RAS) to determine the water surface elevation.  The HEC-RAS 
model results can be found in Appendix D.  
 
The downstream boundary control for drainage system that connects to existing pipeline 
is assumed to be 1 ft below the top of grate/cover elevation at the downstream connection 
point, if the existing water surface elevation of the existing pipeline cannot be obtained. 
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4.5.2 Segment B 
The downstream boundary control for the drainage system that discharges to Arroyo Del 
Valle would be the 25-year water surface elevation at the outfall at the Arroyo Del Valle.  
WRECO conducted a hydraulic analysis using the USACE Hydrologic Engineering 
Center River Analysis System (HEC-RAS) to determine the water surface elevation.  The 
HEC-RAS model results can be found in Appendix D.  
 
However, because an automatic drainage gate would be proposed for the Caltrans' 42-in. 
longitudinal system that discharges to Arroyo Del Valle to offer protection against 
backwater surges, the downstream boundary control of the system would be the elevation 
of the culvert soffit at the outfall at Arroyo Del Valle. 
 
The downstream boundary control for the drainage system that connects to the existing 
pipeline is assumed to be 1 ft below the top of grate/cover elevation at the downstream 
connection point, if the existing water surface elevation of the existing pipeline cannot be 
obtained. 

4.6 Culvert Material Design 
The drainage design designated all culverts as APC rather than specifying particular pipe 
materials, with the exceptions of downdrains and culverts behind retaining walls.  This 
leaves the Construction Contractor the ability to choose the appropriate material from a 
list of allowable materials recommended by the Project geotechnical engineer.  The 
acceptable APC materials for the Project are specified on Project plan sheet DQ-1, the 
first page of the project drainage quantity sheets, prepared by WRECO.   
 
All pipe joint types shall be standard unless otherwise noted on the Project plans.  
Watertight joints would be specified within the depressed section due to groundwater 
levels. 

4.7 Hydraulic Grade Line Calculations 
WRECO performed hydraulic grade line analyses for on-site systems using Hydraflow 
Storm Sewers 2008.  WRECO determined invert elevations for drainage structures based 
on system controls.  A pipe size was assigned for each drainage culvert, with a minimum 
diameter of 18 in. for culverts wholly or partly under the roadbed, per Table 838.4 of the 
HDM.  For proposed systems that connect to existing upstream drainage systems, the size 
of the proposed downstream system would be at least the size of the upstream culvert.  
The Hydraflow Storm Sewers 2008 models and results can be found in Appendix G. 

4.8 Grate Interception, Bypass, Gutter Spread, and Inlet Capacity 
Calculations 

Grate interception, bypass, gutter spread, and inlet capacity calculations were performed 
using WRECO’s own proprietary spreadsheet-based model developed based on the 
methodologies and procedures presented in HEC-22 (FHWA, 2001).  The calculations 
can be found in Appendix F. 
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According to Table 831.3 of the HDM, the design water spread should remain outside of 
the traveled way along SR 84 and ramp connections.  In addition, at the depressed 
sections that require pumping, the design water spread should not exceed that of adjacent 
roadway sections.  Within the Project limits, the allowable spread width is 10 ft for both 
travel directions along SR 84, and 8 ft at the proposed Vallecitos Road off-ramp and 
Stanley Connector.  Along all local street connections, the allowable spread width is 
assumed to be the combined width of the concrete gutter, shoulder (if any), and the right-
most lane, if at least two lanes are provided in a traffic direction.   
  
According to Section 831.4 of the HDM, no more than 0.1 cubic feet per second (cfs) of 
concentrated flow would be allowed to flow across the roadway.  At bridge crossing, 
inlets would be proposed at locations immediately upstream of the structural approach 
slab such that no more than 0.1 cfs bypass runoff would flow across the bridge. 
 
The proposed roadway consists of reaches at superelevation with very shallow 
longitudinal and cross slopes and no high-side gutter.  Slotted drain pipes were proposed 
at some of these locations where inlets alone are found not sufficient to handle the 
resulting water spread.  However, for maintenance and safety concerns, no slotted drain 
pipes would be proposed at the median shoulder. 

4.9 Ditches and Gutters 
Segment B of the Project would include re-alignment of existing ditches and gutters 
along the highway and the addition of several new gutter alignments.  All new or re-
aligned ditches and gutters would outfall into existing ditches, unnamed streams or storm 
drain systems.  All gutters within Caltrans' R/W would be concrete lined per Caltrans 
Maintenance’s recommendations. 

4.10 Overside Drains 
Overside drains are proposed only for Segment B of the Project and they would be hot 
mix asphalt (HMA) overside drains. 

4.11 Underdrains 
The existing SR 84 within Segment A of the Project includes underdrain systems beneath 
the outside shoulders within the depressed section and the left side shoulder of Stanley 
Connector.  Per recommendations in the Project Geotechnical Design Report and 
Materials Report (URS, 2009), the Project would construct new underdrain systems at all 
cuts for new pavement, and replace existing underdrain systems that are affected by the 
roadway widening.  The Project would also leave existing underdrain systems that would 
not be disturbed by construction, in place, provided their downstream inlet connections 
would not be disturbed. Sizes, locations, and elevations of underdrains would be based on 
information provided on the Project Typical Cross Section sheets.  All underdrains would 
outfall into drainage structures. 
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4.12 Edge Drains 
The existing SR 84, from north of Vallecitos Road to the northern Project limit, includes 
extensive edge drain systems beneath the highway median and shoulders.  Both Segments 
of the Project would replace these systems with systems of similar hydraulic capacity, 
where excavation would disturb the existing system.  Sizes, locations, and elevations of 
edge drains would be based on information provided on the Project Typical Cross Section 
sheets.  These edge drains would outfall into drainage inlets whenever feasible, or else 
into other outfall structures. 
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5 TEMPORARY DRAINAGE 

5.1 Segment A 
Segment A of the Project includes the SR 84 bridge widening and a new access bridges 
over Arroyo Mocho.  Dewatering operations may be needed during construction to 
protect water quality.  Work would be scheduled only during the allowed construction 
window.  To avoid storm water impacts, the Project would be phased to minimize soil-
disturbing work during the rainy season. 
 
Arroyo Mocho is perennial; therefore, both the SR 84 bridge widening and the new 
access bridge would be constructed during construction stage one and the work are 
anticipated to be completed in one allowed construction window.  Proposed bridge work 
would require a coffer dam around proposed footing only, therefore avoiding the 
necessity of a temporary creek diversion. 
 
Segment A construction would occur over a number of stages in order to minimize 
impacts to traffic in both directions of SR 84.  Temporary drainage systems have been 
proposed in order to prevent construction runoff from entering any live travel lanes 
during construction.  Most of the construction runoff will come in the form of sheet flow.  
In order to prevent such flow from entering into live travel lanes, temporary unlined 
ditches have been proposed along the edge of the construction zone to collect this flow 
and divert it to nearby cross culverts.  These temporary ditches will be a minimum of 1 
foot wide and 3 in. deep with 2:1 side slopes and will follow the topography of the 
proposed roadway.  The contractor shall direct all water from the temporary ditches to the 
new or existing inlets as available.  At the Arroyo Mocho bridge, a temporary inlet will 
be constructed to tie into the existing 24 in. cross culvert in order to allow the temporary 
ditch to drain.  At Stanley Boulevard, because no cross culvert exists, a temporary culvert 
will have to be constructed at the existing low point to relieve the proposed temporary 
ditch.  As the construction stage comes to a close, the ditches will be filled to finish any 
necessary grading. 

5.2 Segment B 
Segment B of the Project includes the SR 84 bridge widening, a new trail bridge over 
Arroyo Del Valle, and two new drainage outfalls at Arroyo Del Valle.  Dewatering 
operations and temporary creek diversion would be needed during construction to protect 
water quality.  Work would be scheduled only during the allowed construction window.  
To avoid storm water impacts, the Project would be phased to minimize soil-disturbing 
work during the rainy season. 
 
Arroyo Del Valle is perennial; therefore, temporary creek diversion is anticipated for 
work at the creek.  Both the SR 84 bridge widening and the new trail bridge would be 
constructed during construction stage one, and the work is anticipated to be completed in 
one allowed construction window.  A lump sum cost of $10,000 is included for 
temporary creek diversion at Arroyo Del Valle during construction stage one.  The pipe 
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size for the creek diversion system was determined based on the flow corresponding to 
the observed channel flow depth during summer time.  
 
Project construction would occur over a number of stages in order to minimize impacts to 
traffic in both directions of SR 84.  Temporary drainage systems have been proposed for 
this Project in order to prevent construction runoff from entering any live travel lanes 
during construction.  Most of the construction runoff will come in the form of sheet flow.  
In order to prevent such flow from entering into live travel lanes, temporary unlined 
ditches or temporary slotted pipe culverts have been proposed along the edge of the 
construction zone to collect this flow and divert it to nearby cross culverts.  Temporary 
ditches will be 1 foot deep with 2:1 side slopes and will follow the topography of the 
proposed roadway.  As the construction stage comes to a close, the temporary ditches will 
be filled and the temporary slotted pipe culverts will be removed to finish any necessary 
grading. 
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6 WATER QUALITY ISSUES 

6.1 Storm Water Best Management Practices 
Guidelines for the selection of water quality BMPs are based on the storm water pollution 
prevention procedures developed by Caltrans and those discussed in the Project’s Storm 
Water Data Report (WRECO, 2011).  Refer to the report for consideration of water 
quality measures, including temporary construction site BMPs, design pollution 
prevention BMPs, and treatment BMPs. 
 
Storm water treatment requirements for the Project would be evaluated based on the work 
of Segment A and Segment B combined.  The proposed treatment BMP included in 
Segment A of the Project is an Austin vault sand filter to the south of the Stanley 
Boulevard connector loop ramp.  The proposed treatment BMPs included in Segment B 
of the Project are: biofiltration swales with underdrains, biofiltration strips along the 
Project length (where feasible), and an Austin vault sand filter at the northwest quadrant 
of the Arroyo Del Valle crossing. 

6.2 Hydrograph Modification 
Because there is added impervious area resulting from the roadway widening and the 
receiving water bodies downstream of the Project are unlined channels, the downstream 
receiving waters are potentially susceptible to hydograph modification 
(hydromodification).  Hydromodification requirements for the Project would be evaluated 
based on the work of Segment A and Segment B combined.  WRECO performed a 
hydromodification analysis based on the Hydrograph Modification Management Plan 
(HMP) by the Alameda Countywide Clean Water Program (ACCWP).  The report 
discussed the water quality impacts associated with the proposed widening and the 
mitigation strategy to address the hydromodification concerns.  A detailed analysis can be 
found in the Hydromodification Report (WRECO, 20101). 
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7  FLOODPLAIN INFORMATION 

7.1 Segment A 
The Federal Emergency Management Agency’s (FEMA) Flood Insurance Rate Maps 
(FIRMs) (Community-Panel Numbers: 060008 0005 B) and the corresponding Letter of 
Map Revision (LOMRs) of the City of Livermore and the Alameda County were 
reviewed for Segment A of the Project.     
 
Segment A of the Project falls within FEMA-designated Zones AE and A7 in the vicinity 
of Arroyo Mocho.  According to the LOMRs, the 100-year flood is contained within the 
channel at the Arroyo Mocho crossing at SR 84.  Base flood elevations are shown at 
selected intervals along Arroyo Mocho, and the base flood elevation is 411 ft at the 
Arroyo Mocho crossing at SR 84.  This elevation is referenced to NGVD 29.  
 
The FIRMs and LOMRs covering Segment A of the Project can be found in Appendix C. 

7.2 Segment B 
The FEMA FIRMs (Community-Panel Number: 060001 0210 C) were reviewed for 
Segment B of the Project.     
 
Segment B of the Project falls within FEMA-designated Zones A and AE in the vicinity 
of Arroyo Del Valle.  These zones correspond to the 1% annual chance (100-year 
recurrence interval design storm) floodplains that are determined in the FEMA Flood 
Insurance Study (FIS) by detailed methods of analysis.  Base flood elevations are shown 
at selected intervals along Arroyo Del Valle, and the base flood elevation is 415 ft at the 
Arroyo Del Valle crossing at SR 84.  This elevation is referenced to NGVD 29.  
 
The FIRMs covering Segment B of the Project can be found in Appendix C. 
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8 COST ESTIMATE 
The estimated construction costs for the proposed drainage improvements can be found in 
Appendix I.  Cost estimates are provided separately for Segment A and Segment B of the 
Project.  These costs are based on unit costs from the Caltrans’ Contract Cost Data 
Website.  These cost estimates do not include costs for erosion control, or temporary 
construction site BMPs, which are included in the Storm Water Data Report (WRECO, 
2011).   
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Appendix A Drainage Plans 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 

Segment A 
(PM 25.5 to PM 27.1) 
 

















 

 

 
 
 
 
 
 
 
 
 
 
 
 

Segment B 
(PM 22.9 to PM 25.7) 
 































 

 

 
 
 
 
 
 
 
 
 
 
 

Appendix B Hydrologic Data 
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Figure B-1. WinIDF Results – Hydrologic Data used in Project area south of Ida Holm 
Park 
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Figure B-2. WinIDF Results – Hydrologic Data for Project area within the Depressed 
Section 
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Figure B-3. WinIDF Results – Hydrologic Data for Project area north of Arroyo Mocho 
 



 

 

 
 
 
 
 
 
 
 
 
 
 

Appendix C FEMA FIRMs 
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Source: FEMA 

Figure C-1. Arroyo Del Valle Floodplain (Alameda County) 
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Source: FEMA 

Figure C-2. Arroyo Del Valle Floodplain (City of Livermore) 
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Source: FEMA 

Figure C-3. Arroyo Mocho Floodplain (Alameda County) 
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Source: FEMA 

Figure C-4. Arroyo Mocho Floodplain (City of Livermore) 
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Source: FEMA 

Figure C-5. Revised Arroyo Mocho Floodplain (Alameda County) 
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Source: FEMA 

Figure C-6. Revised Arroyo Mocho Floodplain (City of Livermore) 



 

 

 
 
 
 
 
 
 
 
 
 
 

Appendix D Hydraulic Analysis 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 

Arroyo Mocho 
   (PM 26.6) 
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Figure D-1. Arroyo Mocho HEC-RAS Results (Plan View) 

SR 84 Bridge Access Bridge 
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Figure D-2. Arroyo Mocho HEC-RAS Results (Profile View) 

Outfall of Drainage System 20 
Estimated 25-year Discharge = 3,110 cfs 
25-year WSE = 412.7’ 



 

 

 
 
 
 
 
 
 
 
 
 
 
 

Arroyo Del Valle 
   (PM 24.8) 
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Figure D-3. Arroyo Del Valle HEC-RAS Model (Plan View) 

SR 84 Bridge 

Trail Bridge 
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Figure D-4. Arroyo Del Valle HEC-RAS Results (Profile View) 

Outfall of Drainage System 30  
Estimated 25-year Discharge = 4,152 cfs 
25-year WSE = 410.0’ 

Outfall of Drainage Systems 35  
Estimated 10-year Discharge = 2,606 cfs 
10-year WSE = 407.3’ 

Outfall of Drainage Systems 36  
Estimated 25-year Discharge = 4,152 cfs 
25-year WSE = 408.7’ 



 

 

 
 
 
 
 
 
 
 
 
 
 

Appendix E Watershed Maps 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 

Segment A 
(PM 25.5 to PM 27.1) 

 

















 

 

 
 
 
 
 
 
 
 
 
 
 
 

Segment B 
(PM 22.9 to PM 25.7) 

 































 

 

 
 
 
 
 
 
 
 
 
 
 

Appendix F Spread Flow and Inlets Capacity Calculations 
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(PM 25.5 to PM 27.1) 

 



State Route 84 Isabel Widening

Caltrans Highway Drainage Inlet Calculations KC, IL KC, IL Date: 2/26/2010
SN SN Date: 3/1/2010

Layout Line: "A2" "A2" "A2" "A2" "A2" "A2" "A2" "A2"

In# Offset: Lt Lt Lt Lt Lt Lt Lt Lt
(Input Data Required)

HYDROLOGY COMPUTATION:

Flow direction

St Structure location station: >> 370+00. 371+15 371+49 371+60. 372+03 373+00 375+65 381+23 385+60

N Notes Spread at Beg 
MVP (No DI) Flanking DI Sag Flanking DI HP

Unpaved watershed area (acres): >> 0.27 0.38 0.04 0.05 0.11 0.31 0.30 0.18
Paved watershed area (acres): >> 0.72 1.00 0.09 0.12 0.21 0.57 0.66 0.46

Ar Contributing watershed area (acres): 0.99 1.38 0.13 0.18 0.33 0.88 0.95 0.64
C Composite Runoff Coefficient "C": >> 0.95 0.95 0.95 0.94 0.93 0.93 0.94 0.95
Ic Precipitation intensity (in/hr): >> 3.524 3.524 3.524 3.524 3.524 3.524 3.524 3.524
Qa Subarea discharge Q (ft3/s): 3.34 4.64 0.43 0.59 1.07 2.88 3.17 2.16
qq Previous by-pass flow (ft3/s): > 1.35 0.69 1.21 1.10 0.54
Qadd Discharge added by operator (ft3/s): >
Qt Total discharge Q (ft3/s): 3.34 4.64 1.78 1.29 2.28 3.98 3.71 2.16
SHOULDER AND GUTTER CONFIGURATION:
n Manning's n: >> 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015
S Longitudinal slope S  (ft/ft): >> 0.004 0.001 0.000 0.000 0.002 0.004 0.006 0.004
IT Inlet type (1=grate, 2=curb opening, 3=slotted): >> 1 1 1 1 1 1 1 1
LP Longitudinal profile (1=on-grade, 2=sag): >> 1 1 1 2 1 1 1 1
ID Inlet description: > G2 G2 G2 GDO G2 G2 G2 G2

Standard Gutter Depression (1=SGD, 2=no SGD) > 2 2 2 2 2 2 2 2
Gw Grate width  (in): > 24.0 24.0 24.0 48.0 24.0 24.0 24.0 24.0
Gl Grate length  (in): > 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0

3 or 4 sided weir? > 3 3 3 3 3 3 3 3
Lco Curb opening length provided (ft): >
Ls Slotted drain length provided: (ft) >
Sx Shoulder cross-slope Sx  (ft/ft): >> 0.0390 0.0429 0.0464 0.0476 0.0500 0.0500 0.0500 0.0500
W Width of gutter from flowline  (in): > 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
a(t) Gutter depression from horizontal  (in): > 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Sw Gutter cross-slope Sw  (ft/ft):  (S'w=Sw-Sx) (Sw=Sx if no gutter) 0.039 0.043 0.046 0.048 0.050 0.050 0.050 0.050

Available Flooded Width (ft) > 10.00 22.00 22.00 19.31 10.00 10.00 10.00 10.00
Tu/s Flooded Width from flowline (ft): at inlet w/o gutter depression 8.87 11.96 9.44         ----- 7.31 7.91 7.14 6.29
Tu/s Flooded Width from flowline (ft): at inlet w/ gutter depression 8.87 11.96 9.44         ----- 7.31 7.91 7.14 6.29
Du/s Depth at flowline before inlet  (ft): 0.35 0.51 0.44         ----- 0.37 0.40 0.36 0.31
Au/s Water cross-area before inlet  (ft2): 1.53 3.07 2.07         ----- 1.34 1.57 1.27 0.99
Vu/s Velocity for total discharge before inlet  (ft/s): 2.18 1.51 0.86         ----- 1.71 2.54 2.91 2.18
Eod Ratio of gutter depression flow to total Q (Eod):         -----         -----         -----         -----         -----         -----         -----         -----
Se Equivalent cross-slope (ft/ft): 0.039 0.043 0.046 0.048 0.050 0.050 0.050 0.050
GRATE INLETS ON-GRADE:
Eog Ratio of grate frontal flow to total flow: 49% 39% 47%         ----- 57% 54% 58% 64%
Qw Inlet frontal flow in ft3/s (Qw):  at inlet w/ gutter depression 1.65 1.79 0.84         ----- 1.31 2.15 2.16 1.38
Vo Vo for effective length (P-50, Chart 5) (ft/s): 9.20 9.20 9.20         ----- 9.20 9.20 9.20 9.20
Rf Fraction of frontal flow intercepted (Rf): 1.00 1.00 1.00         ----- 1.00 1.00 1.00 1.00
Qs Side flow in ft3/s (Qs): 1.69 2.85 0.94         ----- 0.97 1.83 1.54 0.78
Gle Effective grate length w/ 25% clogging (in): 30 30 30         ----- 30 30 30 30
Rs Fraction of side flow interception (Rs): 35% 53% 77%         ----- 51% 34% 29% 40%
E Grate Efficiency (E): 67% 71% 88%         ----- 79% 70% 70% 78%
Qi Total flow intercepted (ft3/s): 2.23 3.29 1.56         ----- 1.81 2.77 2.61 1.69
Qb Grate flow-by (ft3/s): 1.11 1.35 0.22         ----- 0.48 1.21 1.10 0.46
SLOTTED DRAINS AND CURB OPENING INLETS ON-GRADE:    (No clogging factor)
Lt Length required for total interception (ft):         -----         -----         -----         -----         -----         -----         -----         -----
Ci Interception for provided length L (ft3/s):         -----         -----         -----         -----         -----         -----         -----         -----
El Efficiency for providged length L:         -----         -----         -----         -----         -----         -----         -----         -----
Qs Slotted drain or side opening flow-by (ft3/s):         -----         -----         -----         -----         -----         -----         -----         -----
INTERCEPTION CAPACITY OF INLETS IN SAG LOCATION: 

d33 Depth of ponding at inlet (33% Clogging - Freeway)(ft):         -----         -----         ----- 0.15         -----         -----         -----         -----
d50 Depth of ponding at inlet (50% Clogging City St)(ft):         -----         -----         ----- 0.18         -----         -----         -----         -----
w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         -----         ----- 3.09         -----         -----         -----         -----
w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         -----         ----- 3.76         -----         -----         -----         -----

Slotted drains
d33 Depth of ponding at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----         -----         -----
d50 Depth of ponding at inlet (50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----         -----         -----
w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----         -----         -----
w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----         -----         -----

Curb opening inlets
d33 Depth of ponding at inlet (Weir, 33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----         -----         -----
d50 Depth of ponding at inlet (Weir, 50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----         -----         -----
w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----         -----         -----
w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----         -----         -----
Lc Length of the vertical curve (ft): >
g1 approach grade #1 (%): >
g2 approach grade #2 (%): >
K K = Min(Lc/(Diff(g1,g2),167) (Table 4-7, HEC-22):         -----         -----         -----         -----         -----         -----         -----         -----
Df Flanking inlets distance (ft):         -----         -----         -----         -----         -----         -----         -----         -----

Grate Inlets

P0728 Inlet Capacity V1.1 US Units_SegA.xls       Seg A Lt



"A2" "A2" "A3" "A3" "A3" "A3" "A3" "A3" "A3" "A3" "A3" "A3" "A3" "A3"

Lt Lt Lt Lt Lt Lt Lt Lt Lt Lt Lt Lt Lt Lt

391+07.5 391+19.5 395+01.5 399+93.2 400+65 401+67 400+96.7 401+20 403+01.24 405+17.4 408+20. 411+85 415+14.42 415+49.4 415+60

Extend (E) cross 
culvert G2W Extend (E) cross 

culvert
Extend (E) cross 

culvert Flanking DI Slotted Drain Sag Slotted Drain (no 
DI)

Wall drain 
connection

Extend (E) cross 
culvert Bridge End

0.21 0.002
0.80 0.02 0.67 0.76 0.10 0.04 0.02 0.29 0.32 0.42 0.50 0.51 0.02 0.46
1.01 0.03 0.67 0.76 0.10 0.04 0.02 0.29 0.32 0.42 0.50 0.51 0.02 0.46
0.98 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
3.524 3.524 3.524 3.524 3.524 3.524 3.524 3.524 3.524 3.524 3.524 3.524 3.137 3.137
3.47 0.10 2.36 2.67 0.36 0.14 0.06 1.02 1.12 1.47 1.78 1.79 0.05 1.43

0.92 0.09 0.48 0.86 0.16 0.00 0.20 0.26 0.35 0.30 0.03 0.20

3.47 1.01 2.44 3.15 1.22 0.30 0.06 1.22 1.38 1.81 2.08 1.82 0.25 1.43

0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015
0.017 0.017 0.023 0.006 0.002 0.002 0.000 0.002 0.011 0.026 0.024 0.016 0.007 0.007
1 1 1 1 1 3 1 3 1 1 1 1 1 1
1 1 1 1 1 1 2 1 1 1 1 1 1 1
G2 G2W G2W G2W G2 ASP GDOM ASP G2 G2 G2 G2 G2 GDO
2 2 2 2 2 2 2 2 2 2 2 2 2 2

24.0 24.0 24.0 24.0 24.0 24.0 48.0 24.0 24.0 24.0 24.0 24.0 24.0 48.0
40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0
3 3 3 3 3 3 3 3 3 3 3 3 3 3

27.60 24.36
0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0200 0.0200
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.020 0.020
10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 7.33 10.00 10.00 10.00 10.00 10.00
5.75 3.62 4.77 6.77 5.80         -----         -----         ----- 4.44 4.15 4.42 4.55 4.48 8.60
5.75 3.62 4.77 6.77 5.80         -----         -----         ----- 4.44 4.15 4.42 4.55 4.48 8.60
0.29 0.18 0.24 0.34 0.29         -----         -----         ----- 0.22 0.21 0.22 0.23 0.09 0.17
0.83 0.33 0.57 1.14 0.84         -----         -----         ----- 0.49 0.43 0.49 0.52 0.20 0.74
4.20 3.09 4.30 2.75 1.45         -----         -----         ----- 2.81 4.20 4.25 3.51 1.26 1.93

        -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.020 0.020

68% 88% 77% 61% 68%         -----         -----         ----- 80% 83% 80% 79% 79% 81%
2.36 0.89 1.87 1.91 0.82         -----         -----         ----- 1.10 1.50 1.66 1.43 0.20 1.16
9.20 9.20 9.20 9.20 9.20         -----         -----         ----- 9.20 9.20 9.20 9.20 9.20 9.20
1.00 1.00 1.00 1.00 1.00         -----         -----         ----- 1.00 1.00 1.00 1.00 1.00 1.00
1.11 0.12 0.57 1.24 0.39         -----         -----         ----- 0.28 0.31 0.42 0.39 0.05 0.27
30 30 30 30 30         -----         -----         ----- 30 30 30 30 30 30
17% 27% 17% 31% 59%         -----         -----         ----- 30% 17% 17% 22% 42% 25%
74% 91% 80% 73% 87%         -----         -----         ----- 86% 86% 83% 83% 88% 86%
2.55 0.93 1.97 2.29 1.05         -----         -----         ----- 1.19 1.55 1.73 1.52 0.22 1.23
0.92 0.09 0.48 0.86 0.16         -----         -----         ----- 0.20 0.26 0.35 0.30 0.03 0.20

        -----         -----         -----         -----         ----- 3.97         ----- 7.11         -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         ----- 0.3         ----- 1.2         -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         ----- 100%         ----- 100%         -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         ----- 0.0         ----- 0.0         -----         -----         -----         -----         -----         -----

        -----         -----         -----         -----         -----         ----- 0.02         -----         -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         -----         ----- 0.02         -----         -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         -----         ----- 0.37         -----         -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         -----         ----- 0.45         -----         -----         -----         -----         -----         -----         -----

        -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

        -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

        -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
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Designed by:  KC, IL Date: 2/26/2010
Checked by:  SN Date: 3/1/2010

"A3" "A3" "A3" "D" "D" "D" "A3" "A3" "A3" "A3" "A3" "A3" "A3"

Lt Lt Lt Rt Rt Lt Lt Lt Lt Lt Lt Lt Lt

check detailed contours

418+65. 423+00. 424+35.8 38+63.39 38+30. 38+33.99 38+63 426+17.17 428+18.29 429+50 429+80.00 430+02.5 431+00.

HP Extend (E) cross 
culvert

(E) DI    Discover 
Dr. Sag

G2M     Discover 
Dr. Discover Dr. Discover Dr. Sag Discover Dr. (E) 

DI Flanking DI Sag Flanking DI

0.27 0.18 0.10 0.18 0.37 0.04 0.03 0.31 0.23 0.10 0.15 0.10
0.75 0.47 0.40 0.43 0.33 0.20 0.15 0.64 0.45 0.17 0.29 0.19
1.02 0.64 0.50 0.61 0.70 0.24 0.18 0.95 0.68 0.27 0.44 0.29
0.96 0.95 0.98 0.95 0.87 0.98 0.99 0.94 0.93 0.92 0.93 0.93
3.137 3.137 3.137 3.137 3.137 3.137 3.137 3.137 3.137 3.137 3.137 3.137
3.06 1.92 1.54 1.82 1.90 0.75 0.56 2.78 1.99 0.80 1.29 0.86

0.19 0.54 0.09 0.03 0.20 0.67 0.18 0.07

3.06 2.11 2.08 1.82 1.99 0.75 0.56 2.81 2.19 1.47 1.46 0.93

0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015
0.010 0.009 0.000 0.006 0.000 0.007 0.006 0.003 0.002 0.000 0.001 0.004
1 1 2 1 1 1 1 1 1 1 1 1
1 1 2 1 2 1 1 1 1 2 1 1
G2 G2 G2 G2M G2 G2 G2 GDO G2 GDO G2 G2
2 2 2 2 2 2 2 2 2 2 2 2

48.0 48.0 24.0 24.0 24.0 24.0 24.0 48.0 24.0 48.0 24.0 24.0
40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0
3 3 3 3 3 3 3 3 3 3 3 3

16.50

0.0439 0.0500 0.0269 0.0227 0.0385 0.0274 0.0500 0.0500 0.0500 0.0485 0.0456 0.0325
0.0 0.0 18.0 18.0 18.0 18.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.044 0.050 0.060 0.060 0.140 0.140 0.050 0.050 0.050 0.049 0.046 0.033
10.00 10.00 14.00 14.00 14.00 14.00 10.00 10.00 10.00 10.00 10.00 10.00
6.51 5.31         ----- 8.54         ----- 5.57 3.58 7.33 7.05         ----- 7.36 6.14
6.51 5.31         ----- 8.54         ----- 3.79 3.58 7.33 7.05         ----- 7.36 6.14
0.29 0.27         ----- 0.25         ----- 0.27 0.18 0.37 0.35         ----- 0.34 0.20
0.93 0.71         ----- 0.87         ----- 0.32 0.32 1.34 1.24         ----- 1.24 0.61
3.29 2.99         ----- 2.10         ----- 2.31 1.76 2.09 1.76         ----- 1.18 1.52

        -----         -----         ----- 46%         ----- 91%         -----         -----         -----         -----         -----         -----
0.044 0.050         ----- 0.040         ----- 0.129 0.050 0.050 0.050 0.049 0.046 0.033

92% 98%         ----- 56%         ----- 69% 89% 88% 59%         ----- 57% 65%
2.81 2.06         ----- 1.02         ----- 0.52 0.50 2.47 1.29         ----- 0.83 0.60
9.20 9.20         ----- 9.20         ----- 9.20 9.20 9.20 9.20         ----- 9.20 9.20
1.00 1.00         ----- 1.00         ----- 1.00 1.00 1.00 1.00         ----- 1.00 1.00
0.24 0.05         ----- 0.80         ----- 0.23 0.06 0.34 0.90         ----- 0.63 0.33
30 30         ----- 30         ----- 30 30 30 30         ----- 30 30
22% 28%         ----- 37%         ----- 61% 50% 42% 50%         ----- 65% 46%
94% 98%         ----- 72%         ----- 88% 94% 93% 79%         ----- 85% 81%
2.87 2.07         ----- 1.31         ----- 0.66 0.53 2.61 1.74         ----- 1.24 0.75
0.19 0.04         ----- 0.51         ----- 0.09 0.03 0.20 0.45         ----- 0.22 0.18

        -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

        -----         -----         -----         ----- 0.26         -----         -----         -----         ----- 0.16         -----         -----
        -----         -----         -----         ----- 0.32         -----         -----         -----         ----- 0.20         -----         -----
        -----         -----         -----         ----- 8.35         -----         -----         -----         ----- 3.32         -----         -----
        -----         -----         -----         ----- 9.82         -----         -----         -----         ----- 4.03         -----         -----

        -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

        -----         ----- 0.19         -----         -----         -----         -----         -----         -----         -----         -----         -----
        -----         ----- 0.23         -----         -----         -----         -----         -----         -----         -----         -----         -----
        -----         ----- 8.53         -----         -----         -----         -----         -----         -----         -----         -----         -----
        -----         ----- 10.04         -----         -----         -----         -----         -----         -----         -----         -----         -----

        -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
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Designed by:  KC, IL Date: 2/26/2010
Checked by:  AO Date: 3/1/2010

"A3" "A3" "A3" "A3" "A3" "A3" "A3" "A3"

Lt Lt Lt Lt Lt Lt Lt Lt

431+69. 431+93.66 433+60. 443+69.98 446+00. 446+25.00 446+50. 446+65.00 447+09.

Flip to Rt, HP Flip Sag Flanking HP End Project, 
447+80

Jack London 
Blvd

0.02 0.13 0.01
0.05 0.23 0.37 0.11 0.01 0.09
0.07 0.36 0.38 0.11 0.01 0.09
0.93 0.92 1.00 1.00 1.00 1.00
3.137 3.137 3.137 3.137 3.137 3.137
0.21 1.03 1.20 0.35 0.03 0.27
0.33 0.29

0.54 1.03 1.20 0.64 0.03 0.27

0.015 0.015 0.015 0.015 0.015 0.015
0.001 0.008 0.005 0.000 0.004 0.006
1 1 1 1 1 1
1 1 1 2 1 1
G2 G2 G2 GDO G2 G2
2 2 2 2 2 2

24.0 24.0 24.0 48.0 24.0 24.0
40.0 40.0 40.0 40.0 40.0 40.0
3 3 3 3 3 3

0.0233 0.0200 0.0306 0.0341 0.0374 0.0453
0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0
0.023 0.020 0.031 0.034 0.037 0.045
10.00 10.00 10.00 10.00 10.00 10.00
8.13 7.42 6.58         ----- 1.60 2.88
8.13 7.42 6.58         ----- 1.60 2.88
0.19 0.15 0.20         ----- 0.06 0.13
0.77 0.55 0.66         ----- 0.05 0.19
0.70 1.87 1.81         ----- 0.71 1.43

        -----         -----         -----         -----         -----         -----
0.023 0.020 0.031 0.034 0.037 0.045

53% 57% 62%         ----- 100% 96%
0.28 0.58 0.74         ----- 0.03 0.26
9.20 9.20 9.20         ----- 9.20 9.20
1.00 1.00 1.00         ----- 1.00 1.00
0.25 0.45 0.46         ----- 0.00 0.01
30 30 30         ----- 30 30
71% 26% 37%         ----- 0% 57%
86% 68% 76%         ----- 100% 98%
0.46 0.70 0.91         ----- 0.03 0.26
0.07 0.33 0.29         ----- 0.00 0.00

        -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         -----         -----

        -----         -----         ----- 0.09         -----         -----
        -----         -----         ----- 0.11         -----         -----
        -----         -----         ----- 2.72         -----         -----
        -----         -----         ----- 3.31         -----         -----

        -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         -----         -----

        -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         -----         -----

        -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         -----         -----

P0728 Inlet Capacity V1.1 US Units_SegA.xls       Seg A Lt



State Route 84 Isabel Widening

Caltrans Highway Drainage Inlet Calculations Designed by:  KC, IL Date: 2/26/2010
Checked by:  SN Date: 3/1/2010

Layout Line: "A2" "A2" "A2" "A2" "A2" "A2"

In# Offset: Rt Rt Rt Rt Rt Rt
(Input Data Required)

HYDROLOGY COMPUTATION:

Flow direction

St Structure location station: >> 348+18.75 352+06 356+62.7 363+57. 364+50. 365+14.25 365+45 365+80.

N Notes HP (E) DI (E) DI (E) DI         Flanking (Slotted 
Drain) Sag Flanking HP

Unpaved watershed area (acres): >> 0.09 0.15 0.32 0.05 0.05 0.02
Paved watershed area (acres): >> 0.53 0.47 0.59 0.22 0.19 0.06

Ar Contributing watershed area (acres): 0.62 0.62 0.91 0.27 0.24 0.08
C Composite Runoff Coefficient "C": >> 1.00 0.97 0.93 0.99 0.97 0.96
Ic Precipitation intensity (in/hr): >> 3.266 3.524 3.524 3.524 3.524 3.524
Qa Subarea discharge Q (ft3/s): 2.03 2.11 2.96 0.92 0.81 0.29
qq Previous by-pass flow (ft3/s): > 0.42 0.60 1.03 0.04
Qadd Discharge added by operator (ft3/s): >
Qt Total discharge Q (ft3/s): 2.03 2.53 3.56 1.95 0.85 0.29
SHOULDER AND GUTTER CONFIGURATION:
n Manning's n: >> 0.015 0.015 0.015 0.015 0.015 0.015
S Longitudinal slope S  (ft/ft): >> 0.004 0.004 0.004 0.000 0.000 0.001
IT Inlet type (1=grate, 2=curb opening, 3=slotted): >> 1 1 1 3 1 1
LP Longitudinal profile (1=on-grade, 2=sag): >> 1 1 1 1 2 1
ID Inlet description: > G2 G2 G2 G2 GD0 G2

Standard Gutter Depression (1=SGD, 2=no SGD) > 2 2 2 2 2 2
Gw Grate width  (in): > 24.0 24.0 24.0 24.0 48.0 24.0
Gl Grate length  (in): > 40.0 40.0 40.0 40.0 40.0 40.0

3 or 4 sided weir? > 3 3 3 3 3 3
Lco Curb opening length provided (ft): >
Ls Slotted drain length provided: (ft) > 93.00
Sx Shoulder cross-slope Sx  (ft/ft): >> 0.0500 0.0500 0.0500 0.0356 0.0201 0.0168
W Width of gutter from flowline  (in): > 0.0 0.0 0.0 0.0 0.0 0.0
a(t) Gutter depression from horizontal  (in): > 0.0 0.0 0.0 0.0 0.0 0.0
Sw Gutter cross-slope Sw  (ft/ft):  (S'w=Sw-Sx) (Sw=Sx if no gutter) 0.050 0.050 0.050 0.036 0.020 0.017

Available Flooded Width (ft) > 10.00 10.00 10.00 10.00 10.00 10.00
Tu/s Flooded Width from flowline (ft): at inlet w/o gutter depression 6.09 6.79 7.49         -----         ----- 7.90
Tu/s Flooded Width from flowline (ft): at inlet w/ gutter depression 6.09 6.79 7.49         -----         ----- 7.90
Du/s Depth at flowline before inlet  (ft): 0.30 0.34 0.37         -----         ----- 0.13
Au/s Water cross-area before inlet  (ft2): 0.93 1.15 1.40         -----         ----- 0.52
Vu/s Velocity for total discharge before inlet  (ft/s): 2.19 2.20 2.54         -----         ----- 0.55
Eod Ratio of gutter depression flow to total Q (Eod):         -----         -----         -----         -----         -----         -----
Se Equivalent cross-slope (ft/ft): 0.050 0.050 0.050 0.036 0.020 0.017
GRATE INLETS ON-GRADE:
Eog Ratio of grate frontal flow to total flow: 65% 61% 56%         -----         ----- 54%
Qw Inlet frontal flow in ft3/s (Qw):  at inlet w/ gutter depression 1.33 1.53 2.01         -----         ----- 0.15
Vo Vo for effective length (P-50, Chart 5) (ft/s): 9.20 9.20 9.20         -----         ----- 9.20
Rf Fraction of frontal flow intercepted (Rf): 1.00 1.00 1.00         -----         ----- 1.00
Qs Side flow in ft3/s (Qs): 0.70 1.00 1.56         -----         ----- 0.13
Gle Effective grate length w/ 25% clogging (in): 30 30 30         -----         ----- 30
Rs Fraction of side flow interception (Rs): 40% 40% 34%         -----         ----- 73%
E Grate Efficiency (E): 79% 76% 71%         -----         ----- 88%
Qi Total flow intercepted (ft3/s): 1.61 1.93 2.53         -----         ----- 0.25
Qb Grate flow-by (ft3/s): 0.42 0.60 1.03         -----         ----- 0.04
SLOTTED DRAINS AND CURB OPENING INLETS ON-GRADE:    (No clogging factor)
Lt Length required for total interception (ft):         -----         -----         ----- 6.99         -----         -----
Ci Interception for provided length L (ft3/s):         -----         -----         ----- 2.0         -----         -----
El Efficiency for providged length L:         -----         -----         ----- 100%         -----         -----
Qs Slotted drain or side opening flow-by (ft3/s):         -----         -----         ----- 0.0         -----         -----
INTERCEPTION CAPACITY OF INLETS IN SAG LOCATION: 

d33 Depth of ponding at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         ----- 0.11         -----
d50 Depth of ponding at inlet (50% Clogging City St)(ft):         -----         -----         -----         ----- 0.14         -----
w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         ----- 5.54         -----
w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         -----         -----         ----- 6.73         -----

Slotted drains
d33 Depth of ponding at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----
d50 Depth of ponding at inlet (50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----
w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----
w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----

Curb opening inlets
d33 Depth of ponding at inlet (Weir, 33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----
d50 Depth of ponding at inlet (Weir, 50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----
w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----
w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----
Lc Length of the vertical curve (ft): >
g1 approach grade #1 (%): >
g2 approach grade #2 (%): >
K K = Min(Lc/(Diff(g1,g2),167) (Table 4-7, HEC-22):         -----         -----         -----         -----         -----         -----
Df Flanking inlets distance (ft):         -----         -----         -----         -----         -----         -----

Grate Inlets

P0728 Inlet Capacity V1.1 US Units_SegA.xls       Seg A Rt



Date: 2/26/2010
Date: 3/1/2010

"A2" "A2" "A2" "A2" "A2" "A2" "A2" "A2"

Rt Rt Med Med Rt Rt Rt Rt

366+80. 367+00. 376+70.61 376+90. 377+20.49 377+30. 378+30. 378+80. 380+00. 381+23.

Slotted Drain Flip Flips to Lt 
Side

Beg Conc. 
Barrier Flip

0.05 0.01 0.02 0.05 0.02 0.06 0.06 0.35
0.16 0.02 0.05 0.02 0.09 0.05 0.12 0.13 0.48
0.21 0.03 0.07 0.02 0.13 0.08 0.18 0.19 0.83
0.96 0.94 0.97 1.00 0.93 0.94 0.94 0.94 0.90
3.524 3.524 3.524 3.524 3.524 3.524 3.524 3.524 3.524
0.70 0.10 0.23 0.07 0.44 0.25 0.60 0.63 2.65

0.00 0.00 0.00 0.27 0.31 0.65

0.70 0.10 0.23 0.07 0.44 0.52 0.91 1.28 2.65

0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015
0.002 0.006 0.006 0.000 0.000 0.004 0.003 0.004
3 1 1 3 3 1 1 1
1 1 1 1 1 1 1 1
G2 G2 G2 G2 G2 G2 G2 G2
2 2 2 2 2 2

24.0 24.0 24.0 24.0 24.0 24.0
40.0 40.0 40.0 40.0 40.0 40.0
3 3 3 3 3 3

100.00 100.00 50.00
0.0026 0.0069 0.0041 0.0009 0.0107 0.0203 0.0300 0.0500
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.003 0.007 0.004 0.001 0.011 0.020 0.030 0.050
10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00

        ----- 8.64 7.81         -----         ----- 7.85 7.50 6.70
        ----- 8.64 7.81         -----         ----- 7.85 7.50 6.70
        ----- 0.06 0.03         -----         ----- 0.16 0.23 0.34
        ----- 0.26 0.13         -----         ----- 0.63 0.84 1.12
        ----- 0.89 0.58         -----         ----- 1.46 1.51 2.36
        -----         -----         -----         -----         -----         -----         -----         -----
0.003 0.007 0.004 0.001 0.011 0.020 0.030 0.050

        ----- 50% 54%         -----         ----- 54% 56% 61%
        ----- 0.11 0.04         -----         ----- 0.50 0.72 1.62
        ----- 9.20 9.20         -----         ----- 9.20 9.20 9.20
        ----- 1.00 1.00         -----         ----- 1.00 1.00 1.00
        ----- 0.11 0.03         -----         ----- 0.42 0.56 1.03
        ----- 30 30         -----         ----- 30 30 30
        ----- 32% 37%         -----         ----- 36% 44% 37%
        ----- 66% 71%         -----         ----- 71% 75% 75%
        ----- 0.15 0.05         -----         ----- 0.65 0.96 2.00
        ----- 0.08 0.02         -----         ----- 0.27 0.31 0.65

35.16         -----         ----- 21.82 5.44         -----         -----         -----
0.7         -----         ----- 0.4 0.5         -----         -----         -----

100%         -----         ----- 100% 100%         -----         -----         -----
0.0         -----         ----- 0.0 0.0         -----         -----         -----

        -----         -----         -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         -----         -----         -----         -----

        -----         -----         -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         -----         -----         -----         -----

        -----         -----         -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         -----         -----         -----         -----

        -----         -----         -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         -----         -----         -----         -----

Slotted Drain
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Designed by:  KC, IL Date: 2/26/2010
Checked by:  SN Date: 3/1/2010

"A2" "A2" "A2" "A2" "A2" "A2" "A2" "ST1" "ST1" "ST1" "ST1" "A2"

Rt Rt Rt Rt Rt Rt Rt Lt Lt Lt Rt Rt

385+90. 386+15. 386+65. 388+90. 390+04. 391+21. 392+11.7 95+00. 95+29.3 95+70. 103+34. 103+20.

HP Drain to Stanley 
Connector Flanking DI Sag Flanking DI Flip Drain to Stanley 

Connector

0.03 0.06 0.38 0.27 0.43 0.45 0.05 0.31 0.38 0.88 0.00
0.02 0.05 0.31 0.19 0.19 0.14 0.06 0.58 0.17 1.99 0.00 0.14
0.05 0.11 0.68 0.46 0.61 0.59 0.11 0.90 0.55 2.86 0.00 0.14
0.86 0.87 0.86 0.85 0.82 0.79 0.88 0.93 0.82 0.94 1.00
3.524 3.524 3.524 3.524 3.524 3.524 3.524 3.524 3.524 3.524 3.524
0.15 0.32 2.08 1.39 1.77 1.65 0.35 2.94 1.58 9.52 0.50

0.00 0.01 0.43 0.32 0.38 0.00 0.00 3.52 1.03 1.03

0.15 0.32 2.09 1.82 2.08 2.03 0.36 2.94 5.10 10.55 1.03 0.50

0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015
0.001 0.004 0.009 0.013 0.017 0.021 0.031 0.000 0.010 0.006
1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 2 1 1
G2 G2 G2 G2 G2 GDO G2 G2 G2 G2
2 2 2 2 2 2 2 2 2 2

24.0 24.0 24.0 24.0 24.0 48.0 24.0 24.0 24.0 24.0
40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0
3 3 3 3 3 3 3 3 3 3

0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.1000 0.1200 0.1200 0.0158
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 18.0
0.050 0.050 0.050 0.050 0.050 0.050 0.100 0.120 0.120 0.050
10.00 10.00 10.00 10.00 10.00 10.00 8.00 8.00 8.00 7.81
2.96 3.05 5.30 4.74 4.73 4.51 3.11         ----- 5.56 6.86
2.96 3.05 5.30 4.74 4.73 4.51 3.11         ----- 5.56 3.33
0.15 0.15 0.27 0.24 0.24 0.23 0.31         ----- 0.67 0.05
0.22 0.23 0.70 0.56 0.56 0.51 0.49         ----- 1.86 0.09
0.69 1.39 2.97 3.23 3.73 3.99 6.06         ----- 5.68 5.74

        -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
0.050 0.050 0.050 0.050 0.050 0.050 0.100 0.120 0.120 0.016

95% 94% 72% 77% 77% 100% 94%         ----- 59% -113%
0.14 0.31 1.50 1.40 1.60 2.02 2.75         ----- 6.22 -0.57
9.20 9.20 9.20 9.20 9.20 9.20 9.20         ----- 9.20 9.20
1.00 1.00 1.00 1.00 1.00 1.00 1.00         ----- 1.00 1.00
0.01 0.02 0.59 0.42 0.48 0.01 0.19         ----- 4.33 1.07
30 30 30 30 30 30 30         ----- 30 30
84% 60% 28% 25% 20% 19% 18%         ----- 22% 4%
99% 98% 80% 83% 82% 100% 95%         ----- 68% -105%
0.15 0.32 1.66 1.50 1.70 2.03 2.79         ----- 7.19 -0.53
0.00 0.01 0.43 0.32 0.38 0.00 0.16         ----- 3.36 1.03

        -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

        -----         -----         -----         -----         -----         -----         ----- 0.49         -----         -----
        -----         -----         -----         -----         -----         -----         ----- 0.60         -----         -----
        -----         -----         -----         -----         -----         -----         ----- 4.11         -----         -----
        -----         -----         -----         -----         -----         -----         ----- 4.99         -----         -----

        -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

        -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

        -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

P0728 Inlet Capacity V1.1 US Units_SegA.xls       Seg A Rt



Designed by:  KC, IL
Checked by:  SN

"A3" "A3" "A3" "A3" "A3" "A3" "A3" "A3" "A3" "A3" "A3"

Rt Rt Rt Rt Rt Rt Rt Rt Rt Rt Rt

395+00 399+53 399+93 400+60 400+96.7 401+25 403+35 405+18 408+20 411+83 415+49 415+60 418+80.

Flanking DI Sag Flanking DI Arroyo Mocho 
Bridge (E) DI HP

0.13 0.79 0.13
0.21 0.66 0.06 0.10 0.10 0.33 0.25 0.40 0.47 0.46 0.02 0.40
0.34 1.45 0.06 0.10 0.10 0.33 0.25 0.40 0.47 0.46 0.02 0.54
0.92 0.87 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.96
3.524 3.524 3.524 3.524 3.524 3.524 3.524 3.524 3.524 3.524 3.137 3.137
1.10 4.42 0.21 0.36 0.34 1.15 0.89 1.40 1.66 1.62 0.05 1.62

0.10 1.47 0.30 0.03 0.07 0.00 0.30 0.25 0.04 0.25

1.10 4.52 1.68 0.66 0.37 1.22 0.89 1.70 1.92 1.66 0.30 1.62

0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015
0.019 0.009 0.007 0.002 0.000 0.002 0.014 0.027 0.025 0.016 0.008 0.007
1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 2 1 1 1 1 1 1 1
G2 G2 G2 GDOM G4 GDOM G2 GDOM G2 G2 G2 GDO
2 2 2 2 2 2 2 2 2 2 2 2

24.0 24.0 24.0 48.0 48.0 48.0 24.0 48.0 24.0 24.0 24.0 48.0
40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0
3 3 3 3 3 3 3 3 3 3 3 3

0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0200 0.0200
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.020 0.020
10.00 10.00 12.52 13.00 13.00 13.00 10.00 12.00 12.15 10.55 10.00 10.00
3.65 7.16 5.19 4.59         ----- 6.03 3.55 4.03 4.28 4.39 4.73 8.94
3.65 7.16 5.19 4.59         ----- 6.03 3.55 4.03 4.28 4.39 4.73 8.94
0.18 0.36 0.26 0.23         ----- 0.30 0.18 0.20 0.21 0.22 0.09 0.18
0.33 1.28 0.67 0.53         ----- 0.91 0.32 0.41 0.46 0.48 0.22 0.80
3.31 3.53 2.49 1.25         ----- 1.34 2.81 4.18 4.18 3.46 1.35 2.02

        -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.020 0.020

88% 58% 73% 100%         ----- 95% 89% 100% 81% 80% 77% 79%
0.97 2.63 1.22 0.66         ----- 1.15 0.79 1.70 1.56 1.34 0.23 1.28
9.20 9.20 9.20 9.20         ----- 9.20 9.20 9.20 9.20 9.20 9.20 9.20
1.00 1.00 1.00 1.00         ----- 1.00 1.00 1.00 1.00 1.00 1.00 1.00
0.13 1.89 0.46 0.00         ----- 0.07 0.10 0.00 0.36 0.33 0.07 0.33
30 30 30 30         ----- 30 30 30 30 30 30 30
24% 22% 35% 65%         ----- 62% 30% 17% 17% 23% 39% 24%
91% 67% 82% 100%         ----- 98% 92% 100% 85% 85% 86% 84%
1.00 3.05 1.38 0.66         ----- 1.19 0.82 1.70 1.62 1.41 0.26 1.36
0.10 1.47 0.30 0.00         ----- 0.03 0.07 0.00 0.30 0.25 0.04 0.25

        -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

        -----         -----         -----         ----- 0.06         -----         -----         -----         -----         -----         -----         -----
        -----         -----         -----         ----- 0.08         -----         -----         -----         -----         -----         -----         -----
        -----         -----         -----         ----- 1.28         -----         -----         -----         -----         -----         -----         -----
        -----         -----         -----         ----- 1.56         -----         -----         -----         -----         -----         -----         -----

        -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

        -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

        -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
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Date: 2/26/2010 Designed by:  KC, IL Date: 2/26/2010
Date: 3/1/2010 Checked by:  SN Date: 3/1/2010

"A3" "A3" "A3" "A3" "A3" "A3" "A3" "A3" "A3" "A3" "A3" "A3" "A3" "A3" "A3" "A3" "A3"

Rt Rt Rt Rt Rt Rt Rt Rt Rt Rt Rt Rt Rt Rt Rt Rt Rt

420+05. 420+46.10 420+90 421+50 421+92. 422+15. 434+04.47 435+88. 438+00 440+35 442+82. 443+85. 445+50 447+05 447+15.49 447+40

Flanking Sag Flanking HP Flanking Sag Flanking End Project, 
447+80

Jack London 
Blvd

0.06 0.04 0.03 0.02 0.01 0.13 0.16 0.02 0.01 0.02 0.00
0.16 0.11 0.08 0.05 0.01 0.37 0.58 0.65 0.68 0.74 0.28 0.31 0.28 0.11 0.21
0.22 0.15 0.10 0.07 0.02 0.51 0.74 0.66 0.69 0.75 0.29 0.31 0.28 0.11 0.21
0.95 0.96 0.96 0.95 0.86 0.96 0.97 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
3.137 3.137 3.137 3.137 3.137 3.137 3.137 3.137 3.137 3.137 3.137 3.137 3.137 3.137 3.137
0.67 0.45 0.31 0.21 0.06 1.53 2.26 2.09 2.18 2.36 0.90 0.96 0.89 0.33 0.66

0.22 0.00 0.00 0.38 0.64 0.66 0.71 0.81 0.31 0.19 0.18

0.67 0.67 0.31 0.21 0.06 1.53 2.65 2.73 2.84 3.07 1.70 1.28 1.08 0.51 0.66

0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015
0.003 0.000 0.003 0.001 0.001 0.006 0.004 0.003 0.003 0.003 0.004 0.003 0.003 0.000 0.005
1 1 1 3 3 1 1 1 1 1 1 1 1 1 1
1 2 1 1 1 1 1 1 1 1 1 1 1 2 1
G2 GDO G2 G2 G2 G2 G2W G2W G2W G2W G2W G2W G2W GDO G2
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

24.0 48.0 24.0 24.0 24.0 24.0 24.0 24.0 24.0 24.0 24.0 24.0 24.0 48.0 24.0
40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

42.00 23.00
0.0200 0.0200 0.0141 0.0061 0.0007 0.0344 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.020 0.020 0.014 0.006 0.001 0.034 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050
10.00 10.00 10.00 10.00 10.00 10.00 12.00 12.00 12.00 12.00 12.00 12.00 12.00 12.00 11.00
7.57         ----- 7.29         -----         ----- 6.49 6.92 7.25 7.36 7.44 5.78 5.45 5.11         ----- 3.89
7.57         ----- 7.29         -----         ----- 6.49 6.92 7.25 7.36 7.44 5.78 5.45 5.11         ----- 3.89
0.15         ----- 0.10         -----         ----- 0.22 0.35 0.36 0.37 0.37 0.29 0.27 0.26         ----- 0.19
0.57         ----- 0.37         -----         ----- 0.72 1.20 1.31 1.35 1.38 0.84 0.74 0.65         ----- 0.38
1.16         ----- 0.83         -----         ----- 2.11 2.21 2.08 2.10 2.22 2.04 1.72 1.65         ----- 1.75

        -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
0.020 0.020 0.014 0.006 0.001 0.034 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050

56%         ----- 57%         -----         ----- 63% 60% 58% 57% 57% 68% 70% 73%         ----- 85%
0.37         ----- 0.18         -----         ----- 0.96 1.58 1.57 1.62 1.74 1.15 0.90 0.79         ----- 0.57
9.20         ----- 9.20         -----         ----- 9.20 9.20 9.20 9.20 9.20 9.20 9.20 9.20         ----- 9.20
1.00         ----- 1.00         -----         ----- 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00         ----- 1.00
0.29         ----- 0.13         -----         ----- 0.57 1.07 1.15 1.22 1.33 0.55 0.38 0.29         ----- 0.10
30         ----- 30         -----         ----- 30 30 30 30 30 30 30 30         ----- 30
46%         ----- 52%         -----         ----- 33% 40% 42% 42% 40% 43% 51% 53%         ----- 50%
76%         ----- 79%         -----         ----- 75% 76% 76% 75% 74% 82% 85% 87%         ----- 93%
0.51         ----- 0.25         -----         ----- 1.14 2.00 2.06 2.13 2.26 1.39 1.09 0.94         ----- 0.61
0.16         ----- 0.06         -----         ----- 0.38 0.64 0.66 0.71 0.81 0.31 0.19 0.14         ----- 0.05

        -----         -----         ----- 11.15 18.89         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
        -----         -----         ----- 0.2 0.1         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
        -----         -----         ----- 100% 100%         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
        -----         -----         ----- 0.0 0.0         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

        ----- 0.10         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         ----- 0.08         -----
        ----- 0.12         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         ----- 0.10         -----
        ----- 4.78         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         ----- 1.60         -----
        ----- 5.81         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         ----- 1.94         -----

        -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

        -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

        -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

Slotted Drain
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State Route 84 Isabel Widening

Caltrans Highway Drainage Inlet Calculations Designed by:  Designed by:  KC, IL Date: Date: 2/26/2010
Checked by:  Checked by:  AO, SN Date: Date: 3/1/2010

Layout Line: "A1" "A1" "A1" "A1" "A1" "R" "A1" "A1" "A1" "R" "A1" "A1" "A1" "A1" "A1" "A1" "A1" "A1" "A1" "A1"

In# Offset: Lt Lt Rt Lt Rt Lt Rt Rt Lt Lt Rt Rt Rt Rt Rt Rt Lt Lt Lt Lt
(Input Data Required)

HYDROLOGY COMPUTATION:
1c 1e 3a 1x 1ac 6a 6c 6e 6g 4i 4k 4m 4o

Flow direction:

St Structure location station: >> 233+00 233+27 233+77.91 235+10 235+18.17 240+31 245+98 246+50 247+30 247+60 247+82 249+00. 251+38. 253+00 254+25

N Notes Project Beg, 
227+00

Sheet flow 
227+00 to 231+00

Sheet flow 
227+00 to 233+41

At high-side 
gutter

Flip to Rt, w/ high-
side gutter

End of high-side 
gutter Flip Ruby Hill OSD Sheet flow 

235+10 to 243+95
End high-side 

gutter
Sheet Flow 

223+10 to 243+90 Flip Flanking

Unpaved watershed area (acres): >> 0.09 0.03 0.00 0.11 0.16 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.07 0.07 0.05
Paved watershed area (acres): >> 0.21 0.01 0.49 0.88 0.00 0.05 0.42 0.11 0.16 0.06 0.02 0.31 0.73 0.33 0.29

Ar Contributing watershed area (acres): 0.29 0.04 0.49 0.99 0.17 0.05 0.44 0.11 0.16 0.06 0.02 0.31 0.80 0.40 0.34
C Composite Runoff Coefficient "C": >> 0.95 0.82 1.00 1.00 0.72 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.99 0.99
Ic Precipitation intensity (in/hr): >> 3.266 3.266 3.266 3.266 3.266 3.266 3.266 3.266 3.266 3.266 3.266 3.266 3.266 3.266
Qa Subarea discharge Q (ft3/s): 0.90 0.10 1.60 0.39 0.16 1.43 0.35 0.52 0.18 0.07 1.00 2.61 1.30 1.11
qq Previous by-pass flow (ft3/s): > 0.00 0.12 0.02 0.01 0.01 0.01 0.12 0.16 0.05
Qadd Discharge added by operator (ft3/s): >
Qt Total discharge Q (ft3/s): 0.90 0.10 1.60 0.39 0.16 1.43 0.47 0.54 0.20 0.08 1.01 2.73 1.46 1.17
SHOULDER AND GUTTER CONFIGURATION:
n Manning's n: >> 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015
S Longitudinal slope S  (ft/ft): >> 0.019 0.011 0.028 0.012 0.029 0.019 0.017 0.012 0.009 0.036 0.023 0.008 0.002
IT Inlet type (1=grate, 2=curb opening, 3=slotted): >> 1 1 2 1 1 1 1 1 1 1 1 1 1
LP Longitudinal profile (1=on-grade, 2=sag): >> 1 1 1 1 1 1 1 1 1 1 1 1 1
ID Inlet description: > G2 G2 OSD G2 G2 G2 G2 GDOM GDOM G2 G2 G2 G2

Standard Gutter Depression (1=SGD, 2=no SGD) > 2 2 2 2 2 2 2 2 2 2 2 2
Gw Grate width  (in): > 24.0 24.0 24.0 24.0 24.0 24.0 48.0 48.0 24.0 24.0 24.0 24.0
Gl Grate length  (in): > 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0

3 or 4 sided weir? > 3 3 3 3 3 3 3 3 3 3 3 3 3
Lco Curb opening length provided (ft): > 13.00
Ls Slotted drain length provided: (ft) >
Sx Shoulder cross-slope Sx  (ft/ft): >> 0.1667 0.1667 0.1667 0.1667 0.1667 0.0600 0.0397 0.0200 0.0103 0.0360 0.1000 0.1000 0.1000
W Width of gutter from flowline  (in): > 36.0 36.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
a(t) Gutter depression from horizontal  (in): > 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Sw Gutter cross-slope Sw  (ft/ft):  (S'w=Sw-Sx) (Sw=Sx if no gutter) 0.167 0.167 0.167 0.167 0.167 0.060 0.040 0.020 0.010 0.036 0.100 0.100 0.100

Available Flooded Width (ft) > 11.00 10.00 10.00 12.00 12.00 14.70 15.00 9.50 8.00 10.00 10.00 10.00 12.00
Tu/s Flooded Width from flowline (ft): at inlet w/o gutter depression 1.60 0.78 1.83 1.27 0.76 3.59 3.15 5.42 5.87 3.84 3.22 3.13 3.89
Du/s Depth at flowline before inlet  (ft): 0.27 0.13 0.31 0.21 0.13 0.22 0.13 0.11 0.06 0.14 0.32 0.31 0.39
Au/s Water cross-area before inlet  (ft2): 0.21 0.05 0.28 0.14 0.05 0.39 0.20 0.29 0.18 0.27 0.52 0.49 0.76
Vu/s Velocity for total discharge before inlet  (ft/s): 4.24 2.02 5.69 2.92 3.21 3.69 2.40 1.85 1.11 3.78 5.27 2.98 1.54
Eod Ratio of gutter depression flow to total Q (Eod): 100% 100%         ----- 0%         -----         -----         -----         -----         -----         -----         -----         -----         -----
Se Equivalent cross-slope (ft/ft): 0.167 0.167 0.167 0.167 0.167 0.060 0.040 0.020 0.010 0.036 0.100 0.100 0.100
GRATE INLETS ON-GRADE:
Eog Ratio of grate frontal flow to total flow: 100% 100%         ----- 100% 100% 89% 93% 97% 95% 86% 92% 93% 85%
Qw Inlet frontal flow in ft3/s (Qw):  at inlet w/ gutter depression 0.90 0.10         ----- 0.39 0.16 1.26 0.44 0.53 0.19 0.87 2.53 1.36 1.00
Vo Vo for effective length (P-50, Chart 5) (ft/s): 9.20 9.20         ----- 9.20 9.20 9.20 9.20 9.20 9.20 9.20 9.20 9.20 9.20
Rf Fraction of frontal flow intercepted (Rf): 1.00 1.00         ----- 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Qs Side flow in ft3/s (Qs): 0.00 0.00         ----- 0.00 0.00 0.16 0.03 0.02 0.01 0.14 0.21 0.10 0.17
Gle Effective grate length w/ 25% clogging (in): 30 30         ----- 30 30 30 30 30 30 30 30 30 30
Rs Fraction of side flow interception (Rs): 0% 0%         ----- 0% 0% 24% 31% 27% 32% 15% 22% 43% 72%
E Grate Efficiency (E): 100% 100%         ----- 100% 100% 91% 95% 98% 97% 88% 94% 96% 96%
Qi Total flow intercepted (ft3/s): 0.90 0.10         ----- 0.39 0.16 1.30 0.45 0.53 0.19 0.89 2.57 1.40 1.12
Qb Grate flow-by (ft3/s): 0.00 0.00         ----- 0.00 0.00 0.12 0.02 0.01 0.01 0.12 0.16 0.05 0.05
SLOTTED DRAINS AND CURB OPENING INLETS ON-GRADE:    (No clogging factor)
Lt Length required for total interception (ft):         -----         ----- 9.11         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
Ci Interception for provided length L (ft3/s):         -----         ----- 1.6         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
El Efficiency for providged length L:         -----         ----- 100%         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
Qs Slotted drain or side opening flow-by (ft3/s):         -----         ----- 0.0         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
INTERCEPTION CAPACITY OF INLETS IN SAG LOCATION: 

d33 Depth of ponding at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
d50 Depth of ponding at inlet (50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

Slotted drains
d33 Depth of ponding at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
d50 Depth of ponding at inlet (50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

Curb opening inlets
d33 Depth of ponding at inlet (Weir, 33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
d50 Depth of ponding at inlet (Weir, 50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
Lc Length of the vertical curve (ft): >
g1 approach grade #1 (%): >
g2 approach grade #2 (%): >
K K = Min(Lc/(Diff(g1,g2),167) (Table 4-7, HEC-22):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
Df Flanking inlets distance (ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

Grate Inlets
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"A1" "A1" "A1"

Lt Lt Lt

4q 4s

254+47.50 254+75 258+93.88

Sag Flanking HP

0.02 0.27
0.18 0.80
0.20 1.08
1.00 0.96

3.266 3.266
0.64 3.37
0.49

1.13 3.37

0.015 0.015
0.000 0.002

1 1
2 1

G2 G2
2 2

24.0 24.0
40.0 40.0

3 3

0.1000 0.1000
0.0 0.0
0.0 0.0

0.100 0.100
12.00 12.00

        ----- 5.54
        ----- 0.55
        ----- 1.54
        ----- 2.20
        -----         -----

0.100 0.100

        ----- 70%
        ----- 2.35
        ----- 9.20
        ----- 1.00
        ----- 1.02
        ----- 30
        ----- 57%
        ----- 87%
        ----- 2.94
        ----- 0.44

        -----         -----
        -----         -----
        -----         -----
        -----         -----

0.18         -----
0.22         -----
1.80         -----
2.19         -----

        -----         -----
        -----         -----
        -----         -----
        -----         -----

        -----         -----
        -----         -----
        -----         -----
        -----         -----

        -----         -----
        -----         -----
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State Route 84 Isabel Widening

Caltrans Highway Drainage Inlet Calculations Designed by:  KC, IL Date: 2/26/2010
Checked by:  AO, SN Date: 3/1/2010

Layout Line: "R" "R" "R" "R" "R" "A1"

In# Offset: Rt Rt Rt Lt Lt Lt
(Input Data Required)

HYDROLOGY COMPUTATION:
1k 1i 1g 1r 1t 1q

Flow direction:

St Structure location station: >> 8+59 9+03.10 9+23.97 8+59 9+03.42 234+96

N Notes  Sag Sag

Unpaved watershed area (acres): >> 1.16 0.12 0.06 0.17 0.10 0.00
Paved watershed area (acres): >> 0.30 0.07 0.01 0.29 0.08 0.00

Ar Contributing watershed area (acres): 1.47 0.19 0.07 0.46 0.18 0.01
C Composite Runoff Coefficient "C": >> 0.78 0.83 0.77 0.93 0.86 0.90
Ic Precipitation intensity (in/hr): >> 3.266 3.266 3.266 3.266 3.266 3.266
Qa Subarea discharge Q (ft3/s): 3.76 0.51 0.17 1.39 0.51 0.02
qq Previous by-pass flow (ft3/s): > 1.14 0.02
Qadd Discharge added by operator (ft3/s): >
Qt Total discharge Q (ft3/s): 3.76 1.65 0.17 1.39 0.53 0.02
SHOULDER AND GUTTER CONFIGURATION:
n Manning's n: >> 0.015 0.015 0.015 0.015 0.015 0.015
S Longitudinal slope S  (ft/ft): >> 0.042 0.000 0.030 0.057 0.000 0.006
IT Inlet type (1=grate, 2=curb opening, 3=slotted): >> 1 1 1 1 1 1
LP Longitudinal profile (1=on-grade, 2=sag): >> 1 2 1 1 2 1
ID Inlet description: > G2 GO G2 G2 GO G2

Standard Gutter Depression (1=SGD, 2=no SGD) > 2 2 2 2 2 2
Gw Grate width  (in): > 24.0 24.0 24.0 24.0 24.0 24.0
Gl Grate length  (in): > 40.0 40.0 40.0 40.0 40.0 40.0

3 or 4 sided weir? > 3 3 3 3 3 3
Lco Curb opening length provided (ft): >
Ls Slotted drain length provided: (ft) >
Sx Shoulder cross-slope Sx  (ft/ft): >> 0.0108 0.0170 0.0100 0.0277 0.0270 0.0170
W Width of gutter from flowline  (in): > 24.0 24.0 24.0 24.0 24.0 24.0
a(t) Gutter depression from horizontal  (in): > 0.0 0.0 0.0 0.0 0.0 0.0
Sw Gutter cross-slope Sw  (ft/ft):  (S'w=Sw-Sx) (Sw=Sx if no gutter) 0.083 0.083 0.083 0.083 0.083 0.083

Available Flooded Width (ft) > 7.00 7.00 9.00 13.00 17.00 20.00
Tu/s Flooded Width from flowline (ft): at inlet w/o gutter depression 10.88         ----- 1.22 3.03         ----- 0.78
Du/s Depth at flowline before inlet  (ft): 0.26         ----- 0.10 0.20         ----- 0.06
Au/s Water cross-area before inlet  (ft2): 0.78         ----- 0.06 0.24         ----- 0.03
Vu/s Velocity for total discharge before inlet  (ft/s): 4.80         ----- 2.81 5.84         ----- 0.93
Eod Ratio of gutter depression flow to total Q (Eod): 64%         ----- 100% 98%         ----- 100%
Se Equivalent cross-slope (ft/ft): 0.057         ----- 0.083 0.082         ----- 0.083
GRATE INLETS ON-GRADE:
Eog Ratio of grate frontal flow to total flow: 64%         ----- 100% 98%         ----- 100%
Qw Inlet frontal flow in ft3/s (Qw):  at inlet w/ gutter depression 2.40         ----- 0.17 1.37         ----- 0.02
Vo Vo for effective length (P-50, Chart 5) (ft/s): 9.20         ----- 9.20 9.20         ----- 9.20
Rf Fraction of frontal flow intercepted (Rf): 1.00         ----- 1.00 1.00         ----- 1.00
Qs Side flow in ft3/s (Qs): 1.35         ----- 0.00 0.02         ----- 0.00
Gle Effective grate length w/ 25% clogging (in): 30         ----- 30 30         ----- 30
Rs Fraction of side flow interception (Rs): 16%         ----- 0% 16%         ----- 0%
E Grate Efficiency (E): 70%         ----- 100% 99%         ----- 100%
Qi Total flow intercepted (ft3/s): 2.61         ----- 0.17 1.37         ----- 0.02
Qb Grate flow-by (ft3/s): 1.14         ----- 0.00 0.02         ----- 0.00
SLOTTED DRAINS AND CURB OPENING INLETS ON-GRADE:    (No clogging factor)
Lt Length required for total interception (ft):         -----         -----         -----         -----         -----         -----
Ci Interception for provided length L (ft3/s):         -----         -----         -----         -----         -----         -----
El Efficiency for providged length L:         -----         -----         -----         -----         -----         -----
Qs Slotted drain or side opening flow-by (ft3/s):         -----         -----         -----         -----         -----         -----
INTERCEPTION CAPACITY OF INLETS IN SAG LOCATION: 

d33 Depth of ponding at inlet (33% Clogging - Freeway)(ft):         ----- 0.23         -----         ----- 0.11         -----
d50 Depth of ponding at inlet (50% Clogging City St)(ft):         ----- 0.28         -----         ----- 0.13         -----
w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         ----- 15.66         -----         ----- 6.05         -----
w50 Ponded width at inlet (50% Clogging City St)(ft):         ----- 18.61         -----         ----- 6.92         -----

Slotted drains
d33 Depth of ponding at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----
d50 Depth of ponding at inlet (50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----
w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----
w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----

Curb opening inlets
d33 Depth of ponding at inlet (Weir, 33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----
d50 Depth of ponding at inlet (Weir, 50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----
w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----
w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----
Lc Length of the vertical curve (ft): >
g1 approach grade #1 (%): >
g2 approach grade #2 (%): >
K K = Min(Lc/(Diff(g1,g2),167) (Table 4-7, HEC-22):         -----         -----         -----         -----         -----         -----
Df Flanking inlets distance (ft):         -----         -----         -----         -----         -----         -----

Grate Inlets
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State Route 84 Isabel Widening

Caltrans Highway Drainage Inlet Calculations Designed by:  KC, IL Date: 2/26/2010
Checked by:  SN Date: 3/1/2010

Layout Line: "VEX" "VEX" "VEX" "VEX"

In# Offset: Rt Rt Rt Rt
(Input Data Required)

HYDROLOGY COMPUTATION:
6i 6k 6m

Flow direction:

St Structure location station: >> 48+00 50+90 51+20 53+00

N Notes Flip

Unpaved watershed area (acres): >> 0.00 0.00 0.00
Paved watershed area (acres): >> 0.01 0.01 0.08 0.02

Ar Contributing watershed area (acres): 0.01 0.01 0.08 0.02
C Composite Runoff Coefficient "C": >> 1.00 1.00 1.00 1.00
Ic Precipitation intensity (in/hr): >> 3.266 3.266 3.266 3.266
Qa Subarea discharge Q (ft3/s): 0.02 0.05 0.26 0.07
qq Previous by-pass flow (ft3/s): > 0.01 0.03
Qadd Discharge added by operator (ft3/s): >
Qt Total discharge Q (ft3/s): 0.02 0.08 0.26 0.07
SHOULDER AND GUTTER CONFIGURATION:
n Manning's n: >> 0.015 0.015 0.015
S Longitudinal slope S  (ft/ft): >> 0.013 0.013 0.029
IT Inlet type (1=grate, 2=curb opening, 3=slotted): >> 1 1 1
LP Longitudinal profile (1=on-grade, 2=sag): >> 1 1 1
ID Inlet description: > G2 G2 G2

Standard Gutter Depression (1=SGD, 2=no SGD) > 2 2 2
Gw Grate width  (in): > 24.0 24.0 24.0
Gl Grate length  (in): > 40.0 40.0 40.0

3 or 4 sided weir? > 3 3 3
Lco Curb opening length provided (ft): >
Ls Slotted drain length provided: (ft) >
Sx Shoulder cross-slope Sx  (ft/ft): >> 0.0096 0.0200 0.0200
W Width of gutter from flowline  (in): > 0.0 0.0 0.0
a(t) Gutter depression from horizontal  (in): > 0.0 0.0 0.0
Sw Gutter cross-slope Sw  (ft/ft):  (S'w=Sw-Sx) (Sw=Sx if no gutter) 0.010 0.020 0.020

Available Flooded Width (ft) > 8.00 8.00 8.00
Tu/s Flooded Width from flowline (ft): at inlet w/o gutter depression 4.05 4.06 2.08
Du/s Depth at flowline before inlet  (ft): 0.04 0.08 0.00
Au/s Water cross-area before inlet  (ft2): 0.08 0.17 0.00
Vu/s Velocity for total discharge before inlet  (ft/s): 0.96 1.58 0.00
Eod Ratio of gutter depression flow to total Q (Eod):         -----         -----         -----
Se Equivalent cross-slope (ft/ft): 0.010 0.020 0.020
GRATE INLETS ON-GRADE:
Eog Ratio of grate frontal flow to total flow: 84% 84% 100%
Qw Inlet frontal flow in ft3/s (Qw):  at inlet w/ gutter depression 0.06 0.22 0.07
Vo Vo for effective length (P-50, Chart 5) (ft/s): 9.20 9.20 9.20
Rf Fraction of frontal flow intercepted (Rf): 1.00 1.00 1.00
Qs Side flow in ft3/s (Qs): 0.01 0.04 0.00
Gle Effective grate length w/ 25% clogging (in): 30 30 30
Rs Fraction of side flow interception (Rs): 36% 32% 0%
E Grate Efficiency (E): 90% 89% 100%
Qi Total flow intercepted (ft3/s): 0.07 0.23 0.07
Qb Grate flow-by (ft3/s): 0.01 0.03 0.00
SLOTTED DRAINS AND CURB OPENING INLETS ON-GRADE:    (No clogging factor)
Lt Length required for total interception (ft):         -----         -----         -----
Ci Interception for provided length L (ft3/s):         -----         -----         -----
El Efficiency for providged length L:         -----         -----         -----
Qs Slotted drain or side opening flow-by (ft3/s):         -----         -----         -----
INTERCEPTION CAPACITY OF INLETS IN SAG LOCATION: 

d33 Depth of ponding at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----
d50 Depth of ponding at inlet (50% Clogging City St)(ft):         -----         -----         -----
w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----
w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         -----         -----

Slotted drains
d33 Depth of ponding at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----
d50 Depth of ponding at inlet (50% Clogging City St)(ft):         -----         -----         -----
w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----
w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         -----         -----

Curb opening inlets
d33 Depth of ponding at inlet (Weir, 33% Clogging - Freeway)(ft):         -----         -----         -----
d50 Depth of ponding at inlet (Weir, 50% Clogging City St)(ft):         -----         -----         -----
w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----
w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         -----         -----
Lc Length of the vertical curve (ft): >
g1 approach grade #1 (%): >
g2 approach grade #2 (%): >
K K = Min(Lc/(Diff(g1,g2),167) (Table 4-7, HEC-22):         -----         -----         -----
Df Flanking inlets distance (ft):         -----         -----         -----

Grate Inlets
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State Route 84 Isabel Widening

Caltrans Highway Drainage Inlet Calculations Designed by:  KC, IL Date: 2/26/2010
Checked by:  SN Date: 3/1/2010

Layout Line: "V" "A1" "V" "V" "V" "V" "V" "V"

In# Offset: Lt Rt Lt Lt Lt Lt Rt Rt
(Input Data Required)

HYDROLOGY COMPUTATION:
9a 4x 13f 13h

Flow direction

St Structure location station: >> 255+32 102+33.74 103+10 109+00 113+16 113+54.00 115+64.62

N Notes Flip, Sheet Flow 
U/S of this OSD Sag HP Sheet flow, 

103+10 to 109+00 Flip to Rt Curb Inlet Sag, Curb 
Opening Project ends

Unpaved watershed area (acres): >>
Paved watershed area (acres): >> 0.16 0.15 0.49 0.24

Ar Contributing watershed area (acres): 0.16 0.15 0.49 0.24
C Composite Runoff Coefficient "C": >> 1.00 1.00 1 1.00
Ic Precipitation intensity (in/hr): >> 3.266 3.266 3.266 3.266
Qa Subarea discharge Q (ft3/s): 0.53 0.50 1.61 0.77
qq Previous by-pass flow (ft3/s): > 0.00 0.42
Qadd Discharge added by operator (ft3/s): >
Qt Total discharge Q (ft3/s): 0.53 0.50 1.61 1.20
SHOULDER AND GUTTER CONFIGURATION:
n Manning's n: >> 0.015 0.015 0.015 0.015
S Longitudinal slope S  (ft/ft): >> 0.017 0.028 0.007 0.000
IT Inlet type (1=grate, 2=curb opening, 3=slotted): >> 2 1 2 2
LP Longitudinal profile (1=on-grade, 2=sag): >> 1 2 1 2
ID Inlet description: > OSD G2 COL COL

Standard Gutter Depression (1=SGD, 2=no SGD) > 2 2 2
Gw Grate width  (in): > 24.0 24.0 24.0
Gl Grate length  (in): > 40.0 40.0 40.0

3 or 4 sided weir? > 3 3 3 3
Lco Curb opening length provided (ft): > 13.00 4.00 4.00
Ls Slotted drain length provided: (ft) >
Sx Shoulder cross-slope Sx  (ft/ft): >> 0.0091 0.1250 0.1100 0.1100
W Width of gutter from flowline  (in): > 0.0 0.0 0.0 0.0
a(t) Gutter depression from horizontal  (in): > 0.0 0.0 0.0 0.0
Sw Gutter cross-slope Sw  (ft/ft):  (S'w=Sw-Sx) (Sw=Sx if no gutter) 0.009 0.125 0.110 0.110

Available Flooded Width (ft) > 12.00 8.00 8.00 8.00
Tu/s Flooded Width from flowline (ft): at inlet w/o gutter depression 8.20         ----- 3.11         -----
Du/s Depth at flowline before inlet  (ft): 0.07         ----- 0.34         -----
Au/s Water cross-area before inlet  (ft2): 0.31         ----- 0.53         -----
Vu/s Velocity for total discharge before inlet  (ft/s): 1.72         ----- 3.01         -----
Eod Ratio of gutter depression flow to total Q (Eod):         -----         -----         -----         -----
Se Equivalent cross-slope (ft/ft): 0.009 0.125 0.110 0.110
GRATE INLETS ON-GRADE:
Eog Ratio of grate frontal flow to total flow:         -----         -----         -----         -----
Qw Inlet frontal flow in ft3/s (Qw):  at inlet w/ gutter depression         -----         -----         -----         -----
Vo Vo for effective length (P-50, Chart 5) (ft/s):         -----         -----         -----         -----
Rf Fraction of frontal flow intercepted (Rf):         -----         -----         -----         -----
Qs Side flow in ft3/s (Qs):         -----         -----         -----         -----
Gle Effective grate length w/ 25% clogging (in):         -----         -----         -----         -----
Rs Fraction of side flow interception (Rs):         -----         -----         -----         -----
E Grate Efficiency (E):         -----         -----         -----         -----
Qi Total flow intercepted (ft3/s):         -----         -----         -----         -----
Qb Grate flow-by (ft3/s):         -----         -----         -----         -----
SLOTTED DRAINS AND CURB OPENING INLETS ON-GRADE:    (No clogging factor)
Lt Length required for total interception (ft): 28.04         ----- 7.65         -----
Ci Interception for provided length L (ft3/s): 0.4         ----- 1.2         -----
El Efficiency for providged length L: 67%         ----- 74%         -----
Qs Slotted drain or side opening flow-by (ft3/s): 0.2         ----- 0.4         -----
INTERCEPTION CAPACITY OF INLETS IN SAG LOCATION: 

d33 Depth of ponding at inlet (33% Clogging - Freeway)(ft):         ----- 0.11         -----         -----
d50 Depth of ponding at inlet (50% Clogging City St)(ft):         ----- 0.13         -----         -----
w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         ----- 0.84         -----         -----
w50 Ponded width at inlet (50% Clogging City St)(ft):         ----- 1.02         -----         -----

Slotted drains
d33 Depth of ponding at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         -----
d50 Depth of ponding at inlet (50% Clogging City St)(ft):         -----         -----         -----         -----
w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         -----
w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         -----         -----         -----

Curb opening inlets
d33 Depth of ponding at inlet (Weir, 33% Clogging - Freeway)(ft):         -----         -----         ----- 0.34
d50 Depth of ponding at inlet (Weir, 50% Clogging City St)(ft):         -----         -----         ----- 0.41
w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         -----         ----- 3.05
w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         -----         ----- 3.71
Lc Length of the vertical curve (ft): >
g1 approach grade #1 (%): >
g2 approach grade #2 (%): >
K K = Min(Lc/(Diff(g1,g2),167) (Table 4-7, HEC-22):         -----         -----         -----         -----
Df Flanking inlets distance (ft):         -----         -----         -----         -----

Grate Inlets
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State Route 84 Isabel Widening

Caltrans Highway Drainage Inlet Calculations Designed by:  KC, IL Date: 2/26/2010
Checked by:  AO Date: 3/1/2010

Layout Line: "A1" "A1" "A1" "A1" "A1" "A1" "A1"

In# Offset: Med Med Med Med Med Med Lt
(Input Data Required)

HYDROLOGY COMPUTATION:
22a 22c 22e 26a 29a 29c

Flow direction

St Structure location station: >> 291+00 293+50 296+00 301+00 306+50 306+73 306+75

N Notes End concrete 
barrier

Unpaved watershed area (acres): >> 0.03 0.02 0.01 0.04 0.04 0.00
Paved watershed area (acres): >> 0.59 0.27 0.27 0.52 0.59 0.02

Ar Contributing watershed area (acres): 0.62 0.28 0.27 0.56 0.63 0.03
C Composite Runoff Coefficient "C": >> 1.00 1.00 1.00 1.00 1.00 1.00
Ic Precipitation intensity (in/hr): >> 3.266 3.266 3.266 3.266 3.266 3.266
Qa Subarea discharge Q (ft3/s): 2.02 0.92 0.90 1.83 2.06 0.08
qq Previous by-pass flow (ft3/s): > 0.64 0.42 0.33 0.72 1.04
Qadd Discharge added by operator (ft3/s): >
Qt Total discharge Q (ft3/s): 2.02 1.56 1.31 2.16 2.79 1.13
SHOULDER AND GUTTER CONFIGURATION:
n Manning's n: >> 0.015 0.015 0.015 0.015 0.015 0.015
S Longitudinal slope S  (ft/ft): >> 0.015 0.015 0.012 0.005 0.006 0.006
IT Inlet type (1=grate, 2=curb opening, 3=slotted): >> 1 1 1 1 1 1
LP Longitudinal profile (1=on-grade, 2=sag): >> 1 1 1 1 1 1
ID Inlet description: > G2 G2 G2 G2 G2 G2

Standard Gutter Depression (1=SGD, 2=no SGD) > 2 2 2 2 2 2
Gw Grate width  (in): > 24.0 24.0 24.0 24.0 24.0 48.0
Gl Grate length  (in): > 40.0 40.0 40.0 40.0 40.0 40.0

3 or 4 sided weir? > 3 3 3 3 3 3
Lco Curb opening length provided (ft): >
Ls Slotted drain length provided: (ft) >
Sx Shoulder cross-slope Sx  (ft/ft): >> 0.0300 0.0307 0.0300 0.0300 0.0300 0.0300
W Width of gutter from flowline  (in): > 0.0 0.0 0.0 0.0 0.0 0.0
a(t) Gutter depression from horizontal  (in): > 0.0 0.0 0.0 0.0 0.0 0.0
Sw Gutter cross-slope Sw  (ft/ft):  (S'w=Sw-Sx) (Sw=Sx if no gutter) 0.030 0.031 0.030 0.030 0.030 0.030

Available Flooded Width (ft) > 10.00 10.00 10.00 10.00 10.00 10.00
Tu/s Flooded Width from flowline (ft): at inlet w/o gutter depression 6.62 5.91 5.87 8.21 8.94 6.37
Du/s Depth at flowline before inlet  (ft): 0.20 0.18 0.18 0.25 0.27 0.19
Au/s Water cross-area before inlet  (ft2): 0.66 0.54 0.52 1.01 1.20 0.61
Vu/s Velocity for total discharge before inlet  (ft/s): 3.08 2.92 2.54 2.14 2.32 1.85
Eod Ratio of gutter depression flow to total Q (Eod):         -----         -----         -----         -----         -----         -----
Se Equivalent cross-slope (ft/ft): 0.030 0.031 0.030 0.030 0.030 0.030
GRATE INLETS ON-GRADE:
Eog Ratio of grate frontal flow to total flow: 62% 67% 67% 52% 49% 93%
Qw Inlet frontal flow in ft3/s (Qw):  at inlet w/ gutter depression 1.25 1.04 0.88 1.13 1.37 1.05
Vo Vo for effective length (P-50, Chart 5) (ft/s): 9.20 9.20 9.20 9.20 9.20 9.20
Rf Fraction of frontal flow intercepted (Rf): 1.00 1.00 1.00 1.00 1.00 1.00
Qs Side flow in ft3/s (Qs): 0.78 0.52 0.43 1.03 1.42 0.08
Gle Effective grate length w/ 25% clogging (in): 30 30 30 30 30 30
Rs Fraction of side flow interception (Rs): 18% 20% 24% 30% 27% 35%
E Grate Efficiency (E): 69% 73% 75% 67% 63% 95%
Qi Total flow intercepted (ft3/s): 1.39 1.15 0.98 1.44 1.74 1.07
Qb Grate flow-by (ft3/s): 0.64 0.42 0.33 0.72 1.04 0.05
SLOTTED DRAINS AND CURB OPENING INLETS ON-GRADE:    (No clogging factor)
Lt Length required for total interception (ft):         -----         -----         -----         -----         -----         -----
Ci Interception for provided length L (ft3/s):         -----         -----         -----         -----         -----         -----
El Efficiency for providged length L:         -----         -----         -----         -----         -----         -----
Qs Slotted drain or side opening flow-by (ft3/s):         -----         -----         -----         -----         -----         -----
INTERCEPTION CAPACITY OF INLETS IN SAG LOCATION: 

d33 Depth of ponding at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----
d50 Depth of ponding at inlet (50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----
w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----
w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----

Slotted drains
d33 Depth of ponding at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----
d50 Depth of ponding at inlet (50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----
w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----
w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----

Curb opening inlets
d33 Depth of ponding at inlet (Weir, 33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----
d50 Depth of ponding at inlet (Weir, 50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----
w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----
w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----
Lc Length of the vertical curve (ft): >
g1 approach grade #1 (%): >
g2 approach grade #2 (%): >
K K = Min(Lc/(Diff(g1,g2),167) (Table 4-7, HEC-22):         -----         -----         -----         -----         -----         -----
Df Flanking inlets distance (ft):         -----         -----         -----         -----         -----         -----

Grate Inlets
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State Route 84 Isabel Widening

Caltrans Highway Drainage Inlet Calculations Designed by:  KC, IL
Checked by:  SN

Layout Line: "A1" "A1" "A1" "A1" "A1" "A1" "A1" "A1" "A1" "A1" "A1" "A1" "A1" "A1" "A1" "A1" "A1" "A1" "A1" "A1"

In# Offset: Lt Lt Lt Lt Lt Lt Lt Lt Lt Lt Lt Lt Lt Lt Lt Lt Lt Lt Lt Lt
(Input Data Required)

HYDROLOGY COMPUTATION:
33t 33v 33q 33y 33aa 36s 36u 36y 36aa 36ac 36ae 36ai 36am 36ao 36aq 36au 36ay

Flow direction

St Structure location station: >> 315+75 316+30 316+55. 316+80 318+15 319+00 322+78 323+47.05 324+70 325+00. 325+30 328+30. 329+97.41 334+00 338+85 341+07 341+36.67 341+67 344+72

N Notes Vineyard Ave Flanking DI Sag Flanking DI HP Arroyo Del Valle 
Bridge Sag/Turnout Flanking DI Sag Flanking DI HP Flanking DI Sag Flanking DI Drains to Access 

Road

Unpaved watershed area (acres): >> 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Paved watershed area (acres): >> 0.09 0.19 0.07 0.10 0.17 0.40 0.11 0.11 0.06 0.32 0.18 0.42 0.53 0.27 0.08 0.37 0.01

Ar Contributing watershed area (acres): 0.10 0.20 0.07 0.10 0.17 0.40 0.11 0.11 0.06 0.32 0.18 0.42 0.53 0.27 0.08 0.37 0.01
C Composite Runoff Coefficient "C": >> 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Ic Precipitation intensity (in/hr): >> 3.266 3.266 3.266 3.266 3.266 3.266 3.266 3.266 3.266 3.266 3.266 3.266 3.266 3.266 3.266 3.266 3.266
Qa Subarea discharge Q (ft3/s): 0.31 0.65 0.22 0.32 0.57 1.30 0.36 0.36 0.20 1.04 0.58 1.39 1.73 0.89 0.27 1.22 0.02
qq Previous by-pass flow (ft3/s): > 0.08 0.17 0.13 0.23 0.13 0.04 0.21 0.38 0.35 0.05
Qadd Discharge added by operator (ft3/s): >
Qt Total discharge Q (ft3/s): 0.31 0.72 0.39 0.32 0.57 1.43 0.59 0.36 0.34 1.07 0.58 1.39 1.94 1.27 0.63 1.22 0.02 0.05
SHOULDER AND GUTTER CONFIGURATION:
n Manning's n: >> 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015
S Longitudinal slope S  (ft/ft): >> 0.002 0.001 0.000 0.001 0.004 0.003 0.000 0.001 0.000 0.009 0.003 0.007 0.007 0.003 0.000 0.003 0.011
IT Inlet type (1=grate, 2=curb opening, 3=slotted): >> 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
LP Longitudinal profile (1=on-grade, 2=sag): >> 1 1 2 1 1 1 2 1 2 1 1 1 1 1 2 1 1
ID Inlet description: > G2 G2 GO G2 G2 G2 G2 G2 G2 G2 G2 G2 G2 G2 G2 G2 G2

Standard Gutter Depression (1=SGD, 2=no SGD) > 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Gw Grate width  (in): > 24.0 24.0 24.0 24.0 24.0 24.0 24.0 24.0 24.0 24.0 24.0 24.0 24.0 24.0 24.0 24.0 24.0
Gl Grate length  (in): > 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0

3 or 4 sided weir? > 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
Lco Curb opening length provided (ft): >
Ls Slotted drain length provided: (ft) >
Sx Shoulder cross-slope Sx  (ft/ft): >> 0.0103 0.0200 0.0200 0.0200 0.0200 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0198
W Width of gutter from flowline  (in): > 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
a(t) Gutter depression from horizontal  (in): > 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Sw Gutter cross-slope Sw  (ft/ft):  (S'w=Sw-Sx) (Sw=Sx if no gutter) 0.010 0.020 0.020 0.020 0.020 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.020

Available Flooded Width (ft) > 10.00 10.00 10.00 10.00 10.00 10.00 21.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00
Tu/s Flooded Width from flowline (ft): at inlet w/o gutter depression 9.63 10.27         ----- 7.11 6.68 5.59         ----- 4.34         ----- 4.16 4.06 4.87 5.44 5.45         ----- 5.42 1.57
Du/s Depth at flowline before inlet  (ft): 0.10 0.21         ----- 0.14 0.13 0.28         ----- 0.22         ----- 0.21 0.20 0.24 0.27 0.27         ----- 0.27 0.03
Au/s Water cross-area before inlet  (ft2): 0.48 1.05         ----- 0.50 0.45 0.78         ----- 0.47         ----- 0.43 0.41 0.59 0.74 0.74         ----- 0.74 0.02
Vu/s Velocity for total discharge before inlet  (ft/s): 0.66 0.69         ----- 0.64 1.28 1.83         ----- 0.76         ----- 2.48 1.41 2.34 2.62 1.72         ----- 1.65 0.77
Eod Ratio of gutter depression flow to total Q (Eod):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
Se Equivalent cross-slope (ft/ft): 0.010 0.020 0.020 0.020 0.020 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.020
GRATE INLETS ON-GRADE:
Eog Ratio of grate frontal flow to total flow: 46% 44%         ----- 58% 61% 69%         ----- 81%         ----- 83% 84% 76% 71% 70%         ----- 71% 100%
Qw Inlet frontal flow in ft3/s (Qw):  at inlet w/ gutter depression 0.14 0.32         ----- 0.19 0.35 0.99         ----- 0.29         ----- 0.89 0.48 1.05 1.37 0.90         ----- 0.86 0.02
Vo Vo for effective length (P-50, Chart 5) (ft/s): 9.20 9.20         ----- 9.20 9.20 9.20         ----- 9.20         ----- 9.20 9.20 9.20 9.20 9.20         ----- 9.20 9.20
Rf Fraction of frontal flow intercepted (Rf): 1.00 1.00         ----- 1.00 1.00 1.00         ----- 1.00         ----- 1.00 1.00 1.00 1.00 1.00         ----- 1.00 1.00
Qs Side flow in ft3/s (Qs): 0.17 0.41         ----- 0.13 0.22 0.44         ----- 0.07         ----- 0.19 0.09 0.34 0.57 0.38         ----- 0.36 0.00
Gle Effective grate length w/ 25% clogging (in): 30 30         ----- 30 30 30         ----- 30         ----- 30 30 30 30 30         ----- 30 30
Rs Fraction of side flow interception (Rs): 54% 68%         ----- 71% 41% 48%         ----- 82%         ----- 35% 60% 37% 33% 51%         ----- 53% 0%
E Grate Efficiency (E): 75% 82%         ----- 88% 77% 84%         ----- 96%         ----- 89% 93% 85% 80% 85%         ----- 86% 100%
Qi Total flow intercepted (ft3/s): 0.24 0.60         ----- 0.28 0.44 1.20         ----- 0.35         ----- 0.95 0.54 1.17 1.55 1.09         ----- 1.05 0.02
Qb Grate flow-by (ft3/s): 0.08 0.13         ----- 0.04 0.13 0.23         ----- 0.01         ----- 0.12 0.04 0.21 0.38 0.18         ----- 0.17 0.00
SLOTTED DRAINS AND CURB OPENING INLETS ON-GRADE:    (No clogging factor)
Lt Length required for total interception (ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
Ci Interception for provided length L (ft3/s):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
El Efficiency for providged length L:         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
Qs Slotted drain or side opening flow-by (ft3/s):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
INTERCEPTION CAPACITY OF INLETS IN SAG LOCATION: 

d33 Depth of ponding at inlet (33% Clogging - Freeway)(ft):         -----         ----- 0.09         -----         -----         ----- 0.12         ----- 0.08         -----         -----         -----         -----         ----- 0.12         -----         -----
d50 Depth of ponding at inlet (50% Clogging City St)(ft):         -----         ----- 0.11         -----         -----         ----- 0.14         ----- 0.10         -----         -----         -----         -----         ----- 0.15         -----         -----
w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         ----- 4.45         -----         -----         ----- 2.34         ----- 1.62         -----         -----         -----         -----         ----- 2.44         -----         -----
w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         ----- 5.41         -----         -----         ----- 2.85         ----- 1.97         -----         -----         -----         -----         ----- 2.96         -----         -----

Slotted drains
d33 Depth of ponding at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
d50 Depth of ponding at inlet (50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

Curb opening inlets
d33 Depth of ponding at inlet (Weir, 33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
d50 Depth of ponding at inlet (Weir, 50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
Lc Length of the vertical curve (ft): >
g1 approach grade #1 (%): >
g2 approach grade #2 (%): >
K K = Min(Lc/(Diff(g1,g2),167) (Table 4-7, HEC-22):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
Df Flanking inlets distance (ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

Grate Inlets

P0728_B Inlet Capacity V1.1 US Units.xls       31650-34818 Lt
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State Route 84 Isabel Widening

Caltrans Highway Drainage Inlet Calculations Designed by:  KC, IL Date: 2/26/2010
Checked by:  SN Date: 003/01/10

Layout Line: "A2" "A2" "A2" "A2" "A2" "A2" "A2"

In# Offset: Lt Lt Lt Lt Lt Lt Lt
(Input Data Required)

HYDROLOGY COMPUTATION:
36be 36bg 36bi 36bk 36bm

Flow direction

St Structure location station: >> 348+10. 349+50. 352+06 355+10 355+41.15 355+70 356+91.58

N Notes Flanking Sag Flanking Flip towards 
median

Unpaved watershed area (acres): >> 0.00 0.00 0.00 0.00 0.00
Paved watershed area (acres): >> 0.15 0.27 0.32 0.06 0.09 0.01

Ar Contributing watershed area (acres): 0.15 0.27 0.32 0.06 0.09 0.01
C Composite Runoff Coefficient "C": >> 1.00 1.00 1.00 1.00 1.00 1.00
Ic Precipitation intensity (in/hr): >> 3.266 3.266 3.266 3.266 3.266 3.266
Qa Subarea discharge Q (ft3/s): 0.50 0.89 1.05 0.20 0.30 0.03
qq Previous by-pass flow (ft3/s): > 0.02 0.00 0.32
Qadd Discharge added by operator (ft3/s): >
Qt Total discharge Q (ft3/s): 0.50 0.92 1.05 0.53 0.30 0.03
SHOULDER AND GUTTER CONFIGURATION:
n Manning's n: >> 0.015 0.015 0.015 0.002 0.015
S Longitudinal slope S  (ft/ft): >> 0.005 0.005 0.003 0.000 0.002
IT Inlet type (1=grate, 2=curb opening, 3=slotted): >> 1 1 1 1 1
LP Longitudinal profile (1=on-grade, 2=sag): >> 1 1 1 2 1
ID Inlet description: > G2 GDOM G2 GDOM G2

Standard Gutter Depression (1=SGD, 2=no SGD) > 2 2 2 2 2
Gw Grate width  (in): > 24.0 48.0 24.0 48.0 24.0
Gl Grate length  (in): > 40.0 40.0 40.0 40.0 40.0

3 or 4 sided weir? > 3 3 3 3 3
Lco Curb opening length provided (ft): >
Ls Slotted drain length provided: (ft) >
Sx Shoulder cross-slope Sx  (ft/ft): >> 0.0500 0.0500 0.0242 0.0202 0.0162
W Width of gutter from flowline  (in): > 0.0 0.0 0.0 0.0 0.0
a(t) Gutter depression from horizontal  (in): > 0.0 0.0 0.0 0.0 0.0
Sw Gutter cross-slope Sw  (ft/ft):  (S'w=Sw-Sx) (Sw=Sx if no gutter) 0.050 0.050 0.024 0.020 0.016

Available Flooded Width (ft) > 10.00 10.00 10.00 10.00 10.00
Tu/s Flooded Width from flowline (ft): at inlet w/o gutter depression 3.45 4.39 7.96         ----- 7.12
Du/s Depth at flowline before inlet  (ft): 0.17 0.22 0.19         ----- 0.12
Au/s Water cross-area before inlet  (ft2): 0.30 0.48 0.77         ----- 0.41
Vu/s Velocity for total discharge before inlet  (ft/s): 1.67 1.90 1.36         ----- 0.73
Eod Ratio of gutter depression flow to total Q (Eod):         -----         -----         -----         -----         -----
Se Equivalent cross-slope (ft/ft): 0.050 0.050 0.024 0.020 0.016
GRATE INLETS ON-GRADE:
Eog Ratio of grate frontal flow to total flow: 90% 100% 54%         ----- 58%
Qw Inlet frontal flow in ft3/s (Qw):  at inlet w/ gutter depression 0.45 0.91 0.56         ----- 0.17
Vo Vo for effective length (P-50, Chart 5) (ft/s): 9.20 9.20 9.20         ----- 9.20
Rf Fraction of frontal flow intercepted (Rf): 1.00 1.00 1.00         ----- 1.00
Qs Side flow in ft3/s (Qs): 0.05 0.00 0.48         ----- 0.12
Gle Effective grate length w/ 25% clogging (in): 30 30 30         ----- 30
Rs Fraction of side flow interception (Rs): 52% 46% 43%         ----- 61%
E Grate Efficiency (E): 95% 100% 74%         ----- 84%
Qi Total flow intercepted (ft3/s): 0.47 0.91 0.77         ----- 0.25
Qb Grate flow-by (ft3/s): 0.02 0.00 0.28         ----- 0.05
SLOTTED DRAINS AND CURB OPENING INLETS ON-GRADE:    (No clogging factor)
Lt Length required for total interception (ft):         -----         -----         -----         -----         -----
Ci Interception for provided length L (ft3/s):         -----         -----         -----         -----         -----
El Efficiency for providged length L:         -----         -----         -----         -----         -----
Qs Slotted drain or side opening flow-by (ft3/s):         -----         -----         -----         -----         -----
INTERCEPTION CAPACITY OF INLETS IN SAG LOCATION: 

d33 Depth of ponding at inlet (33% Clogging - Freeway)(ft):         -----         -----         ----- 0.08         -----
d50 Depth of ponding at inlet (50% Clogging City St)(ft):         -----         -----         ----- 0.10         -----
w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         -----         ----- 4.03         -----
w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         -----         ----- 4.89         -----

Slotted drains
d33 Depth of ponding at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----
d50 Depth of ponding at inlet (50% Clogging City St)(ft):         -----         -----         -----         -----         -----
w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----
w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         -----         -----         -----         -----

Curb opening inlets
d33 Depth of ponding at inlet (Weir, 33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----
d50 Depth of ponding at inlet (Weir, 50% Clogging City St)(ft):         -----         -----         -----         -----         -----
w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----
w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         -----         -----         -----         -----
Lc Length of the vertical curve (ft): >
g1 approach grade #1 (%): >
g2 approach grade #2 (%): >
K K = Min(Lc/(Diff(g1,g2),167) (Table 4-7, HEC-22):         -----         -----         -----         -----         -----
Df Flanking inlets distance (ft):         -----         -----         -----         -----         -----

Grate Inlets

P0728_B Inlet Capacity V1.1 US Units.xls       34818-35692 Lt



State Route 84 Isabel Widening

Caltrans Highway Drainage Inlet Calculations Designed by:  KC, IL Date: 2/26/2010
Checked by:  SN Date: 3/1/2010

Layout Line: "A2" "A2" "A2" "A2" "A2" "A2" "A2" "A2" "A2" "A2"

In# Offset: Med Med Med Med Med Med Med Med Med Med
(Input Data Required)

HYDROLOGY COMPUTATION:
45a 45c 45i 45m 45n 45o 45p 45q 45q

Flow direction

St Structure location station: >> 357+00 360+00 362+85 364+10 365+80 366+20 366+50 366+70 366+80 367+05.28

N Notes Flip

Unpaved watershed area (acres): >> 0.00 0.00 0.02 0.00 0.00 0.00 0.00
Paved watershed area (acres): >> 0.08 0.36 0.30 0.12 0.18 0.04 0.02 0.01 0.01 0.01

Ar Contributing watershed area (acres): 0.08 0.36 0.30 0.12 0.19 0.04 0.02 0.01 0.01 0.01
C Composite Runoff Coefficient "C": >> 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Ic Precipitation intensity (in/hr): >> 3.524 3.524 3.524 3.524 3.524 3.524 3.524 3.524 3.524 3.524
Qa Subarea discharge Q (ft3/s): 0.29 1.27 1.06 0.44 0.68 0.13 0.08 0.05 0.05 0.05
qq Previous by-pass flow (ft3/s): > 0.04 0.19 0.17 0.14 0.14 0.08 0.05 0.02 0.03
Qadd Discharge added by operator (ft3/s): >
Qt Total discharge Q (ft3/s): 0.29 1.31 1.25 0.61 0.82 0.27 0.16 0.11 0.07 0.08
SHOULDER AND GUTTER CONFIGURATION:
n Manning's n: >> 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015
S Longitudinal slope S  (ft/ft): >> 0.005 0.004 0.004 0.004 0.006 0.006 0.006 0.007 0.007
IT Inlet type (1=grate, 2=curb opening, 3=slotted): >> 1 1 1 1 1 1 1 1 1
LP Longitudinal profile (1=on-grade, 2=sag): >> 1 1 1 1 1 1 1 1 1
ID Inlet description: > G2 GDOM GDOM G2 GDOM G2 G2 GDOM G2

Standard Gutter Depression (1=SGD, 2=no SGD) > 2 2 2 2 2 1 1 1 1
Gw Grate width  (in): > 24.0 48.0 48.0 24.0 48.0 24.0 24.0 48.0 24.0
Gl Grate length  (in): > 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0

3 or 4 sided weir? > 3 3 3 3 3 3 3 3 3
Lco Curb opening length provided (ft): >
Ls Slotted drain length provided: (ft) >
Sx Shoulder cross-slope Sx  (ft/ft): >> 0.0200 0.0200 0.0200 0.0200 0.0131 0.0089 0.0058 0.0037 0.0027
W Width of gutter from flowline  (in): > 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
a(t) Gutter depression from horizontal  (in): > 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Sw Gutter cross-slope Sw  (ft/ft):  (S'w=Sw-Sx) (Sw=Sx if no gutter) 0.020 0.020 0.020 0.020 0.013 0.009 0.006 0.004 0.003

Available Flooded Width (ft) > 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00
Tu/s Flooded Width from flowline (ft): at inlet w/o gutter depression 5.10 9.09 9.04 7.02 9.47 7.92 8.48 9.47 9.85
Du/s Depth at flowline before inlet  (ft): 0.10 0.18 0.18 0.14 0.12 0.07 0.05 0.03 0.03
Au/s Water cross-area before inlet  (ft2): 0.26 0.83 0.82 0.49 0.59 0.28 0.21 0.17 0.13
Vu/s Velocity for total discharge before inlet  (ft/s): 1.10 1.59 1.53 1.24 1.40 0.97 0.79 0.64 0.52
Eod Ratio of gutter depression flow to total Q (Eod):         -----         -----         -----         -----         -----         -----         -----         -----         -----
Se Equivalent cross-slope (ft/ft): 0.020 0.020 0.020 0.020 0.013 0.009 0.006 0.004 0.003
GRATE INLETS ON-GRADE:
Eog Ratio of grate frontal flow to total flow: 73% 79% 79% 59% 77% 54% 51% 77% 45%
Qw Inlet frontal flow in ft3/s (Qw):  at inlet w/ gutter depression 0.21 1.03 0.98 0.36 0.63 0.15 0.08 0.08 0.03
Vo Vo for effective length (P-50, Chart 5) (ft/s): 9.20 9.20 9.20 9.20 9.20 9.20 9.20 9.20 9.20
Rf Fraction of frontal flow intercepted (Rf): 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Qs Side flow in ft3/s (Qs): 0.08 0.28 0.26 0.25 0.19 0.13 0.08 0.02 0.04
Gle Effective grate length w/ 25% clogging (in): 30 30 30 30 30 30 30 30 30
Rs Fraction of side flow interception (Rs): 48% 32% 34% 43% 28% 34% 33% 31% 32%
E Grate Efficiency (E): 86% 86% 86% 76% 83% 70% 67% 84% 62%
Qi Total flow intercepted (ft3/s): 0.25 1.12 1.07 0.47 0.69 0.19 0.11 0.09 0.04
Qb Grate flow-by (ft3/s): 0.04 0.19 0.17 0.14 0.14 0.08 0.05 0.02 0.03
SLOTTED DRAINS AND CURB OPENING INLETS ON-GRADE:    (No clogging factor)
Lt Length required for total interception (ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----
Ci Interception for provided length L (ft3/s):         -----         -----         -----         -----         -----         -----         -----         -----         -----
El Efficiency for providged length L:         -----         -----         -----         -----         -----         -----         -----         -----         -----
Qs Slotted drain or side opening flow-by (ft3/s):         -----         -----         -----         -----         -----         -----         -----         -----         -----
INTERCEPTION CAPACITY OF INLETS IN SAG LOCATION: 

d33 Depth of ponding at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----
d50 Depth of ponding at inlet (50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----
w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----
w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----

Slotted drains
d33 Depth of ponding at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----
d50 Depth of ponding at inlet (50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----
w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----
w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----

Curb opening inlets
d33 Depth of ponding at inlet (Weir, 33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----
d50 Depth of ponding at inlet (Weir, 50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----
w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----
w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----
Lc Length of the vertical curve (ft): >
g1 approach grade #1 (%): >
g2 approach grade #2 (%): >
K K = Min(Lc/(Diff(g1,g2),167) (Table 4-7, HEC-22):         -----         -----         -----         -----         -----         -----         -----         -----         -----
Df Flanking inlets distance (ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----

Grate Inlets

P0728_B Inlet Capacity V1.1 US Units.xls       35692-Lt End



State Route 84 Isabel Widening

Caltrans Highway Drainage Inlet Calculations Designed by:  KC, IL Date: 2/26/2010
Checked by:  SN Date: 3/1/2010

Layout Line: "A1" "A1" "A1" "A1" "A1" "A1" "A1" "A1" "A1" "A1" "A1"

In# Offset: Rt Rt Med Med Med Med Med Med Med Med Med
(Input Data Required)

HYDROLOGY COMPUTATION:
14d 14a 18a 19a 20a 20c 20e 20g 20i

Flow direction

St Structure location station: >> 257+05 267+41 267+41 272+00 277+00 282+00 283+50 284+50 284+90 285+10 285+37.66

N Notes HP End of High-side 
gutter

Flip, bypass calcs only.  
Sheet flow Beg

Unpaved watershed area (acres): >> 0.58 0.00 0.03 0.03 0.03 0.01 0.01 0.00 0.00 0.00
Paved watershed area (acres): >> 0.10 0.71 0.47 0.52 0.51 0.15 0.10 0.04 0.02 0.03

Ar Contributing watershed area (acres): 0.68 0.71 0.50 0.56 0.55 0.16 0.10 0.04 0.02 0.03
C Composite Runoff Coefficient "C": >> 0.76 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Ic Precipitation intensity (in/hr): >> 3.266 3.266 3.266 3.266 3.266 3.266 3.266 3.266 3.266 3.266
Qa Subarea discharge Q (ft3/s): 1.70 2.33 1.65 1.82 1.79 0.53 0.33 0.14 0.07 0.08
qq Previous by-pass flow (ft3/s): > 0.49 0.44 0.15 0.07 0.02 0.05 0.02 0.01
Qadd Discharge added by operator (ft3/s): >
Qt Total discharge Q (ft3/s): 1.70 2.33 2.14 1.10 1.94 0.60 0.35 0.19 0.10 0.10
SHOULDER AND GUTTER CONFIGURATION:
n Manning's n: >> 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015
S Longitudinal slope S  (ft/ft): >> 0.040 0.042 0.036 0.021 0.017 0.015 0.015 0.016 0.016
IT Inlet type (1=grate, 2=curb opening, 3=slotted): >> 1 1 1 1 1 1 1 1 1
LP Longitudinal profile (1=on-grade, 2=sag): >> 1 1 1 1 1 1 1 1 1
ID Inlet description: > G2 G2 G2 G2 GDOM GDOM GDOM GDOM GDOM

Standard Gutter Depression (1=SGD, 2=no SGD) > 2 2 2 2 2 2 2 2 2
Gw Grate width  (in): > 24.0 24.0 24.0 24.0 48.0 48.0 48.0 48.0 48.0
Gl Grate length  (in): > 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0

3 or 4 sided weir? > 3 3 3 3 3 3 3 3 3
Lco Curb opening length provided (ft): >
Ls Slotted drain length provided: (ft) >
Sx Shoulder cross-slope Sx  (ft/ft): >> 0.1667 0.0400 0.0400 0.0400 0.0344 0.0182 0.0074 0.0051 0.0033
W Width of gutter from flowline  (in): > 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
a(t) Gutter depression from horizontal  (in): > 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Sw Gutter cross-slope Sw  (ft/ft):  (S'w=Sw-Sx) (Sw=Sx if no gutter) 0.167 0.040 0.050 0.040 0.034 0.018 0.007 0.005 0.003

Available Flooded Width (ft) > 3.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00
Tu/s Flooded Width from flowline (ft): at inlet w/o gutter depression 1.76 4.78 4.78 4.13 5.80 5.70 8.16 8.02 8.27
Du/s Depth at flowline before inlet  (ft): 0.29 0.19 0.19 0.17 0.20 0.10 0.06 0.04 0.03
Au/s Water cross-area before inlet  (ft2): 0.26 0.46 0.46 0.34 0.58 0.30 0.25 0.17 0.11
Vu/s Velocity for total discharge before inlet  (ft/s): 6.60 5.10 4.68 3.22 3.34 2.02 1.43 1.12 0.85
Eod Ratio of gutter depression flow to total Q (Eod):         -----         -----         -----         -----         -----         -----         -----         -----         -----
Se Equivalent cross-slope (ft/ft): 0.167 0.040 0.040 0.040 0.034 0.018 0.007 0.005 0.003
GRATE INLETS ON-GRADE:
Eog Ratio of grate frontal flow to total flow: 100% 76% 76% 83% 96% 96% 83% 84% 83%
Qw Inlet frontal flow in ft3/s (Qw):  at inlet w/ gutter depression 1.70 1.78 1.63 0.91 1.85 0.57 0.29 0.16 0.08
Vo Vo for effective length (P-50, Chart 5) (ft/s): 9.20 9.20 9.20 9.20 9.20 9.20 9.20 9.20 9.20
Rf Fraction of frontal flow intercepted (Rf): 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Qs Side flow in ft3/s (Qs): 0.00 0.55 0.50 0.19 0.09 0.02 0.06 0.03 0.02
Gle Effective grate length w/ 25% clogging (in): 30 30 30 30 30 30 30 30 30
Rs Fraction of side flow interception (Rs): 0% 10% 12% 21% 18% 22% 18% 19% 20%
E Grate Efficiency (E): 100% 79% 79% 86% 96% 97% 86% 87% 86%
Qi Total flow intercepted (ft3/s): 1.70 1.84 1.69 0.95 1.87 0.58 0.30 0.16 0.08
Qb Grate flow-by (ft3/s): 0.00 0.49 0.44 0.15 0.07 0.02 0.05 0.02 0.01
SLOTTED DRAINS AND CURB OPENING INLETS ON-GRADE:    (No clogging factor)
Lt Length required for total interception (ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----
Ci Interception for provided length L (ft3/s):         -----         -----         -----         -----         -----         -----         -----         -----         -----
El Efficiency for providged length L:         -----         -----         -----         -----         -----         -----         -----         -----         -----
Qs Slotted drain or side opening flow-by (ft3/s):         -----         -----         -----         -----         -----         -----         -----         -----         -----
INTERCEPTION CAPACITY OF INLETS IN SAG LOCATION: 

d33 Depth of ponding at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----
d50 Depth of ponding at inlet (50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----
w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----
w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----

Slotted drains
d33 Depth of ponding at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----
d50 Depth of ponding at inlet (50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----
w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----
w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----

Curb opening inlets
d33 Depth of ponding at inlet (Weir, 33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----
d50 Depth of ponding at inlet (Weir, 50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----
w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----
w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----
Lc Length of the vertical curve (ft): >
g1 approach grade #1 (%): >
g2 approach grade #2 (%): >
K K = Min(Lc/(Diff(g1,g2),167) (Table 4-7, HEC-22):         -----         -----         -----         -----         -----         -----         -----         -----         -----
Df Flanking inlets distance (ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----

Grate Inlets

P0728_B Inlet Capacity V1.1 US Units.xls       26741-28537 Rt



State Route 84 Isabel Widening

Caltrans Highway Drainage Inlet Calculations Designed by:  KC, IL Date: 2/26/2010
Checked by:  SN Date: 3/1/2010

Layout Line: "VIN" "A1" "A1" "A1" "A1" "A1" "A1" "A1" "A1" "A1" "A1" "A1" "A1" "A1"

In# Offset: Rt Rt Rt Rt Rt Rt Rt Rt Rt Rt Rt Rt Rt Rt
(Input Data Required)

HYDROLOGY COMPUTATION:
30m 30n 33c 33e 33g 33i 33k 33m 39b 39e 39g 39i 39k

Flow direction

St Structure location station: >> 21+52 312+41 313+75 314+40 316+30 316+55. 316+80 318+00 319+00 322+80 324+70 325+00. 325+30 328+30. 329+97.41

N Notes Sag Flanking DI Sag Flanking DI HP Arroyo Del Valle 
Bridge Flanking DI Sag Flanking DI HP

Unpaved watershed area (acres): >> 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.01
Paved watershed area (acres): >> 0.08 0.35 0.26 0.06 0.23 0.05 0.08 0.15 0.39 0.20 0.06 0.32 0.17

Ar Contributing watershed area (acres): 0.08 0.35 0.26 0.06 0.23 0.05 0.08 0.15 0.39 0.20 0.06 0.34 0.18
C Composite Runoff Coefficient "C": >> 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Ic Precipitation intensity (in/hr): >> 3.266 3.266 3.266 3.266 3.266 3.266 3.266 3.266 3.266 3.266 3.266 3.266 3.266
Qa Subarea discharge Q (ft3/s): 0.27 1.13 0.84 0.19 0.75 0.16 0.25 0.49 1.29 0.67 0.20 1.12 0.60
qq Previous by-pass flow (ft3/s): > 0.00 0.06 0.10 0.22 0.21 0.04
Qadd Discharge added by operator (ft3/s): >
Qt Total discharge Q (ft3/s): 0.27 1.13 0.84 0.19 0.75 0.23 0.25 0.49 1.39 0.88 0.41 1.16 0.60
SHOULDER AND GUTTER CONFIGURATION:
n Manning's n: >> 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015
S Longitudinal slope S  (ft/ft): >> 0.020 0.019 0.003 0.008 0.001 0.000 0.001 0.004 0.003 0.001 0.000 0.001 0.003
IT Inlet type (1=grate, 2=curb opening, 3=slotted): >> 1 1 1 1 1 1 1 1 1 1 1 1 1
LP Longitudinal profile (1=on-grade, 2=sag): >> 1 2 2 1 1 2 1 1 1 1 2 1 1
ID Inlet description: > G2 G2 G2 G2 G2 G2 G2 G2 G2 G2 GDOM G2 G2

Standard Gutter Depression (1=SGD, 2=no SGD) > 2 2 2 2 2 2 2 2 2 2 2 2 2
Gw Grate width  (in): > 24.0 24.0 24.0 24.0 24.0 24.0 24.0 24.0 24.0 24.0 48.0 24.0 24.0
Gl Grate length  (in): > 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0

3 or 4 sided weir? > 3 3 3 3 3 3 3 3 3 3 3 3 3
Lco Curb opening length provided (ft): >
Ls Slotted drain length provided: (ft) >
Sx Shoulder cross-slope Sx  (ft/ft): >> 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0200 0.0500 0.0500 0.0500 0.0500 0.0500
W Width of gutter from flowline  (in): > 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
a(t) Gutter depression from horizontal  (in): > 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Sw Gutter cross-slope Sw  (ft/ft):  (S'w=Sw-Sx) (Sw=Sx if no gutter) 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.020 0.050 0.050 0.050 0.050 0.050

Available Flooded Width (ft) > 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00
Tu/s Flooded Width from flowline (ft): at inlet w/o gutter depression 2.15         -----         ----- 2.22 5.48         ----- 3.71 6.31 5.56 6.09         ----- 6.59 4.10
Du/s Depth at flowline before inlet  (ft): 0.11         -----         ----- 0.11 0.27         ----- 0.19 0.13 0.28 0.30         ----- 0.33 0.20
Au/s Water cross-area before inlet  (ft2): 0.12         -----         ----- 0.12 0.75         ----- 0.34 0.40 0.77 0.93         ----- 1.09 0.42
Vu/s Velocity for total discharge before inlet  (ft/s): 2.38         -----         ----- 1.57 1.00         ----- 0.74 1.23 1.80 0.95         ----- 1.07 1.42
Eod Ratio of gutter depression flow to total Q (Eod):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
Se Equivalent cross-slope (ft/ft): 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.020 0.050 0.050 0.050 0.050 0.050
GRATE INLETS ON-GRADE:
Eog Ratio of grate frontal flow to total flow: 100%         -----         ----- 100% 70%         ----- 87% 64% 70% 65%         ----- 62% 83%
Qw Inlet frontal flow in ft3/s (Qw):  at inlet w/ gutter depression 0.27         -----         ----- 0.19 0.52         ----- 0.22 0.31 0.97 0.58         ----- 0.72 0.50
Vo Vo for effective length (P-50, Chart 5) (ft/s): 9.20         -----         ----- 9.20 9.20         ----- 9.20 9.20 9.20 9.20         ----- 9.20 9.20
Rf Fraction of frontal flow intercepted (Rf): 1.00         -----         ----- 1.00 1.00         ----- 1.00 1.00 1.00 1.00         ----- 1.00 1.00
Qs Side flow in ft3/s (Qs): 0.00         -----         ----- 0.00 0.22         ----- 0.03 0.18 0.42 0.31         ----- 0.44 0.10
Gle Effective grate length w/ 25% clogging (in): 30         -----         ----- 30 30         ----- 30 30 30 30         ----- 30 30
Rs Fraction of side flow interception (Rs): 37%         -----         ----- 55% 73%         ----- 83% 43% 49% 75%         ----- 71% 59%
E Grate Efficiency (E): 100%         -----         ----- 100% 92%         ----- 98% 79% 84% 91%         ----- 89% 93%
Qi Total flow intercepted (ft3/s): 0.27         -----         ----- 0.19 0.69         ----- 0.25 0.39 1.17 0.81         ----- 1.03 0.56
Qb Grate flow-by (ft3/s): 0.00         -----         ----- 0.00 0.06         ----- 0.01 0.10 0.22 0.08         ----- 0.13 0.04
SLOTTED DRAINS AND CURB OPENING INLETS ON-GRADE:    (No clogging factor)
Lt Length required for total interception (ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
Ci Interception for provided length L (ft3/s):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
El Efficiency for providged length L:         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
Qs Slotted drain or side opening flow-by (ft3/s):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
INTERCEPTION CAPACITY OF INLETS IN SAG LOCATION: 

d33 Depth of ponding at inlet (33% Clogging - Freeway)(ft):         ----- 0.18 0.15         -----         ----- 0.06         -----         -----         -----         ----- 0.07         -----         -----
d50 Depth of ponding at inlet (50% Clogging City St)(ft):         ----- 0.22 0.18         -----         ----- 0.08         -----         -----         -----         ----- 0.08         -----         -----
w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         ----- 3.60 2.97         -----         ----- 1.24         -----         -----         -----         ----- 1.37         -----         -----
w50 Ponded width at inlet (50% Clogging City St)(ft):         ----- 4.38 3.61         -----         ----- 1.50         -----         -----         -----         ----- 1.66         -----         -----

Slotted drains
d33 Depth of ponding at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
d50 Depth of ponding at inlet (50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

Curb opening inlets
d33 Depth of ponding at inlet (Weir, 33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
d50 Depth of ponding at inlet (Weir, 50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
Lc Length of the vertical curve (ft): >
g1 approach grade #1 (%): >
g2 approach grade #2 (%): >
K K = Min(Lc/(Diff(g1,g2),167) (Table 4-7, HEC-22):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
Df Flanking inlets distance (ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

Grate Inlets

P0728_B Inlet Capacity V1.1 US Units.xls       31350-32970 Rt



State Route 84 Isabel Widening

Caltrans Highway Drainage Inlet Calculations Designed by:  KC, IL Date: 2/26/2010
Checked by:  SN Date: 3/1/2010

Layout Line: "A1" "A1" "A1" "A1" "A1" "A1" "A1" "A1" "CON" "CON" "A2" "A2" "A2" "A2" "A2" "A2" "A2" "A2" "A2" "A2"

In# Offset: Rt Rt Rt Rt Rt Rt Rt Rt Rt Lt Rt Rt Rt Rt Rt Rt Rt Rt Rt Rt
(Input Data Required)

HYDROLOGY COMPUTATION:
39m 39o 39s 39u 39w 39y 39aa 39ae 39ag 39ai 39ak 41a 41c 41e 41g 42a 42b 43b 44b

Flow direction

St Structure location station: >> 329+97.41 334+00 336+92 338+85 340+95 341+25. 341+55 343+00 31+09 30+86 346+30 348+10. 352+06 357+10. 359+50. 362+00. 363+57.49 364+50. 365+14.25 365+30. 365+50. 365+80.49

N Notes HP Flanking DI Sag Flanking DI South Side 
Concannon, Sag

North Side 
Concannon, Sag HP (E) DI Flanking Sag Flanking HP

Unpaved watershed area (acres): >> 0.08 0.00 0.06 0.18 0.15 0.12 0.14 0.10 0.12 0.07 0.04 0.04 0.01 0.02
Paved watershed area (acres): >> 0.42 0.31 0.21 0.28 0.09 0.23 0.28 0.39 0.54 0.28 0.65 0.62 0.26 0.26 0.16 0.10 0.08 0.02 0.03

Ar Contributing watershed area (acres): 0.50 0.31 0.26 0.28 0.09 0.23 0.46 0.54 0.66 0.28 0.65 0.76 0.36 0.37 0.24 0.14 0.12 0.03 0.05
C Composite Runoff Coefficient "C": >> 0.99 1.00 0.97 1.00 1.00 1.00 0.92 1.00 1.00 1.00 1.00 0.98 0.95 0.94 0.94 0.94 0.95 0.94 0.93
Ic Precipitation intensity (in/hr): >> 3.266 3.266 3.266 3.266 3.266 3.266 3.266 3.266 3.266 3.266 3.266 3.524 3.524 3.524 3.524 3.524 3.524 3.524 3.524
Qa Subarea discharge Q (ft3/s): 1.61 1.00 0.84 0.90 0.30 0.76 1.36 1.78 2.17 0.93 2.12 2.65 1.22 1.24 0.78 0.46 0.39 0.11 0.15
qq Previous by-pass flow (ft3/s): > 0.28 0.18 0.00 0.21 0.21 0.10 0.10 0.45 0.83 0.43 0.30 0.20 0.04
Qadd Discharge added by operator (ft3/s): >
Qt Total discharge Q (ft3/s): 1.61 1.28 1.02 0.90 0.51 0.97 1.46 1.78 2.27 0.93 2.12 3.10 2.06 1.67 1.08 0.66 0.43 0.11 0.15
SHOULDER AND GUTTER CONFIGURATION:
n Manning's n: >> 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015
S Longitudinal slope S  (ft/ft): >> 0.007 0.007 0.008 0.003 0.000 0.003 0.013 0.024 0.012 0.005 0.005 0.004 0.004 0.004 0.003 0.003 0.000 0.001 0.001
IT Inlet type (1=grate, 2=curb opening, 3=slotted): >> 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
LP Longitudinal profile (1=on-grade, 2=sag): >> 1 1 1 1 2 1 1 2 2 1 1 1 1 1 1 1 2 1 1
ID Inlet description: > G2 G2 G2 G2 G2 G2 G2 G2 G2 G2 G2 G2 G2 G2 G2 GDO G2 G2 G2

Standard Gutter Depression (1=SGD, 2=no SGD) > 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Gw Grate width  (in): > 24.0 24.0 48.0 24.0 24.0 24.0 24.0 24.0 24.0 24.0 24.0 24.0 24.0 24.0 24.0 48.0 24.0 24.0 24.0
Gl Grate length  (in): > 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0

3 or 4 sided weir? > 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
Lco Curb opening length provided (ft): >
Ls Slotted drain length provided: (ft) >
Sx Shoulder cross-slope Sx  (ft/ft): >> 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0500 0.0254 0.0142 0.0500 0.0500 0.0500 0.0500 0.0500 0.0372 0.0246 0.0204 0.0168 0.0131
W Width of gutter from flowline  (in): > 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
a(t) Gutter depression from horizontal  (in): > 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Sw Gutter cross-slope Sw  (ft/ft):  (S'w=Sw-Sx) (Sw=Sx if no gutter) 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.025 0.014 0.050 0.050 0.050 0.050 0.050 0.037 0.025 0.020 0.017 0.013

Available Flooded Width (ft) > 10.00 10.00 10.00 10.00 10.00 10.00 10.00 13.00 17.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00
Tu/s Flooded Width from flowline (ft): at inlet w/o gutter depression 5.15 4.72 4.19 4.78         ----- 5.02 4.36         -----         ----- 4.38 6.06 7.14 6.12 5.64 6.06 6.71         ----- 6.10 7.87
Du/s Depth at flowline before inlet  (ft): 0.26 0.24 0.21 0.24         ----- 0.25 0.22         -----         ----- 0.22 0.30 0.36 0.31 0.28 0.23 0.17         ----- 0.10 0.10
Au/s Water cross-area before inlet  (ft2): 0.66 0.56 0.44 0.57         ----- 0.63 0.47         -----         ----- 0.48 0.92 1.27 0.94 0.80 0.68 0.55         ----- 0.31 0.41
Vu/s Velocity for total discharge before inlet  (ft/s): 2.43 2.30 2.32 1.57         ----- 1.54 3.08         -----         ----- 1.94 2.31 2.43 2.20 2.10 1.59 1.19         ----- 0.36 0.36
Eod Ratio of gutter depression flow to total Q (Eod):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
Se Equivalent cross-slope (ft/ft): 0.050 0.050 0.050 0.050 0.050 0.050 0.050 0.025 0.014 0.050 0.050 0.050 0.050 0.050 0.037 0.025 0.020 0.017 0.013
GRATE INLETS ON-GRADE:
Eog Ratio of grate frontal flow to total flow: 73% 77% 100% 76%         ----- 74% 81%         -----         ----- 80% 66% 58% 65% 69% 66% 91%         ----- 65% 54%
Qw Inlet frontal flow in ft3/s (Qw):  at inlet w/ gutter depression 1.18 0.98 1.02 0.69         ----- 0.72 1.18         -----         ----- 0.75 1.39 1.81 1.34 1.15 0.71 0.60         ----- 0.07 0.08
Vo Vo for effective length (P-50, Chart 5) (ft/s): 9.20 9.20 9.20 9.20         ----- 9.20 9.20         -----         ----- 9.20 9.20 9.20 9.20 9.20 9.20 9.20         ----- 9.20 9.20
Rf Fraction of frontal flow intercepted (Rf): 1.00 1.00 1.00 1.00         ----- 1.00 1.00         -----         ----- 1.00 1.00 1.00 1.00 1.00 1.00 1.00         ----- 1.00 1.00
Qs Side flow in ft3/s (Qs): 0.43 0.29 0.00 0.21         ----- 0.25 0.28         -----         ----- 0.18 0.73 1.29 0.72 0.52 0.37 0.06         ----- 0.04 0.07
Gle Effective grate length w/ 25% clogging (in): 30 30 30 30         ----- 30 30         -----         ----- 30 30 30 30 30 30 30         ----- 30 30
Rs Fraction of side flow interception (Rs): 36% 38% 38% 55%         ----- 56% 27%         -----         ----- 45% 38% 36% 40% 42% 47% 50%         ----- 85% 82%
E Grate Efficiency (E): 83% 86% 100% 89%         ----- 89% 86%         -----         ----- 89% 79% 73% 79% 82% 82% 96%         ----- 95% 92%
Qi Total flow intercepted (ft3/s): 1.33 1.09 1.02 0.80         ----- 0.86 1.25         -----         ----- 0.83 1.66 2.27 1.63 1.37 0.89 0.63         ----- 0.11 0.14
Qb Grate flow-by (ft3/s): 0.28 0.18 0.00 0.10         ----- 0.11 0.21         -----         ----- 0.10 0.45 0.83 0.43 0.30 0.20 0.03         ----- 0.01 0.01
SLOTTED DRAINS AND CURB OPENING INLETS ON-GRADE:    (No clogging factor)
Lt Length required for total interception (ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
Ci Interception for provided length L (ft3/s):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
El Efficiency for providged length L:         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
Qs Slotted drain or side opening flow-by (ft3/s):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
INTERCEPTION CAPACITY OF INLETS IN SAG LOCATION: 

d33 Depth of ponding at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         ----- 0.11         -----         ----- 0.24 0.29         -----         -----         -----         -----         -----         -----         ----- 0.09         -----         -----
d50 Depth of ponding at inlet (50% Clogging City St)(ft):         -----         -----         -----         ----- 0.13         -----         ----- 0.30 0.35         -----         -----         -----         -----         -----         -----         ----- 0.12         -----         -----
w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         ----- 2.12         -----         ----- 9.61 20.22         -----         -----         -----         -----         -----         -----         ----- 4.63         -----         -----
w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         -----         -----         ----- 2.57         -----         ----- 11.68 24.58         -----         -----         -----         -----         -----         -----         ----- 5.63         -----         -----

Slotted drains
d33 Depth of ponding at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
d50 Depth of ponding at inlet (50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

Curb opening inlets
d33 Depth of ponding at inlet (Weir, 33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
d50 Depth of ponding at inlet (Weir, 50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
w33 Ponded width at inlet (33% Clogging - Freeway)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
w50 Ponded width at inlet (50% Clogging City St)(ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
Lc Length of the vertical curve (ft): >
g1 approach grade #1 (%): >
g2 approach grade #2 (%): >
K K = Min(Lc/(Diff(g1,g2),167) (Table 4-7, HEC-22):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----
Df Flanking inlets distance (ft):         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----         -----

Grate Inlets

P0728_B Inlet Capacity V1.1 US Units.xls       32970-End



Designed by:  KC, IL
Checked by:  AO

"A2" "A2" "A2" "A2" "A2" "A2" "A2" "A2"

Rt Rt Med Med Med Med Med Med

46a 47a 47c 47e 47h 47k 47m 47o 47q

366+80. 367+05.28 369+00. 370+35. 370+75. 371+09.62 371+20.83 371+50.83 372+00. 373+70.

Flip Flanking DI Sag Flanking DI

0.05 0.01 0.09 0.07 0.02 0.02 0.02 0.02 0.08 0.10
0.09 0.02 0.24 0.15 0.04 0.04 0.04 0.05 0.18 0.21
0.14 0.03 0.34 0.21 0.06 0.06 0.06 0.07 0.26 0.30
0.93 0.90 0.95 0.94 0.94 0.93 0.93 0.94 0.94 0.94
3.524 3.524 3.524 3.524 3.524 3.524 3.524 3.524 3.524 3.524
0.45 0.09 1.13 0.70 0.20 0.19 0.20 0.24 0.88 1.00
0.01 0.00 0.38 0.32 0.09 0.10 0.27 0.10

0.46 0.09 1.13 1.08 0.52 0.28 0.30 0.51 0.98 1.00

0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015 0.015
0.002 0.006 0.002 0.001 0.000 0.000 0.001 0.002 0.006

3 1 1 1 1 1 1 1 1
1 1 1 1 1 2 1 1 1

G2 G2 G2 G2 G2 GDOM G2 G2 GDOM
2 2 2 2 1 2 2 2 2

24.0 24.0 24.0 24.0 24.0 48.0 24.0 24.0 48.0
40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0

3 3 3 3 3 3 3 3 3

100.00
0.0031 0.0200 0.0200 0.0200 0.0200 0.0200 0.0200 0.0200 0.0200

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.003 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020
10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00

        ----- 8.16 9.54 8.11 8.27         ----- 8.65 9.35 7.73
        ----- 0.16 0.19 0.16 0.17         ----- 0.17 0.19 0.15
        ----- 0.67 0.91 0.66 0.68         ----- 0.75 0.88 0.60
        ----- 1.70 1.19 0.78 0.41         ----- 0.69 1.12 1.67
        -----         -----         -----         -----         -----         -----         -----         -----         -----

0.003 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020

        ----- 53% 47% 53% 52%         ----- 50% 47% 86%
        ----- 0.60 0.50 0.27 0.15         ----- 0.26 0.46 0.86
        ----- 9.20 9.20 9.20 9.20         ----- 9.20 9.20 9.20
        ----- 1.00 1.00 1.00 1.00         ----- 1.00 1.00 1.00
        ----- 0.53 0.58 0.24 0.14         ----- 0.26 0.51 0.14
        ----- 30 30 30 30         ----- 30 30 30
        ----- 30% 45% 63% 84%         ----- 68% 47% 30%
        ----- 67% 70% 83% 92%         ----- 84% 72% 90%
        ----- 0.75 0.76 0.43 0.26         ----- 0.43 0.71 0.90
        ----- 0.38 0.32 0.09 0.02         ----- 0.08 0.27 0.10

27.09         -----         -----         -----         -----         -----         -----         -----         -----
0.5         -----         -----         -----         -----         -----         -----         -----         -----

100%         -----         -----         -----         -----         -----         -----         -----         -----
0.0         -----         -----         -----         -----         -----         -----         -----         -----

        -----         -----         -----         -----         ----- 0.06         -----         -----         -----
        -----         -----         -----         -----         ----- 0.07         -----         -----         -----
        -----         -----         -----         -----         ----- 2.81         -----         -----         -----
        -----         -----         -----         -----         ----- 3.42         -----         -----         -----

        -----         -----         -----         -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         -----         -----         -----         -----         -----

        -----         -----         -----         -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         -----         -----         -----         -----         -----

        -----         -----         -----         -----         -----         -----         -----         -----         -----
        -----         -----         -----         -----         -----         -----         -----         -----         -----

P0728_B Inlet Capacity V1.1 US Units.xls       32970-End



 

 

 
 
 
 
 
 
 
 
 
 
 

Appendix G On-site System Capacity Analysis 
(Storm Sewers 2008 Model Reports) 

 



 

 

 
 
 
 
 
 
 
 
 
 
 
 

Segment A 
(PM 25.5 to PM 27.1) 
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DS_1-9

Project File:  DS_1-9.stm Number of lines: 33 Date:  01-14-2011

Hydraflow Storm Sewers 2008 v12.01



Storm Sewer Tabulation Page  1 

Station Len Drng Area Rnoff Area x C Tc Rain Total Cap Vel Pipe Invert Elev HGL Elev Grnd / Rim Elev Line ID
coeff (I) flow full

Line To Incr Total Incr Total Inlet Syst Size Slope Dn Up Dn Up Dn Up
Line

(ft) (ac) (ac) (C) (min) (min) (in/hr) (cfs) (cfs) (ft/s) (in) (%) (ft) (ft) (ft) (ft) (ft) (ft)

1 End 489 0.83 11.75 0.90 0.75 8.97 5.0 22.1 1.8 15.79 25.23 4.28 36 0.14 401.80 402.50 403.07 404.60 416.67 414.97 exist Lt 381-386

2 1 49 0.00 0.64 0.00 0.00 0.61 0.0 5.2 3.6 2.18 16.16 3.44 24 0.51 407.35 407.60 407.85 408.13 414.97 415.20 (E) 24 in. PP

3 2 33 0.64 0.64 0.95 0.61 0.61 5.0 5.0 3.7 2.22 19.69 2.92 24 0.76 407.65 407.90 408.30 408.43 415.20 414.97 (E) 24 in. PP

4 1 97 0.19 10.28 0.94 0.18 7.62 5.0 21.4 1.8 13.62 21.41 2.32 36 0.10 402.50 402.60 404.85 404.89 414.97 414.56 (E) 36 in. PP

5 4 117 0.18 10.09 0.94 0.17 7.44 5.0 20.5 1.8 13.56 19.50 2.33 36 0.09 402.60 402.70 404.93 404.98 414.56 414.17 (E) 36 in. PP

6 5 47 0.08 9.91 0.94 0.08 7.27 5.0 20.2 1.8 13.36 36.40 2.35 36 0.30 402.70 402.84 405.02 405.03 414.17 414.12 (E) 36 in. PP

7 6 97 0.13 9.83 0.94 0.12 7.20 5.0 19.5 1.9 13.45 16.59 2.39 36 0.06 402.84 402.90 405.08 405.12 414.12 414.11 (E) 36 in. PP

8 7 162 0.00 9.70 0.90 0.00 7.07 5.0 18.4 1.9 13.61 23.43 2.45 36 0.12 402.90 403.10 405.17 405.24 414.11 414.07 (E) 36 in. PP

9 8 39 0.00 1.04 0.90 0.00 0.98 5.0 6.3 3.3 3.19 14.03 3.62 24 0.38 404.80 404.95 405.45 405.60 414.07 413.17 (E) 24 in. PP

10 9 45 0.95 0.95 0.94 0.89 0.89 5.0 5.0 3.7 3.27 16.86 3.31 24 0.56 405.02 405.27 405.81 405.91 413.17 411.97 7a (E) 24 in PP

11 9 102 0.07 0.09 0.97 0.07 0.09 5.0 5.3 3.5 0.31 5.66 1.71 18 0.99 409.14 410.15 409.38 410.39 413.17 414.11 7e

12 11 16 0.02 0.02 1.00 0.02 0.02 5.0 5.0 3.7 0.07 5.51 0.78 18 0.94 410.25 410.40 410.46 410.52 414.11 414.11 7g

13 8 454 0.00 8.66 0.90 0.00 6.09 5.0 15.8 2.1 12.63 14.91 2.94 30 0.13 403.20 403.80 405.34 405.76 414.07 412.07 (E) 30 in. PP

14 13 42 0.00 6.31 0.90 0.00 4.09 5.0 10.8 2.5 10.26 17.10 3.74 24 0.57 404.16 404.40 405.90 405.94 412.07 411.14 (E) 24 in. PP

15 14 53 1.38 6.31 0.95 1.31 4.09 5.0 10.6 2.5 10.35 20.37 4.58 24 0.81 404.40 404.83 406.05 406.00 411.14 410.04 (E) 24 in. PP

16 15 34 0.13 4.93 0.95 0.12 2.78 5.0 10.5 2.5 7.08 9.36 4.01 18 0.79 404.93 405.20 406.61 406.76 410.04 410.01 5d

17 16 8 0.18 4.80 0.94 0.17 2.66 5.0 10.4 2.5 6.78 8.30 3.83 18 0.63 405.30 405.35 406.91 406.94 410.01 410.01 5f

18 17 41 0.33 4.62 0.93 0.31 2.49 5.0 10.2 2.6 6.40 9.28 3.64 18 0.78 405.45 405.77 407.08 407.22 410.01 410.05 5h

19 18 45 3.41 3.41 0.40 1.36 1.36 10.0 10.0 2.6 3.55 15.75 3.19 18 7.67 406.34 409.79 407.66 410.51 410.05 413.50 5l

20 18 94 0.88 0.88 0.93 0.82 0.82 5.0 5.0 3.7 2.99 9.75 1.97 18 0.86 405.87 406.68 407.68 407.74 410.05 410.39 5j

21 13 428 0.21 2.35 0.96 0.20 2.00 5.0 12.8 2.3 4.61 13.70 2.34 24 0.37 403.93 405.50 406.01 406.43 412.07 413.24 (E) 24 in. PP

22 21 97 0.00 2.14 0.90 0.00 1.80 5.0 12.2 2.4 4.23 14.52 2.90 24 0.41 405.50 405.90 406.64 406.72 413.24 413.34 (E) 24 in. PP

23 22 45 0.00 0.65 0.00 0.00 0.39 0.0 11.4 2.4 0.96 14.30 0.85 24 0.40 405.93 406.11 406.81 406.81 413.34 413.92 (E) 24 in. PP

DS_1-9 Number of lines: 33 Run Date:  01-14-2011

NOTES: Intensity = 8.23 / (Inlet time + 0.10) ^ 0.50;  Return period =  50  Yrs.   ;  c = cir  e = ellip  b = box

Hydraflow Storm Sewers 2008 v12.01



Storm Sewer Tabulation Page  2 

Station Len Drng Area Rnoff Area x C Tc Rain Total Cap Vel Pipe Invert Elev HGL Elev Grnd / Rim Elev Line ID
coeff (I) flow full

Line To Incr Total Incr Total Inlet Syst Size Slope Dn Up Dn Up Dn Up
Line

(ft) (ac) (ac) (C) (min) (min) (in/hr) (cfs) (cfs) (ft/s) (in) (%) (ft) (ft) (ft) (ft) (ft) (ft)

24 23 37 0.00 0.01 0.00 0.00 0.01 0.0 5.8 3.4 0.03 7.32 1.02 18 0.49 407.70 407.88 407.77 407.95 413.92 413.72 1h

25 24 27 0.00 0.01 0.00 0.00 0.01 0.0 5.4 3.5 0.03 7.56 1.05 18 0.52 407.98 408.12 408.05 408.19 413.72 413.55 1j

26 25 17 0.00 0.01 0.00 0.00 0.01 0.0 5.1 3.6 0.03 7.64 1.08 18 0.53 408.22 408.31 408.29 408.38 413.55 413.43 1l

27 26 7 0.01 0.01 0.90 0.01 0.01 5.0 5.0 3.7 0.03 6.87 0.99 18 0.43 408.41 408.44 408.49 408.52 413.43 413.36 1n

28 23 167 0.00 0.64 0.00 0.00 0.38 0.0 10.4 2.6 0.98 7.44 2.86 18 0.50 406.50 407.34 406.87 407.72 413.92 414.49 1d

29 28 62 0.64 0.64 0.60 0.38 0.38 10.0 10.0 2.6 1.00 11.56 2.70 18 4.13 407.44 410.00 407.85 410.38 414.49 415.12 1b

30 22 32 0.08 1.49 0.96 0.08 1.41 5.0 6.2 3.3 4.63 14.96 3.67 24 0.44 405.90 406.04 406.81 406.83 413.34 413.33 (E) 24 in. PP

31 30 28 0.24 1.41 0.97 0.23 1.33 5.0 6.0 3.3 4.43 14.81 2.88 24 0.43 406.04 406.16 407.08 407.09 413.33 413.30 (E) 24 in. PP

32 31 61 0.26 1.17 0.96 0.25 1.10 5.0 5.6 3.5 3.79 14.77 2.44 24 0.43 406.16 406.42 407.29 407.31 413.30 413.32 (E) 24 in. PP

33 32 89 0.91 0.91 0.93 0.85 0.85 5.0 5.0 3.7 3.09 14.78 2.43 24 0.43 406.42 406.80 407.48 407.52 413.32 413.18 (E) 24 in. PP

DS_1-9 Number of lines: 33 Run Date:  01-14-2011

NOTES: Intensity = 8.23 / (Inlet time + 0.10) ^ 0.50;  Return period =  50  Yrs.   ;  c = cir  e = ellip  b = box

Hydraflow Storm Sewers 2008 v12.01



Line Profile (Line 1) - exist Lt 381-386 Page 1 of 1

DS_1-9 No. Lines: 33 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

1 15.79 401.80 402.50 1.27 2.10 2.30 403.07 404.60 404.80 5.57 2.99 11.87 9.47

Line Profile (Line 2) - (E) 24 in. PP Page 1 of 1

DS_1-9 No. Lines: 33 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

2 2.18 407.35 407.60 0.50 0.53 0.70 407.85 408.13 408.30 i 3.59 3.29 5.62 5.60

Line Profile (Line 3) - (E) 24 in. PP Page 1 of 1

DS_1-9 No. Lines: 33 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

3 2.22 407.65 407.90 0.65 0.53 0.72 408.30 408.43 j 408.62 i 2.50 3.35 5.55 5.07

Line Profile (Line 4) - (E) 36 in. PP Page 1 of 1

DS_1-9 No. Lines: 33 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

4 13.62 402.50 402.60 2.35 2.29 2.33 404.85 404.89 404.93 2.29 2.35 9.47 8.96



Line Profile (Line 5) - (E) 36 in. PP Page 1 of 1

DS_1-9 No. Lines: 33 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

5 13.56 402.60 402.70 2.33 2.28 2.32 404.93 404.98 405.02 2.30 2.35 8.96 8.47

Line Profile (Line 6) - (E) 36 in. PP Page 1 of 1

DS_1-9 No. Lines: 33 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

6 13.36 402.70 402.84 2.32 2.19 2.24 405.02 405.03 405.08 2.28 2.41 8.47 8.28

Line Profile (Line 7) - (E) 36 in. PP Page 1 of 1

DS_1-9 No. Lines: 33 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

7 13.45 402.84 402.90 2.24 2.22 2.27 405.08 405.12 405.17 2.38 2.40 8.28 8.21

Line Profile (Line 8) - (E) 36 in. PP Page 1 of 1

DS_1-9 No. Lines: 33 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

8 13.61 402.90 403.10 2.27 2.14 2.24 405.17 405.24 405.34 2.37 2.52 8.21 7.97



Line Profile (Line 9) - (E) 24 in. PP Page 1 of 1

DS_1-9 No. Lines: 33 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

9 3.19 404.80 404.95 0.65 0.65 0.86 405.45 405.60 405.81 i 3.61 3.63 7.27 6.22

Line Profile (Line 10) - 7a (E) 24 in PP Page 1 of 1

DS_1-9 No. Lines: 33 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

10 3.27 405.02 405.27 0.79 0.64 0.89 405.81 405.91 j 406.16 i 2.85 3.77 6.15 4.70

Line Profile (Line 11) - 7e Page 1 of 1

DS_1-9 No. Lines: 33 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

11 0.31 409.14 410.15 0.24 0.24 0.26 409.38 410.39 410.41 1.72 1.71 2.53 2.46

Line Profile (Line 12) - 7g Page 1 of 1

DS_1-9 No. Lines: 33 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

12 0.07 410.25 410.40 0.21 0.12 0.14 410.46 410.52 410.54 0.49 1.06 2.36 2.21



Line Profile (Line 13) - (E) 30 in. PP Page 1 of 1

DS_1-9 No. Lines: 33 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

13 12.63 403.20 403.80 2.14 1.96 2.10 405.34 405.76 405.90 2.82 3.07 8.37 5.77

Line Profile (Line 14) - (E) 24 in. PP Page 1 of 1

DS_1-9 No. Lines: 33 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

14 10.26 404.16 404.40 1.74 1.54 1.58 405.90 405.94 405.98 3.53 3.94 5.91 4.74

Line Profile (Line 15) - (E) 24 in. PP Page 1 of 1

DS_1-9 No. Lines: 33 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

15 10.35 404.40 404.83 1.65 1.17 1.77 406.05 406.00 406.61 i 3.73 5.43 4.74 3.21

Line Profile (Line 16) - 5d Page 1 of 1

DS_1-9 No. Lines: 33 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

16 7.08 404.93 405.20 1.50 1.50 1.68 406.61 406.76 406.88 4.01 4.01 3.61 3.31



Line Profile (Line 17) - 5f Page 1 of 1

DS_1-9 No. Lines: 33 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

17 6.78 405.30 405.35 1.50 1.50 1.70 406.91 406.94 407.05 3.83 3.83 3.21 3.16

Line Profile (Line 18) - 5h Page 1 of 1

DS_1-9 No. Lines: 33 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

18 6.40 405.45 405.77 1.50 1.45 1.75 407.08 407.22 407.52 3.62 3.67 3.06 2.78

Line Profile (Line 19) - 5l Page 1 of 1

DS_1-9 No. Lines: 33 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

19 3.55 406.34 409.79 1.32 0.72 1.09 407.66 410.51 j 410.88 i 2.15 4.24 2.21 2.21

Line Profile (Line 20) - 5j Page 1 of 1

DS_1-9 No. Lines: 33 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

20 2.99 405.87 406.68 1.50 1.06 1.14 407.68 407.74 407.82 1.69 2.24 2.68 2.21



Line Profile (Line 21) - (E) 24 in. PP Page 1 of 1

DS_1-9 No. Lines: 33 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

21 4.61 403.93 405.50 2.00 0.93 1.01 406.01 406.43 406.51 1.47 3.21 6.14 5.74

Line Profile (Line 22) - (E) 24 in. PP Page 1 of 1

DS_1-9 No. Lines: 33 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

22 4.23 405.50 405.90 1.14 0.82 0.91 406.64 406.72 406.81 i 2.28 3.51 5.74 5.44

Line Profile (Line 23) - (E) 24 in. PP Page 1 of 1

DS_1-9 No. Lines: 33 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

23 0.96 405.93 406.11 0.88 0.70 0.71 406.81 406.81 406.82 0.72 0.98 5.41 5.81

Line Profile (Line 24) - 1h Page 1 of 1

DS_1-9 No. Lines: 33 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

24 0.03 407.70 407.88 0.07 0.07 0.08 407.77 407.95 407.96 i 1.02 1.03 4.72 4.34



Line Profile (Line 25) - 1j Page 1 of 1

DS_1-9 No. Lines: 33 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

25 0.03 407.98 408.12 0.07 0.07 0.08 408.05 408.19 408.20 i 1.05 1.04 4.24 3.93

Line Profile (Line 26) - 1l Page 1 of 1

DS_1-9 No. Lines: 33 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

26 0.03 408.22 408.31 0.07 0.07 0.08 408.29 408.38 408.39 i 1.07 1.08 3.83 3.62

Line Profile (Line 27) - 1n Page 1 of 1

DS_1-9 No. Lines: 33 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

27 0.03 408.41 408.44 0.07 0.08 0.08 408.49 408.52 408.52 i 1.00 0.98 3.52 3.42

Line Profile (Line 28) - 1d Page 1 of 1

DS_1-9 No. Lines: 33 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

28 0.98 406.50 407.34 0.37 0.38 0.51 406.87 407.72 407.85 i 2.91 2.81 5.92 5.65



Line Profile (Line 29) - 1b Page 1 of 1

DS_1-9 No. Lines: 33 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

29 1.00 407.44 410.00 0.41 0.38 0.51 407.85 410.38 j 410.51 i 2.57 2.82 5.55 3.62

Line Profile (Line 30) - (E) 24 in. PP Page 1 of 1

DS_1-9 No. Lines: 33 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

30 4.63 405.90 406.04 0.91 0.79 1.04 406.81 406.83 407.08 i 3.34 4.00 5.44 5.29

Line Profile (Line 31) - (E) 24 in. PP Page 1 of 1

DS_1-9 No. Lines: 33 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

31 4.43 406.04 406.16 1.04 0.93 1.01 407.08 407.09 407.17 2.67 3.09 5.29 5.14

Line Profile (Line 32) - (E) 24 in. PP Page 1 of 1

DS_1-9 No. Lines: 33 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

32 3.79 406.16 406.42 1.13 0.89 0.95 407.29 407.31 407.37 2.06 2.81 5.14 4.90



Line Profile (Line 33) - (E) 24 in. PP Page 1 of 1

DS_1-9 No. Lines: 33 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

33 3.09 406.42 406.80 1.06 0.72 0.73 407.48 407.52 407.53 i 1.83 3.03 4.90 4.38
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Hydraflow Storm Sewers Plan

Project File:  DS_10,11,14,15.stm Number of lines: 33 Date:  01-14-2011

Hydraflow Storm Sewers 2008 v12.01



Storm Sewer Tabulation Page  1 

Station Len Drng Area Rnoff Area x C Tc Rain Total Cap Vel Pipe Invert Elev HGL Elev Grnd / Rim Elev Line ID
coeff (I) flow full

Line To Incr Total Incr Total Inlet Syst Size Slope Dn Up Dn Up Dn Up
Line

(ft) (ac) (ac) (C) (min) (min) (in/hr) (cfs) (cfs) (ft/s) (in) (%) (ft) (ft) (ft) (ft) (ft) (ft)

1 End 30 0.10 13.38 1.00 0.10 11.62 5.0 208.5 0.6 7.69 38.51 1.16 36 0.33 387.53 387.63 390.25 390.25 394.63 394.64 (E) 36in CPP

2 1 64 0.06 13.28 1.00 0.06 11.52 5.0 207.9 0.6 7.64 26.33 1.31 36 0.53 387.78 388.12 390.26 390.29 394.64 394.95

3 2 34 1.45 11.44 0.87 1.26 10.04 5.0 207.5 0.6 6.79 24.78 1.32 36 0.47 388.22 388.38 390.34 390.36 394.95 395.38

4 3 3 0.08 0.70 0.60 0.05 0.52 5.0 5.1 3.6 1.90 66.66 2.25 18 137.33 388.38 392.50 390.41 393.03 395.38 395.50

5 4 4 0.01 0.62 0.60 0.01 0.48 5.0 5.1 3.6 1.73 11.26 3.54 12 10.00 392.60 393.00 393.24 393.56 395.50 402.35

6 5 19 0.61 0.61 0.77 0.47 0.47 5.0 5.0 3.7 1.72 21.59 3.97 12 36.74 393.35 400.33 393.87 400.89 402.35 404.33

7 3 450 0.34 9.29 0.92 0.31 8.25 5.0 204.9 0.6 5.79 32.13 2.56 36 0.79 388.48 392.04 390.42 392.83 395.38 404.15

8 7 287 0.59 3.97 0.79 0.47 3.36 5.0 202.8 0.6 2.96 25.59 2.16 36 0.50 392.14 393.58 393.05 394.22 404.15 410.08

9 8 88 0.63 3.38 0.82 0.52 2.89 5.0 202.2 0.6 2.69 25.54 2.26 36 0.50 393.68 394.12 394.38 394.77 410.08 411.71

10 9 113 0.46 2.75 0.85 0.39 2.37 5.0 201.4 0.6 2.39 25.66 2.27 36 0.50 403.48 404.05 404.10 404.67 411.71 413.44

11 10 4 0.00 1.45 0.00 0.00 1.26 0.0 6.5 3.2 5.06 15.99 4.40 24 0.50 404.26 404.28 405.03 405.08 413.44 413.85

12 11 101 0.00 1.45 0.00 0.00 1.26 0.0 6.1 3.3 5.18 7.39 4.32 18 0.50 404.38 404.88 405.43 405.77 413.85 412.35

13 12 10 0.00 1.45 0.00 0.00 1.26 0.0 6.0 3.3 5.20 17.52 2.61 24 0.60 404.98 405.04 406.23 406.23 412.35 412.60

14 13 102 0.00 1.45 0.00 0.00 1.26 0.0 5.4 3.5 4.41 16.76 2.99 24 0.55 405.04 405.60 406.32 406.38 412.60 412.00 (E) 24in Culv

15 14 25 1.01 1.45 0.98 0.99 1.26 5.0 5.3 3.6 4.47 11.97 3.00 24 0.28 405.64 405.71 406.62 406.65 412.00 411.81

16 15 10 0.04 0.44 0.71 0.03 0.27 5.0 5.1 3.6 0.97 23.25 0.96 18 4.90 405.81 406.30 406.99 406.97 411.81 411.65

17 16 4 0.40 0.40 0.60 0.24 0.24 5.0 5.0 3.7 0.88 0.00 0.50 18 -1.00 409.86 409.82 411.36 411.36 411.65 417.81

18 7 169 0.55 4.31 0.82 0.45 3.91 5.0 5.2 3.6 14.05 15.07 5.45 24 0.44 396.04 396.79 397.57 398.32 404.15 402.12

19 18 31 2.86 2.86 0.94 2.69 2.69 5.0 5.0 3.7 9.83 7.54 5.56 18 0.52 396.89 397.05 398.76 399.03 402.12 402.17

20 18 22 0.90 0.90 0.86 0.77 0.77 5.0 5.0 3.7 2.83 10.91 1.96 18 3.68 397.00 397.81 398.76 398.79 402.12 402.94

21 10 111 0.68 0.84 0.86 0.58 0.72 5.0 180.6 0.6 0.45 25.66 0.06 36 0.50 399.54 400.10 404.87 404.87 413.44 414.71

22 21 229 0.11 0.16 0.87 0.10 0.14 5.0 37.2 1.4 0.19 25.60 0.03 36 0.50 400.20 401.35 404.87 404.87 414.71 416.59

Project File:  DS_10,11,14,15.stm Number of lines: 33 Run Date:  01-14-2011

NOTES: Intensity = 8.23 / (Inlet time + 0.10)  ̂0.50;  Return period =  50  Yrs.   ;  c = cir  e = ellip  b = box

Hydraflow Storm Sewers 2008 v12.01



Storm Sewer Tabulation Page  2 

Station Len Drng Area Rnoff Area x C Tc Rain Total Cap Vel Pipe Invert Elev HGL Elev Grnd / Rim Elev Line ID
coeff (I) flow full

Line To Incr Total Incr Total Inlet Syst Size Slope Dn Up Dn Up Dn Up
Line

(ft) (ac) (ac) (C) (min) (min) (in/hr) (cfs) (cfs) (ft/s) (in) (%) (ft) (ft) (ft) (ft) (ft) (ft)

23 22 43 0.05 0.05 0.86 0.04 0.04 5.0 5.0 3.7 0.16 27.55 0.02 36 0.58 401.45 401.70 404.87 404.87 416.59 416.67

24 7 2 0.00 0.67 0.00 0.00 0.67 0.0 5.9 3.4 2.25 16.00 3.46 24 0.50 397.56 397.57 398.07 398.11 404.15 404.10

25 24 93 0.00 0.67 0.00 0.00 0.67 0.0 5.2 3.6 2.40 7.30 2.08 24 0.35 397.57 397.90 398.36 398.69 404.10 403.50 (E) 24in Culv

26 25 27 0.67 0.67 1.00 0.67 0.67 5.0 5.0 3.7 2.45 10.66 2.20 24 0.22 397.91 397.97 398.70 398.72 403.50 403.88

27 2 17 0.00 1.78 0.00 0.00 1.42 0.0 11.1 2.5 3.51 10.97 1.23 24 0.24 388.61 388.65 390.34 390.34 394.95 394.95

28 27 75 0.00 1.78 0.00 0.00 1.42 0.0 10.2 2.6 3.66 8.72 1.44 24 0.51 388.65 389.03 390.34 390.41 394.95 395.00 (E) 24in Culv

29 28 24 0.76 1.78 1.00 0.76 1.42 5.0 9.9 2.6 3.71 11.31 1.63 24 0.25 389.03 389.09 390.42 390.43 395.00 395.08

30 29 17 0.10 0.92 0.71 0.07 0.56 5.0 6.5 3.2 1.82 32.49 12.30 12 70.94 393.90 405.96 394.06 407.74 395.08 409.87

31 29 67 0.10 0.10 1.00 0.10 0.10 5.0 5.0 3.7 0.37 5.44 0.24 18 0.27 389.19 389.37 390.53 390.53 395.08 394.83

32 30 132 0.54 0.54 0.60 0.32 0.32 5.0 5.0 3.7 1.18 2.52 1.51 12 0.50 406.06 406.72 407.91 408.06 409.87 410.22

33 30 47 0.28 0.28 0.60 0.17 0.17 5.0 5.0 3.7 0.61 2.54 0.78 12 0.51 406.17 406.41 407.94 407.95 409.87 409.91

Project File:  DS_10,11,14,15.stm Number of lines: 33 Run Date:  01-14-2011

NOTES: Intensity = 8.23 / (Inlet time + 0.10)  ̂0.50;  Return period =  50  Yrs.   ;  c = cir  e = ellip  b = box

Hydraflow Storm Sewers 2008 v12.01



Line Profile (Line 1) - (E) 36in CPP Page 1 of 1

Project File:  No. Lines: 33 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

1 7.69 387.53 387.63 2.72 2.62 2.63 390.25 390.25 390.26 1.14 1.17 4.10 4.01

Line Profile (Line 2) Page 1 of 1

Project File:  No. Lines: 33 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

2 7.64 387.78 388.12 2.48 2.17 2.22 390.26 390.29 390.34 1.22 1.39 3.86 3.83

Line Profile (Line 3) Page 1 of 1

Project File:  No. Lines: 33 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

3 6.79 388.22 388.38 2.12 1.98 2.02 390.34 390.36 390.40 1.27 1.38 3.73 4.00

Line Profile (Line 4) Page 1 of 1

Project File:  No. Lines: 33 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

4 1.90 388.38 392.50 1.50 0.53 0.74 390.41 393.03 393.24 i 1.07 3.44 5.50 1.50



Line Profile (Line 5) Page 1 of 1

Project File:  No. Lines: 33 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

5 1.73 392.60 393.00 0.64 0.56 0.87 393.24 393.56 j 393.87 i 3.25 3.84 1.90 8.35

Line Profile (Line 6) Page 1 of 1

Project File:  No. Lines: 33 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

6 1.72 393.35 400.33 0.52 0.56 0.87 393.87 400.89 401.20 i 4.12 3.83 8.00 3.00

Line Profile (Line 7) Page 1 of 1

Project File:  No. Lines: 33 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

7 5.79 388.48 392.04 1.94 0.79 1.01 390.42 392.83 393.05 i 1.20 3.92 3.90 9.11

Line Profile (Line 8) Page 1 of 1

Project File:  No. Lines: 33 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

8 2.96 392.14 393.58 0.91 0.64 0.69 393.05 394.22 394.27 1.62 2.69 9.01 13.50



Line Profile (Line 9) Page 1 of 1

Project File:  No. Lines: 33 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

9 2.69 393.68 394.12 0.70 0.65 0.69 394.38 394.77 394.81 2.12 2.40 13.40 14.59

Line Profile (Line 10) Page 1 of 1

Project File:  No. Lines: 33 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

10 2.39 403.48 404.05 0.62 0.62 0.74 404.10 404.67 404.79 2.27 2.26 5.23 6.39

Line Profile (Line 11) Page 1 of 1

Project File:  No. Lines: 33 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

11 5.06 404.26 404.28 0.77 0.80 1.15 405.03 405.08 405.43 i 4.51 4.30 7.18 7.57

Line Profile (Line 12) Page 1 of 1

Project File:  No. Lines: 33 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

12 5.18 404.38 404.88 1.05 0.89 1.35 405.43 405.77 406.23 i 3.93 4.71 7.97 5.97



Line Profile (Line 13) Page 1 of 1

Project File:  No. Lines: 33 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

13 5.20 404.98 405.04 1.25 1.19 1.20 406.23 406.23 406.24 2.53 2.68 5.37 5.56

Line Profile (Line 14) - (E) 24in Culv Page 1 of 1

Project File:  No. Lines: 33 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

14 4.41 405.04 405.60 1.28 0.78 0.81 406.32 406.38 406.41 2.07 3.90 5.56 4.40

Line Profile (Line 15) Page 1 of 1

Project File:  No. Lines: 33 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

15 4.47 405.64 405.71 0.98 0.94 1.16 406.62 406.65 406.87 2.92 3.08 4.36 4.10

Line Profile (Line 16) Page 1 of 1

Project File:  No. Lines: 33 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

16 0.97 405.81 406.30 1.18 0.67 0.71 406.99 406.97 407.01 0.65 1.26 4.50 3.85



Line Profile (Line 17) Page 1 of 1

Project File:  No. Lines: 33 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

17 0.88 409.86 409.82 1.50 1.50 1.54 411.36 411.36 411.36 0.50 0.50 0.29 6.49

Line Profile (Line 18) Page 1 of 1

Project File:  No. Lines: 33 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

18 14.05 396.04 396.79 1.53 1.53 1.97 397.57 398.32 398.76 i 5.45 5.45 6.11 3.33

Line Profile (Line 19) Page 1 of 1

Project File:  No. Lines: 33 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

19 9.83 396.89 397.05 1.50 1.50 2.00 398.76 399.03 399.05 i 5.56 5.56 3.73 3.62

Line Profile (Line 20) Page 1 of 1

Project File:  No. Lines: 33 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

20 2.83 397.00 397.81 1.50 0.98 1.06 398.76 398.79 398.87 1.60 2.33 3.62 3.63



Line Profile (Line 21) Page 1 of 1

Project File:  No. Lines: 33 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

21 0.45 399.54 400.10 3.00 3.00 4.77 404.87 404.87 404.87 0.06 0.06 10.90 11.61

Line Profile (Line 22) Page 1 of 1

Project File:  No. Lines: 33 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

22 0.19 400.20 401.35 3.00 3.00 3.52 404.87 404.87 404.87 0.03 0.03 11.51 12.24

Line Profile (Line 23) Page 1 of 1

Project File:  No. Lines: 33 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

23 0.16 401.45 401.70 3.00 3.00 3.17 404.87 404.87 404.87 0.02 0.02 12.14 11.97

Line Profile (Line 24) Page 1 of 1

Project File:  No. Lines: 33 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

24 2.25 397.56 397.57 0.51 0.54 0.56 398.07 398.11 398.13 3.59 3.32 4.59 4.53



Line Profile (Line 25) - (E) 24in Culv Page 1 of 1

Project File:  No. Lines: 33 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

25 2.40 397.57 397.90 0.79 0.79 0.80 398.36 398.69 398.70 2.08 2.09 4.53 3.60

Line Profile (Line 26) Page 1 of 1

Project File:  No. Lines: 33 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

26 2.45 397.91 397.97 0.79 0.75 0.83 398.70 398.72 398.80 2.13 2.27 3.59 3.91

Line Profile (Line 27) Page 1 of 1

Project File:  No. Lines: 33 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

27 3.51 388.61 388.65 1.73 1.69 1.69 390.34 390.34 390.34 1.22 1.24 4.34 4.30

Line Profile (Line 28) - (E) 24in Culv Page 1 of 1

Project File:  No. Lines: 33 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

28 3.66 388.65 389.03 1.69 1.38 1.39 390.34 390.41 390.42 1.29 1.58 4.30 3.97



Line Profile (Line 29) Page 1 of 1

Project File:  No. Lines: 33 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

29 3.71 389.03 389.09 1.39 1.34 1.40 390.42 390.43 390.49 1.60 1.67 3.97 3.99

Line Profile (Line 30) Page 1 of 1

Project File:  No. Lines: 33 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

30 1.82 393.90 405.96 0.16 1.00 1.90 394.06 407.74 407.86 22.28 2.31 0.18 2.91

Line Profile (Line 31) Page 1 of 1

Project File:  No. Lines: 33 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

31 0.37 389.19 389.37 1.33 1.15 1.16 390.53 390.53 390.53 0.22 0.25 4.39 3.96

Line Profile (Line 32) Page 1 of 1

Project File:  No. Lines: 33 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

32 1.18 406.06 406.72 1.00 1.00 1.37 407.91 408.06 408.09 1.51 1.51 2.81 2.50



Line Profile (Line 33) Page 1 of 1

Project File:  No. Lines: 33 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

33 0.61 406.17 406.41 1.00 1.00 1.55 407.94 407.95 407.96 0.78 0.78 2.70 2.50



1

b

2 d

Outfall

16e

16c

DS_16

Project File:  DS_16.stm Number of lines: 2 Date:  01-14-2011

Hydraflow Storm Sewers 2008 v12.01



Storm Sewer Tabulation Page  1 

Station Len Drng Area Rnoff Area x C Tc Rain Total Cap Vel Pipe Invert Elev HGL Elev Grnd / Rim Elev Line ID
coeff (I) flow full

Line To Incr Total Incr Total Inlet Syst Size Slope Dn Up Dn Up Dn Up
Line

(ft) (ac) (ac) (C) (min) (min) (in/hr) (cfs) (cfs) (ft/s) (in) (%) (ft) (ft) (ft) (ft) (ft) (ft)

1 End 59 0.32 0.51 1.00 0.32 0.45 5.0 5.0 3.6 1.63 8.60 2.54 18 2.29 389.49 390.84 390.25 391.33 396.10 396.20 b

2 1 3 0.19 0.19 0.66 0.13 0.13 5.0 5.0 3.7 0.46 20.87 2.46 12 34.33 391.23 392.26 391.52 392.55 396.20 412.97 d

DS_16 Number of lines: 2 Run Date:  01-14-2011

NOTES: Intensity = 8.23 / (Inlet time + 0.10)  ̂0.50;  Return period =  50  Yrs.   ;  c = cir  e = ellip  b = box

Hydraflow Storm Sewers 2008 v12.01



Line Profile (Line 1) - b Page 1 of 1

DS_16 No. Lines: 2 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

1 1.63 389.49 390.84 0.76 0.49 0.68 390.25 391.33 j 391.52 i 1.81 3.27 5.11 3.86

Line Profile (Line 2) - d Page 1 of 1

DS_16 No. Lines: 2 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

2 0.46 391.23 392.26 0.29 0.29 0.39 391.52 392.55 392.65 i 2.47 2.46 3.97 19.71



1
(E) 18 in pipe

2
e

3
Outfall

17c

DS_17

Project File:  DS_17.stm Number of lines: 3 Date:  01-14-2011

Hydraflow Storm Sewers 2008 v12.01



Storm Sewer Tabulation Page  1 

Station Len Drng Area Rnoff Area x C Tc Rain Total Cap Vel Pipe Invert Elev HGL Elev Grnd / Rim Elev Line ID
coeff (I) flow full

Line To Incr Total Incr Total Inlet Syst Size Slope Dn Up Dn Up Dn Up
Line

(ft) (ac) (ac) (C) (min) (min) (in/hr) (cfs) (cfs) (ft/s) (in) (%) (ft) (ft) (ft) (ft) (ft) (ft)

1 End 95 0.00 0.38 0.90 0.00 0.23 5.0 6.9 2.8 0.63 5.40 0.36 18 0.26 411.35 411.60 418.60 418.60 419.60 419.31 (E) 18 in pipe

2 1 1 0.00 0.38 0.90 0.00 0.23 5.0 6.9 2.8 0.63 10.49 0.36 18 1.00 411.60 411.61 418.60 418.60 419.31 419.31 e

3 2 47 0.38 0.38 0.60 0.23 0.23 5.0 5.0 3.2 0.74 5.09 0.42 18 0.24 411.61 411.72 418.60 418.61 419.31 416.10

DS_17 Number of lines: 3 Run Date:  01-14-2011

NOTES: Intensity = 7.29 / (Inlet time + 0.10)  ̂0.50;  Return period =  25  Yrs.   ;  c = cir  e = ellip  b = box

Hydraflow Storm Sewers 2008 v12.01



Line Profile (Line 1) - (E) 18 in pipe Page 1 of 1

DS_17 No. Lines: 3 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

1 0.63 411.35 411.60 1.50 1.50 7.00 418.60 418.60 418.60 0.36 0.36 6.75 6.21

Line Profile (Line 2) - e Page 1 of 1

DS_17 No. Lines: 3 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

2 0.63 411.60 411.61 1.50 1.50 6.99 418.60 418.60 418.60 0.36 0.36 6.21 6.20

Line Profile (Line 3) Page 1 of 1

DS_17 No. Lines: 3 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

3 0.74 411.61 411.72 1.50 1.50 6.89 418.60 418.61 418.61 0.42 0.42 6.20 2.88



1
a

Outfall

18b

DS_18

Project File:  DS_18.stm Number of lines: 1 Date:  01-14-2011

Hydraflow Storm Sewers 2008 v12.01



Storm Sewer Tabulation Page  1 

Station Len Drng Area Rnoff Area x C Tc Rain Total Cap Vel Pipe Invert Elev HGL Elev Grnd / Rim Elev Line ID
coeff (I) flow full

Line To Incr Total Incr Total Inlet Syst Size Slope Dn Up Dn Up Dn Up
Line

(ft) (ac) (ac) (C) (min) (min) (in/hr) (cfs) (cfs) (ft/s) (in) (%) (ft) (ft) (ft) (ft) (ft) (ft)

1 End 28 0.14 0.14 1.00 0.14 0.14 5.0 5.0 3.2 0.45 5.28 0.26 18 0.25 416.43 416.50 418.00 418.00 419.00 419.88 a

DS_18 Number of lines: 1 Run Date:  01-14-2011

NOTES: Intensity = 7.29 / (Inlet time + 0.10)  ̂0.50;  Return period =  25  Yrs.   ;  c = cir  e = ellip  b = box

Hydraflow Storm Sewers 2008 v12.01



Line Profile (Line 1) - a Page 1 of 1

DS_18 No. Lines: 1 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

1 0.45 416.43 416.50 1.50 1.50 1.50 418.00 418.00 418.00 0.26 0.26 1.07 1.88



1 2 3 4 5
6

7

8

9

10 11 12

13
14 15

Outfall
19a 19c 19j 19l 19n

19p

19t

19s

19q 19x 19z19aa

(E) DI

19e 19g

DS_19

Project File:  DS_19.stm Number of lines: 15 Date:  01-14-2011

Hydraflow Storm Sewers 2008 v12.01



Storm Sewer Tabulation Page  1 

Station Len Drng Area Rnoff Area x C Tc Rain Total Cap Vel Pipe Invert Elev HGL Elev Grnd / Rim Elev Line ID
coeff (I) flow full

Line To Incr Total Incr Total Inlet Syst Size Slope Dn Up Dn Up Dn Up
Line

(ft) (ac) (ac) (C) (min) (min) (in/hr) (cfs) (cfs) (ft/s) (in) (%) (ft) (ft) (ft) (ft) (ft) (ft)

1 End 47 0.00 3.75 0.00 0.00 3.56 0.0 10.2 2.6 9.16 33.48 2.92 24 2.19 381.61 382.64 390.25 390.33 390.27 395.67 (E) 8 ft

2 1 70 0.25 3.05 1.00 0.25 3.04 5.0 9.9 2.6 7.92 15.29 3.95 24 0.46 389.20 389.52 390.56 390.63 395.67 396.53 19b

3 2 181 0.40 2.80 1.00 0.40 2.79 5.0 9.2 2.7 7.54 13.41 4.24 24 1.20 389.62 391.79 390.87 392.79 396.53 400.24 19h

4 3 299 0.47 0.95 1.00 0.47 0.94 5.0 7.5 3.0 2.84 7.19 2.81 18 0.47 391.89 393.29 393.23 393.93 400.24 408.53 19k

5 4 360 0.46 0.48 1.00 0.46 0.47 5.0 5.1 3.6 1.72 12.54 2.51 18 4.86 393.39 410.90 394.23 411.40 408.53 415.95 19m

6 5 5 0.02 0.02 0.66 0.01 0.01 5.0 5.0 3.7 0.05 3.56 1.44 12 1.00 411.52 411.57 411.60 411.66 415.95 418.46 19o

7 3 24 0.00 1.45 0.00 0.00 1.44 0.0 9.0 2.7 3.96 12.50 3.53 24 1.04 393.68 393.93 394.45 394.70 400.24 400.28 19v and (E) 24 in

8 7 57 0.00 1.45 0.00 0.00 1.44 0.0 8.7 2.8 4.02 12.25 3.32 24 1.00 393.93 394.50 394.82 395.26 400.28 400.28 (E) 24 in

9 8 29 0.42 1.45 1.00 0.42 1.44 5.0 8.6 2.8 4.05 12.04 3.45 24 0.97 394.65 394.93 395.45 395.73 400.28 400.25 19r

10 9 299 0.50 1.03 1.00 0.50 1.02 5.0 7.4 3.0 3.08 9.10 4.34 18 2.56 395.36 403.02 395.96 403.69 400.25 408.52 19w

11 10 362 0.51 0.53 1.00 0.51 0.52 5.0 5.1 3.6 1.90 8.33 2.58 18 2.14 403.12 410.88 404.01 411.41 408.52 415.89 19y

12 11 5 0.02 0.02 0.66 0.01 0.01 5.0 5.0 3.7 0.05 3.45 1.09 12 0.94 411.50 411.55 411.62 411.64 415.89 418.70 19ab

13 1 7 0.44 0.70 0.60 0.26 0.52 0.0 5.6 3.4 1.81 34.55 3.35 12 94.14 389.81 396.40 390.58 396.97 395.67 402.60 (E) 12 in

14 13 66 0.00 0.26 0.00 0.00 0.26 0.0 5.4 3.5 0.91 8.39 5.03 12 5.55 399.38 403.04 399.60 403.45 402.60 406.36 19d

15 14 72 0.26 0.26 1.00 0.26 0.26 5.0 5.0 3.7 0.95 5.57 2.82 12 2.44 403.14 404.90 403.62 405.31 406.36 408.12 19f

DS_19 Number of lines: 15 Run Date:  01-14-2011

NOTES: Intensity = 8.23 / (Inlet time + 0.10) ^ 0.50;  Return period =  50  Yrs.   ;  c = cir  e = ellip  b = box

Hydraflow Storm Sewers 2008 v12.01



Line Profile (Line 1) - (E) 8 ft Page 1 of 1

DS_19 No. Lines: 15 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

1 9.16 381.61 382.64 2.00 2.00 7.89 390.25 390.33 390.53 2.92 2.92 6.66 11.03

Line Profile (Line 2) - 19b Page 1 of 1

DS_19 No. Lines: 15 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

2 7.92 389.20 389.52 1.36 1.11 1.35 390.56 390.63 390.87 i 3.49 4.42 4.47 5.01

Line Profile (Line 3) - 19h Page 1 of 1

DS_19 No. Lines: 15 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

3 7.54 389.62 391.79 1.25 1.00 1.44 390.87 392.79 393.23 i 3.67 4.82 4.91 6.45

Line Profile (Line 4) - 19k Page 1 of 1

DS_19 No. Lines: 15 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

4 2.84 391.89 393.29 1.34 0.64 0.94 393.23 393.93 394.23 i 1.71 3.92 6.85 13.74



Line Profile (Line 5) - 19m Page 1 of 1

DS_19 No. Lines: 15 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

5 1.72 393.39 410.90 0.84 0.50 0.70 394.23 411.40 j 411.60 i 1.68 3.33 13.64 3.55

Line Profile (Line 6) - 19o Page 1 of 1

DS_19 No. Lines: 15 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

6 0.05 411.52 411.57 0.08 0.09 0.11 411.60 411.66 411.68 i 1.60 1.28 3.43 5.89

Line Profile (Line 7) - 19v and (E) 24 in Page 1 of 1

DS_19 No. Lines: 15 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

7 3.96 393.68 393.93 0.77 0.77 0.89 394.45 394.70 394.82 i 3.53 3.54 4.56 4.35

Line Profile (Line 8) - (E) 24 in Page 1 of 1

DS_19 No. Lines: 15 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

8 4.02 393.93 394.50 0.89 0.76 0.93 394.82 395.26 395.43 i 2.97 3.68 4.35 3.78



Line Profile (Line 9) - 19r Page 1 of 1

DS_19 No. Lines: 15 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

9 4.05 394.65 394.93 0.80 0.80 0.88 395.45 395.73 395.81 i 3.46 3.45 3.63 3.32

Line Profile (Line 10) - 19w Page 1 of 1

DS_19 No. Lines: 15 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

10 3.08 395.36 403.02 0.60 0.67 0.99 395.96 403.69 404.01 i 4.65 4.04 3.39 4.00

Line Profile (Line 11) - 19y Page 1 of 1

DS_19 No. Lines: 15 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

11 1.90 403.12 410.88 0.89 0.53 0.74 404.01 411.41 j 411.62 i 1.73 3.44 3.90 3.51

Line Profile (Line 12) - 19ab Page 1 of 1

DS_19 No. Lines: 15 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

12 0.05 411.50 411.55 0.12 0.09 0.11 411.62 411.64 j 411.66 i 0.90 1.28 3.39 6.15



Line Profile (Line 13) - (E) 12 in Page 1 of 1

DS_19 No. Lines: 15 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

13 1.81 389.81 396.40 0.77 0.57 0.90 390.58 396.97 j 397.30 i 2.80 3.91 4.86 5.20

Line Profile (Line 14) - 19d Page 1 of 1

DS_19 No. Lines: 15 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

14 0.91 399.38 403.04 0.22 0.41 0.58 399.60 403.45 403.62 i 7.00 3.06 2.22 2.32

Line Profile (Line 15) - 19f Page 1 of 1

DS_19 No. Lines: 15 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

15 0.95 403.14 404.90 0.48 0.41 0.60 403.62 405.31 j 405.50 i 2.54 3.10 2.22 2.22



1

2

3

4

5

Outfall

20e

20c

20g

DS_20

Project File:  DS_20.stm Number of lines: 5 Date:  01-14-2011

Hydraflow Storm Sewers 2008 v12.01



Storm Sewer Tabulation Page  1 

Station Len Drng Area Rnoff Area x C Tc Rain Total Cap Vel Pipe Invert Elev HGL Elev Grnd / Rim Elev Line ID
coeff (I) flow full

Line To Incr Total Incr Total Inlet Syst Size Slope Dn Up Dn Up Dn Up
Line

(ft) (ac) (ac) (C) (min) (min) (in/hr) (cfs) (cfs) (ft/s) (in) (%) (ft) (ft) (ft) (ft) (ft) (ft)

1 End 62 0.00 1.04 0.00 0.00 0.99 0.0 6.2 2.9 2.86 73.49 2.26 24 10.56 406.03 412.56 412.70 413.16 410.30 417.31 (E) 24 in. RCP

2 1 59 0.02 1.04 1.00 0.02 0.99 5.0 5.9 3.0 2.94 30.97 3.24 24 1.87 412.66 413.77 413.39 414.38 417.31 420.48 (E) 24 in. RCP

3 2 8 0.46 0.46 1.00 0.46 0.46 5.0 5.0 3.2 1.49 5.76 2.74 18 1.03 415.55 415.63 416.07 416.15 420.48 420.55 d

4 2 114 0.02 0.56 1.00 0.02 0.51 5.0 5.1 3.2 1.63 30.92 2.25 24 1.87 413.83 415.96 414.61 416.41 420.48 420.60 ex 24 in

5 4 10 0.54 0.54 0.90 0.49 0.49 5.0 5.0 3.2 1.57 5.72 2.76 18 1.01 416.06 416.16 416.60 416.70 420.60 420.68 f

DS_20 Number of lines: 5 Run Date:  01-14-2011

NOTES: Intensity = 7.44 / (Inlet time + 0.10) ^ 0.51;  Return period =  25  Yrs.   ;  c = cir  e = ellip  b = box

Hydraflow Storm Sewers 2008 v12.01



Line Profile (Line 1) - (E) 24 in. RCP Page 1 of 1

DS_20 No. Lines: 5 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

1 2.86 406.03 412.56 2.00 0.60 0.83 412.70 413.16 413.39 i 0.91 3.62 2.27 2.75

Line Profile (Line 2) - (E) 24 in. RCP Page 1 of 1

DS_20 No. Lines: 5 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

2 2.94 412.66 413.77 0.73 0.61 0.84 413.39 414.38 j 414.61 i 2.84 3.65 2.65 4.71

Line Profile (Line 3) - d Page 1 of 1

DS_20 No. Lines: 5 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

3 1.49 415.55 415.63 0.52 0.52 0.56 416.07 416.15 416.19 i 2.73 2.75 3.43 3.42

Line Profile (Line 4) - ex 24 in Page 1 of 1

DS_20 No. Lines: 5 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

4 1.63 413.83 415.96 0.78 0.45 0.60 414.61 416.41 j 416.56 i 1.43 3.06 4.65 2.64



Line Profile (Line 5) - f Page 1 of 1

DS_20 No. Lines: 5 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

5 1.57 416.06 416.16 0.54 0.54 0.58 416.60 416.70 416.74 i 2.76 2.75 3.04 3.02



12345 Outfall

21k21g21e21c21a

DS_21

Project File:  DS_21.stm Number of lines: 5 Date:  01-14-2011

Hydraflow Storm Sewers 2008 v12.01



Storm Sewer Tabulation Page  1 

Station Len Drng Area Rnoff Area x C Tc Rain Total Cap Vel Pipe Invert Elev HGL Elev Grnd / Rim Elev Line ID
coeff (I) flow full

Line To Incr Total Incr Total Inlet Syst Size Slope Dn Up Dn Up Dn Up
Line

(ft) (ac) (ac) (C) (min) (min) (in/hr) (cfs) (cfs) (ft/s) (in) (%) (ft) (ft) (ft) (ft) (ft) (ft)

1 End 24 0.02 0.57 0.77 0.02 0.51 5.0 7.7 2.6 1.33 15.99 0.43 24 0.50 415.82 415.94 417.82 417.82 421.82 421.82 (E) 24in RCP

2 1 39 0.07 0.55 0.89 0.06 0.49 5.0 6.8 2.8 1.36 5.61 0.77 18 0.97 415.94 416.32 417.82 417.84 421.82 421.78 h

3 2 57 0.11 0.48 0.90 0.10 0.43 5.0 5.8 3.0 1.29 5.64 0.95 18 0.98 416.42 416.98 417.85 417.88 421.78 421.66 f

4 3 41 0.15 0.37 0.90 0.14 0.33 5.0 5.4 3.1 1.03 5.62 1.49 18 0.98 417.08 417.48 417.91 417.99 421.66 421.52 d

5 4 38 0.22 0.22 0.89 0.20 0.20 5.0 5.0 3.2 0.63 5.61 1.73 18 0.97 417.58 417.95 418.08 418.28 421.52 421.66 b

DS_21 Number of lines: 5 Run Date:  01-14-2011

NOTES: Intensity = 7.44 / (Inlet time + 0.10) ^ 0.51;  Return period =  25  Yrs.   ;  c = cir  e = ellip  b = box

Hydraflow Storm Sewers 2008 v12.01



Line Profile (Line 1) - (E) 24in RCP Page 1 of 1

DS_21 No. Lines: 5 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

1 1.33 415.82 415.94 2.00 1.88 1.88 417.82 417.82 417.82 0.42 0.43 4.00 3.88

Line Profile (Line 2) - h Page 1 of 1

DS_21 No. Lines: 5 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

2 1.36 415.94 416.32 1.50 1.50 1.53 417.82 417.84 417.85 0.77 0.77 4.38 3.96

Line Profile (Line 3) - f Page 1 of 1

DS_21 No. Lines: 5 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

3 1.29 416.42 416.98 1.43 0.90 0.91 417.85 417.88 417.89 0.74 1.16 3.86 3.18

Line Profile (Line 4) - d Page 1 of 1

DS_21 No. Lines: 5 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

4 1.03 417.08 417.48 0.83 0.51 0.54 417.91 417.99 418.02 1.03 1.94 3.08 2.54



Line Profile (Line 5) - b Page 1 of 1

DS_21 No. Lines: 5 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

5 0.63 417.58 417.95 0.50 0.33 0.36 418.08 418.28 418.31 i 1.24 2.21 2.44 2.21



1

2

3

Outfall

22e

22c22a

DS_22

Project File:  DS_22.stm Number of lines: 3 Date:  01-14-2011

Hydraflow Storm Sewers 2008 v12.01



Storm Sewer Tabulation Page  1 

Station Len Drng Area Rnoff Area x C Tc Rain Total Cap Vel Pipe Invert Elev HGL Elev Grnd / Rim Elev Line ID
coeff (I) flow full

Line To Incr Total Incr Total Inlet Syst Size Slope Dn Up Dn Up Dn Up
Line

(ft) (ac) (ac) (C) (min) (min) (in/hr) (cfs) (cfs) (ft/s) (in) (%) (ft) (ft) (ft) (ft) (ft) (ft)

1 End 65 0.00 1.66 0.00 0.00 1.52 0.0 6.6 2.8 4.27 18.61 1.48 24 0.68 414.40 414.84 416.40 416.41 421.08 420.20 ex 24 in

2 1 55 0.64 1.66 0.95 0.61 1.52 5.0 6.2 2.9 4.39 5.32 2.50 18 0.26 414.94 415.08 416.44 416.53 420.20 418.15 d

3 2 134 1.02 1.02 0.89 0.91 0.91 5.0 5.0 3.2 2.94 5.74 1.80 18 0.30 415.18 415.58 416.69 416.79 418.15 419.29 b

DS_22 Number of lines: 3 Run Date:  01-14-2011

NOTES: Intensity = 7.44 / (Inlet time + 0.10) ^ 0.51;  Return period =  25  Yrs.   ;  c = cir  e = ellip  b = box

Hydraflow Storm Sewers 2008 v12.01



Line Profile (Line 1) - ex 24 in Page 1 of 1

DS_22 No. Lines: 3 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

1 4.27 414.40 414.84 2.00 1.57 1.58 416.40 416.41 416.42 1.36 1.61 4.68 3.36

Line Profile (Line 2) - d Page 1 of 1

DS_22 No. Lines: 3 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

2 4.39 414.94 415.08 1.50 1.45 1.59 416.44 416.53 416.67 2.48 2.51 3.76 1.57

Line Profile (Line 3) - b Page 1 of 1

DS_22 No. Lines: 3 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

3 2.94 415.18 415.58 1.50 1.21 1.26 416.69 416.79 416.84 1.66 1.93 1.47 2.21



1

2

3

Outfall

23c

23a

DS_23

Project File:  DS_23.stm Number of lines: 3 Date:  01-14-2011

Hydraflow Storm Sewers 2008 v12.01



Storm Sewer Tabulation Page  1 

Station Len Drng Area Rnoff Area x C Tc Rain Total Cap Vel Pipe Invert Elev HGL Elev Grnd / Rim Elev Line ID
coeff (I) flow full

Line To Incr Total Incr Total Inlet Syst Size Slope Dn Up Dn Up Dn Up
Line

(ft) (ac) (ac) (C) (min) (min) (in/hr) (cfs) (cfs) (ft/s) (in) (%) (ft) (ft) (ft) (ft) (ft) (ft)

1 End 25 0.61 1.55 0.95 0.58 1.42 5.0 6.2 2.9 4.14 5.61 2.34 18 0.29 410.76 410.83 415.82 415.86 416.82 417.23 ex 18 in to d

2 1 76 0.24 0.94 0.98 0.24 0.84 5.0 5.4 3.1 2.64 4.98 1.49 18 0.23 410.83 411.00 416.04 416.08 417.23 417.03 ex 18 in 

3 2 26 0.70 0.70 0.87 0.61 0.61 5.0 5.0 3.2 1.97 9.14 1.12 18 0.76 411.00 411.20 416.15 416.16 417.03 416.82 b

DS_23 Number of lines: 3 Run Date:  01-14-2011

NOTES: Intensity = 7.29 / (Inlet time + 0.10) ^ 0.50;  Return period =  25  Yrs.   ;  c = cir  e = ellip  b = box

Hydraflow Storm Sewers 2008 v12.01



Line Profile (Line 1) - ex 18 in to d Page 1 of 1

DS_23 No. Lines: 3 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

1 4.14 410.76 410.83 1.50 1.50 5.16 415.82 415.86 415.99 2.34 2.34 4.56 4.90

Line Profile (Line 2) - ex 18 in Page 1 of 1

DS_23 No. Lines: 3 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

2 2.64 410.83 411.00 1.50 1.50 5.14 416.04 416.08 416.14 1.49 1.49 4.90 4.53

Line Profile (Line 3) - b Page 1 of 1

DS_23 No. Lines: 3 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

3 1.97 411.00 411.20 1.50 1.50 4.98 416.15 416.16 416.18 1.12 1.12 4.53 4.12
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Outfall

24q
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24a

DS_24

Project File:  DS_24.stm Number of lines: 9 Date:  01-14-2011

Hydraflow Storm Sewers 2008 v12.01



Storm Sewer Tabulation Page  1 

Station Len Drng Area Rnoff Area x C Tc Rain Total Cap Vel Pipe Invert Elev HGL Elev Grnd / Rim Elev Line ID
coeff (I) flow full

Line To Incr Total Incr Total Inlet Syst Size Slope Dn Up Dn Up Dn Up
Line

(ft) (ac) (ac) (C) (min) (min) (in/hr) (cfs) (cfs) (ft/s) (in) (%) (ft) (ft) (ft) (ft) (ft) (ft)

1 End 62 0.00 2.80 0.00 0.00 2.62 0.0 16.1 1.8 4.69 19.48 1.64 24 0.74 411.80 412.26 413.80 413.81 418.63 417.31 ex 24 in - q to t

2 1 58 0.00 2.80 0.93 0.00 2.62 5.0 15.5 1.8 4.79 10.32 1.54 24 0.21 412.36 412.48 414.36 414.38 417.31 415.81 p

3 2 94 0.29 0.72 0.93 0.27 0.67 5.0 7.2 2.7 1.80 5.30 1.02 18 0.25 412.60 412.84 414.49 414.52 415.81 416.12 j

4 3 66 0.07 0.43 0.93 0.07 0.40 5.0 5.6 3.1 1.21 5.33 0.69 18 0.26 412.94 413.11 414.53 414.54 416.12 416.28 l

5 4 22 0.36 0.36 0.92 0.33 0.33 5.0 5.0 3.2 1.07 5.52 0.61 18 0.28 413.21 413.27 414.71 414.71 416.28 416.29 n

6 2 19 0.27 2.08 0.92 0.25 1.95 5.0 15.3 1.8 3.59 5.44 2.03 18 0.27 412.56 412.61 414.47 414.49 415.81 415.80 h

7 6 31 0.68 1.81 0.93 0.63 1.70 5.0 15.0 1.9 3.16 5.34 1.79 18 0.26 412.71 412.79 414.54 414.56 415.80 415.84 f

8 7 125 0.95 1.13 0.94 0.89 1.07 5.0 13.2 2.0 2.12 5.32 1.21 18 0.26 412.89 413.21 414.62 414.66 415.84 416.16 d

9 8 194 0.18 0.18 0.99 0.18 0.18 5.0 5.0 3.2 0.58 5.34 0.39 18 0.26 413.31 413.81 414.81 414.82 416.16 417.12 b

DS_24 Number of lines: 9 Run Date:  01-14-2011

NOTES: Intensity = 7.44 / (Inlet time + 0.10)  ̂0.51;  Return period =  25  Yrs.   ;  c = cir  e = ellip  b = box

Hydraflow Storm Sewers 2008 v12.01



Line Profile (Line 1) - ex 24 in - q to t Page 1 of 1

DS_24 No. Lines: 9 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

1 4.69 411.80 412.26 2.00 1.55 1.56 413.80 413.81 413.82 1.49 1.79 4.83 3.05

Line Profile (Line 2) - p Page 1 of 1

DS_24 No. Lines: 9 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

2 4.79 412.36 412.48 2.00 1.90 1.99 414.36 414.38 414.47 1.52 1.55 2.95 1.33

Line Profile (Line 3) - j Page 1 of 1

DS_24 No. Lines: 9 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

3 1.80 412.60 412.84 1.50 1.50 1.68 414.49 414.52 414.52 1.02 1.02 1.71 1.78

Line Profile (Line 4) - l Page 1 of 1

DS_24 No. Lines: 9 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

4 1.21 412.94 413.11 1.50 1.43 1.44 414.53 414.54 414.55 0.69 0.70 1.68 1.67



Line Profile (Line 5) - n Page 1 of 1

DS_24 No. Lines: 9 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

5 1.07 413.21 413.27 1.50 1.44 1.45 414.71 414.71 414.72 0.61 0.61 1.57 1.52

Line Profile (Line 6) - h Page 1 of 1

DS_24 No. Lines: 9 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

6 3.59 412.56 412.61 1.50 1.50 1.91 414.47 414.49 414.52 2.03 2.03 1.75 1.69

Line Profile (Line 7) - f Page 1 of 1

DS_24 No. Lines: 9 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

7 3.16 412.71 412.79 1.50 1.50 1.80 414.54 414.56 414.59 1.79 1.79 1.59 1.55

Line Profile (Line 8) - d Page 1 of 1

DS_24 No. Lines: 9 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

8 2.12 412.89 413.21 1.50 1.45 1.47 414.62 414.66 414.68 1.20 1.21 1.45 1.45



Line Profile (Line 9) - b Page 1 of 1

DS_24 No. Lines: 9 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

9 0.58 413.31 413.81 1.50 1.01 1.01 414.81 414.82 414.82 0.33 0.46 1.35 1.81



1
(E) 36 in. HDPE

2

(E
)  

36
 in

. H
D

P
E

3 af4

ah

5

aj
6
al

7

r8p9

n

10

l
11

j12h13

f14

d15b

16aa

17
y

18
w

19
u Outfall

26ac

26s 26ai

26ak26am

260 26q
26m

26k

26g 26i
26e

26a 26c

26z

26x26v26t

DS_26

Project File:  DS_26.stm Number of lines: 19 Date:  01-14-2011

Hydraflow Storm Sewers 2008 v12.01



Storm Sewer Tabulation Page  1 

Station Len Drng Area Rnoff Area x C Tc Rain Total Cap Vel Pipe Invert Elev HGL Elev Grnd / Rim Elev Line ID
coeff (I) flow full

Line To Incr Total Incr Total Inlet Syst Size Slope Dn Up Dn Up Dn Up
Line

(ft) (ac) (ac) (C) (min) (min) (in/hr) (cfs) (cfs) (ft/s) (in) (%) (ft) (ft) (ft) (ft) (ft) (ft)

1 End 202 0.00 4.17 0.00 0.00 4.03 0.0 32.9 1.2 5.02 33.18 0.71 36 0.25 395.16 395.66 408.97 408.98 409.97 412.22 (E) 36 in. HDPE

2 1 104 0.00 3.58 0.00 0.00 3.44 0.0 30.4 1.3 4.46 55.88 0.63 36 0.70 395.66 396.39 408.99 409.00 412.22 411.67 (E) 36 in. HDPE

3 2 20 0.00 3.58 1.00 0.00 3.44 5.0 29.9 1.3 4.50 25.54 0.64 36 0.50 396.39 396.49 409.00 409.00 411.67 410.87 af

4 3 2 0.04 0.04 0.60 0.02 0.02 5.0 5.0 3.2 0.08 3.56 0.10 12 1.00 409.43 409.45 410.43 410.43 410.87 414.71 ah

5 3 7 0.11 0.32 1.00 0.11 0.32 5.0 6.0 3.0 0.95 8.04 0.54 18 2.00 405.03 405.17 409.02 409.02 410.87 410.84 aj

6 5 23 0.21 0.21 1.00 0.21 0.21 5.0 5.0 3.2 0.68 9.49 0.38 18 2.78 405.27 405.91 409.02 409.03 410.84 410.95 al

7 3 157 0.28 3.22 1.00 0.28 3.09 5.0 27.2 1.4 4.25 15.66 0.87 30 0.50 402.47 403.25 409.01 409.07 410.87 411.46 r

8 7 2 0.12 0.12 0.60 0.07 0.07 5.0 5.0 3.2 0.23 3.40 0.30 12 0.91 409.43 409.45 410.43 410.43 411.46 416.43 p

9 7 162 0.31 2.82 1.00 0.31 2.74 5.0 24.1 1.5 4.00 15.71 0.82 30 0.50 403.35 404.16 409.09 409.14 411.46 411.97 n

10 9 102 0.28 2.51 1.00 0.28 2.43 5.0 22.0 1.5 3.72 15.71 0.76 30 0.50 404.26 404.77 409.15 409.18 411.97 412.57 l

11 10 247 0.74 2.23 1.00 0.74 2.15 5.0 16.9 1.8 3.77 15.74 0.77 30 0.50 404.87 406.11 409.18 409.25 412.57 412.45 j

12 11 2 0.07 0.07 0.60 0.04 0.04 5.0 5.0 3.2 0.14 8.35 0.18 12 5.50 410.46 410.57 411.46 411.46 412.45 415.09 h

13 11 226 0.68 1.42 1.00 0.68 1.37 5.0 11.1 2.2 2.96 15.78 0.66 30 0.50 406.21 407.35 409.27 409.31 412.45 414.02 f

14 13 209 0.66 0.74 0.97 0.64 0.69 5.0 5.2 3.2 2.19 15.75 0.58 30 0.50 407.45 408.50 409.95 409.98 414.02 414.60 d

15 14 2 0.08 0.08 0.60 0.05 0.05 5.0 5.0 3.2 0.16 3.56 0.20 12 1.00 412.18 412.20 413.18 413.18 414.60 417.09 b

16 1 17 0.09 0.59 1.00 0.09 0.59 5.0 7.0 2.7 1.61 8.16 0.91 18 2.06 405.32 405.67 408.99 409.00 412.22 411.69 aa

17 16 56 0.01 0.50 1.00 0.01 0.50 5.0 5.9 3.0 1.49 8.08 0.84 18 2.02 405.77 406.90 409.02 409.06 411.69 411.70 y

18 17 22 0.11 0.49 1.00 0.11 0.49 5.0 5.5 3.1 1.52 8.14 0.86 18 2.05 407.00 407.45 409.06 409.08 411.70 411.61 w

19 18 22 0.38 0.38 1.00 0.38 0.38 5.0 5.0 3.2 1.23 8.14 0.79 18 2.05 407.55 408.00 409.09 409.10 411.61 411.71 u

DS_26 Number of lines: 19 Run Date:  01-14-2011

NOTES: Intensity = 7.44 / (Inlet time + 0.10)  ̂0.51;  Return period =  25  Yrs.   ;  c = cir  e = ellip  b = box

Hydraflow Storm Sewers 2008 v12.01



Line Profile (Line 1) - (E) 36 in. HDPE Page 1 of 1

DS_26 No. Lines: 19 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

1 5.02 395.16 395.66 3.00 3.00 13.33 408.97 408.98 408.99 0.71 0.71 11.81 13.56

Line Profile (Line 2) - (E) 36 in. HDPE Page 1 of 1

DS_26 No. Lines: 19 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

2 4.46 395.66 396.39 3.00 3.00 12.61 408.99 409.00 409.00 0.63 0.63 13.56 12.28

Line Profile (Line 3) - af Page 1 of 1

DS_26 No. Lines: 19 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

3 4.50 396.39 396.49 3.00 3.00 12.52 409.00 409.00 409.01 0.64 0.64 12.28 11.38

Line Profile (Line 4) - ah Page 1 of 1

DS_26 No. Lines: 19 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

4 0.08 409.43 409.45 1.00 0.98 0.98 410.43 410.43 410.43 0.10 0.10 0.44 4.26



Line Profile (Line 5) - aj Page 1 of 1

DS_26 No. Lines: 19 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

5 0.95 405.03 405.17 1.50 1.50 3.85 409.02 409.02 409.02 0.54 0.54 4.34 4.17

Line Profile (Line 6) - al Page 1 of 1

DS_26 No. Lines: 19 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

6 0.68 405.27 405.91 1.50 1.50 3.12 409.02 409.03 409.03 0.38 0.38 4.07 3.54

Line Profile (Line 7) - r Page 1 of 1

DS_26 No. Lines: 19 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

7 4.25 402.47 403.25 2.50 2.50 5.84 409.01 409.07 409.09 0.87 0.87 5.90 5.71

Line Profile (Line 8) - p Page 1 of 1

DS_26 No. Lines: 19 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

8 0.23 409.43 409.45 1.00 0.98 0.98 410.43 410.43 410.43 0.30 0.30 1.03 5.98



Line Profile (Line 9) - n Page 1 of 1

DS_26 No. Lines: 19 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

9 4.00 403.35 404.16 2.50 2.50 4.99 409.09 409.14 409.15 0.82 0.82 5.61 5.31

Line Profile (Line 10) - l Page 1 of 1

DS_26 No. Lines: 19 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

10 3.72 404.26 404.77 2.50 2.50 4.41 409.15 409.18 409.18 0.76 0.76 5.21 5.30

Line Profile (Line 11) - j Page 1 of 1

DS_26 No. Lines: 19 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

11 3.77 404.87 406.11 2.50 2.50 3.16 409.18 409.25 409.27 0.77 0.77 5.20 3.84

Line Profile (Line 12) - h Page 1 of 1

DS_26 No. Lines: 19 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

12 0.14 410.46 410.57 1.00 0.89 0.89 411.46 411.46 411.46 0.17 0.18 0.99 3.52



Line Profile (Line 13) - f Page 1 of 1

DS_26 No. Lines: 19 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

13 2.96 406.21 407.35 2.50 1.96 1.96 409.27 409.31 409.31 0.60 0.72 3.74 4.17

Line Profile (Line 14) - d Page 1 of 1

DS_26 No. Lines: 19 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

14 2.19 407.45 408.50 2.50 1.48 1.49 409.95 409.98 409.99 0.45 0.72 4.07 3.60

Line Profile (Line 15) - b Page 1 of 1

DS_26 No. Lines: 19 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

15 0.16 412.18 412.20 1.00 0.98 0.98 413.18 413.18 413.18 0.20 0.20 1.42 3.89

Line Profile (Line 16) - aa Page 1 of 1

DS_26 No. Lines: 19 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

16 1.61 405.32 405.67 1.50 1.50 3.35 408.99 409.00 409.02 0.91 0.91 5.40 4.52



Line Profile (Line 17) - y Page 1 of 1

DS_26 No. Lines: 19 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

17 1.49 405.77 406.90 1.50 1.50 2.16 409.02 409.06 409.06 0.84 0.84 4.42 3.30

Line Profile (Line 18) - w Page 1 of 1

DS_26 No. Lines: 19 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

18 1.52 407.00 407.45 1.50 1.50 1.64 409.06 409.08 409.09 0.86 0.86 3.20 2.66

Line Profile (Line 19) - u Page 1 of 1

DS_26 No. Lines: 19 Run Date:  01-14-2011

Hydraflow Storm Sewers 2008

Line # Q

Invert Elevation Depth of Flow Hydraulic Grade Line Velocity Cover

Dn Up Dn Up Hw Dn Up Jnct Dn Up Dn Up

(cfs) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft/s) (ft/s) (ft) (ft)

19 1.23 407.55 408.00 1.50 1.10 1.11 409.09 409.10 409.11 0.70 0.89 2.56 2.21
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DS_01_100%

Project File:  DS_1_100%.stm Number of lines: 17 Date:  10-20-2010

Hydraflow Storm Sewers Extension v6.052
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Proj. file: DS_1_100%.stm

Hydraflow Storm Sewers Extension

Storm Sewer Profile
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Proj. file: DS_1_100%.stm

Hydraflow Storm Sewers Extension

Storm Sewer Profile
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Hydraflow Storm Sewers Extension

Storm Sewer Profile



Report Page  1 

Line DnStm Line Drng Total Runoff Inlet Tc i Total Known Flow Vel Line Line n-val Invert Invert HGL HGL Gnd/Rim Gnd/Rim Inlet
No. Ln No Length Area Area Coeff Time Sys Runoff Q Rate Ave Size Slope Pipe Dn Up Dn Up El Dn El Up ID

(ft) (ac) (ac) (C) (min) (min) (in/hr) (cfs) (cfs) (cfs) (ft/s) (in) (%) (ft) (ft) (ft) (ft) (ft) (ft)

1 Outfall 92.0 0.00 4.38 1.00 5.0 18.5 1.67 5.66 0.00 5.66 3.31 42 0.96 0.024 537.06 537.94 538.00 538.67 j 540.56 544.58

2 1 52.5 0.00 4.38 1.00 5.0 17.1 1.74 5.88 0.00 5.88 0.64 42 0.95 0.024 537.94 538.44 541.44 541.45 544.58 555.66 1aj

3 2 150.0 0.00 4.38 1.00 1.0 16.0 1.80 6.08 0.00 6.08 2.31 42 5.31 0.024 538.54 546.50 542.04 547.26 j 555.66 558.93 1ag

4 3 37.7 0.05 4.38 1.00 5.0 15.8 1.81 6.12 0.00 6.12 2.67 24 2.49 0.024 554.48 555.42 556.48 556.54 558.93 559.80 1ac

5 4 2.9 0.26 0.26 0.72 10.0 10.0 2.28 0.43 0.00 0.43 1.10 12 26.90 0.013 555.80 556.58 556.98 556.94 559.80 560.58 1ad

6 4 178.0 0.00 4.07 1.00 5.0 14.7 1.88 5.90 0.00 5.90 2.84 24 1.07 0.024 555.32 557.22 557.32 558.21 559.80 564.93 1aa

7 6 328.9 0.00 4.07 1.00 5.0 13.1 1.99 6.27 0.00 6.27 3.28 24 1.13 0.024 557.32 561.04 559.32 561.94 564.93 567.15 1w

8 7 5.7 0.17 0.17 0.72 5.0 5.0 3.24 0.40 0.00 0.40 1.43 12 110.00 0.013 561.24 567.51 562.33 567.78 j 567.15 570.51 1x

9 7 20.1 0.01 3.90 0.69 5.0 12.9 2.01 6.06 0.00 6.06 1.97 24 1.00 0.024 561.14 561.34 563.14 563.18 567.15 567.16 1q

10 9 15.6 0.19 0.65 0.77 5.0 5.4 3.12 1.69 0.00 1.69 0.96 18 1.54 0.024 561.48 561.72 563.32 563.34 567.16 566.70 1t

11 10 43.1 0.46 0.46 0.86 5.0 5.0 3.24 1.28 0.00 1.28 1.88 18 3.16 0.024 561.82 563.18 563.35 563.61 j 566.70 568.61 1r

12 9 83.9 0.07 3.24 0.69 5.0 12.1 2.07 5.13 0.00 5.13 1.75 24 0.60 0.024 561.48 561.98 563.48 563.61 567.16 567.92 1g

13 12 19.7 0.19 1.66 0.75 5.0 5.3 3.15 3.64 0.00 3.64 2.13 18 1.78 0.024 562.08 562.43 563.69 563.76 567.92 567.31 1i

14 13 40.5 1.47 1.47 0.69 5.0 5.0 3.24 3.28 0.00 3.28 2.40 18 1.80 0.024 562.53 563.26 564.03 564.16 567.31 568.69 1k

15 12 34.1 0.04 1.51 0.73 5.0 11.8 2.10 2.66 0.00 2.66 2.05 18 2.52 0.024 562.08 562.94 563.71 563.78 567.92 568.80 1e

16 15 76.0 0.29 1.47 0.89 5.0 11.3 2.14 2.65 0.00 2.65 2.67 18 2.47 0.024 563.04 564.92 564.54 565.54 j 568.80 570.36 1c

17 16 197.1 1.18 1.18 0.83 10.0 10.0 2.28 2.24 0.00 2.24 2.44 18 1.89 0.024 565.02 568.74 566.52 569.31 j 570.36 573.78 1a

DS_01_100% Number of lines: 17 Date:  10-20-2010

NOTES: Intensity = 7.44 / (Inlet time + 0.10)  ̂0.51 -- Return period = 25 Yrs. ;   i Inlet control;  ** Critical depth 

Hydraflow Storm Sewers Extension
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Line DnStm Line Drng Total Runoff Inlet Tc i Total Known Flow Vel Line Line n-val Invert Invert HGL HGL Gnd/Rim Gnd/Rim Inlet
No. Ln No Length Area Area Coeff Time Sys Runoff Q Rate Ave Size Slope Pipe Dn Up Dn Up El Dn El Up ID

(ft) (ac) (ac) (C) (min) (min) (in/hr) (cfs) (cfs) (cfs) (ft/s) (in) (%) (ft) (ft) (ft) (ft) (ft) (ft)

1 Outfall 161.0 0.00 4.98 0.00 5.0 22.4 1.52 6.83 0.00 6.83 3.10 30 0.15 0.013 515.06 515.30 516.21 516.45 517.56 532.31 4z

2 1 118.6 0.15 4.98 1.00 5.0 21.1 1.56 7.04 0.00 7.04 1.45 30 0.15 0.013 515.40 515.58 517.90 517.93 532.31 530.12 4x

3 2 89.7 0.37 4.83 0.86 5.0 20.1 1.60 6.99 0.00 6.99 1.44 30 0.16 0.013 515.68 515.82 518.18 518.20 530.12 522.76 4v

4 3 163.6 1.08 4.46 0.96 5.0 18.2 1.69 6.81 0.00 6.81 1.41 30 0.15 0.013 515.92 516.16 518.42 518.46 522.76 519.96 4s

5 4 23.4 0.20 3.38 1.00 5.0 18.0 1.69 5.08 0.00 5.08 2.88 18 0.30 0.013 516.26 516.33 518.51 518.56 519.96 519.93 4q

6 5 19.4 0.34 3.18 0.99 5.0 17.9 1.70 4.76 0.00 4.76 2.69 18 0.31 0.013 516.43 516.49 518.64 518.68 519.93 519.96 4o

7 6 115.7 0.40 2.84 0.99 5.0 17.1 1.74 4.28 0.00 4.28 2.42 18 0.30 0.013 516.59 516.94 518.76 518.95 519.96 520.77 4m

8 7 152.1 0.80 2.44 1.00 5.0 15.9 1.80 3.73 0.00 3.73 2.11 18 0.30 0.013 517.04 517.50 519.02 519.21 520.77 522.25 4k

9 8 229.1 0.31 1.64 1.00 5.0 14.4 1.90 2.41 0.00 2.41 2.54 18 3.32 0.013 517.60 525.20 519.29 525.79 j 522.25 530.36 4i

10 9 299.3 0.00 1.33 0.00 0.0 12.2 2.06 1.97 0.00 1.97 2.30 18 3.28 0.013 525.30 535.11 526.80 535.65 j 530.36 542.03 4g

11 10 2.9 0.04 0.18 0.72 5.0 12.1 2.08 0.27 0.00 0.27 0.27 18 30.00 0.013 538.03 538.90 539.53 539.53 542.03 543.42 4c

12 11 39.2 0.14 0.14 0.72 10.0 10.0 2.28 0.23 0.00 0.23 0.32 12 0.51 0.013 539.97 540.17 540.97 540.97 543.42 542.34 4e

13 10 120.3 1.15 1.15 0.72 10.0 10.0 2.28 1.89 0.00 1.89 1.35 18 0.50 0.013 535.21 535.81 536.71 536.75 542.03 539.52 4a

DS_04_100% Number of lines: 13 Date:  10-20-2010

NOTES: Intensity = 7.44 / (Inlet time + 0.10)  ̂0.51 -- Return period = 25 Yrs. ;   i Inlet control;  ** Critical depth 

Hydraflow Storm Sewers Extension



1

2

3

4

5

6

7

8

9

10Outfall

Outfall

DS_06_100%

Project File:  DS_06_100%.stm Number of lines: 10 Date:  10-20-2010

Hydraflow Storm Sewers Extension v6.052
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Hydraflow Storm Sewers Extension

Storm Sewer Profile
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Line DnStm Line Drng Total Runoff Inlet Tc i Total Known Flow Vel Line Line n-val Invert Invert HGL HGL Gnd/Rim Gnd/Rim Inlet
No. Ln No Length Area Area Coeff Time Sys Runoff Q Rate Ave Size Slope Pipe Dn Up Dn Up El Dn El Up ID

(ft) (ac) (ac) (C) (min) (min) (in/hr) (cfs) (cfs) (cfs) (ft/s) (in) (%) (ft) (ft) (ft) (ft) (ft) (ft)

1 Outfall 7.0 0.81 1.70 0.72 5.0 15.1 1.85 2.73 0.00 2.73 2.60 18 0.57 0.024 528.00 528.04 528.86 528.90 529.50 532.86 6o

2 1 96.8 0.02 0.89 1.00 5.0 13.7 1.95 1.73 0.00 1.73 1.11 18 0.50 0.024 528.14 528.62 529.64 529.73 532.86 538.04 6m

3 2 177.1 0.08 0.87 1.00 5.0 11.5 2.12 1.85 0.00 1.85 1.37 18 0.50 0.024 528.72 529.61 530.22 530.50 538.04 533.55 6k

4 3 27.1 0.02 0.79 1.00 5.0 11.1 2.17 1.71 0.00 1.71 0.98 18 0.48 0.024 529.71 529.84 531.21 531.23 533.55 533.53 6i

5 4 327.1 0.06 0.77 1.00 5.0 7.8 2.58 1.99 0.00 1.99 1.66 18 0.50 0.024 529.94 531.57 531.44 532.33 533.53 534.68 6g

6 5 27.1 0.16 0.71 1.00 5.0 7.4 2.66 1.89 0.00 1.89 1.08 18 0.48 0.024 531.67 531.80 533.17 533.20 534.68 534.97 6e

7 6 77.1 0.11 0.55 1.00 5.0 6.1 2.92 1.61 0.00 1.61 1.00 18 0.51 0.024 531.90 532.29 533.40 533.46 534.97 536.06 6c

8 7 57.1 0.44 0.44 1.00 5.0 5.0 3.24 1.42 0.00 1.42 0.85 18 0.44 0.024 532.39 532.64 533.89 533.92 536.06 536.94 6a

9 Outfall 175.2 0.00 0.68 0.00 0.0 5.1 3.20 1.72 0.00 5.17 4.87 18 4.66 0.024 505.89 514.06 506.76 514.93 j 507.39 528.08 (E) DI

10 9 24.0 0.68 0.68 0.79 5.0 5.0 3.24 1.74 3.45 5.19 3.22 18 2.00 0.024 520.59 521.07 522.09 522.24 528.08 527.03 6t

DS_06_100% Number of lines: 10 Date:  10-20-2010

NOTES: Intensity = 7.44 / (Inlet time + 0.10)  ̂0.51 -- Return period = 25 Yrs. ;   i Inlet control;  ** Critical depth 

Hydraflow Storm Sewers Extension
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Line DnStm Line Drng Total Runoff Inlet Tc i Total Known Flow Vel Line Line n-val Invert Invert HGL HGL Gnd/Rim Gnd/Rim Inlet
No. Ln No Length Area Area Coeff Time Sys Runoff Q Rate Ave Size Slope Pipe Dn Up Dn Up El Dn El Up ID

(ft) (ac) (ac) (C) (min) (min) (in/hr) (cfs) (cfs) (cfs) (ft/s) (in) (%) (ft) (ft) (ft) (ft) (ft) (ft)

1 Outfall 69.8 0.41 0.41 0.60 5.0 5.0 3.24 0.80 0.00 0.80 2.64 18 2.85 0.024 521.09 523.08 521.43 523.42 522.59 527.08 10a

DS_10_95% Number of lines: 1 Date:  10-20-2010

NOTES: Intensity = 7.44 / (Inlet time + 0.10)  ̂0.51 -- Return period = 25 Yrs. ;   i Inlet control;  ** Critical depth 

Hydraflow Storm Sewers Extension
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Line DnStm Line Drng Total Runoff Inlet Tc i Total Known Flow Vel Line Line n-val Invert Invert HGL HGL Gnd/Rim Gnd/Rim Inlet
No. Ln No Length Area Area Coeff Time Sys Runoff Q Rate Ave Size Slope Pipe Dn Up Dn Up El Dn El Up ID

(ft) (ac) (ac) (C) (min) (min) (in/hr) (cfs) (cfs) (cfs) (ft/s) (in) (%) (ft) (ft) (ft) (ft) (ft) (ft)

1 Outfall 8.0 1.72 1.72 0.60 10.0 10.0 2.28 2.36 0.00 2.36 3.65 18 1.88 0.024 517.85 518.00 518.44 518.59 j 519.35 522.40 12b

DS_12_100% Number of lines: 1 Date:  10-20-2010

NOTES: Intensity = 7.44 / (Inlet time + 0.10)  ̂0.51 -- Return period = 25 Yrs. ;   i Inlet control;  ** Critical depth 

Hydraflow Storm Sewers Extension
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Line DnStm Line Drng Total Runoff Inlet Tc i Total Known Flow Vel Line Line n-val Invert Invert HGL HGL Gnd/Rim Gnd/Rim Inlet
No. Ln No Length Area Area Coeff Time Sys Runoff Q Rate Ave Size Slope Pipe Dn Up Dn Up El Dn El Up ID

(ft) (ac) (ac) (C) (min) (min) (in/hr) (cfs) (cfs) (cfs) (ft/s) (in) (%) (ft) (ft) (ft) (ft) (ft) (ft)

1 Outfall 3.0 0.00 0.73 0.00 0.0 8.3 2.51 1.84 0.00 1.84 1.07 18 5.00 0.024 474.93 475.08 476.43 476.43 477.43 491.00 13b

2 1 103.0 0.00 0.73 0.00 0.0 7.2 2.70 1.97 0.00 1.97 1.57 18 0.87 0.024 478.59 479.49 480.09 480.30 491.00 487.09 13d

3 2 79.0 0.49 0.73 1.00 5.0 6.3 2.88 2.11 0.00 2.11 1.50 18 0.87 0.024 479.59 480.28 481.09 481.22 487.09 485.17 13f

4 3 37.2 0.24 0.24 1.00 5.0 5.0 3.24 0.78 0.00 0.78 0.48 18 0.86 0.024 480.38 480.70 481.88 481.89 485.17 485.00 13h

DS_13_100% Number of lines: 4 Date:  10-20-2010

NOTES: Intensity = 7.44 / (Inlet time + 0.10)  ̂0.51 -- Return period = 25 Yrs. ;   i Inlet control;  ** Critical depth 

Hydraflow Storm Sewers Extension
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Project File:  DS_14_100%.stm Number of lines: 2 Date:  10-20-2010

Hydraflow Storm Sewers Extension v6.052
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Hydraflow Storm Sewers Extension
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Line DnStm Line Drng Total Runoff Inlet Tc i Total Known Flow Vel Line Line n-val Invert Invert HGL HGL Gnd/Rim Gnd/Rim Inlet
No. Ln No Length Area Area Coeff Time Sys Runoff Q Rate Ave Size Slope Pipe Dn Up Dn Up El Dn El Up ID

(ft) (ac) (ac) (C) (min) (min) (in/hr) (cfs) (cfs) (cfs) (ft/s) (in) (%) (ft) (ft) (ft) (ft) (ft) (ft)

1 Outfall 22.6 0.68 1.39 0.76 5.0 5.6 3.06 3.76 0.00 3.76 3.53 18 0.31 0.013 496.13 496.20 497.00 497.07 497.63 500.59 14c

2 1 47.0 0.71 0.71 1.00 5.0 5.0 3.24 2.30 0.00 2.30 1.33 18 0.30 0.013 496.30 496.44 497.80 497.82 500.59 499.33 14a

DS_14_100% Number of lines: 2 Date:  10-20-2010

NOTES: Intensity = 7.44 / (Inlet time + 0.10)  ̂0.51 -- Return period = 25 Yrs. ;   i Inlet control;  ** Critical depth 

Hydraflow Storm Sewers Extension
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Outfall

DS_17_100%

Project File:  DS_17_100%.stm Number of lines: 1 Date:  10-20-2010

Hydraflow Storm Sewers Extension v6.052
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Line DnStm Line Drng Total Runoff Inlet Tc i Total Known Flow Vel Line Line n-val Invert Invert HGL HGL Gnd/Rim Gnd/Rim Inlet
No. Ln No Length Area Area Coeff Time Sys Runoff Q Rate Ave Size Slope Pipe Dn Up Dn Up El Dn El Up ID

(ft) (ac) (ac) (C) (min) (min) (in/hr) (cfs) (cfs) (cfs) (ft/s) (in) (%) (ft) (ft) (ft) (ft) (ft) (ft)

1 Outfall 116.0 2.78 2.78 0.44 5.0 5.0 3.24 3.96 0.00 3.96 3.32 18 0.52 0.025 480.00 480.60 480.76 482.46 481.50 485.20 (E) MH

DS_17_100% Number of lines: 1 Date:  10-20-2010

NOTES: Intensity = 7.44 / (Inlet time + 0.10)  ̂0.51 -- Return period = 25 Yrs. ;   i Inlet control;  ** Critical depth 

Hydraflow Storm Sewers Extension



1

Outfall

DS_18_100%

Project File:  DS_18_100%.stm Number of lines: 1 Date:  10-20-2010

Hydraflow Storm Sewers Extension v6.052
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Line DnStm Line Drng Total Runoff Inlet Tc i Total Known Flow Vel Line Line n-val Invert Invert HGL HGL Gnd/Rim Gnd/Rim Inlet
No. Ln No Length Area Area Coeff Time Sys Runoff Q Rate Ave Size Slope Pipe Dn Up Dn Up El Dn El Up ID

(ft) (ac) (ac) (C) (min) (min) (in/hr) (cfs) (cfs) (cfs) (ft/s) (in) (%) (ft) (ft) (ft) (ft) (ft) (ft)

1 Outfall 62.6 0.50 0.50 1.00 5.0 5.0 3.24 1.62 0.00 1.62 2.69 18 0.27 0.013 478.41 478.58 478.97 479.14 479.91 481.29 18a

DS_18_100% Number of lines: 1 Date:  10-20-2010

NOTES: Intensity = 7.44 / (Inlet time + 0.10)  ̂0.51 -- Return period = 25 Yrs. ;   i Inlet control;  ** Critical depth 

Hydraflow Storm Sewers Extension
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Outfall

DS_19_100%

Project File:  DS_19_100%.stm Number of lines: 1 Date:  10-20-2010

Hydraflow Storm Sewers Extension v6.052
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Line DnStm Line Drng Total Runoff Inlet Tc i Total Known Flow Vel Line Line n-val Invert Invert HGL HGL Gnd/Rim Gnd/Rim Inlet
No. Ln No Length Area Area Coeff Time Sys Runoff Q Rate Ave Size Slope Pipe Dn Up Dn Up El Dn El Up ID

(ft) (ac) (ac) (C) (min) (min) (in/hr) (cfs) (cfs) (cfs) (ft/s) (in) (%) (ft) (ft) (ft) (ft) (ft) (ft)

1 Outfall 62.9 0.56 0.56 1.00 5.0 5.0 3.24 1.81 0.00 1.81 1.83 18 0.30 0.024 464.30 464.49 465.12 465.31 465.80 467.20 19a

DS_19_100% Number of lines: 1 Date:  10-20-2010

NOTES: Intensity = 7.44 / (Inlet time + 0.10)  ̂0.51 -- Return period = 25 Yrs. ;   i Inlet control;  ** Critical depth 

Hydraflow Storm Sewers Extension
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Project File:  DS_20_100%.stm Number of lines: 5 Date:  10-20-2010

Hydraflow Storm Sewers Extension v6.052
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Line DnStm Line Drng Total Runoff Inlet Tc i Total Known Flow Vel Line Line n-val Invert Invert HGL HGL Gnd/Rim Gnd/Rim Inlet
No. Ln No Length Area Area Coeff Time Sys Runoff Q Rate Ave Size Slope Pipe Dn Up Dn Up El Dn El Up ID

(ft) (ac) (ac) (C) (min) (min) (in/hr) (cfs) (cfs) (cfs) (ft/s) (in) (%) (ft) (ft) (ft) (ft) (ft) (ft)

1 Outfall 57.8 0.02 0.87 1.00 5.0 8.0 2.55 2.22 0.00 2.22 3.44 18 0.42 0.013 449.30 449.54 449.89 450.13 450.80 452.95 20i

2 1 17.1 0.04 0.85 1.00 5.0 7.8 2.59 2.20 0.00 2.20 1.26 18 0.53 0.013 449.63 449.72 451.13 451.14 452.95 453.28 20g

3 2 37.1 0.10 0.81 1.00 5.0 7.3 2.68 2.17 0.00 2.17 1.26 18 0.51 0.024 449.82 450.01 451.32 451.37 453.28 453.95 20e

4 3 97.1 0.16 0.71 1.00 5.0 6.1 2.92 2.08 0.00 2.08 1.38 18 0.50 0.013 450.11 450.60 451.61 451.64 453.95 455.63 20c

5 4 147.1 0.55 0.55 1.00 5.0 5.0 3.24 1.78 0.00 1.78 2.19 18 1.59 0.013 450.70 453.04 452.20 453.55 j 455.63 458.16 20a

DS_20_100% Number of lines: 5 Date:  10-20-2010

NOTES: Intensity = 7.44 / (Inlet time + 0.10)  ̂0.51 -- Return period = 25 Yrs. ;   i Inlet control;  ** Critical depth 

Hydraflow Storm Sewers Extension
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Project File:  DS_22_100%.stm Number of lines: 3 Date:  10-20-2010

Hydraflow Storm Sewers Extension v6.052
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Line DnStm Line Drng Total Runoff Inlet Tc i Total Known Flow Vel Line Line n-val Invert Invert HGL HGL Gnd/Rim Gnd/Rim Inlet
No. Ln No Length Area Area Coeff Time Sys Runoff Q Rate Ave Size Slope Pipe Dn Up Dn Up El Dn El Up ID

(ft) (ac) (ac) (C) (min) (min) (in/hr) (cfs) (cfs) (cfs) (ft/s) (in) (%) (ft) (ft) (ft) (ft) (ft) (ft)

1 Outfall 61.7 0.27 1.17 1.00 5.0 8.4 2.49 2.91 0.00 2.91 3.91 18 0.49 0.013 431.61 431.91 432.27 432.56 433.11 436.59 22e

2 1 247.1 0.28 0.90 1.00 5.0 6.8 2.78 2.50 0.00 2.50 2.47 18 1.09 0.024 432.01 434.70 433.51 435.33 436.59 439.89 22c

3 2 247.1 0.62 0.62 1.00 5.0 5.0 3.24 2.01 0.00 2.01 2.32 18 1.56 0.024 434.80 438.65 436.30 439.19 j 439.89 443.77 22a

DS_22_100% Number of lines: 3 Date:  10-20-2010

NOTES: Intensity = 7.44 / (Inlet time + 0.10)  ̂0.51 -- Return period = 25 Yrs. ;   i Inlet control;  ** Critical depth 

Hydraflow Storm Sewers Extension
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Project File:  DS_23_30_100%.stm Number of lines: 17 Date:  10-20-2010

Hydraflow Storm Sewers Extension v6.052
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Proj. file: DS_23_30_100%.stm

Hydraflow Storm Sewers Extension

Storm Sewer Profile
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Hydraflow Storm Sewers Extension

Storm Sewer Profile
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Hydraflow Storm Sewers Extension

Storm Sewer Profile



Report Page  1 

Line DnStm Line Drng Total Runoff Inlet Tc i Total Known Flow Vel Line Line n-val Invert Invert HGL HGL Gnd/Rim Gnd/Rim Inlet
No. Ln No Length Area Area Coeff Time Sys Runoff Q Rate Ave Size Slope Pipe Dn Up Dn Up El Dn El Up ID

(ft) (ac) (ac) (C) (min) (min) (in/hr) (cfs) (cfs) (cfs) (ft/s) (in) (%) (ft) (ft) (ft) (ft) (ft) (ft)

1 Outfall 342.3 0.00 29.07 0.00 0.0 29.9 1.31 27.19 0.00 27.19 3.86 36 0.98 0.013 404.26 407.61 410.00 410.53 407.26 412.63 (E) DI

2 1 105.0 0.00 29.07 0.00 0.0 29.5 1.32 27.35 0.00 27.35 5.32 36 5.41 0.013 407.61 413.29 410.65 414.96 j 412.63 425.50 (E) DI

3 2 62.0 0.00 29.07 0.00 0.0 29.3 1.32 27.47 0.00 27.47 4.01 36 0.65 0.013 413.29 413.69 416.29 416.36 425.50 425.30 (E) DI

4 3 85.0 0.08 29.07 1.00 5.0 28.9 1.33 27.64 0.00 27.64 3.93 36 0.65 0.024 414.00 414.55 417.00 417.47 425.30 425.31 30n

5 4 42.0 0.46 28.64 0.60 5.0 28.7 1.34 27.16 0.00 27.16 3.84 36 0.64 0.024 414.65 414.92 417.84 418.08 425.31 420.50 30l

6 5 22.0 1.17 28.18 0.98 5.0 28.6 1.34 26.84 0.00 26.84 3.80 36 0.50 0.024 415.02 415.13 418.41 418.53 420.50 420.62 30j

7 6 123.1 0.00 16.97 0.00 5.0 28.0 1.35 13.79 0.00 13.79 3.14 36 2.23 0.024 415.23 417.98 419.03 419.36 420.62 428.01 30g

8 7 198.5 0.00 16.97 0.00 5.0 26.5 1.39 14.18 0.00 14.18 2.22 36 0.50 0.024 418.08 419.08 421.08 421.38 428.01 428.72 30e

9 8 263.3 0.00 16.97 0.00 5.0 24.7 1.44 14.70 0.00 14.70 2.40 36 0.50 0.024 419.18 420.50 422.18 422.64 428.72 429.89 30c

10 9 21.7 16.97 16.97 0.60 24.5 24.5 1.45 14.75 0.00 14.75 2.09 36 0.51 0.024 420.60 420.71 423.60 423.63 429.89 425.44 30a

11 6 356.0 1.04 10.04 1.00 5.0 20.0 1.60 14.01 0.00 14.01 2.00 36 0.31 0.013 415.23 416.32 419.03 419.18 420.62 422.42 23n

12 11 177.6 0.74 9.00 0.83 5.0 19.0 1.65 12.69 0.00 12.69 2.71 30 0.66 0.024 416.42 417.60 419.21 419.74 422.42 423.60 23k

13 12 376.8 0.83 8.26 0.98 5.0 16.9 1.75 12.39 0.00 12.39 3.02 30 0.59 0.024 417.70 419.93 420.20 421.62 423.60 426.03 23i

14 13 177.7 0.53 7.43 0.87 5.0 15.7 1.82 11.36 0.00 11.36 2.58 30 0.60 0.024 420.03 421.09 422.53 422.99 426.03 427.09 23f

15 14 256.2 0.66 6.90 0.94 5.0 14.2 1.91 11.09 0.00 11.09 2.78 30 0.66 0.024 421.19 422.87 423.69 424.48 427.09 428.97 23d

16 15 226.8 6.24 6.24 0.83 13.1 13.1 1.99 10.31 0.00 10.31 3.46 30 1.21 0.024 422.97 425.72 425.47 426.84 428.97 431.13 23a

17 4 50.0 0.35 0.35 0.99 5.0 5.0 3.24 1.12 0.00 1.12 0.77 18 1.00 0.013 420.01 420.51 421.51 421.51 425.31 424.26 30o

Project File:  DS_23_30_100%.stm Number of lines: 17 Date:  10-20-2010

NOTES: Intensity = 7.44 / (Inlet time + 0.10)  ̂0.51 -- Return period = 25 Yrs. ;   i Inlet control;  ** Critical depth 

Hydraflow Storm Sewers Extension
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Project File:  DS_26_100%.stm Number of lines: 1 Date:  10-20-2010

Hydraflow Storm Sewers Extension v6.052
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Report Page  1 

Line DnStm Line Drng Total Runoff Inlet Tc i Total Known Flow Vel Line Line n-val Invert Invert HGL HGL Gnd/Rim Gnd/Rim Inlet
No. Ln No Length Area Area Coeff Time Sys Runoff Q Rate Ave Size Slope Pipe Dn Up Dn Up El Dn El Up ID

(ft) (ac) (ac) (C) (min) (min) (in/hr) (cfs) (cfs) (cfs) (ft/s) (in) (%) (ft) (ft) (ft) (ft) (ft) (ft)

1 Outfall 61.8 0.56 0.56 1.00 5.0 5.0 3.24 1.81 0.00 1.81 3.37 18 0.50 0.013 427.39 427.70 427.90 428.22 428.89 432.36 26a

DS_26_100% Number of lines: 1 Date:  10-20-2010

NOTES: Intensity = 7.44 / (Inlet time + 0.10)  ̂0.51 -- Return period = 25 Yrs. ;   i Inlet control;  ** Critical depth 

Hydraflow Storm Sewers Extension
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Project File:  DS_29_100%.stm Number of lines: 2 Date:  10-20-2010

Hydraflow Storm Sewers Extension v6.052
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Line DnStm Line Drng Total Runoff Inlet Tc i Total Known Flow Vel Line Line n-val Invert Invert HGL HGL Gnd/Rim Gnd/Rim Inlet
No. Ln No Length Area Area Coeff Time Sys Runoff Q Rate Ave Size Slope Pipe Dn Up Dn Up El Dn El Up ID

(ft) (ac) (ac) (C) (min) (min) (in/hr) (cfs) (cfs) (cfs) (ft/s) (in) (%) (ft) (ft) (ft) (ft) (ft) (ft)

1 Outfall 61.9 0.03 0.66 1.00 5.0 5.3 3.15 2.08 0.00 2.08 3.52 18 0.50 0.013 423.92 424.23 424.47 424.78 425.42 428.93 29c

2 1 20.1 0.63 0.63 1.00 5.0 5.0 3.24 2.04 0.00 2.04 1.17 18 0.50 0.013 424.33 424.43 425.83 425.84 428.93 429.06 29a

DS_29_100% Number of lines: 2 Date:  10-20-2010

NOTES: Intensity = 7.44 / (Inlet time + 0.10)  ̂0.51 -- Return period = 25 Yrs. ;   i Inlet control;  ** Critical depth 

Hydraflow Storm Sewers Extension
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Project File:  DS_33_100%.stm Number of lines: 12 Date:  10-20-2010

Hydraflow Storm Sewers Extension v6.052
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Hydraflow Storm Sewers Extension

Storm Sewer Profile
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Hydraflow Storm Sewers Extension

Storm Sewer Profile



 0  25  50  75  100  125  150  175  200  225  250  275  300  325  350  375
413.00 413.00

417.00 417.00

421.00 421.00

425.00 425.00

429.00 429.00

433.00 433.00

S
ta

 0
+0

0.
00

 -
 O

ut
fa

ll
G

rn
d.

 E
l. 

41
9.

15
In

v.
 E

l. 
41

6.
25

 In

S
ta

 0
+2

5.
70

 -
 L

n:
 1

R
im

 E
l. 

42
3.

29
In

v.
 E

l. 
41

6.
39

 O
ut

In
v.

 E
l. 

41
7.

05
 In

25.7Lf - 18" @ 0.54%

S
ta

 1
+2

3.
50

 -
 L

n:
 6

R
im

 E
l. 

42
3.

23
In

v.
 E

l. 
41

7.
54

 O
ut

In
v.

 E
l. 

41
7.

64
 In

97.8Lf - 18" @ 0.50%

S
ta

 1
+4

5.
60

 -
 L

n:
 7

R
im

 E
l. 

42
3.

25
In

v.
 E

l. 
41

7.
75

 O
ut

In
v.

 E
l. 

41
7.

85
 In

22.1Lf - 18" @ 0.50%

S
ta

 3
+6

2.
70

 -
 L

n:
 8

R
im

 E
l. 

42
3.

27
In

v.
 E

l. 
41

8.
94

 O
ut

217.1Lf - 18" @ 0.50%

  HGL    Reach (ft)

Elev. (ft)
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Hydraflow Storm Sewers Extension

Storm Sewer Profile
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Line DnStm Line Drng Total Runoff Inlet Tc i Total Known Flow Vel Line Line n-val Invert Invert HGL HGL Gnd/Rim Gnd/Rim Inlet
No. Ln No Length Area Area Coeff Time Sys Runoff Q Rate Ave Size Slope Pipe Dn Up Dn Up El Dn El Up ID

(ft) (ac) (ac) (C) (min) (min) (in/hr) (cfs) (cfs) (cfs) (ft/s) (in) (%) (ft) (ft) (ft) (ft) (ft) (ft)

1 Outfall 25.7 0.07 1.84 1.00 5.0 16.0 1.80 3.30 0.00 3.30 1.87 18 0.54 0.013 416.25 416.39 419.15 419.18 419.15 423.29 33q

2 1 22.1 0.20 0.30 1.00 5.0 9.5 2.35 0.70 0.00 0.70 0.41 18 0.50 0.013 418.28 418.39 419.78 419.78 423.29 423.31 33v

3 1 22.1 0.10 0.27 1.00 5.0 14.7 1.88 0.51 0.00 0.51 0.29 18 0.50 0.013 417.05 417.16 419.35 419.35 423.29 423.31 33y

4 3 218.2 0.17 0.17 1.00 5.0 5.0 3.24 0.55 0.00 0.55 0.37 18 0.50 0.013 417.26 418.35 419.35 419.36 423.31 423.27 33aa

5 2 52.1 0.10 0.10 1.00 5.0 5.0 3.24 0.32 0.00 0.32 0.20 18 0.50 0.025 418.49 418.75 419.99 419.99 423.31 424.27 33t

6 1 97.8 0.05 1.20 1.00 5.0 12.7 2.02 2.41 0.00 2.41 1.36 18 0.50 0.013 417.05 417.54 419.32 419.37 423.29 423.23 33i

7 6 22.1 0.08 0.23 1.00 5.0 11.2 2.16 0.50 0.00 0.50 0.28 18 0.50 0.024 417.64 417.75 419.47 419.47 423.23 423.25 33k

8 7 217.1 0.15 0.15 1.00 5.0 5.0 3.24 0.49 0.00 0.49 0.55 18 0.50 0.013 417.85 418.94 419.47 419.49 423.25 423.27 33m

9 6 22.1 0.23 0.92 1.00 5.0 8.3 2.50 2.28 0.00 2.28 1.31 18 0.50 0.024 418.28 418.39 419.78 419.81 423.23 423.25 33g

10 9 187.1 0.06 0.69 1.00 5.0 6.6 2.82 1.93 0.00 1.93 1.76 18 0.50 0.013 418.49 419.43 419.99 420.12 423.25 424.24 33e

11 10 63.1 0.26 0.63 0.97 5.0 5.6 3.05 1.90 0.00 1.90 1.14 18 0.49 0.024 419.53 419.84 421.03 421.09 424.24 424.57 33c

12 11 26.8 0.37 0.37 1.00 5.0 5.0 3.24 1.20 0.00 1.20 0.69 18 0.52 0.024 419.94 420.08 421.44 421.45 424.57 424.31 33a

DS_33_100% Number of lines: 12 Date:  10-20-2010

NOTES: Intensity = 7.44 / (Inlet time + 0.10)  ̂0.51 -- Return period = 25 Yrs. ;   i Inlet control;  ** Critical depth 

Hydraflow Storm Sewers Extension
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Project File:  DS_35_100%.stm Number of lines: 17 Date:  10-20-2010

Hydraflow Storm Sewers Extension v6.052
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Hydraflow Storm Sewers Extension

Storm Sewer Profile
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Report Page  1 

Line DnStm Line Drng Total Runoff Inlet Tc i Total Known Flow Vel Line Line n-val Invert Invert HGL HGL Gnd/Rim Gnd/Rim Inlet
No. Ln No Length Area Area Coeff Time Sys Runoff Q Rate Ave Size Slope Pipe Dn Up Dn Up El Dn El Up ID

(ft) (ac) (ac) (C) (min) (min) (in/hr) (cfs) (cfs) (cfs) (ft/s) (in) (%) (ft) (ft) (ft) (ft) (ft) (ft)

1 Outfall 45.0 0.00 0.64 0.00 0.0 604.8 0.28 0.11 0.00 37.31 4.25 42 1.62 0.013 402.37 403.10 405.87 405.84 405.87 410.00 35e

2 1 69.0 0.00 0.64 0.00 0.0 604.6 0.28 0.11 0.00 37.31 5.80 42 1.00 0.013 403.20 403.89 406.00 405.77 j 410.00 419.40 35g

3 2 171.0 0.00 0.64 0.00 0.0 603.9 0.28 0.11 0.00 37.31 3.88 42 0.12 0.013 403.99 404.19 407.49 407.69 419.40 419.89 35i

4 3 187.4 0.00 0.04 0.00 0.0 603.1 0.28 0.01 0.00 37.21 3.87 42 0.09 0.013 404.29 404.46 407.86 408.12 419.89 420.33 35m

5 4 304.9 0.00 0.04 0.00 0.0 601.8 0.28 0.01 0.00 37.21 3.87 42 0.09 0.013 404.56 404.83 408.17 408.59 420.33 422.38 35o

6 5 57.7 0.00 0.04 0.00 0.0 601.5 0.28 0.01 2.84 37.21 3.87 42 0.09 0.013 404.93 404.98 408.62 408.70 422.38 422.78 35q

7 6 490.2 0.00 0.04 0.00 0.0 599.2 0.28 0.01 0.00 34.37 3.57 42 0.09 0.013 405.08 405.53 408.77 409.34 422.78 422.04 35s

8 7 496.5 0.00 0.04 0.00 0.0 596.9 0.28 0.01 0.00 34.37 3.57 42 0.09 0.013 405.63 406.07 409.37 409.95 422.04 419.78 35u

9 8 397.9 0.00 0.04 0.00 0.0 595.1 0.28 0.01 9.32 34.37 3.57 42 0.09 0.013 406.17 406.53 409.98 410.44 419.78 417.27 35w

10 9 331.5 0.00 0.04 0.00 0.0 592.9 0.29 0.01 0.00 25.05 2.60 42 0.09 0.013 406.63 406.93 410.57 410.77 417.27 418.49 35y

11 10 74.1 0.00 0.00 0.00 0.0 0.0 0.00 0.00 2.63 2.63 5.08 18 2.00 0.013 412.97 414.45 413.40 415.07 418.49 419.45 35aa

12 10 121.3 0.04 0.04 0.60 10.0 592.1 0.29 0.01 0.00 22.42 2.33 42 0.09 0.013 407.03 407.14 410.90 410.96 418.49 418.61 35ac

13 12 291.1 0.00 0.00 0.00 0.0 590.0 0.00 0.00 9.99 22.41 2.33 42 0.09 0.013 407.24 407.50 411.00 411.14 418.61 422.22 35ae

14 13 329.0 0.00 0.00 0.00 0.0 586.9 0.00 0.00 0.00 12.42 1.76 36 0.22 0.013 407.60 408.32 411.19 411.30 422.22 417.65 35ag

15 14 210.5 0.00 0.00 0.00 0.0 585.0 0.00 0.00 12.40 12.42 1.88 36 0.22 0.013 408.42 408.88 411.31 411.36 417.65 419.84 35ai

16 15 226.8 0.00 0.00 0.00 0.0 0.0 0.00 0.00 0.02 0.02 0.01 24 0.26 0.013 408.98 409.57 411.44 411.44 419.84 415.92 (E) DI

17 3 45.4 0.60 0.60 0.60 5.0 5.0 3.24 1.17 0.00 1.17 3.97 18 1.98 0.013 414.29 415.19 414.58 415.60 419.89 419.40 35k

DS_35_100% Number of lines: 17 Date:  10-20-2010

NOTES: Intensity = 7.44 / (Inlet time + 0.10)  ̂0.51 -- Return period = 25 Yrs. ;   i Inlet control;  ** Critical depth 

Hydraflow Storm Sewers Extension
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Line DnStm Line Drng Total Runoff Inlet Tc i Total Known Flow Vel Line Line n-val Invert Invert HGL HGL Gnd/Rim Gnd/Rim Inlet
No. Ln No Length Area Area Coeff Time Sys Runoff Q Rate Ave Size Slope Pipe Dn Up Dn Up El Dn El Up ID

(ft) (ac) (ac) (C) (min) (min) (in/hr) (cfs) (cfs) (cfs) (ft/s) (in) (%) (ft) (ft) (ft) (ft) (ft) (ft)

1 Outfall 57.7 0.00 12.12 0.00 5.0 36.4 1.18 14.11 0.00 14.11 1.47 42 0.16 0.024 402.10 402.19 405.60 405.64 407.20 409.68 36g

2 1 27.3 0.00 11.05 0.00 5.0 36.3 1.19 12.87 0.00 12.87 3.17 42 16.74 0.024 402.29 406.86 405.68 407.96 j 409.68 422.17 36i

3 2 171.1 0.00 11.05 0.00 5.0 35.5 1.20 13.02 0.00 13.02 3.54 42 0.50 0.024 406.96 407.81 408.41 409.21 422.17 421.24 36s

4 3 66.1 0.40 11.05 1.00 0.0 35.0 1.21 13.11 0.00 13.11 2.16 42 0.14 0.024 407.31 407.40 409.43 409.51 421.24 421.03 36w

5 4 9.2 0.11 0.11 1.00 5.0 5.0 3.24 0.36 0.00 0.36 2.19 18 2.07 0.024 416.25 416.44 416.46 416.67 421.03 420.49 36u

6 4 118.1 0.00 10.54 0.00 5.0 34.0 1.23 12.67 0.00 12.67 2.10 42 0.12 0.024 407.50 407.64 409.61 409.74 421.03 420.74 36y

7 6 27.1 0.06 10.54 1.00 5.0 33.8 1.23 12.71 0.00 12.71 2.04 42 0.11 0.024 407.74 407.77 409.90 409.93 420.74 420.73 36aa

8 7 27.1 0.31 5.18 1.00 5.0 33.3 1.24 6.42 0.00 6.42 1.17 36 0.15 0.013 407.87 407.91 410.06 410.06 420.73 420.74 36ac

9 8 297.1 0.15 4.87 1.00 5.0 30.2 1.30 6.34 0.00 6.34 1.60 30 0.13 0.013 408.01 408.40 410.07 410.15 420.74 421.56 36ae

10 9 567.1 0.61 4.72 1.00 5.0 26.0 1.41 6.64 0.00 6.64 2.24 30 0.13 0.013 408.50 409.23 410.19 410.52 421.56 419.62 36ai

11 10 10.4 0.39 0.39 1.00 5.0 5.0 3.24 1.26 0.00 1.26 3.16 18 2.02 0.024 413.19 413.40 413.59 413.83 419.62 417.39 36ag

12 10 482.1 0.42 3.72 1.00 5.0 22.5 1.51 5.63 0.00 5.63 2.28 30 0.13 0.013 409.33 409.96 410.76 411.09 419.62 416.36 36am

13 12 5.4 0.44 0.44 1.00 5.0 5.0 3.24 1.42 0.00 1.42 1.36 18 2.04 0.024 410.39 410.50 411.31 411.31 416.36 414.50 36ak

14 12 217.1 0.53 2.86 1.00 5.0 20.6 1.58 4.52 0.00 4.52 1.96 24 0.20 0.024 410.06 410.50 411.44 411.88 416.36 414.96 36ao

15 14 27.1 0.27 2.33 1.00 5.0 20.4 1.59 3.71 0.00 3.71 1.71 24 0.18 0.024 410.60 410.65 411.91 411.95 414.96 414.91 36aq

16 15 27.1 0.08 2.06 1.00 5.0 20.1 1.60 3.30 0.00 3.30 1.65 24 0.22 0.024 410.75 410.81 411.97 412.01 414.91 414.95 36au

17 16 8.3 0.27 0.69 1.00 5.0 5.9 2.99 2.06 0.00 2.06 1.40 18 0.36 0.024 410.91 410.94 412.08 412.10 414.95 413.45 36as

18 17 52.8 0.42 0.42 1.00 5.0 5.0 3.24 1.36 0.00 1.36 1.03 18 0.27 0.024 411.04 411.18 412.15 412.18 413.45 413.39 36aw

19 16 302.4 0.00 1.29 0.00 0.0 17.0 1.75 2.25 0.00 2.25 1.61 24 0.20 0.013 410.91 411.51 412.11 412.27 414.95 0.00 36ay

20 19 145.1 0.38 1.29 1.00 5.0 15.5 1.83 2.36 0.00 2.36 1.70 24 0.21 0.024 411.51 411.81 412.42 412.72 0.00 419.58 36bc

21 20 8.0 0.07 0.07 1.00 5.0 5.0 3.24 0.23 0.00 0.23 2.28 18 4.75 0.024 415.62 416.00 415.76 416.18 419.58 419.51 36ba

22 20 327.1 0.22 0.84 1.00 5.0 12.2 2.06 1.73 0.00 1.73 1.65 18 0.26 0.024 411.91 412.76 412.81 413.58 419.58 420.06 36be

23 22 253.1 0.15 0.62 1.00 5.0 9.6 2.33 1.45 0.00 1.45 1.60 18 0.26 0.024 412.86 413.51 413.64 414.25 420.06 418.77 36bg

DS_36_39_100% Number of lines: 46 Date:  10-20-2010

NOTES: Intensity = 7.44 / (Inlet time + 0.10)  ̂0.51 -- Return period = 25 Yrs. ;   i Inlet control;  ** Critical depth 

Hydraflow Storm Sewers Extension



Report Page  2 

Line DnStm Line Drng Total Runoff Inlet Tc i Total Known Flow Vel Line Line n-val Invert Invert HGL HGL Gnd/Rim Gnd/Rim Inlet
No. Ln No Length Area Area Coeff Time Sys Runoff Q Rate Ave Size Slope Pipe Dn Up Dn Up El Dn El Up ID

(ft) (ac) (ac) (C) (min) (min) (in/hr) (cfs) (cfs) (cfs) (ft/s) (in) (%) (ft) (ft) (ft) (ft) (ft) (ft)

24 23 303.2 0.32 0.47 1.00 5.0 6.4 2.85 1.34 0.00 1.34 1.61 18 0.26 0.024 413.61 414.40 414.33 415.12 418.77 417.52 36bi

25 24 28.3 0.06 0.15 1.00 5.0 5.7 3.03 0.45 0.00 0.45 0.64 18 0.25 0.024 414.50 414.57 415.16 415.17 417.52 417.43 36bk

26 25 26.0 0.09 0.09 1.00 5.0 5.0 3.24 0.29 0.00 0.29 0.60 18 0.27 0.024 414.67 414.74 415.18 415.19 417.43 417.48 36bm

27 7 85.8 0.06 5.30 1.00 5.0 32.9 1.25 6.36 0.00 6.36 1.51 30 0.20 0.024 407.99 408.16 410.04 410.11 420.73 420.73 39g

28 27 27.1 0.21 0.57 1.00 5.0 6.4 2.86 1.63 0.00 1.63 2.66 18 0.89 0.024 413.80 414.04 414.37 414.61 420.73 420.74 39e

29 28 187.1 0.36 0.36 1.00 5.0 5.0 3.24 1.17 0.00 1.17 2.41 18 0.87 0.024 414.14 415.77 414.62 416.25 420.74 421.24 39c

30 27 27.1 0.32 4.67 1.00 5.0 32.7 1.25 5.59 0.00 5.59 1.80 24 0.22 0.024 408.26 408.32 410.19 410.24 420.73 420.74 39i

31 30 297.1 0.15 4.35 1.00 5.0 30.1 1.31 5.42 0.00 5.42 1.82 24 0.20 0.024 408.42 409.01 410.27 410.78 420.74 421.57 39k

32 31 567.1 0.44 4.20 1.00 5.0 25.1 1.43 5.72 0.00 5.72 1.97 24 0.20 0.024 409.11 410.24 410.85 411.98 421.57 419.62 39m

33 32 289.5 0.31 3.76 1.00 5.0 22.4 1.51 5.39 0.00 5.39 1.95 24 0.20 0.024 410.34 410.93 412.01 412.56 419.62 417.72 39o

34 33 3.1 0.24 0.24 0.60 5.0 5.0 3.24 0.47 0.00 0.47 2.41 18 2.26 0.024 414.01 414.08 414.25 414.34 417.72 418.80 39q

35 33 189.7 0.21 3.21 1.00 5.0 20.5 1.59 4.92 0.00 4.92 1.84 24 0.20 0.024 411.03 411.41 412.65 412.97 417.72 416.45 39s

36 35 207.1 0.28 3.00 1.00 5.0 18.3 1.68 4.86 0.00 4.86 1.95 24 0.20 0.024 411.51 411.92 413.00 413.40 416.45 414.81 39u

37 36 27.1 0.09 2.72 1.00 5.0 18.2 1.69 4.41 0.00 4.41 2.50 18 0.26 0.024 412.02 412.09 413.52 413.68 414.81 414.74 39w

38 37 27.1 0.23 2.63 1.00 5.0 18.0 1.70 4.28 0.00 4.28 2.42 18 0.26 0.024 412.19 412.26 413.74 413.89 414.74 414.76 39y

39 38 142.1 0.28 2.40 1.00 5.0 17.0 1.75 4.01 0.00 4.01 2.27 18 0.26 0.024 412.36 412.73 413.95 414.65 414.76 415.99 39aa

40 39 203.1 0.00 2.12 0.00 5.0 15.4 1.84 3.70 0.00 3.70 2.09 18 0.26 0.024 412.83 413.36 414.70 415.56 415.99 418.80 39ac

41 40 44.8 0.54 1.20 0.89 5.0 6.3 2.89 3.16 0.00 3.16 1.79 18 0.27 0.024 413.46 413.58 415.65 415.79 418.80 417.62 39ae

42 41 85.3 0.66 0.66 0.93 5.0 5.0 3.24 1.99 0.00 1.99 1.12 18 0.26 0.024 413.68 413.90 415.89 416.00 417.62 418.67 39ag

43 40 121.1 0.30 0.92 1.00 5.0 13.4 1.97 1.81 0.00 1.81 1.02 18 0.26 0.024 413.46 413.77 415.68 415.81 418.80 419.20 39ai

44 43 573.1 0.62 0.62 1.00 5.0 5.0 3.24 2.01 0.00 2.01 1.24 18 0.26 0.024 413.87 415.36 415.81 416.54 419.20 418.33 39ak

45 1 19.0 0.00 1.07 0.00 0.0 6.2 2.90 3.11 0.00 3.11 1.76 18 0.26 0.013 402.29 402.34 405.67 405.69 409.68 408.47 36e

46 45 143.0 1.07 1.07 1.00 5.0 5.0 3.24 3.46 0.00 3.46 1.96 18 0.26 0.013 402.44 402.81 405.76 405.92 408.47 405.76 36k

DS_36_39_100% Number of lines: 46 Date:  10-20-2010

NOTES: Intensity = 7.44 / (Inlet time + 0.10)  ̂0.51 -- Return period = 25 Yrs. ;   i Inlet control;  ** Critical depth 

Hydraflow Storm Sewers Extension
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Line DnStm Line Drng Total Runoff Inlet Tc i Total Known Flow Vel Line Line n-val Invert Invert HGL HGL Gnd/Rim Gnd/Rim Inlet
No. Ln No Length Area Area Coeff Time Sys Runoff Q Rate Ave Size Slope Pipe Dn Up Dn Up El Dn El Up ID

(ft) (ac) (ac) (C) (min) (min) (in/hr) (cfs) (cfs) (cfs) (ft/s) (in) (%) (ft) (ft) (ft) (ft) (ft) (ft)

1 Outfall 161.5 0.18 10.74 0.94 0.0 25.6 1.63 13.43 0.00 13.43 1.90 36 0.12 0.024 402.90 403.10 406.28 406.50 414.56 414.17 (E) DI

2 1 38.9 0.25 1.15 0.96 5.0 6.4 3.24 3.53 0.00 3.53 1.33 24 1.03 0.024 404.80 405.20 406.60 406.63 414.17 413.19 (E) DI

3 2 44.8 0.82 0.82 0.94 5.0 5.0 3.66 2.82 0.00 2.82 1.15 24 0.16 0.024 405.20 405.27 406.68 406.71 413.19 411.99 (E) DI

4 2 101.9 0.07 0.08 0.97 5.0 5.4 3.53 0.28 0.00 0.28 1.66 18 0.99 0.024 409.14 410.15 409.37 410.37 413.19 414.11 (E) DI

5 4 16.4 0.01 0.01 1.00 5.0 5.0 3.66 0.04 0.00 0.04 0.75 18 0.91 0.024 410.25 410.40 410.37 410.48 414.11 411.11 (E) DI

6 1 454.3 0.00 9.41 0.00 5.0 21.2 1.79 12.51 0.00 12.51 2.55 30 0.13 0.024 403.20 403.80 406.59 408.03 414.17 412.07 47i

7 6 42.2 0.06 5.67 0.93 5.0 9.7 2.64 9.17 0.00 9.17 2.92 24 0.36 0.024 404.16 404.31 408.18 408.42 412.07 411.14 47h

8 7 31.7 0.06 0.61 0.94 5.0 8.2 2.87 1.66 0.00 1.66 0.94 18 0.50 0.013 405.70 405.86 408.83 408.84 411.14 411.21 47e

9 8 37.1 0.21 0.55 0.94 5.0 7.4 3.01 1.57 0.00 1.57 0.89 18 0.51 0.013 405.96 406.15 408.85 408.86 411.21 411.28 47c

10 9 132.1 0.34 0.34 0.95 5.0 5.0 3.66 1.18 0.00 1.18 0.67 18 0.51 0.013 406.25 406.92 408.87 408.89 411.28 411.84 47a

11 7 8.3 0.06 0.69 0.93 5.0 9.6 2.66 1.72 0.00 1.72 0.98 18 0.48 0.013 405.53 405.57 408.83 408.83 411.14 411.14 47k

12 11 27.1 0.07 0.63 0.94 5.0 9.0 2.74 1.62 0.00 1.62 0.92 18 0.52 0.013 405.67 405.81 408.84 408.85 411.14 411.20 47m

13 12 46.2 0.26 0.56 0.94 5.0 8.0 2.90 1.52 0.00 1.52 0.86 18 0.50 0.013 405.91 406.14 408.86 408.87 411.20 411.27 47o

14 13 167.1 0.30 0.30 0.94 5.0 5.0 3.66 1.03 0.00 1.03 0.58 18 0.50 0.013 406.24 407.08 408.88 408.90 411.27 412.00 47q

15 7 53.2 0.11 4.31 0.97 5.0 7.2 3.06 6.71 0.00 6.71 2.14 24 0.81 0.024 404.40 404.83 408.78 408.94 411.14 410.04 (E) DI

16 15 34.4 0.06 4.20 0.96 5.0 7.0 3.09 6.46 0.00 6.46 3.65 18 0.78 0.013 404.93 405.20 409.04 409.17 410.04 410.01 (E) DI

17 16 8.2 0.09 4.14 0.95 5.0 7.0 3.10 6.29 0.00 6.29 3.56 18 0.61 0.013 405.30 405.35 409.30 409.33 410.01 410.01 (E) DI

18 17 41.1 0.17 4.05 0.93 5.0 6.8 3.14 6.12 0.00 6.12 3.46 18 0.78 0.013 405.45 405.77 409.44 409.58 410.01 410.05 (E) DI

19 18 44.7 3.42 3.42 0.40 5.0 5.0 3.66 5.00 0.00 5.00 3.82 18 7.72 0.013 406.34 409.79 410.04 410.64 j 410.05 413.50 (E) DI

20 18 93.7 0.46 0.46 0.91 5.0 5.0 3.66 1.53 0.00 1.53 0.87 18 0.86 0.013 405.87 406.68 410.16 410.18 410.05 410.34 (E) DI

21 6 427.7 0.14 3.74 0.93 5.0 16.0 2.06 7.21 0.00 7.21 2.29 24 0.36 0.024 403.93 405.48 408.20 409.68 412.07 413.24 46a

22 21 96.6 0.04 3.60 0.92 5.0 14.8 2.14 7.21 0.00 7.21 2.30 24 0.43 0.024 405.48 405.90 409.72 410.05 413.24 413.37 44b

23 22 32.4 0.05 2.07 1.00 5.0 11.3 2.45 4.87 0.00 4.87 1.55 24 0.43 0.024 405.90 406.04 410.22 410.27 413.37 413.38 44a

STA_357 to end of Project Number of lines: 41 Date:  10-20-2010

NOTES: Intensity = 8.23 / (Inlet time + 0.10)  ̂0.50 -- Return period = 50 Yrs. ;   i Inlet control;  ** Critical depth 

Hydraflow Storm Sewers Extension
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Line DnStm Line Drng Total Runoff Inlet Tc i Total Known Flow Vel Line Line n-val Invert Invert HGL HGL Gnd/Rim Gnd/Rim Inlet
No. Ln No Length Area Area Coeff Time Sys Runoff Q Rate Ave Size Slope Pipe Dn Up Dn Up El Dn El Up ID

(ft) (ac) (ac) (C) (min) (min) (in/hr) (cfs) (cfs) (cfs) (ft/s) (in) (%) (ft) (ft) (ft) (ft) (ft) (ft)

24 23 11.9 0.03 2.02 0.94 5.0 11.1 2.47 4.77 0.00 4.77 1.52 24 0.42 0.024 406.04 406.09 410.29 410.31 413.38 413.38 43b

25 24 13.0 0.12 1.99 0.95 5.0 11.0 2.48 4.73 0.00 4.73 1.51 24 0.92 0.024 406.10 406.22 410.33 410.35 413.38 413.37 42b

26 25 61.0 0.14 1.87 0.94 5.0 10.3 2.56 4.59 0.00 4.59 1.46 24 0.43 0.024 406.16 406.42 410.37 410.46 413.37 413.54 42a

27 26 89.5 0.24 1.73 0.94 5.0 9.4 2.68 4.45 0.00 4.45 1.42 24 0.42 0.024 406.42 406.80 410.47 410.59 413.54 413.80 41g

28 27 154.6 0.37 1.49 0.94 5.0 8.4 2.83 4.06 0.00 4.06 2.30 18 0.50 0.024 407.94 408.71 410.61 411.40 413.80 413.31 41e

29 28 247.1 0.36 1.12 0.95 5.0 6.7 3.17 3.44 0.00 3.44 1.95 18 0.50 0.024 408.81 410.05 411.46 412.37 413.31 415.37 41c

30 29 237.1 0.76 0.76 0.98 5.0 5.0 3.66 2.72 0.00 2.72 1.54 18 0.50 0.024 410.15 411.33 412.42 412.96 415.37 416.30 41a

31 22 44.6 0.19 1.49 1.00 5.0 13.5 2.24 3.02 0.00 3.02 0.96 24 0.47 0.024 405.93 406.14 410.25 410.27 413.37 414.06 45n

32 31 36.8 0.04 0.08 1.00 5.0 5.7 3.44 0.27 0.00 0.27 0.16 18 0.49 0.013 407.70 407.88 410.32 410.32 414.06 413.75 45o

33 32 27.1 0.02 0.04 1.00 5.0 5.4 3.54 0.14 0.00 0.14 0.08 18 0.52 0.013 407.98 408.12 410.32 410.32 413.75 413.57 45p

34 33 17.1 0.01 0.02 1.00 5.0 5.1 3.62 0.07 0.00 0.07 0.04 18 0.53 0.013 408.22 408.31 410.32 410.32 413.57 413.44 45q

35 34 7.1 0.01 0.01 1.00 5.0 5.0 3.66 0.04 0.00 0.04 0.02 18 0.42 0.013 408.41 408.44 410.32 410.32 413.44 413.37 45r

36 31 167.4 0.12 1.22 1.00 5.0 11.5 2.43 2.62 0.00 2.62 1.48 18 0.50 0.013 406.50 407.34 410.30 410.41 414.06 414.68 45m

37 36 121.6 0.30 1.10 1.00 5.0 10.6 2.52 2.41 0.00 2.41 1.37 18 0.50 0.013 407.44 408.05 410.43 410.50 414.68 415.16 45i

38 37 282.6 0.36 0.44 1.00 5.0 8.1 2.89 1.27 0.00 1.27 0.84 18 0.50 0.013 408.15 409.56 410.56 410.61 415.16 416.39 45c

39 38 297.1 0.08 0.08 1.00 5.0 5.0 3.66 0.29 0.00 0.29 1.12 18 0.50 0.013 409.66 411.14 410.63 411.35 416.39 417.65 45a

40 37 48.4 0.25 0.36 0.60 5.0 7.6 2.97 0.64 0.00 0.64 0.36 18 0.50 0.013 408.15 408.39 410.57 410.57 415.16 411.39 45g

41 40 252.3 0.11 0.11 0.60 5.0 5.0 3.66 0.24 0.00 0.24 0.15 18 0.35 0.013 408.49 409.37 410.57 410.57 411.39 412.06 45e

STA_357 to end of Project Number of lines: 41 Date:  10-20-2010

NOTES: Intensity = 8.23 / (Inlet time + 0.10)  ̂0.50 -- Return period = 50 Yrs. ;   i Inlet control;  ** Critical depth 

Hydraflow Storm Sewers Extension
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Appendix H RSP Recommendations for Culvert Outfalls 
 



Drainage Report 04-ALA-84 
State Route 84 Expressway Widening Project PM 22.9/27.1 
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Table 4. RSP Recommendation for Culvert Outfalls (Segment B Only) 

Proposed Culvert Outfall Recommended RSP 

RSP 
ID 

Culvert 
ID 

Culvert 
Diameter 

Culvert 
Slope 

Design 
Discharge 

Flow 
Velocity 

Class 
Min Pad 
Length 

Min Pad 
Width 

Min 
Depth 

Max 
Depth 

   (in) (%) (cfs) (ft/s)   (ft) (ft) (ft) (ft) 

4ab 4z 30 0.15 6.83 3.10 Backing No. 2 17.0 7.5 1.0 1.5 

6r 6p 18 0.57 2.71 2.59 Backing No. 2 11.0 4.5 1.0 1.5 

20l 20j 18 0.42 2.22 3.44 Backing No. 2 11.0 4.5 1.0 1.5 

22h 22f 18 0.49 2.91 3.91 Backing No. 2 11.0 4.5 1.0 1.5 

26d 26b 18 0.50 1.81 3.37 Backing No. 2 11.0 4.5 1.0 1.5 

29f 29d 18 0.50 2.08 3.53 Backing No. 2 11.0 4.5 1.0 1.5 

35a 35d 42 1.62 37.31 4.25 Light 23.0 10.5 1.5 2.0 

36a 36d 42 0.16 14.11 1.47 Light 23.0 10.5 1.5 2.0 
 
 
 
 
 
 



 

 

 
 
 
 
 
 
 
 
 
 
 

Appendix I Drainage Cost Estimate 



 

 

 
 
 
 
 
 
 
 
 
 
 
 

Segment A 
(PM 25.5 to PM 27.1) 
 



Item Item Unit of Estimated     Unit
No. Code Item Description Measure Quantity Price Item Total

1 034225 A Fall Prevention System EA 3 $1,200.00 $3,600

2 073006 18" Temporary Culvert LF 37 $90.00 $3,300

3 150206 Abandon Culvert LF 337 $22.00 $7,400

4 150804 A Remove Underdrain System LF 1,777 $15.00 $26,700

5 150805 Remove Culvert LF 3,456 $30.00 $103,700

6 150820 Remove Inlet EA 27 $900.00 $24,300

7 150826 Remove Manhole EA 5 $2,500.00 $12,500

8 152430 Adjust Inlet EA 9 $1,600.00 $14,400

9 152432 Adjust Manhole EA 1 $1,070.00 $1,100

10 152609 Modify Inlet to Manhole EA 1 $2,300.00 $2,300

11 155003 Cap Inlet EA 15 $1,350.00 $20,300

12 192001 Structure Excavation CY 3,346 $105.00 $351,300

13 192502 A Filter Media CY 190 $105.00 $20,000

14 193001 Structure Backfill CY 364 $115.00 $41,900

15 193114 Sand Backfill CY 59 $125.00 $7,400

16 194001 Ditch Excavation CY 444 $45.00 $20,000

17 510050 A Concrete Structures (Austin Vault) CY 544 $1,700.00 $924,800

18 510502 Minor Concrete (Minor Structure) CY 295 $1,600.00 $472,000

19 510526 Minor Concrete (Backfill) CY 112 $250.00 $28,000

20 520101 Bar Reinforcing Steel LB 135,683 $2.00 $271,400

21 620101 18" Alternative Pipe Culvert (Type A) LF 1,670 $105.00 $175,400

22 620102 18" Alternative Pipe Culvert (Type B) LF 1,931 $110.00 $212,400

23 620141 24" Alternative Pipe Culvert (Type A) LF 225 $110.00 $24,800

24 620142 24" Alternative Pipe Culvert (Type B) LF 395 $120.00 $47,400

25 620181 30" Alternative Pipe Culvert (Type A) LF 1,102 $130.00 $143,300

26 620221 36" Alternative Pipe Culvert (Type A) LF 1,361 $150.00 $204,200

27 620710 12" Alternative Slotted Pipe LF 53 $320.00 $17,000

28 620715 18" Alternative Slotted Pipe LF 393 $320.00 $125,800

29 655324 Jacked 36" Reinforced Concrete Pipe LF 77 $826.00 $63,600

30 665012 12" Corrugated Steel Pipe (.079" Thick) LF 3 $190.00 $600

31 680902 A Plastic Pipe Underdrain (Austin Vault) LF 627 $45.00 $28,200

32 680905 8" Perforated Plastic Pipe Underdrain LF 6,223 $55.00 $342,300

33 681023 6" Plastic Pipe LF 7 $65.00 $500

34 681030 8" Plastic Pipe LF 116 $75.00 $8,700

35 681103 3" Plastic Pipe (Edge Drain) LF 10,326 $15.00 $154,900

36 681107 3" Plastic Pipe (Edge Drain Oultet) LF 233 $34.00 $7,900

37 681990 Filter Fabric SQ YD 420 $7.00 $2,900

38 682001 A Permeable Material (Austin Vault) CY 175 $85.00 $14,900

January 12, 2011

(For Drainage Plans Only)

Project No. & Phase 04000205801

BID ITEMS LIST - 

Final% Cost Estimate

State Route 84 Expressway Widening - Segment A
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Item Item Unit of Estimated     Unit
No. Code Item Description Measure Quantity Price Item Total

January 12, 2011

(For Drainage Plans Only)

Project No. & Phase 04000205801

BID ITEMS LIST - 

Final% Cost Estimate

State Route 84 Expressway Widening - Segment A

39 705311 18" Alternative Flared End Section EA 2 $490.00 $1,000

40 700617 Drainage Inlet Marker EA 113 $100.00 $11,300

41 703531 12" Welded Steel Pipe (0.134" Thick) LF 455 $100.00 $45,500

42 703551 18" Welded Steel Pipe (0.134" Thick) LF 8 $105.00 $800

43 705517 18" Automatic Drainage Gate EA 1 $4,075.00 $4,100

44 722020 Gabion CY 30 $500.00 $15,000

45 731502 Minor Concrete (Miscellaneous Construction) CY 2 $450.00 $900

46 731517 Minor Concrete (Gutter) LF 292 $53.00 $15,500

47 750001 Miscellaneous Iron And Steel LB 38,554 $2.50 $96,400

48 750001 A Miscellaneous Metal (Austin Vault) LB 115 $2.50 $300

49 839521 Cable Railing LF 289 $22.00 $6,400

DRAINAGE TOTAL $4,128,400
SUPPLEMENTAL DRAINAGE FUND

49 66621 Drainage Revisions LS 1 $412,840.00 $412,840
SUPPLEMENTAL DRAINAGE FUND $412,800

Note: 1. This cost estimate is based on Final PS&E design 
2. This estimate includes the cost of the austin vault sand filter
3. This estimate does not include any Right of Way costs
4. Supplemental drainage funds were added for potential adjustments to drainage design for altering field conditions.
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Segment B 
(PM 22.9 to PM 25.7) 
 



Item Item Unit of Estimated     Unit
No. Code Item Description Measure Quantity Price Item Total

1 034845 18" Temporary Slotted Pipe Culvert LF 873 $200.00 $174,600

2 073004 12" Temporary Culvert LF 56 $70.00 $3,900

3 073006 18" Temporary Culvert LF 105 $90.00 $9,500

4 150206 Abandon Culvert LF 437 $22.00 $9,600

5 150221 Abandon Inlet EA 1 $800.00 $800

6 150668 Remove Flared End Section EA 1 $300.00 $300

7 150801 Remove Overside Drain EA 2 $150.00 $300

8 150804 A Remove Rock Slope Protection CY 22 $180.00 $4,000

9 150805 Remove Culvert LF 6418 $30.00 $192,500

10 150820 Remove Inlet EA 31 $900.00 $27,900

11 150821 Remove Headwall EA 1 $1,500.00 $1,500

12 150826 Remove Manhole EA 14 $2,500.00 $35,000

13 152430 Adjust Inlet EA 12 $1,600.00 $19,200

14 152432 Adjust Manhole EA 1 $1,070.00 $1,100

15 192001 Structure Excavation CY 3456 $105.00 $362,900

16 192502 A Filter Media CY 192 $105.00 $20,200

17 193001 Structure Backfill CY 450 $115.00 $51,800

18 193114 Sand Backfill CY 26 $125.00 $3,300

19 194001 Ditch Excavation CY 1363 $45.00 $61,300

20 394090 Place Hot Mix Asphalt (Miscellaneous Area) SQ YD 13 $15.00 $200

21 510050 A Concrete Structures (Austin Vault) CY 556 $1,700.00 $945,200

22 510135 Class 2 Concrete (Headwall) CY 89 $2,200.00 $195,800

23 510502 Minor Concrete (Minor Structure) CY 342 $1,600.00 $547,200

24 510526 Minor Concrete (Backfill) CY 532 $250.00 $133,000

25 520101 Bar Reinforcing Steel LB 149210 $2.00 $298,400

26 620101 18" Alternative Pipe Culvert (Type A) LF 3005 $105.00 $315,500

27 620102 18" Alternative Pipe Culvert (Type B) LF 6824 $110.00 $750,600

28 620141 24" Alternative Pipe Culvert (Type A) LF 655 $110.00 $72,100

29 620142 24" Alternative Pipe Culvert (Type B) LF 2525 $120.00 $303,000

30 620181 30" Alternative Pipe Culvert (Type A) LF 1038 $130.00 $134,900

31 620182 30" Alternative Pipe Culvert (Type B) LF 2179 $130.00 $283,300

32 620221 36" Alternative Pipe Culvert (Type A) LF 756 $150.00 $113,400

33 620222 36" Alternative Pipe Culvert (Type B) LF 923 $150.00 $138,500

34 620260 42" Alternative Pipe Culvert LF 3634 $220.00 $799,500

35 655211 A Jacked 18" Reinforced Concrete Pipe LF 72 $350.00 $25,200

36 655220 A Jacked 30" Reinforced Concrete Pipe LF 181 $600.00 $108,600

37 655324 A Jacked 36" Reinforced Concrete Pipe LF 78 $800.00 $62,400

38 680902 A Plastic Pipe Underdrain (Austin Vault) LF 627 $45.00 $28,200

October 19, 2010

(For Drainage Plans Only)

State Route 84 Expressway Widening - Segment B

BID ITEMS LIST - 

100% Cost Estimate

Project No. & Phase 04000205811
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No. Code Item Description Measure Quantity Price Item Total
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(For Drainage Plans Only)

State Route 84 Expressway Widening - Segment B

BID ITEMS LIST - 

100% Cost Estimate

Project No. & Phase 04000205811

39 680905 8" Perforated Plastic Pipe Underdrain LF 1259 $55.00 $69,200

40 681023 6" Plastic Pipe LF 7 $65.00 $500

41 681030 8" Plastic Pipe LF 1782 $75.00 $133,700

42 681103 3" Plastic Pipe (Edge Drain) LF 9158 $15.00 $137,400

43 681107 3" Plastic Pipe (Edge Drain Oultet) LF 786 $34.00 $26,700

44 681990 Filter Fabric SQ YD 3139 $7.00 $22,000

45 682001 Permeable Material CY 314 $85.00 $26,700

46 682001 A Permeable Material (Austin Vault) CY 201 $85.00 $17,100

47 700617 Drainage Inlet Marker EA 135 $100.00 $13,500

48 700641 36" Corrugated Steel Pipe Inlet (0.168" Thick) LF 14 $470.00 $6,600

49 703531 12" Welded Steel Pipe (0.134" Thick) LF 48 $100.00 $4,800

50 705309 15" Alternative Flared End Section EA 1 $600.00 $600

51 705311 18" Alternative Flared End Section EA 10 $550.00 $5,500

52 705319 30" Alternative Flared End Section EA 1 $1,000.00 $1,000

53 705500 Automatic Drainage Gate EA 2 $3,000.00 $6,000

54 707050 A City of Livermore Field Inlet EA 2 $5,000.00 $10,000

55 707050 B City of Livermore Curb Inlet EA 3 $5,000.00 $15,000

56 707051 A City of Livermore Manhole (Type I) EA 2 $8,000.00 $16,000

57 707051 B City of Livermore Manhole (Type II) EA 13 $8,000.00 $104,000

58 721008 Rock Slope Protection (Light, Method B) CY 99 $200.00 $19,800

59 721011 Rock Slope Protection (Backing No. 2, Method B) CY 52 $200.00 $10,400

60 722020 Gabion CY 20 $500.00 $10,000

61 727901 Minor Concrete (Ditch Lining) CY 512 $500.00 $256,000

62 729010 Rock Slope Protection Fabric SQ YD 1129 $10.00 $11,300

63 731502 Minor Concrete (Miscellaneous Construction) CY 542 $450.00 $243,900

64 750001 Miscellaneous Iron And Steel LB 45122 $2.50 $112,800

65 750001 A Miscellaneous Metal (Austin Vault) LB 115 $2.50 $300

66 839521 Cable Railing LF 361 $22.00 $7,900

67 Temporary Creek Diversion System LS $10,000

DRAINAGE TOTAL $7,533,400

Note: 1. This cost estimate is based on preliminary design only
2. This estimate includes the cost of the austin vault sand filter
3. This estimate does not include any Right of Way costs
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Photo 1.  
Inlet at the southwest corner of the intersection of SR 84 and  
Ruby Hill Drive (approx. Sta “A1” 234+12). 
 

Photo 2.  
Inlet at the southwest corner of the intersection of SR 84 and  
Ruby Hill Drive (approx. Sta “A1” 233+53). 
 

  
Photo 3.  
Basin at the northwest corner of the intersection of SR 84 and  
Ruby Hill Drive. 

Photo 4.  
60-in RCP culvert entrance at the southeast corner of the  
intersection of SR 84 and Kalthoff Com. 
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Photo 5.  
60-in RCP culvert at Kalthoff Com. 

Photo 6.  
60-in RCP culvert outfall at the northeast corner of the intersection  
of SR 84 and Kalthoff Com. 

  
Photo 7.  
78-in by 42-in Oval culvert entrance at Vallecitos Road (approx.  
Sta “V” 111+00). 

Photo 8.  
78-in by 42-in Oval culvert outfall at Vallecitos Road (approx.  
Sta “V” 111+50). 
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Photo 9.  
78-in by 42-in Oval culvert at Vallecitos Road. 

Photo 10.  
Cross culvert at Sta “A1” 242+40. 

  
Photo 11.  
Off-site emergency overflow culvert from Cabonia Court in the city of 
Pleasanton at SR 84 (approx. Sta “A1” 272+30) 

Photo 12.  
Outfall of 60-in. RCP under Vineyard Avenue (approx. Sta  
“A1” 316+50). 
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Photo 13.  
Off-site emergency overflow culvert from Sangro Court in the  
city of Pleasanton at SR 84 (approx. Sta “A1” 267+50) 

Photo 14.  
Roadside ditch downstream of the emergency overflow culvert  
from Sangro Court in the city of Pleasanton. 
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Photo 15.  
Inlet located in Stanley connector loop ramp at SR 84 (approx. Sta “A3” 
400+50, offset 310 ft Rt). 

Photo 16.  
Inlet along side of bike path (approx. Sta “A3” 400+09). 

  
Photo 17.  
Depressed section of SR 84 at Stanley Boulevard. 

Photo 18.  
Isabel Pump Station Building at Stanley Boulevard at SR 84  
(approx. Sta “A3” 402+00). 
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Photo 19.  
City of Livermore cross culvert draining into Arroyo Mocho  
upstream of the SR 84 Bridge (approx. Sta “A3” 408+75). 

Photo 20.  
SR 84 Sta “A3” 430+00 (looking south near Discovery Drive) 

  
Photo 21.  
Access road under Arroyo del Valle Bridge  

Photo 22.  
Concrete slab at access road downstream of existing 42" RCP outfall 
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Photo 23.   
Upstream face of SR 84 Bridge at Arroyo Mocho. 
 

Photo 24.  
Outfall at Arroyo Mocho downstream of the SR 84 Bridge. 
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Executive Summary 
 
The Alameda County Transportation Improvement Authority (ACTIA), with cooperation 
from the California Department of Transportation (Caltrans), proposes to widen the State 
Route 84 (SR 84) Expressway from Ruby Hill Drive to Jack London Boulevard.  The 
Project is located partially in the City of Livermore and partially in the City of 
Pleasanton, both of which are located in Alameda County, California.  The Project is 
within the jurisdiction of the San Francisco Bay Regional Water Quality Control Board 
(SFBRWQCB). The purpose of the SR 84 Expressway Widening Project (Project) is to 
improve the route as a regional connection between State Routes 680 (SR 680) and 580 
(SR 580), improve the local traffic circulation, upgrade the route to expressway 
standards, and improve pedestrian and bicycle access.  The Project proposes to add 27.73 
ac of impervious area and anticipates the need to submit a 401 Certification application 
for proposed impacts to Waters of the United States and wetlands from the widening of 
SR 84. 
 
As a result of the Memorandum of California Department of Transportation Post-
Construction Stormwater and Hydromodification Standards (July 2008) from the 
SFBRWQCB, Caltrans, District 4, has been tasked to study hydrograph modification 
(hydromodification) impacts from projects submitting a 401 Certification application and 
lying within the boundary of a municipality subject to hydromodification requirements 
(as stated in the municipality’s National Pollutant Discharge Elimination System 
[NPDES] Permit and Hydrograph Modification Management Plan [HMP]).  
 
Based on the Project’s location, the Alameda Countywide Clean Water Program 
(ACCWP) is the program that manages compliance with the San Francisco Bay’s 
Municipal Regional NPDES Permit (Oct. 2009).  This report addresses the 
hydromodification concerns from the Project and uses the ACCWP’s C.3 Stormwater 
Technical Guidance (August, 2006) to propose mitigation measures to address the 
potential impacts. 
 
The immediate receiving water bodies of the Project include Arroyo Del Valle, Arroyo 
Mocho, and Arroyo Las Positas (which is 0.3 mi north of the Project limit).  Arroyo Las 
Positas eventually joins Arroyo Mocho, which, along with Arroyo Del Valle, discharges 
into Arroyo De La Laguna approximately 9 mi west of the Project. 
 
The various receiving water bodies of the Project, which were further divided into 
outfalls (defined as flow converging every quarter mile), were analyzed to determine 
their susceptibility to hydromodification.  Exemptions to susceptibility include water 
discharging from the Project via a lined channel or pipe to a tidally influenced waterway.  
Outfalls that were neither exempt nor were able to provide hydromodification mitigation 
due to budget restraints (pollution treatment and hydromodification mitigation costs are 
limited to two percent of the total Project cost) were further analyzed for 
hydromodification risk.  
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Water bodies that are at a low risk for hydromodification would demonstrate 
characteristics such as aggradation, shallow longitudinal slopes, and little evidence of 
erosion.  Water bodies that are defined as high risk for hydromodification would display 
evidence of degradation and erosion and have steep longitudinal slopes. 
 
All four outfalls are susceptible to hydromodification because the waterways are not 
tidally influenced.  According to the ACCWP HMP Map, a majority of the Project site is 
within a special consideration area (see map in Appendix E), and the outfalls are all 
designated as susceptible. 
 
From field visit conducted in June 2008 and July 2010, it was observed that Arroyo Del 
Valle has extremely dense vegetation, which would act as an energy dissipater, causing 
velocities to reduce and sediment to deposit.  Based on calculations, the added 
impervious area is greater than 5% of the total watershed area going to this outfall.  
Therefore, it has been determined that Arroyo Del Valle is at moderate risk for 
hydromodification. For Arroyo Mocho, a comparison between historical survey and 
existing conditions was conducted, and it was demonstrated that the channel bed of the 
creek is aggrading, and therefore, not at risk for erosion caused by hydromodification.  
Also Arroyo Mocho is lined at the Project site as well as heavily protected by rock slope 
protection (RSP), making it an even lower risk for hydromodification.  The vegetation is 
sparse however, and the added impervious area is almost 10% of the total watershed area, 
therefore this outfall is considered to be at moderate risk for hydromodification.  Based 
on topographic data gathered from the United States Geological Survey (USGS), the 
longitudinal slope of Arroyo Las Positas is relatively shallow, which reduces its risk for 
hydromodification.  However, downstream of the SR 84 crossing, Arroyo Las Positas has 
a variation of sparse to dense vegetation, which may enable higher velocities, which is 
one less barrier against erosion. 
 
Of the 27.21 ac of added impervious areas from the Project, all are susceptible to 
hydromodification.  The Project has a total of four outfalls, all of which (Tributary to 
Arroyo Del Valle, Arroyo Del Valle, Arroyo Mocho, and 48-in. High Density 
Polyethylene [HDPE] to Arroyo Las Positas) are susceptible to hydromodification and 
were therefore evaluated for potential mitigation. Table 1 shows the summary of added 
impervious area to each outfall and the proposed hydromodification mitigation. 
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Table 1. Hydromodification Summary 

B Tributary to Arroyo 
Del Valle

Two biofiltration 
swales 2.82 1.02 36%

B Arroyo Del Valle  Five biofiltration 
swales 12.17 6.13 50%

B Arroyo Mocho Pump station 3.08 1.69 55%

A Arroyo Mocho Pump station 5.41 5.41 100%

A 48 in. HDPE to 
Arroyo Las Positas - 3.73 0.00 0%

Notes: Totals: 27.21 14.25 52%
1. AIA = Added Impervious Area

Proposed 
Hydromodification 

Mitigation
Outfall

Total AIA 
Treated by 
Outfall (ac)

Segment
Treatment 

Percentage By 
Outfall (%)

Total AIA1 

per Outfall 
(ac)
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Acronyms 
 
ACCWP Alameda Countywide Clean Water Program 
ACTIA Alameda County Transportation Improvement Authority 
ASTM  American Society for Testing and Materials 
BAHM Bay Area Hydrology Model 
BATEA Best Available Technology Economically Achievable 
BCT  Best Conventional Technology 
Caltrans California Department of Transportation 
CHP  California Highway Patrol 
DMA  Drainage Management Area 
FEMA  Federal Emergency Management Agency 
FHWA  Federal Highway Administration 
FIRM  Flood Insurance Rate Map 
FIS  Flood Insurance Study 
HMP  Hydrograph Modification Management Plan 
HOV  High Occupancy Vehicle 
HSG  Hydrologic Soil Group 
IDF  Intensity-Duration-Frequency 
MS4  Municipal Separate Storm Sewer System 
NPDES National Pollutant Discharge Elimination System 
NRCS  Natural Resource Conservation Service 
PM  Post Mile 
POC  Point of compliance 
Q25  25-year peak flow 
R/W  Right-of-way 
SFBRWQCB San Francisco Bay Regional Water Quality Control Board 
SR 84  State Route 84 
SWMP  Storm Water Management Program 
U.S.  United States 
USGS  United States Geological Survey 
WQV  Water Quality Volume 
WSE  Water Surface Elevation 
WSS  Web Soil Survey
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1 PROJECT DESCRIPTION 
The Project, located in Livermore/Pleasanton in Alameda County, proposes to widen and 
upgrade State Route 84 (SR 84) from Ruby Hill Drive to Jack London Boulevard.  The 
widening would: 1) improve the route as a regional connection between State Routes 680 
(SR 680) and 580 (SR 580); 2) improve the local traffic circulation; 3) upgrade the route 
to expressway standards; and 4) improve pedestrian and bicycle access.   
 
SR 84 would be widened to four lanes between Ruby Hill Drive and Stanley Boulevard, 
and to six lanes between Stanley Boulevard and Jack London Boulevard.  The widening 
would generally conform to the existing roadway alignment.  Improvements would 
include: 1) the widening of the Arroyo del Valle and Arroyo Mocho bridges; 2) the 
widening and upgrading of signalized intersections at Ruby Hill Drive, Vallecitos Road, 
Vineyard Avenue, Concannon Boulevard, Discovery Drive and Jack London Boulevard; 
3) relocating existing private driveway access to signalized intersections on SR 84; and 4) 
constructing new bridge crossings at Arroyo Mocho and Arroyo del Valle for private and 
recreational access.  
 
The roadway cross section would consist of 12-ft wide traveled lanes and 10-ft wide 
shoulders, divided by a concrete median barrier. Where practical, side slopes would be 
4:1 (H:V) or flatter to provide a Clear Recovery Zone (CRZ) for errant vehicles.  Outside 
the CRZ, side slopes would be 2:1 (H:V) or flatter.  The roadway median at intersections 
would be widened up to 36 ft to accommodate left-turn lanes.   
 
The Project has been split into two segments for construction. Segment A begins 0.4 
miles (mi.) north of Concannon Boulevard and ends at Jack London Boulevard. Segment 
B begins 0.1 mi. south of Ruby Hill Drive and ends 0.6 mi. north of Concannon 
Boulevard. The two segments overlap one another for 0.2 mi. This report covers both 
segments of the Project. 

1.1 Project Purpose 
The purpose of this Project is to: improve SR 84 as a regional route, consistent with other 
committed projects on the route; improve local traffic circulation; upgrade SR 84 to an 
expressway facility with access control; and improve bicycle and pedestrian access. 

1.2 Project History 
Beginning in March 2005, the development of the SR 84 Widening Project was under the 
management of the Alameda County Transportation Improvement Authority (ACTIA) 
and the city of Livermore’s sponsorship.  Monthly Project Development Team (PDT) 
meetings provided the forum for coordination, issue resolution, and feedback from 
ACTIA, the cities of Livermore and Pleasanton, the California Department of 
Transportation (Caltrans), the Alameda County Congestion Management Agency 
(ACCMA), Alameda County, Zone 7 Water Agency (Zone 7), and other affected 
agencies.  Traffic studies were closely coordinated with the ACCMA Tri-Valley Triangle 
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Traffic Study to ensure consistency in regional planning efforts.  Extensive design studies 
were performed on the Project Study Report (PSR)/PDS alternatives to help reduce 
environmental impacts, identify right-of-way and find cost saving refinements to the 
proposed improvements.  Additional design options were investigated including a new 
alignment between Ruby Hill Drive and Vallecitos Road; a modified Stanley Boulevard 
intersection in lieu of a full interchange facility; and other Vallecitos/Isabel intersection 
options.   

1.3 Project Need  
The objectives of this Project are to: 

• Improve SR 84 as a regional connection between Interstate 680 (I-680) and 
Interstate 580 (I-580) using expressway standards to the maximum extent 
feasible.  This would be consistent with other programmed projects, assisting the 
completion of a continuous four- to six-lane facility between Pigeon Pass and the 
I-580/Isabel Avenue interchange. 

• Improve local traffic circulation through added capacity on SR 84 and intersection 
improvements, thereby attracting regional traffic currently using local streets onto 
the SR 84 corridor. 

• Complete the statutory designation of this section of SR 84 as an expressway 
facility by providing partial access control and relocating private utilities out of 
the state’s right-of-way. 

• Improve pedestrian and bicycle access along this section of SR 84 by connecting 
multi-use trails. 

1.4 Project Impacts 
The Project proposes to add 27.21 ac of impervious area from the widening of SR 84 
(18.07 ac for Segment B and 9.14 ac for Segment A).  An increase in impervious area 
would result in more storm water runoff due to a decrease in infiltration by previously 
pervious areas.  The additional runoff would cause a faster and larger peak in the 
Project’s hydrograph, which potentially could increase downstream erosion to unlined 
channels.  Therefore, hydromodification mitigation is proposed to prevent this additional 
erosion. 
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Figure 1.  Project Location Map 
Source: United States Geological Survey (USGS) 
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Figure 2.  Project Vicinity Map 

Source: USGS
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2 REGULATORY SECTION 

2.1 Purpose of Study 
The purpose of this report is to present the general water quality impacts associated with 
the proposed widening and the overall mitigation strategy of Caltrans and ACTIA to 
address the hydromodification concerns of the Project.  The Project is within the 
jurisdiction of the SFBRWQCB.  Based on the Memorandum of California Department 
of Transportation Post-Construction Stormwater and Hydromodification Standards (July 
2008) from the SFBRWQCB, Caltrans, District 4, has been tasked to study 
hydromodification impacts from projects submitting a 401 Certification application that 
lie within the boundary of a municipality subject to hydromodification requirements (as 
stated in the municipality’s National Pollutant Discharge Elimination System [NPDES] 
Permit and Hydrograph Modification Management Plan [HMP]).  
 
Based on the Project’s location, the Alameda Countywide Clean Water Program 
(ACCWP) is the program that manages compliance with the Municipal Regional 
Stormwater NPDES Permit.  This report addresses the hydromodification concerns from 
the Project and uses the ACCWP’s C.3 Stormwater Technical Guidance (August, 2006) 
to propose mitigation measures to address the potential impacts. 
 
As determined by the SFBRWQCB and ACCWP, located in hydromodification control 
areas are required to implement the hydromodification standard for flow duration control 
starting June 12, 2007.  Under command from ACTIA and Caltrans, WRECO has been 
tasked to perform a hydromodification analysis of the Project under the ACCWP’s HMP.   

2.2 Caltrans NPDES Permit 
In 1999, Caltrans was issued a NPDES Statewide Permit (Order No. 99-06 DWQ), which 
covers Caltrans’ highways, highway-related properties, facilities, and activities (e.g., 
maintenance stations, roadside rest areas, weigh stations, park-and-ride lots, and 
construction sites).  In general, Caltrans is required to reduce, to the maximum extent 
practicable, pollutants in storm water discharge.  Pollutants must be reduced using the Best 
Available Technology Economically Achievable (BATEA) and the Best Conventional 
Technology (BCT).   
 
Caltrans has a Storm Water Management Plan (SWMP) that describes how the Department 
complies with its NPDES Permit (Caltrans, 2007).  In Section 5.4.3 of the SWMP, Caltrans 
includes provisions to evaluate and remediate any hydromodification effects of highway 
projects, including participation with other permittees in developing watershed-scale 
approaches for addressing hydromodification.   

2.3 Alameda County MS4 
Alameda County is under the San Francisco Bay’s Municipal Regional Stormwater 
NPDES Permit from the SFBRWQCB (Order R2-2009-0074) that includes requirements 
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for discharges of storm water runoff from storm drains and watercourses within the 
County’s jurisdictions. The county wide program (ACCWP) includes the cities of 
Alameda, Albany, Berkeley, Dublin, Emeryville, Fremont, Hayward, Livermore, 
Newark, Oakland, Piedmont, Pleasanton, San Leandro, Union City, Zone 7, and the Zone 
7 Water Agency. This Permit requires hydromodification management provisions under 
section C.3.g.  According to the Municipal Permit, Alameda County shall also abide by 
its own existing hydromodification management control requirements, under Attachment 
B of the Permit.   
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3 WATERSHED CHARACTERISTICS 

3.1 Precipitation 
Intensity-Duration-Frequency (IDF) curves and rainfall intensities were obtained from 
the WINIDF computer program based on locations within the Project site.  Rainfall 
intensities at the Project site used in this report are shown in Table 2 below.  Rainfall 
intensities varied within the Project and were separated according to where the runoff 
eventually drained (i.e., Drainage Location in Table 2).  As required by the Caltrans 
Highway Design Manual (Table 831.3) for all flows draining to the pump station, the 50-
year storm reoccurrence interval was used. 
 
Table 2.  Rainfall Intensities 

Drainage Location Design Year Rainfall Intensity, 
i  (in/hr)

Arroyo Del Valle 25 3.266
Arroyo Moch and Arroyo Las Positas 25 3.137

Pump Station 50 3.524  

3.2 Land Use 
In the Project vicinity, the land use is primarily residential, agricultural, mining, and 
commercial.  From aerial photographs, the land use from the northern Project limits to 
Alden Lane (at the south side of SR 84) is residential.  The Ruby Hill Development is 
located on the west side of SR 84, from Vineyard Road to the southern Project limits.  
The land use from Alden Lane to the southern end of the Project limits, west of SR 84, is 
primarily agricultural.  Gravel mining activity is present along Arroyo Del Valle on both 
sides of SR 84 and adjacent to the western side of SR 84, between Arroyo Del Valle and 
Stanley Boulevard.   

3.3 Creek and Stream Crossings 
There are two creek crossings, Arroyo Del Valle and Arroyo Mocho, and one tributary 
crossing, Tributary to Arroyo Del Valle, within the Project limits.  A 48-in. HDPE culvert 
at the north end of the Project (at Jack London Boulevard) eventually drains to Arroyo 
Las Positas approximately 0.3 mi north of the Project’s northern limit.  These waterways 
are depicted in Figure 3 and are listed south to north in Table 3.   
 
Table 3.  Waterway Crossings 

USGS Blue Line Approximate Station
Tributary to Arroyo Del Valle Line "V" 111+50

Arroyo Del Valle Line "A1" 319+50
Arroyo Mocho Line "A3" 414+50

48" HDPE to Arroyo Las Positas Line "A3" 450+00  
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Figure 3.  Creek Crossings 

Source: USGS 

End Project 
PM 27.1 

Livermore 

Pleasanton 

Arroyo Del Valle 

Arroyo Mocho 

Arroyo Las 
Positas 

Begin Project 
PM 22.9 

Tributary to 
Arroyo Del Valle 

48” HDPE to 
Arroyo Las Positas 



Hydromodification Report          04-ALA-84 
State Route 84 Expressway Widening Project       PM 22.9/27.1 
Alameda County, California           EA 297601 
 

January 2011  9  

3.4 Soils 
Soil characteristics were described in the Final Geotechnical Impact Assessment.  AGS, 
Inc. evaluated soil characteristics with soil surveys from the Natural Resources 
Conservation Service (NRCS).  WRECO also used the NRCS, Web Soil Survey (WSS) 
to determine Hydrologic Soil Groups (HSGs) for the off-site watershed areas within the 
Project area.  HSGs are divided into four groups, identified as A, B, C, and D.  Three 
HSGs (Group A, Group B, and Group D) were found to be predominantly in the pervious 
watershed areas, which drain to the Project area.   
 
The following is a summary of characteristics of each group: 
 

• Group A soils have characteristically low runoff potential due to high infiltration 
rates even when thoroughly wetted.  These soils consist primarily of deep, well-
drained to excessively drained sands and gravels with high water transmission 
rates (at approximately 0.30 in./hr). 

 
• Group B soils have characteristically moderately low runoff potential due to 

moderate infiltration rates when thoroughly wetted.  These soils consist primarily 
of moderately deep to deep, and moderately well to well-drained soils.  These 
soils have moderate water transmission rates (at approximately 0.15-0.30 in./hr). 

 
• Group D soils have characteristically high runoff potential due to very slow 

infiltration rates.  These soils consist primarily of clays with high swelling 
potential, soils with permanently high water tables, soils with a claypan or clay 
layer at or near the surface, and shallow soils over nearly impervious parent 
material.  These soils have very low water transmission rates (at approximately 0-
0.05 in./hr). 

 
Soils underlying the Project, with reaches identified by intersections, are listed in Table 4.  
The identified soil properties include the soil types, soil groups, permeability ranges, and 
percent slopes.
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Table 4.  Soil Properties 

Location Soil 
Symbol Soil Type Soil 

Group 
Permeability 

Range Slope Erosion 
Hazard 

Shrink/Swell 
Potential Corrosivity 

Prime and Other 
Important 
Farmlands 

W Jack London 
Boulevard to 
Stanley Boulevard 
  

Lg Livermore gravelly loam B 2.5 to 5 in./hr --- Moderate Low Moderate Prime if Irrigated 
Lm Livermore very gravelly coarse sandy 

loam 
B 2.5 to 5 in./hr --- Moderate Low Moderate Statewide Importance 

Rh Riverwash A 10 in./hr --- None Low High --- 
YmA Yolo loam A 0.8 to 2.5 in./hr 0 to 3% Moderate Low High Prime if Irrigated 

Yr Yolo gravelly loam A 0.8 to 2.5 in./hr 0 to 3% Moderate Low Moderate Prime if Irrigated 
Za Zamora silt loam A 0.2  to 0.8 in./hr 0 to 4% Very High Low-

Moderate 
High Prime if Irrigated 

Stanley Boulevard 
to Lilienthal Road 

Gp Gravel Pits A - --- Moderate Low Moderate --- 
Lg Livermore gravelly loam B 2.5 to 5 in./hr --- Moderate Low Moderate Prime if Irrigated 
Lm Livermore very gravelly coarse sandy 

loam 
B 2.5 to 5 in./hr --- Moderate Low Moderate Statewide Importance 

PtB2 Positas gravelly loam, thick surface D <0.05 to 10 in./hr 2 to 10% High High High --- 
Rh Riverwash A 10 in./hr --- None Low High --- 
Za Zamora silt loam A 0.2 to 0.8 in./hr 0 to 4% Very High Low-

Moderate 
High Prime if Irrigated 

Lilienthal Road to 
Ruby Hill Drive 

Gp Gravel Pits A - --- Moderate Low Moderate --- 
Lm Livermore very gravely coarse sandy 

loam 
B 2.5 to 5 in./hr --- Moderate Low Moderate Statewide Importance 

PgA Pleasanton gravelly loam B 0.2 to 0.8 in./hr 0 to 3% Moderate-
High 

Moderate High Prime if Irrigated 

PoC2 Positas gravelly loam D 0.8 to 2.5 in./hr 2 to 20% High High High --- 
Rh Riverwash A 10 in./hr --- None Low High --- 

YmA Yolo loam A 0.8 to 2.5 in./hr 0 to 3% Moderate Low High Prime if Irrigated 
Ruby Hill Drive to 
Vallecitos Road 

Lm Livermore very gravelly coarse sandy 
loam 

B 2.5 to 5 in./hr --- Moderate Low Moderate Statewide Importance 

PgA Pleasanton gravelly loam B 0.2 to 0.8 in./hr 0 to 3% Moderate-
High 

Moderate High Prime if Irrigated 

PgB Pleasanton gravelly loam A 0.2 to 0.8 in./hr 3 to 12% Moderate-
High 

Moderate Moderate Statewide Importance 

PoC2 Positas gravelly loam D <0.05 to 10 in./hr 2 to 20% High High High --- 
PoE2 Positas gravelly loam D <0.05 to 10 in/hr 20 to 40%     

Sa San Ysidro Loam D <0.05 in/hr ---     
Source: AGS, Inc. and NCRS, WSS 
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3.5 Water Quality 
The Project area lies within the cities of Pleasanton and Livermore, which is within the 
San Francisco Bay Region’s South Bay Hydrologic Planning Area.  Regulations for 
discharges within the area are included in the Water Quality Control Plan for the San 
Francisco Bay Basin (January 2007).  Storm water discharges from Caltrans’ Right of 
Way (R/W) within the Project area are regulated by the NPDES Statewide Storm Water 
Permit issued by the SWRCB.  
 
The 2006 Clean Water Act (CWA) Section 303(d) List of Water Quality Limited 
Segments (U.S. Environmental Protection Agency, June 28, 2007) lists Arroyo Mocho, 
Arroyo Del Valle, and Arroyo Las Positas as impaired water bodies due to diazinon.  
However, Diazinon is not generated by the highway within the State’s right-of-way 
(R/W) (see attached 2006 CWA Section 303[d] List of Water Quality Limited Segments). 
 
There are currently Total Maximum Daily Loads (TMDLs) for diazinon and pesticides 
for the Arroyo Mocho, Arroyo Del Valle, and Arroyo Las Positas.  These TMDLs were 
approved by the U.S. Environmental Protection Agency (EPA) on May 16, 2007.  The 
TMDLs can be found and referenced in the San Francisco Bay Area Urban Creeks 
TDML Report.  However, Caltrans is not a listed stake holder for this TMDL. 
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4 DESIGN APPROACH AND METHODOLOGY 

4.1 Points of Compliance 
Points of compliance (POCs) were identified within the Project limits as locations where 
runoff either left Caltrans’ R/W or entered a creek within Caltrans’ R/W.  The POCs for 
the Project are listed in  and indicated on the Watershed Maps (see Appendix B).  There 
are 22 POCs for the Project.  The POCs for the pre- and post-Project conditions are the 
same. 

4.2 Outfalls 
The POCs, listed in Table 5, were also grouped by their downstream outfalls.  Outfalls 
were defined at the receiving waters, where the runoff converges within 0.25 mi of the 
Project site.  The added impervious area was analyzed relative to these outfalls.  There 
are four outfalls for the Project: Tributary to Arroyo Del Valle, Arroyo Del Valle, Arroyo 
Mocho, and 48–in. HDPE to Arroyo Las Positas.  Of these outfalls, all are susceptible to 
hydromodification and must therefore be considered for hydromodification mitigation. 

4.3 Watershed Delineations 
Once POCs and outfalls were defined, watersheds were delineated for each of the 
drainage inlets and ditches.  Watersheds for both the pre-construction and post-
construction conditions were compared to determine the added impervious area to each 
outfall.  The watersheds of the inlets that led to the same POC were combined.  Because 
the watersheds were ultimately analyzed by outfall, this combination of areas would not 
have an effect on the overall analysis.  The entire area would reach the same POC, and 
therefore, the same outfall.  Watershed maps for existing and proposed conditions are 
shown in Appendix A.   

4.4 Exemption Criteria and Susceptibility 
After the added impervious area to each outfall was determined, the outfalls were 
examined to determine whether they met any of the hydromodification exemption 
criteria. Exemptions include outfalls that are either 1) piped or lined all the way to a 
designated gray area in the HMP map (see Appendix E); or 2) the outfall is a tidally 
influenced area. Of the four outfalls, none are exempt because the exemptions do not 
apply. 
 
Because no outfalls were categorized as exempt, they were all analyzed for 
hydromodification susceptibility. This analysis looked at the fluvial geomorphology of 
the outfalls and their downstream receiving water bodies and categorized the outfalls as 
having either low, moderate, or high susceptibility. This analysis is discussed in further 
detail in Section 5.  

4.5 Design Criteria 
The biofiltration swales were designed to meet the hydromodification mitigation goals 
and to contain the 25-year storm event.  The biofiltration swales were designed so that 
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runoff discharge rates and durations matched the pre-Project discharge rates and 
durations, from 10% of the pre-project 2-year peak flows up through the pre-Project 10-
year peak flows.  The post-Project discharge rates could not exceed the pre-Project rates 
by more than 10% for more than 10% of the record duration.  The Austin vault sand 
filters was designed according to the most recent Caltrans’ standards and the May 2007 
Project Planning and Design Guide (PPDG) in addition to meeting hydromodification 
mitigation requirements.  The biofiltration swales were modeled using the Bay Area 
Hydrology Model (BAHM). 
 
Table 5.  Points of Compliance and Outfalls 

A1 233+50 R 3.26
VEX 48+00 R -0.32
VEX 53+50 R -0.52
V 110+70 L 0.17
V 111+80 L 0.24
A1 303+30 R 0.00
A1 305+30 L 0.00
VIN 22+50 L 6.74
A1 314+80 L 0.00
A1 316+50 L 0.92
A1 319+70 R 0.00
A1 319+90 L 0.99
A1 321+05 L 0.00
A1 325+05 L 0.56
A1 329+05 L 3.47
A1 344+95 R -0.02

Arroyo Mocho A3 402+00 R 3.08 none 3.08

A3 402+00 R 0.00
A3 402+453 R 7.10

A3 415+50 L 1.14
A3 448+95 R 3.40
A3 449+30 L 0.00
A3 453+00 R 0.00

3.73

Segment

A

B

Arroyo Mocho

48 inch HDPE to Arroyo 
Las Positas

Tributary to Arroyo Del 
Valle

Arroyo Del Valle

Outfall POC
Increase in 
Impervious 
Area (ac)

Left/
Right

none

Total AIA2 

per Outfall 
(ac)

none 2.82

Exemptions1

none

none

12.17

5.41

 
Notes: 
1. Exemption criteria is any one of the following:

a. Culvert or lined channel all the way to the gray area marked on the HMP map
2. AIA = Added Impervious Area
3. All area going to this POC travels through the Stanley Blvd Pump Station  

4.6 Treatment Methods 
Because the biofiltration swales, and Austin vault sand filters serve a dual purpose 
(pollutant removal as well as hydromodification mitigation), they were initially designed 
to meet the pollutant removal requirements as specified in the PPDG.  Their design can 
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be found in the Storm Water Data Report (WRECO, 2011) for the Project.  After the 
designs were finalized, these treatment Best Management Practices (BMPs) were tested 
for hydromodification mitigation.  The biofiltration swales were modeled in the BAHM 
to test for hydromodification mitigation.   

4.6.1 Biofiltration Swales  
Biofiltration swales were sized initially as standard biofiltration swales to carry the 25-
year storm event as well as meet water quality flow (WQF) pollution treatment 
requirements.  The water surface elevations (WSEs) in the swales during the peak flow of 
a 25-year storm event were determined using the Rational Method and Manning’s 
equation as shown in the Storm Water Data Report (WRECO, 2010). 
 
Per direction from the SFRWQCB, all biofiltration swales must now include a 1.5 ft layer 
of imported biofiltration topsoil as well as a 1 ft. layer of class 2 permeable material.  All 
biofiltration swales would also have a perforated plastic pipe (PPP) placed 26 in. below 
the flow line of the swale in order to capture and transfer infiltrated flow.  These PPPs 
would be constructed along the length of the swale longitudinally until they can be 
connected back into the proposed drainage system.  If additional mitigation was still 
required, a water quality berm would be added at the downstream end of the biofiltration 
swale.  This berm would consist of layers of RSP placed within the swale and small 
plastic pipes to allow for low flows to travel through the berm.  The RSP would aid in 
detaining the runoff for further hydromodification mitigation.  Biofiltration swales were 
modeled in BAHM to test for hydromodification mitigation (Appendix C).  Design 
details for the biofiltration swales can be found in the drainage detail sheets in the Project 
Plans (WRECO, 2011). 

4.6.2 Austin Vault Sand Filter 
The Austin vault sand filters (AVSFs) were initially sized to treat the pollutant BMP 
WQF and Water Quality Volume (WQV) as shown in the Storm Water Data Report 
(WRECO, 2010).  Because the AVSFs will only receive the WQV runoff and the 
remaining flow will bypass the filter via an overflow pipe system, the filter will not see 
the full range of flows required to be considered for hydromodification mitigation (up to 
the 10-year flow).  Therefore, AVSFs were not considered for hydromodification and not 
analyzed further.   

4.6.3 Pump Station 
The existing pump station at the SR 84 and Stanley Boulevard interchange has adequate 
capacity to handle the runoff caused by the additional 7.65 ac of added impervious area 
that drains to it, as shown in the Pump Station Memo (WRECO, 2009).  The pump station 
acts as a type of detention facility because the pumps will not turn on until the water 
reaches a certain level in the pump station, and the pump station will store the water until 
it pumps it to the discharge point in Arroyo Mocho.  This delay in discharge will improve 
the hydrograph and therefore mitigates hydromodification caused by added impervious 
area from the Project. 
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4.7 Potential Mitigation Locations 
Within the Project limits, the topography near the outfalls was examined in order to 
identify potential mitigation areas.  Between Vineyard Avenue and Jack London 
Boulevard, in the northern half of the Project, infiltration is not permitted because of its 
location adjacent to Zone 7’s right of way.  Therefore, between these locations, only 
mitigation that does not require infiltration was considered.  Some locations had no 
available area or required extensive drainage improvements to implement.  Therefore, 
mitigation at these sites could not be provided.   
 
From the southern end of the Project to Vineyard Avenue, a significant portion of the 
roadway is proposed to allow sheet flow to drain toward the shoulder.  These locations 
are ideal to incorporate biofiltration strips and/or biofiltration swales.  Therefore 
biofiltration strips and biofiltration swales were considered on the eastern side of SR 84, 
between “A1” 231+00 R to “A1” 244+50 R, along the northern side of the Vallecitos 
Road off ramp, and on both the western and eastern sides of SR 84 between “A1” 285+00 
and “A1” 312+00.  North of Vineyard Avenue, AVSFs were considered at “A1” 322+00 
L and at “A2” 391+50 R.  Basins were not considered due to topography and Zone 7’s 
criteria. 



Hydromodification Report                    04-ALA-84
State Route 84 Expressway Widening Project        PM 22.9/27.1
Alameda County, California           EA 297601
 

January 2011                                                                                                                      16 

 
 
 Figure 4. Methodology Schematic 
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5 HYDROMODIFICATION SUSCEPTABILITY 
The susceptibility of the receiving waterways is dependent on several factors: channel 
lining, channel slope, watershed size, and watershed composition.  Information regarding 
the hydromodification susceptibility of the waterways downstream of the Project site was 
gathered from aerial photos of the Project vicinity, two site inspections performed by 
WRECO on February 1, 2008 and July 8, 2010, and USGS topographic data.    
 
Channel susceptibility risk level was first evaluated using a similar approach as Option 4 
of the flow control requirements from the Contra Costa Clean Water Program’s 
Stormwater C.3 Guidebook, (September 2008). Channel armor, signs of aggradation, 
existing vegetation, and channel slope were considered as parameters affecting the 
susceptibility ranking of receiving water bodies. See Table 6 for ranges of the parameters 
used in the evaluation of the outfalls. 
 
Table 6. Hydromodification Susceptibility: Water Body Characteristics 

Heavy 
Vegetation/Aggradation/

Armor1

Moderate 
Vegetation/Little Armor

Signs of Erosion/No 
Armor

0-1% Low Low Moderate
1-10% Low Moderate High
>10% Moderate High High

1 Armoring: exposed aggregates, bed rock, or any other material that would resist erosive forces

Vegetation/Deposition

Channel Slope

 
The watershed sizes of the receiving waters at the outfalls were also compared to the 
added impervious area (AIA). See Table 7 for the channel susceptibility ranking based on 
watershed risk level. 
 
Table 7. Hydromodification Susceptibility: AIA vs. WSA 

Percent AIA of 
overall outfall WSA1 Channel Susceptibility

0-5% Low 
5-15% Moderate
>15% High

1 AIA = added impervious area, WSA = watershed area  

5.1 Physical Characteristics of Outfalls 
The immediate Project outfalls are Tributary to Arroyo Del Valle, Arroyo Del Valle, 
Arroyo Mocho, and Arroyo Las Positas.  Arroyo Las Positas discharges into Arroyo 
Mocho.  Approximately 9 mi east of the Project, both Arroyo Mocho and Arroyo Del 
Valle discharge into Arroyo de la Laguna. 
 
Lined and tidal portions of channels are considered to be at low risk for 
hydromodification.  Generally, unlined channels with steeper slopes are at a higher risk 
for hydromodification than those with flatter slopes.  This is because at greater slopes, the 
bed material is closer to its angle of repose and is therefore easier to lift into suspension.  
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Also, steeper slopes generally result in higher water velocities.  Water traveling at higher 
velocities has more energy to impart on bed material. Because of this, the bed material is 
suspended in the water.  Storage, formed by unevenness in the channel flowline, also 
reduces hydromodification risk.  This is because flow entering the storage would be 
slowed down, allowing particles to settle out (aggrade).   
 
Both Arroyo Del Valle and Arroyo Las Positas are unlined.  Directly under the SR 84 
bridge at Arroyo Mocho, the creek is lined and the banks are also protected with RSP up 
until 360 ft along the creek downstream of the Project.  All three receiving water bodies 
have relatively shallow slopes (ranging from 0.1% to 0.4%).  They eventually discharge 
into Arroyo de la Laguna. Arroyo de la Laguna’s channel slope becomes steeper as it 
eventually becomes Alameda Creek and travels through a hilly range of mountains before 
discharging into the San Francisco Bay in Fremont, California.    

5.1.1 Tributary to Arroyo Del Valle 
Tributary to Arroyo Del Valle is unlined and the headwall at the outfall is surrounded by 
dense vegetation and brush.  There is some evidence of erosion slightly downstream of 
the headwall (Photo 1) which is a possible indication of hydromodification risk.  As the 
channel flows away from the Project it takes the shape of a narrow meander through 
vineyards with a large floodplain.  The floodplain has sporadic trees and the main low-
flow channel appears to have dense brush throughout (Photo 2).  According to the 
topographic map, the channel slope is relatively at approximately 0.3% where it leaves 
the Project right of way.   
 

 
Photo 1.  Tributary to Arroyo Del Valle Project Outfall 
 



Hydromodification Report                    04-ALA-84
State Route 84 Expressway Widening Project        PM 22.9/27.1
Alameda County, California           EA 297601
 

January 2011                                                                                                                      19 

 
Photo 2.  Tributary to Arroyo Del Valle North of Vineyard Dr. 

5.1.2 Arroyo Del Valle 
Based on aerial views and Project site visits, Arroyo Del Valle is unlined from where it 
crosses SR 84 (Photo 3) to where it discharges into Arroyo Del Valle.  According to 
USGS maps, the channel slope is relatively shallow in this reach, approximately 0.3%.  
The presence of dense vegetation (Photo 4) downstream of the Project would cause head 
loss in the channel, resulting in increased storage and aggradation upstream.  This 
increased storage would reduce hydromodification risk.   
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Photo 3.  Arroyo Del Valle Undercrossing at SR 84 
 

 
Photo 4.  Arroyo Del Valle Downstream of SR 84 
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5.1.3 Arroyo Mocho 
Arroyo Mocho is PCC concrete lined, and its banks are protected with RSP where it 
crosses the Project at SR 84 (Photo 5 and Photo 6) up to approximately 360 ft 
downstream of the SR 84 crossing.  After this point, it remains unlined until it discharges 
into Arroyo de la Laguna.  After its realignment, to make room for the pump station at 
Stanley Boulevard, Arroyo Mocho has a very flat longitudinal slope (around 0.1%).  As 
seen in Photo 3, Arroyo Mocho has minimal vegetation for a significant reach 
downstream of the Project crossing.  The fact that Arroyo Mocho is lined and un-
vegetated may increase velocities and potentially cause erosion downstream of the lined 
portion.  However, all of the locations where SR 84 drainage discharges into Arroyo 
Mocho occur within the lined and RSP-protected reach.  The RSP should dissipate energy 
at these discharge points, therefore reducing the hydraulic head and the risk for 
hydromodification. 
 
Also, when comparing As-Builts from an earlier project on SR 84 (designed in 1999 and 
accepted in 2002) with a survey conducted by GTS, Inc. in 2007, the flowline of Arroyo 
Mocho at SR 84 increased by a maximum of 2.4 ft and an average over the Project site of 
0.6 ft.  This demonstrates that the creek is aggrading, which, according to Zone 7, is a 
verified occurrence.  Zone 7 plans on eventually dredging the creek to bring the flowline 
back down to the where it was in the aforementioned project; however the future date of 
this dredging is unknown at this time. 
 

 
Photo 5.  Arroyo Mocho Downstream of SR 84 Crossing 
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Photo 6.  Arroyo Mocho Lined and RSP-Protected Reach Downstream of SR 84 
Crossing 

5.1.4 Arroyo Las Positas 
Although Arroyo Las Positas does not cross SR 84 within the Project limits, a portion of 
the drainage from the Project discharges to Arroyo Las Positas via a 48-in. HDPE culvert 
(that starts at “A3” 409+20 R); therefore, Arroyo Las Positas needs to be evaluated for 
hydromodification risk.  Based on measurements taken from the USGS topographic map, 
the longitudinal slope of Arroyo Las Positas ranges from 0.1% to 0.4% downstream of 
the SR 84 crossing; hence, it has a shallow longitudinal slope.  The creek is assumed to 
be unlined; however, from aerial photography (Figure 5), it is evident that vegetation is 
minimal for approximately three quarters of a mile downstream of the SR 84 crossing 
(Photo 7).  The shallow slope would help to maintain lower velocities, but the lack of 
significant vegetation may still leave Arroyo Las Positas susceptible to 
hydromodification. 
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Figure 5.  Arroyo Las Positas Crossing SR 84 0.3 mi North of the Project 

Source: Google Maps 
 

 
Photo 7.  Arroyo Las Positas at Airway Boulevard  
 

Arroyo Las Positas 

SR 84 
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5.2 Downstream Watershed Properties 
The greater the extent to which the downstream watershed is impervious, the less the 
relative impact of the additional unmitigated runoff from the Project would be.  Arroyo 
Del Valle, Arroyo Las Positas, and Arroyo Mocho all drain to Arroyo de la Laguna 
which eventually becomes Alameda Creek.  Approximately 60% of the watershed that 
feeds Alameda Creek is impervious, while the remaining 40% is pervious.   

5.3 Hydromodification Susceptibility Assessment 
Based on field visits, topographic analysis, existing surveys, and anecdotal evidence, the 
four outfalls taking drainage from the Project were evaluated for hydromodification 
susceptibility.  It was determined that all four outfalls—Tributary to Arroyo Del Valle, 
Arroyo Del Valle, Arroyo Mocho, and Arroyo Las Positas—are susceptible to 
hydromodification to some varying degree.  The level of hydromodification risk 
associated with each creek is shown in Table 8.
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Table 8. Hydromodification Susceptibility Summary 

Outfall A.I.A. (ac) Exempt
Total 

Watershed 
Area (ac)

A.I.A. Percentage 
of Total 

Watershed Area

Lined/Unlined/
Culvert Slope (%) Vegetation Aggrading/D

egrading Risk Level

Tributary to Arroyo Del 
Valle 2.82 No 100 2.82% Unlined 0.3 Dense Degrading low

Arroyo Del Valle 12.17 No 168.35 7.23% Unlined 0.3 Dense Unknown moderate
Arroyo Mocho 5.41 No 56.47 9.58% Lined 0.1 Sparse Aggrading moderate

Arroyo Las Positas 3.73 No 100 3.73% Unlined 0.1-0.4 Dense Aggrading low
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6 MITIGATION AND RESULTS 

6.1 Hydromodification Models and Design 

6.1.1 Biofiltration Swales Design 
Biofiltration swales were sized to treat the WQF and the 25-year storm.  All biofiltration 
swales proposed in the SWDR (WRECO, 2010) were considered for hydromodification 
mitigation.  Detention layers of imported biofiltration topsoil and class 2 permeable 
material were added to all swales.  The material type and layers of the biofiltration swales 
considered for hydromodification mitigation can be seen in the drainage details of the 
Project Plans (WRECO, 2010).  The layers consist of 1.5 feet of imported biofiltration 
topsoil and a 1 foot layer of class 2 permeable material.  The PPP, where proposed, was 
sized at 8 in.  The locations and dimensions of the proposed biofiltration swales are listed 
in Table 9 below.  The amount of impervious area being treated by the swales and the 
outfall locations are also shown. 
 
Table 9.  Proposed Hydromodification Swales 

Seg Drainage 
Item

Begin 
Station

End 
Station L/R

Bottom 
Width 

(ft)

Left 
Side 

Slope 
( H:1V)

Right 
Side 

Slope 
( H:1V)

Height 
(ft) Outfall

A.I.A. 
Treated 

(ac)

B 4 ac "V" Line 
105+50

"V" Line 
107+00 L 5 4 2 1

Tributary 
to Arroyo 
Del Valle

B 6 s
"VEX" 

Line 
53+76

"VEX" 
Line 

54+59
L 5 4 2 2.5

Tributary 
to Arroyo 
Del Valle

B 20 m "A1" Line 
285+14

"A1" Line 
287+64 R 5 4 2 1.4 Arroyo Del 

Valle

B 22 i "A1" Line 
296+04

"A1" Line 
298+04 R 5 4 2 1.4 Arroyo Del 

Valle

B 25 b "A1" Line 
299+00

"A1" Line 
301+50.85 L 8 2 4 1.4 Arroyo Del 

Valle

B 26 e "A1" Line 
301+04

"A1" Line 
302+54 R 5 4 2 1.4 Arroyo Del 

Valle

B 29 g "A1" Line 
306+77

"A1" Line 
308+27 R 5 4 2 1.4 Arroyo Del 

Valle

Total: 7.15

1.02

6.13
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6.1.2 Pump Station 
The existing capacity of the pump station at Stanley Boulevard was analyzed to verify it 
could accommodate the proposed improvements from the Project and the findings were 
documented in the Pump Station Memo (WRECO, 2009).   As stated in the memo, the 
pump station is adequately sized to withstand the additional impervious area proposed in 
the Project without changing the storage or pump rate of the existing system.  A summary 
of the pump station is shown in Table 10 .  The pump station was not modeled in BAHM 
because it was determined by Caltrans and the Project Team that it would mitigate all of 
the added impervious area that drains to it. 
 
Table 10.  Pump Station 

Seg Station L/R Added Impervious Area 
Treated (ac) Outfall

A/B "A3" Line 
402+00

R 7.1 Arroyo 
Mocho  

6.2 Backwater Calculation 

6.2.1 Hydrology and Normal Depth 
The 25-year peak flow (Q25) and the normal depths through each of the biofiltration 
swales were calculated to determine their capacity and to verify their WSEs would not 
cause objectionable backwater on the highway.  The Q25 was calculated using the 
Rational Method.  The normal depths of the 25-year storm event peak flows were 
estimated using Manning’s equation.   These WSEs were also the downstream conditions 
for the backwater calculations for the upstream pipes discharging to the swales.  All 
calculations pertaining to the biofiltration swales can be seen in the Storm Water Data 
Report (WRECO, 2010).  The Q25 and normal depths are summarized in Table 11. 
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Table 11.  Biofiltration Swale Hydrology and Normal Depth 

Seg Drainage 
Item

Begin 
Station

End 
Station L/R

Q25 

(cfs)
WSE25 

(ft)
QWQF 

(cfs)
WSEWQF 

(ft)
Outfall

B 4 ac
"VEX" 

Line 
53+76

"VEX" 
Line 

54+59
L 4.37 0.524 0.35 0.266

Tributary 
to Arroyo 
Del Valle

B 6 s "V" Line 
105+50

"V" Line 
107+00 L 16.78 0.499 1.03 0.253

Tributary 
to Arroyo 
Del Valle

B 20 m "A1" Line 
285+14

"A1" Line 
287+64 R 12.55 0.3679 0.77 0.344 Arroyo Del 

Valle

B 22 i "A1" Line 
296+04

"A1" Line 
298+04 R 5.22 0.552 0.32 0.277 Arroyo Del 

Valle

B 25 b "A1" Line 
299+00

"A1" Line 
301+50.85 L 32.94 1.03 1.51 0.455 Arroyo Del 

Valle

B 26 e "A1" Line 
301+04

"A1" Line 
302+54 R 2.44 0.36 0.15 0.178 Arroyo Del 

Valle

B 29 g "A1" Line 
306+77

"A1" Line 
308+27 R 2.78 0.328 0.17 0.192 Arroyo Del 

Valle  

6.3 Results 

6.3.1 Outfall Specific Results 
Please see Table 12 for detailed results.  Based on current estimations, the percentage of 
the total project cost for both hydromodification mitigation and storm water pollution 
treatment exceeds the required 2% limit (see Appendix E).  Discussions with Caltrans on 
what will actually be utilized for hydromodification mitigation are forthcoming. 
 

• The Tributary to Arroyo Del Valle outfall has 2.82 ac of added impervious area.  
Two biofiltration swales will mitigate 1.02 (36% of the 2.82 ac) of the outfall’s 
added impervious area.  The receiving waterway, Arroyo Del Valle, is at low risk 
for hydromodification. 

 
• Mitigation for 50 % (6.13 ac) of the 12.17 ac of added impervious area to Arroyo 

Del Valle outfall would be provided by five biofiltration swales with water quality 
berms.  The receiving waterway is at moderate risk for hydromodification. 

 
• 83 % (7.1 ac) of the additional impervious area (8.49 ac) to Arroyo Mocho would 

be mitigated by the pump station.  Arroyo Mocho is at a moderate risk for 
hydromodification.  

 
• No mitigation is proposed for the 48-in. HDPE to Arroyo Las Positas.  Despite 

being underlain by HSGs of A and B, this outfall is in Zone 7 which does not 
allow infiltration.  Therefore, biofiltration swales and/or strips could not be 
proposed.  Hydromodification mitigation was proposed to the maximum extent 
practicable (proposed mitigation for hydromodification and storm water treatment 
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exceeds 2% of the overall cost of the project).  Arroyo Las Positas is at low risk 
for hydromodification. 

6.3.2 Overall Results 
A total of 14.25 ac of added impervious area would be mitigated by the proposed, 
biofiltration swales, and pump station.  This is 52% of the total additional impervious 
area to the Project (27.21 ac).  Hydromodification mitigation was proposed to the 
maximum extent practicable (proposed mitigation for hydromodification and storm water 
treatment exceeds 2% of the overall cost of the project).  The total hydromodification 
mitigation results as well as associated costs are summarized in Table 12.   Estimated 
BMP treatment and hydromodification quantities and costs are shown in Appendix D.
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Table 12.  Hydromodification Summary 

A1 233+50 R 3.26
VEX 48+00 R -0.32
VEX 53+50 R -0.52
V 110+70 L 0.17
V 111+80 L 0.24
A1 303+30 R 0.00
A1 305+30 L 0.00
VIN 22+50 L 6.74
A1 314+80 L 0.00
A1 316+50 L 0.92
A1 319+70 R 0.00
A1 319+90 L 0.99
A1 321+05 L 0.00
A1 325+05 L 0.56
A1 329+05 L 3.47
A1 344+95 R -0.02

Arroyo Mocho A3 402+00 R 3.08 none 3.08 Pump Station 1.69 54.9% $0

A3 402+00 R 0.00
A3 402+453 R 7.10

A3 415+50 L 1.14
A3 448+95 R 3.40
A3 449+30 L 0.00
A3 453+00 R 0.00

Notes: Project Totals: 27.21 14.25 52% $379,000
1. Exemption criteria is any one of the following: Treatment BMP Cost: $5,341,005

a. Culvert or lined channel all the way to the gray area marked on the HMP map Percentage of Total Project Cost:
2. AIA = Added Impervious Area
3. All area going to this POC travels through the Stanley Blvd Pump Station
4. Total Project cost, from BEES: $84,700,000
5. Total hydromodification costs include 15% contingency

None

12.17

5.41

2.82

Exemptions1

0.0

none

none

5 
Biofiltration 
Swales w/ 

Water 
Quality 
Berms

Pump Station 

 Cost  
Treatment 
Percentage 
by Outfall 

none

Treatment 
Methods

2 
Biofiltration 

Swales

Total AIA2 

per Outfall 
(ac)

36.2% $58,687

POC
Increase in 
Impervious 
Area (ac)

Left/
Right

50.4%

1.02none

Total AIA 
Treated by 
Outfall (ac)

$270,718

6.75%

100.0%

$00.0%

$05.41

6.13

3.73

Segment

A

B

Arroyo Mocho

48 inch HDPE to Arroyo 
Las Positas

Tributary to Arroyo Del 
Valle

Arroyo Del Valle

Outfall
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7 CONCLUSIONS AND RECOMMENDATIONS 
Seven biofiltration swales are proposed along with the existing pump station to provide 
hydromodification mitigation to a total of 14.25 ac of added impervious area.  The 
biofiltration swales would have two levels (imported biofiltration topsoil and class 2 
permeable material).  A perforated plastic pipe acting as an underdrain would be provided 
for all swales.  All of the biofiltration swales would have a minimum of 1 ft of freeboard 
and not cause any backwater.  The water quality berm would be designed according to a 
new drainage detail approved by Caltrans and would also not cause objectionable 
backwater. 
 
Five biofiltration swales with water quality weirs would mitigate a total of 6.13 ac of 
added impervious area.  Four swales would have a bottom width of 5 ft and one would 
have a bottom width of 8 ft.  Four swales would have left and right side slopes of 4:1 and 
2:1 respectively.  One swale would have left side slopes of 2:1 and right side slopes of 
4:1. 
 
Six biofiltration swales have a bottom width of 5 ft and one with a bottom width of 8 ft.  
Six swales would have left and right side slopes of 4:1 and 2:1 respectively.  One would 
have left and right side slopes of 2:1 and 4:1 respectively.  Combined the seven 
biofiltration swales would mitigate 7.15 ac of added impervious area. 
 
No changes are required of the existing pump station, and it would mitigate 7.1 ac of 
added impervious area. 
 
No additional area within Caltrans R/W was available for hydromodification mitigation.     
Plans, profiles, and details of the proposed hydromodification systems can be found in 
the corresponding 100% Drainage Plan Set (WRECO, 2011).   
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Appendix A Watershed Data 
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Grass Road Grass Road
(acres) (acres) (acres) (acres)

Outlet 
Point 

Station 
Line

Outlet Point 
Station

West/Left/M
edian/ 

Right/East
Ordinal* Shed ID POC ID

Post-project Area by Cover 
TypeSlope 

Category **

NRCS 
Hydrologic 

Soil Group ***

Pre-project Area by Cover 
Type

A1 231+00 L 1 A123100.L.1 VEX 48+00 FLAT D 1.60
A1 231+00 R 2 A123100.R.2 VEX 48+00 FLAT D 0.36
A1 231+00 L 3 A123100.L.3 VEX 48+00 VERY STEEP D 1.18
A1 233+00 L 1 A123300.L.1 VEX 48+00 FLAT D 0.21
A1 233+00 L 2 A123300.L.2 A1 233+50 FLAT D 0.09
A1 233+40 R 1 A123340.R.1 A1 233+50 FLAT D 0.60 0.27
A1 233+80 L 1 A123380.L.1 A1 233+50 FLAT D 0.01
A1 233+80 L 2 A123380.L.2 A1 233+50 FLAT D 0.03
A1 233+80 L 3 A123380.L.3 VEX 48+00 VERY STEEP D 5.79 2.32 3.10
A1 234+00 R 1 A123400.R.1 VEX 48+00 VERY STEEP D 2.14 2.14
A1 234+10 L 1 A123410.L.1 VEX 48+00 VERY STEEP D 0.01
R 008+50 R 1 R850.R.1 VEX 48+00 0.30
R 008+50 L 2 R850.L.2 VEX 48+00 0.29
R 009+00 R 1 R900.R.1 VEX 48+00 FLAT D 1.34 0.08
R 009+00 L 2 R900.L.2 VEX 48+00 FLAT D 0.19 0.08
R 009+24 L 1 R924.L.1 VEX 48+00 FLAT D 0.01 0.00

A1 235+00 L 1 A123500.L.1 VEX 48+00 VERY STEEP D 0.22 0.32
A1 235+12 R 1 A123512.R.1 VEX 48+00 FLAT D 0.49
A1 235+70 W 1 A123570.W.1 VEX 48+00 VERY STEEP D 0.14
A1 239+50 W 1 A123950.W.1 VEX 48+00 VERY STEEP D
A1 240+00 W 1 A124000.W.1 VEX 48+00 VERY STEEP D 0.21
A1 240+00 L 2 A124000.L.2 VEX 48+00 VERY STEEP D 0.17 0.04
A1 242+10 L 1 A124210.L.1 VEX 48+00 MOD D 1.91
A1 243+40 L 1 A124340.L.1 VEX 48+00 MOD D 0.02
A1 244+00 L 1 A124400.L.1 VEX 48+00 D 0.02
A1 244+00 R 1 A124400.R.1 VEX 48+00 MOD D 1.94
A1 245+00 W 1 A1245+00.W.1 VEX 48+00 D 1.20
A1 245+00 R 1 A124500.R.1 VEX 48+00 MOD D
A1 246+00 L 1 A124600.L.1 VEX 48+00 D 0.04
A1 246+40 R 1 A124640.R.1 VEX 48+00 MOD D 0.49
A1 246+40 L 1 A124640.L.1 VEX 48+00 D 0.14
A1 247+30 R 1 A124730.R.1 VEX 53+50 MOD D 0.19
A1 247+60 R 1 A124760.R.1 VEX 53+50 MOD D 0.06
A1 249+00 R 1 A124900.R.1 VEX 53+50 FLAT D 1.54 2.08
A1 251+34 L 1 A125134.L.1 VEX 53+50 FLAT D 1.04
A1 252+05 M 1 A125205.M.1 VEX 53+50 FLAT D 0.94 0.49

VEX 050+90 R 1 VEX5090.R.1 VEX 53+50 FLAT D 0.01
VEX 051+40 R 1 VEX5140.R.1 VEX 53+50 FLAT D 0.10
VEX 053+40 L 1 VEX5340.L.1 VEX 53+50 FLAT D 0.15
VEX 056+10 L 1 VEX5610.L.1 VEX 53+50 FLAT D 0.81
A1 253+00 L 1 A125300.L.1 VEX 53+50 FLAT D 0.17 0.35
A1 254+20 L 1 A125420.L.1 V 110+70 MOD B 0.29
A1 254+46 L 1 A125445.83.L.1 V 110+70 MOD B 0.18
A1 254+70 L 1 A125470.L.1 V 110+70 MOD B 0.45 0.45 0.61 0.80
A1 255+30 L 1 A125530.L.1 V 110+70 MOD B 0.09 0.25
A1 255+30 R 2 A125530.R.2 V 110+70 MOD D 0.16
A1 255+90 L 1 A125590.L.1 V 110+70 MOD B 0.10 0.20 0.12
V 101+00 L 1 V10100.L.1 VEX 53+50 MOD D 0.58
V 102+30 L 1 V10230.L.1 VEX 53+50 MOD D 0.20 0.15
V 105+00 W 1 V10500.W.1 VEX 53+50 D 1.72 1.72
V 109+00 L 1 V10900.L.1 V 110+70 MOD D 0.59
V 109+90 L 1 V10990.L.1 V 110+70 STEEP D 0.95
V 111+50 L 1 V11150.L.1 V 110+70 STEEP D
V 112+25 R 1 V11225.R.1 V 111+80 MOD D 3.41 0.23 3.71
V 113+15 R 1 V11315.R.1 V 111+80 MOD D 0.50
V 113+50 R 1 V11350.R.1 V 111+80 VERY STEEP D 0.25
V 116+00 L 1 V11600.L.1 V 111+80 VERY STEEP D 0.28
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A1 264+00 W 1 A126400.W.1 VIN 22+50 FLAT B 2.15 2.15
A1 266+50 W 1 A126650.W.1 VIN 22+50 B 3.63 3.65
A1 267+40 M 1 A126740.M.1 VIN 22+50 MOD B 0.70
A1 267+40 R 2 A126740.R.2 VIN 22+50 MOD B 0.57 0.08
A1 267+40 W 3 A126740.W.3 VIN 22+50 B 1.40
A1 270+10 W 1 A127010.W.1 VIN 22+50 B 2.78 2.78
A1 272+00 M 1 A127200.M.1 VIN 22+50 MOD B 0.47
A1 272+00 R 2 A127200.R.2 VIN 22+50 B 0.32
A1 277+00 R 1 A127700.R.1 VIN 22+50 B 0.36
A1 277+00 M 2 A127700.M.2 VIN 22+50 MOD B 0.52
A1 282+00 M 1 A128200.M.1 VIN 22+50 MOD B 0.51
A1 283+50 M 1 A128350.M.1 VIN 22+50 MOD B 0.15
A1 284+50 M 1 A128450.M.1 VIN 22+50 MOD B 0.10
A1 284+90 M 1 A128490.M.1 VIN 22+50 MOD B 0.04
A1 285+10 M 1 A128510.M.1 VIN 22+50 MOD B 0.02
A1 285+10 R 2 A128510.R.2 VIN 22+50 B 0.64
A1 285+20 L 1 A128520.L.1 VIN 22+50 STEEP/MOD B 2.79 2.82 3.10
A1 290+10 R 1 A129010.R.1 VIN 22+50 B 0.38
A1 291+00 M 1 A129100.M.1 VIN 22+50 MOD B 0.58
A1 292+50 W 1 A129250.W.1 VIN 22+50 MOD B
A1 293+50 M 1 A129350.M.1 VIN 22+50 MOD B 0.27
A1 295+00 L 1 A129500.L.1 VIN 22+50 B 0.02
A1 295+90 R 1 A129590.R.1 VIN 22+50 FLAT B 0.46 1.10
A1 296+00 M 1 A129600.M.1 VIN 22+50 FLAT B 0.25
A1 296+00 E 2 A129600.E.2 VIN 22+50 FLAT B
A1 298+00 E 1 A129800.E.1 VIN 22+50 B 0.17
A1 300+90 R 1 A130090.R.1 VIN 22+50 FLAT B 0.51
A1 301+00 M 1 A130100.M.1 VIN 22+50 FLAT A 0.52
A1 301+00 E 1 A130100.E.1 VIN 22+50 FLAT B 0.25
A1 302+50 E 1 A130250.E.1 VIN 22+50 A 0.13
A1 306+50 M 1 A130650.M.1 VIN 22+50 FLAT A 0.59
A1 306+73 M 1 A130673.M.1 VIN 22+50 FLAT A 0.02
A1 306+73 E 1 A130673.E.1 VIN 22+50 FLAT A 0.42
A1 306+80 R 1 A130680.R.1 VIN 22+50 FLAT A 0.61
A1 307+70 W 1 A130770.W.1 VIN 22+50 STEEP A 2.82
A1 308+30 R 1 A130830.R.1 VIN 22+50 STEEP A 0.19 0.36
A1 310+00 W 1 A131000.W.1 VIN 22+50 FLAT A
A1 312+10 R 1 A131210.R.1 VIN 22+50 FLAT A 0.94
A1 312+10 E 2 A131210.E.2 VIN 22+50 FLAT A 0.49
A1 312+80 W 1 A131280.W.1 VIN 22+50 FLAT A 8.83 0.88 0.89 0.88
VIN 017+50 L 1 VIN1750.L.1 VIN 22+50 MOD B 0.13
VIN 017+75 L 1 VIN1775.L.1 VIN 22+50 B 0.24
VIN 020+80 L 1 VIN2080.L.1 VIN 22+50 MOD B 2.88 0.11
VIN 021+50 R 1 VIN2150.R.1 VIN 22+50 MOD B 10.96 0.43
VIN 022+40 R 1 VIN2240.R.1 VIN 22+50 MOD B 0.04 0.04
VIN 022+40 L 2 VIN2240.L.2 VIN 22+50 MOD B 0.24
A1 313+00 L 1 A131300.L.1 VIN 22+50 STEEP A 0.16
A1 313+00 R 2 A131300.R.2 VIN 22+50 FLAT A 0.05
A1 313+60 R 1 A131360.R.1 A1 316+50 FLAT A 0.11
A1 313+75 R 1 A131375.R.1 A1 316+50 FLAT A 0.28 0.80
A1 314+00 R 1 A131400.R.1 A1 316+50 MOD B 0.55 0.32 0.06
A1 314+00 L 2 A131400.L.2 A1 316+50 MOD B 0.20
A1 316+27 L 1 A131627.L.1 A1 316+50 MOD B 0.28
A1 316+27 R 2 A131627.R.2 A1 316+50 MOD B 0.23
A1 316+50 R 1 A131650.R.1 A1 316+50 MOD B 0.38 0.05
A1 316+50 L 2 A131650.L.2 A1 316+50 FLAT B 0.40 0.07
A1 316+80 L 1 A131680.L.1 A1 316+50 FLAT B 0.12
A1 316+80 R 2 A131680.R.2 A1 316+50 FLAT B 0.09
A1 318+50 L 1 A131850.L.1 A1 316+50 FLAT A 0.25
A1 318+50 M 2 A131850.M.2 A1 316+50 MOD A 0.40
A1 319+00 R 1 A131900.R.1 A1 316+50 FLAT A 0.13
A1 319+00 E 1 A131900.E.1 A1 316+50 FLAT A
A1 319+00 L 2 A131900.L.2 A1 316+50 FLAT A 0.15
A1 319+30 W 1 A131930.W.1 A1 316+50 FLAT A
A1 319+30 R 2 A131930.R.2 A1 316+50 FLAT A
A1 320+00 L 1 A132000.L.1 A1 316+50 FLAT A
A1 320+00 R 2 A132000.R.2 A1 316+50 FLAT A
A1 320+20 L 1 A132020.L.1 A1 319+90 FLAT A
A1 321+20 L 1 A132120.L.1 A1 319+90 FLAT A 0.13
A1 321+50 M 1 A132150.M.1 A1 319+90 FLAT A 0.13

AC1 120+00 R 1 AC1120+00.R.1 A1 319+90 A
AC1 122+50 R 1 AC112250.R.1 A1 319+90 A
A1 322+80 L 1 A132280.L.1 A1 319+90 FLAT A 0.40
A1 322+80 R 2 A132280.R.2 A1 319+90 A 0.39
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A1 320+00 R 2 A132000.R.2 A1 316+50 FLAT A
A1 320+20 L 1 A132020.L.1 A1 319+90 FLAT A
A1 321+20 L 1 A132120.L.1 A1 319+90 FLAT A 0.13
A1 321+50 M 1 A132150.M.1 A1 319+90 FLAT A 0.13

AC1 120+00 R 1 AC1120+00.R.1 A1 319+90 A
AC1 122+50 R 1 AC112250.R.1 A1 319+90 A
A1 322+80 L 1 A132280.L.1 A1 319+90 FLAT A 0.40
A1 322+80 R 2 A132280.R.2 A1 319+90 A 0.39
A1 322+80 E 3 A132280.E.3 A1 319+90 0.20 0.45
A1 323+50 L 1 A132350.L.1 A1 325+05 FLAT A 0.45 0.11
A1 324+75 R 1 A132475.R.1 A1 325+05 MOD A 0.21
A1 324+75 L 2 A132475.L.2 A1 325+05 MOD A 0.11
A1 325+00 L 1 A132500.L.1 A1 325+05 FLAT A 0.84 0.06
A1 325+00 R 2 A132500.R.2 A1 325+05 FLAT A 0.54 0.06
A1 325+10 L 1 A132510.L.1 A1 325+05 FLAT A 0.48
A1 325+10 R 2 A132510.R.2 A1 325+05 FLAT A 0.44
A1 325+30 L 1 A132530.L.1 A1 325+05 FLAT A 0.31
A1 325+30 R 2 A132530.R.2 A1 325+05 FLAT A 0.31
A1 328+30 L 1 A132830.L.1 A1 325+05 FLAT A 0.15
A1 328+30 R 2 A132830.R.2 A1 325+05 FLAT A 0.12 0.15
A1 334+00 L 1 A133400.L.1 A1 329+05 FLAT A 0.15 0.45
A1 334+00 R 2 A133400.R.2 A1 329+05 MOD A 1.85 0.44

AC1 134+00 R 1 AC1134+00.R.1 A1 329+05 MOD A 0.28
A1 336+90 R 1 A133690.R.1 A1 329+05 MOD A 0.24 0.31
A1 336+90 E 1 A133690.E.1 A1 329+05
A1 338+80 L 1 A133880.L.1 A1 329+05 FLAT A 0.10 0.53
A1 338+80 R 1 A133880.R.1 A1 329+05 FLAT A 0.06 0.21

AC1 139+00 R 1 AC1139+00.R.1 A1 329+05 FLAT A 0.33
A1 341+10 L 1 A134110.L.1 A1 329+05 FLAT A 0.27
A1 341+10 R 2 A134110.R.2 A1 329+05 VERY STEEP A 0.29
A1 341+36 L 1 A134136.L.1 A1 329+05 FLAT A 0.99 0.08
A1 341+36 R 2 A134136.R.2 A1 329+05 FLAT A 0.97 0.09
A1 341+60 L 1 A134160.L.1 A1 329+05 FLAT A 0.04 0.45
A1 341+60 R 2 A134160.R.2 A1 329+05 FLAT A 0.22

AC1 141+75 R 1 AC1141+75.R.1 A1 329+05 FLAT A 0.18
AC1 142+30 R 1 AC1142+30.R.1 A1 329+05 A 0.35
TR2 541+00 L 1 TR2541+00.L.1 A1 329+05 A 0.14
A1 342+50 L 1 A134250.L.1 A1 329+05 A 0.05
A1 342+50 R 2 A134250.R.2 A1 329+05 FLAT A 0.56
A1 343+00 R 1 A134300.R.1 A1 329+05 MOD A 0.16 0.28
A1 345+00 R 1 A134500.R.1 A1 329+05 FLAT B 0.38 0.63 0.15 0.39
A2 345+90 R 1 A234590.R.1 A1 329+05 FLAT B 0.54
A2 346+00 L 1 A234600.L.1 A1 329+05 FLAT B 0.02 0.25
A2 346+00 R 2 A234600.R.2 A1 344+95 FLAT B 0.57 0.12

AC1 146+00 R 1 AC114600.R.1 A1 344+95 FLAT B 0.35 0.07
A2 346+10 R 1 A234610.R.1 A1 344+95 B 0.03
A2 346+30 R 1 A234630.R.1 A1 329+05 MOD B 0.19 0.21 0.30
A2 349+50 R 1 A234950.R.1 A1 344+95 VERY STEEP B 0.15
A2 349+50 L 2 A234950.L.2 A1 344+95 0.14
TR2 549+00 L 1 TR2549+00.L.1 A1 344+95 B 0.13
A2 351+50 E 1 A235150.E.1 A1 329+05 FLAT B 0.05
A2 352+06 L 1 A235206.L.1 A1 329+05 FLAT B 2.32 0.23 0.27
A2 352+06 R 2 A235206.R.2 A1 329+05 MOD B 0.51 0.62
A2 355+10 L 1 A235510.L.1 A1 329+05 MOD B 0.09 0.32
A2 355+40 L 1 A235540.L.1 A1 329+05 FLAT B 0.06
A2 355+70 L 1 A235570.L.1 A1 329+05 FLAT B 0.09

AC1 155+77 R 1 AC115577.R.1 A1 329+05 B 0.05
A2 356+10 W 1 A235610.W.1 A1 329+05 FLAT B 0.13
A2 356+70 R 1 A235670.R.1 A1 344+95 STEEP B 0.43 0.46
TR2 552+38 R 1 TR255238.R.1 A1 344+95 B 0.08
TR2 556+80 R 1 TR255680.R.1 A1 344+95 STEEP B 0.04 0.04
A2 359+70 E 1 A235970.E.1 A1 344+95 MOD B 0.07 0.07
A2 361+80 E 1 A236180.E.1 A1 344+95 FLAT A 0.06 0.31
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A2 357+00 R 1 A235700.R.1 A3 402+45 MOD B 0.08 0.69
A2 359+50 R 1 A235950.R.1 A3 402+45 B 0.10 0.26
A2 360+00 M 1 A236000.M.1 A3 402+45 FLAT A 0.36
A2 360+30 L 1 A236030.L.1 A3 402+45 A 0.06
A2 362+00 R 1 A236200.R.1 A3 402+45 MOD A 0.12 0.26
A2 362+85 M 1 A236285.M.1 A3 402+45 FLAT A 0.30
A2 362+40 W 1 A236240.W.1 A3 402+45 FLAT A 0.05
A2 363+30 M 1 A236330.M.1 A3 402+45 MOD A 0.47
A2 363+30 R 2 A236330.R.2 A3 402+45 MOD A 0.07 0.60
A2 363+40 R 1 A236340.R.1 A3 402+45 MOD A 0.07 0.16
A2 364+10 M 1 A236410.M.1 A3 402+45 MOD A 0.12
A2 364+70 R 1 A236470.R.1 A3 402+45 MOD A 0.05 0.12
A2 365+15 R 1 A236515.R.1 A3 402+45 FLAT A 0.02 0.04
A2 365+45 R 1 A236545.R.1 A3 402+45 FLAT A 0.02 0.04
A2 365+80 L 1 A236580.L.1 A3 402+45 FLAT A 2.18
A2 365+80 R 2 A236580.R.2 A3 402+45 FLAT A 0.02 0.03
A2 365+80 M 3 A236580.M.3 A3 402+45 FLAT A 0.02 0.18
A2 365+90 R 1 A236590.R.1 A3 402+45 MOD A 0.14 0.15
A2 366+10 R 1 A236610.R.1 A3 402+45 FLAT A 0.03
A2 366+10 M 2 A236610.M.2 A3 402+45 FLAT A 0.04
A2 366+70 R 1 A236670.R.1 A3 402+45 MOD A 0.04 0.05
A2 366+70 M 2 A236670.M.2 A3 402+45 FLAT A 0.04
A2 366+78 M 1 A236678.M.1 A3 402+45 FLAT A 0.02
A2 366+78 R 2 A236678.R.2 A3 402+45 A 0.10
A2 369+00 M 1 A236900.M.1 A3 402+45 FLAT A 0.25
A2 370+50 M 1 A237050.M.1 A3 402+45 FLAT A 0.16
A2 370+50 L 2 A237050.L.2 A3 402+45 A 0.15 0.41
A2 370+50 R 3 A237050.R.3 A3 402+45 A 0.08
A2 371+00 R 1 A237100.R.1 A3 402+45 VERY STEEP A 0.64 0.16
A2 371+10 M 1 A237110.M.1 A3 402+45 FLAT A 1.21 1.25 0.06
A2 371+10 L 2 A237110.L.2 A3 402+45 FLAT A 0.31 0.08
A2 371+21 M 1 A237120.83.M.1 A3 402+45 MOD A 0.04
A2 371+40 M 1 A237140.M.1 A3 402+45 MOD A 0.05
A2 371+47 L 1 A237147.L.1 A3 402+45 MOD A 0.07
A2 371+70 L 1 A237170.L.1 A3 402+45 MOD A 0.04
A2 371+90 M 1 A237190.M.1 A3 402+45 FLAT A 0.18
A2 372+00 L 1 A237200.L.1 A3 402+45 MOD B 0.38
A2 372+30 W 1 A237230.W.1 A3 402+45 B 3.42
A2 373+70 M 1 A237370.M.1 A3 402+45 FLAT B 0.10 0.21
A2 375+66 L 1 A237566.L.1 A3 402+45 MOD B 0.25 0.57
A2 375+66 M 2 A237566.M.2 A3 402+45 MOD B 1.28 0.16 0.07 0.18
A2 375+66 R 3 A237566.R.3 A3 402+45 MOD B 0.35 0.37
A2 377+30 R 1 A237730.R.1 A3 402+45 MOD B 0.03 0.06
A2 378+05 R 1 A237805.R.1 A3 402+45 MOD B 0.03 0.08
A2 378+80 R 1 A237880.R.1 A3 402+45 FLAT B 0.06 0.12
A2 380+00 R 1 A238000.R.1 A3 402+45 B 0.06 0.06
A2 381+10 L 1 A238110.L.1 A3 402+45 MOD B 1.71
A2 381+25 L 1 A238125.L.1 A3 402+45 MOD B 1.26 0.17 0.44
A2 381+25 R 2 A238125.R.2 A3 402+45 FLAT B 0.29 0.41 0.31 0.43
A2 386+10 R 1 A238610.R.1 A3 402+45 FLAT B 0.08 0.07
A2 386+10 E 2 A238610.E.2 A3 402+45 FLAT B 1.43
A2 386+60 R 1 A238660.R.1 A3 402+45 B 0.02 0.05
A2 388+90 R 1 A238890.R.1 A3 402+45 B 0.10 0.30
A2 391+00 R 1 A239100.R.1 A3 402+45 MOD B 0.11 0.36
A2 391+07 R 1 A239107.R.1 A3 402+45 MOD B 1.89 0.68 0.01 0.02
A2 391+08 L 1 A239107.5.L.1 A3 402+45 FLAT B 1.29 0.51 0.22 0.82
A2 391+08 E 2 A239107.5.E.2 A3 402+45 B 0.05
A2 392+15 R 1 A239215.R.1 A3 402+45 B 0.12 0.15
A2 392+30 R 1 A239230.R.1 A3 402+45 STEEP B 0.29 0.22
A2 392+30 E 2 A239230.E.2 A3 402+45 B 0.38
ST1 094+75 L 1 ST19475.L.1 A3 402+45 MOD B 0.29
ST1 095+00 L 1 ST19500.L.1 A3 402+45 MOD B 0.08 0.29 0.58
ST1 095+50 L 1 ST19550.L.1 A3 402+45 MOD B 0.65 0.25 0.21 0.17
ST1 096+00 L 1 ST19600.L.1 A3 402+45 MOD B 0.93 1.63 0.88 1.99
ST1 103+00 E 1 ST110300.E.1 A3 402+45 MOD B 0.94 1.08
ST1 103+00 W 2 ST110300.W.2 A3 402+00 MOD B 0.70 0.12
A3 395+00 R 1 A339500.R.1 A3 402+45 MOD B 0.12 0.14 0.13 0.21
A3 395+02 L 1 A339501.5.L.1 A3 402+45 FLAT B 0.72 0.46 0.54 0.73
A3 399+75 R 1 A339975.R.1 A3 402+45 FLAT B 0.67
A3 399+93 R 1 A339993.R.1 A3 402+45 FLAT B 0.81 0.06
A3 399+93 L 2 A339993.L.2 A3 402+45 FLAT B 0.68 0.76
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ST1 103+00 E 1 ST110300.E.1 A3 402+45 MOD B 0.94 1.08
ST1 103+00 W 2 ST110300.W.2 A3 402+00 MOD B 0.70 0.12
A3 395+00 R 1 A339500.R.1 A3 402+45 MOD B 0.12 0.14 0.13 0.21
A3 395+02 L 1 A339501.5.L.1 A3 402+45 FLAT B 0.72 0.46 0.54 0.73
A3 399+75 R 1 A339975.R.1 A3 402+45 FLAT B 0.67
A3 399+93 R 1 A339993.R.1 A3 402+45 FLAT B 0.81 0.06
A3 399+93 L 2 A339993.L.2 A3 402+45 FLAT B 0.68 0.76
A3 400+00 L 1 A340000.L.1 A3 402+45 MOD B 0.89 0.56
A3 400+00 R 2 A340000.R.2 A3 402+45 MOD B 0.71 0.50
A3 400+05 E 1 A340005.E.1 A3 402+45 MOD B 0.30 0.31 0.38 0.11
A3 400+65 E 1 A340065.E.1 A3 402+45 FLAT B 0.23 0.23 0.23
A3 400+98 R 1 A340098.R.1 A3 402+45 FLAT B 0.11
A3 400+98 L 2 A340098.L.2 A3 402+45 FLAT B 0.11
A3 401+00 R 1 A340100.R.1 A3 402+45 FLAT A 0.28 0.09
A3 401+00 L 2 A340100.L.2 A3 402+45 FLAT A 0.19 0.08
A3 401+40 R 1 A340140.R.1 A3 402+45 FLAT A 0.41
A3 401+40 L 2 A340140.L.2 A3 402+45 FLAT A 0.26
A3 401+50 E 1 A340150.E.1 A3 402+45 FLAT A 0.45 0.18 0.21
A3 401+56 E 1 A340156.E.1 A3 402+45 A 0.19
A3 402+50 L 1 A340250.L.1 A3 402+45 MOD A 0.54 0.21
A3 402+50 R 2 A340250.R.2 A3 402+45 STEEP A 0.21 0.44
A3 403+00 L 1 A340300.L.1 A3 402+45 STEEP A 0.32
A3 403+00 W 2 A340300.W.2 A3 402+45 STEEP A 0.18
A3 404+00 R 1 A340400.R.1 A3 402+45 A 0.29 0.16
A3 405+18 R 1 A340518.R.1 A3 402+45 MOD A 1.10 0.40
A3 405+18 L 2 A340518.L.2 A3 402+45 MOD A 0.16 0.42
A3 405+20 L 1 A340520.L.1 A3 402+45 VERY STEEP A 0.33
A3 408+20 L 1 A340820.L.1 A3 402+45 A 0.50
A3 408+20 R 2 A340820.R.2 A3 402+45 A 0.46
A3 411+75 L 1 A341175.L.1 A3 402+45 A 0.51
A3 411+75 R 2 A341175.R.2 A3 402+45 A 0.48
A3 413+60 R 1 A341360.R.1 A3 415+50 STEEP A 0.39
A3 415+00 W 1 A341500.W.1 A3 415+50 STEEP A 3.07 0.64
A3 415+49 L 1 A341549.L.1 A3 415+50 FLAT B 0.02
A3 415+49 R 2 A341549.R.2 A3 415+50 FLAT B 0.16 0.53 0.14 0.02
A3 415+59 L 1 A341559.L.1 A3 415+50 FLAT B 0.49
A3 415+59 R 2 A341559.R.2 A3 415+50 FLAT B 0.41
A3 420+60 R 1 A342060.R.1 A3 448+95 FLAT B 0.10 0.28
A3 421+00 R 1 A342100.R.1 A3 448+95 FLAT B 0.02 0.06
A3 421+50 R 1 A342150.R.1 A3 448+95 FLAT B 0.02 0.06
A3 422+00 R 1 A342200.R.1 A3 448+95 VERY STEEP B 0.14 0.28
A3 424+36 L 1 A342435.8.L.1 A3 448+95 FLAT B 0.38 1.18
A3 424+36 R 2 A342435.8.R.2 A3 448+95 STEEP B 0.04 0.14
A3 424+40 M 1 A342440.M.1 A3 448+95 FLAT B 0.10 0.55
A3 424+86 L 1 A342486.L.1 A3 448+95 FLAT B 0.80
A3 425+00 R 1 A342500.R.1 A3 448+95 VERY STEEP B 0.01 0.04
D 039+00 R 1 D3900.R.1 A3 448+95 B 0.83
D 039+00 L 2 D3900.L.2 A3 448+95 B 0.53
A3 425+66 L 1 A342566.L.1 A3 448+95 FLAT B 0.49
A3 426+17 L 1 A342617.L.1 A3 448+95 B 0.15
A3 429+00 L 1 A342900.L.1 A3 448+95 FLAT B 0.18 0.93
A3 429+50 L 1 A342950.L.1 A3 448+95 FLAT B 0.19 0.71 0.03 0.15
A3 429+75 L 1 A342975.L.1 A3 448+95 FLAT B 0.03 0.15
A3 430+00 L 1 A343000.L.1 A3 448+95 FLAT B 0.02 0.08 0.07 0.29
A1 430+00 R 2 A143000.R.2 A3 448+95 VERY STEEP B 0.01 0.19
A3 431+00 L 1 A343100.L.1 A3 448+95 FLAT B 0.03 0.11
A3 432+00 L 1 A343200.L.1 A3 448+95 B 0.22 0.38
A3 434+00 R 1 A343400.R.1 A3 448+95 FLAT A 0.19 0.60 0.20 0.38
A3 436+00 R 1 A343600.R.1 A3 448+95 FLAT A 0.09 0.58
A3 436+00 L 2 A343600.L.2 A3 448+95 A 0.03
A3 438+00 R 1 A343800.R.1 A3 448+95 FLAT A 0.21 0.73 0.09 0.68
A3 440+30 R 1 A344030.R.1 A3 448+95 A 0.07 0.68
A3 441+20 R 1 A344120.R.1 A3 448+95 STEEP A 0.18 0.49
A3 442+80 R 1 A344280.R.1 A3 448+95 FLAT A 0.74
A3 443+80 R 1 A344380.R.1 A3 448+95 A 0.27
A3 445+50 R 1 A344550.R.1 A3 448+95 VERY STEEP A 0.12 0.27
A1 446+10 R 1 A144610.R.1 A3 448+95 STEEP A 0.41 0.85
A1 446+20 L 1 A144620.L.1 A3 448+95 FLAT A 0.18
A3 447+10 L 1 A344710.L.1 A3 448+95 FLAT A 3.04 0.09 0.03 0.63
A3 447+10 R 2 A344710.R.2 A3 448+95 FLAT A 0.07 0.16 0.04 0.28
A3 447+40 R 1 A344740.R.1 A3 448+95 FLAT A 0.32
A3 448+00 R 1 A344800.R.1 A3 448+95 FLAT A 0.57 0.16
A3 448+00 L 2 A344800.L.2 A3 448+95 FLAT A 0.10  

 
 

A3 395+00 R 1 A339500.R.1
A3 395+02 L 1 A339501.5.L.1
A3 399+75 R 1 A339975.R.1
A3 399+93 R 1 A339993.R.1
A3 399+93 L 2 A339993.L.2
A3 400+00 L 1 A340000.L.1  
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Outfall
Existing 

Impervious 
Area (ac)

Total 
Pavement 
Area (ac)

Overlay 
Impervious 
Area (ac)

Additional 
Impervious 
Area (ac)

Removed 
Impervious 
Area (ac)

Net 
Additional 
Impervious 
Area, AIA 

(ac)

Reworked 
Impervious 

Area, AIA (ac)

Tributary to Arroyo Del Valle 6.49 9.31 3.44 3.61 0.79 2.82 2.26
Arroyo Del Valle 12.47 24.65 8.94 12.19 0.02 12.17 3.51
Arroyo Mocho 11.41 19.90 7.96 8.49 0.00 8.49 3.45
48" HDPE to Arroyo Las Positas 5.52 9.25 4.89 3.73 0.00 3.73 0.63

Totals 35.90 63.11 25.24 28.02 0.81 27.22 9.86  
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Appendix B.1 Segment A Watershed Maps 
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Appendix B.2 Segment B Watershed Maps 
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Appendix C BAHM Models 
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SR 84- Quantities and Costs: Hydromodification

Quantity Cost Quantity Cost Quantity Cost Quantity Cost Quantity Cost
ditch excavation yd3 45.00$              144.45 6,500.07$             740.13 33,305.63$           -$                          -$                         884.57 39,805.70$                 

Imported Soil Media yd3 65.00$              93.12 6,053.10$             477.16 31,015.42$           -$                          -$                         570.28 37,068.52$                 
Class 3 Permeable Material yd3 70.00$              51.32 3,592.49$             262.96 18,407.54$           -$                          -$                         314.29 22,000.03$                 

8 inch PPP ft 55.00$              205.59 11,307.45$           1,053.42 57,938.10$           -$                          -$                         1,259.01 69,245.55$                 
8 inch PP ft 75.00$              375.2 28,140.00$           1,406.50 105,487.50$         -$                          -$                         1,781.70 133,627.50$               

Filter Fabric yd2 7.00$                442.02 3,094.13$             2,264.85 15,853.97$           -$                          -$                         2,706.87 18,948.10$                 
RSP (Backing No.3) cy 200.00$            -$                      17.00 3,400.00$             -$                          -$                         17.00 3,400.00$                   

RSP Fabric sy 10.00$              -$                      90.00 900.00$                -$                          -$                         90.00 900.00$                      
1" PP lf 35.00$              -$                      10.00 350.00$                -$                          -$                         10.00 350.00$                      
2" PP lf 35.00$              -$                      35.00 1,225.00$             -$                          -$                         35.00 1,225.00$                   
3" PP lf 35.00$              -$                      25.00 875.00$                -$                          -$                         25.00 875.00$                      
4" PP lf 35.00$              -$                      56.00 1,960.00$             -$                          -$                         56.00 1,960.00$                   

Contingency (15%) 49,410.81$                 

Totals 58,687.25$           270,718.16$         -$                          -$                         379,000.00$         

ITEM UNIT UNIT PRICE
Tributary to Arroyo Del Valle TotalArroyo Del Valle Arroyo Mocho 48" HDPE to Arroyo Las Positas
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L i v e r m o r e
  L

P

East

I
A

rroyo

V
a s

co

J

Mines

4th

Li
ve

rm
or

e

K

Tesla

Stanley N

Airway

Is
ab

el

Portola

M

5th

O

Vineyard

Alden

3rd

M
u r

d e
ll

H2nd

Olivina

Pine

Concannon

7th

M
ur

rie
ta

Elm

College

R
uby H

ill
Marina

W
en

te

R
in

co
n

Jack London

8t
h

A
rle

ne

Park

Patterson Pass

Canyon

Bess

Southfront

Railroad

S

K
itt

y  
H

a w
k

Lomitas

Brisa

El Caminito

Wetmore

Hansen

B
ue

na
 V

is
ta

Yale

Charlotte

Felicia

Piemonte

Junction

R
ut

an

Chateau

Collier Canyon

S
pringtow

n

L o
y o

la

Madeira
Le

e
Cedar

Kelly

Lido

McLeodDaisyfield

Vancouver

6th

Stadium

Aster

R
oc

ky
 R

id
ge

A
lta

ir

G
er

m
an

o

Wisteria

Kathy

Orion E
v a

ns

Je
ns

e n

Rhea

H
ag

em
an

n

Guilford

L a
gu

na

Dover

Anza

H
ig

hl
an

d

Triad

C
ur

le
w

S
uperi or

O
ri o

le

Elaine

Pacific

D
ar

w
inO

ny
x

R
egent

Caliente

Cayetano
Las Positas

Drake

Gardella
H

ill
ik

e r

Veterans

A
delle

V
i e

nn
a

Mocho
L i

n c
ol

n

Reed

Naylor

Lilienthal

Contractors

Ventura

Research

Maureen

J e
ss

ic
a

S
ut

te
r

Preston

Saturn

Obsidian

M
ar

ig
ol

d

Tahoe
Rebecc

a

Hanover

Pyramid

Rainflower

Leland

C
he

ry
l

Latour

Creek

Covey

A
lis

on

H
ol

m
es

Fire

Varese

Milton

Zircon

Jef f erson

Rodeo

C
in

dyTy
le

r

A
lb

at
ro

ss

B
er

na
l

Del Norte

S
h a

nn
on

B
er

li n

F
en

to
n

Fordham

Church

C
r a

ne

K
lo

nd
i k

e

S
pum

ante

Trevarno Jeannie

Earhart

Pick
fair

Ruth

Miranda

Nina

Leisure

Cabernet

Franklin

Las Colinas

Devon

Eve

Paladin

Montecito

W
illiam

Redwood

Ovella

C
am

pi
ni

a

W
axlax

C
al

v a
r y

Aaron

Tuscany

Lo
ga

n

N

I

M

Las Positas

O K

M
ines

±
0 1300 Feet

Version:   1.0         Print date: ________

HYDROMODIFICATION SUSCEPTIBILITY MAP

This map is intended for for preliminary 
determination of hydromodification 
requirements and is not intended for legal 
description.  All drainage conditions should 
be verified in the field or from appropriate 
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The areas of HM applicability in Alameda County are shown on the map14 below.  To assist 
location and evaluation of project applicability, the susceptibility map depicts a number of 
features including: 

• hardened channels and culverts at least 24 inches in diameter (green solid or dashed lines); 
• natural channels (red lines); 
• boundaries of major watersheds (light blue lines); and 
• surface streets and highways (gray or black pink lines). 

These data are of varying age, precision and accuracy and are not intended for legal description 
or engineering design.  Watersheds extending beyond the County boundaries are shown for 
illustration purposes only.  Project proponents are responsible for verifying and describing actual 
conditions of site location and drainage. 

The map is color-coded as follows: 

Solid pink areas:  Solid pink designates hilly areas, where high slopes (greater than 25%) occur.  
The HM Standard and all associated requirements apply in areas shown in solid pink on the map.  
In this area, the HM Standard does not apply if a project proponent demonstrates that all project 
runoff will flow through enclosed storm drains, existing concrete culverts, or fully hardened 
(with bed and banks continuously concrete-lined) channels to the tidal area shown in light gray. 

Purple/red hatched areas:  These are upstream of areas where hydromodification impacts are 
of concern due to factors such as bank instability, sensitive habitat, or restoration projects.  The 
HM Standard and all associated requirements apply in areas shown in purple/red (printer-
dependant) hatch marking on the map.  Projects in these areas may be subject to additional 
agency reviews related to hydrologic, habitat or other watershed-specific concerns. 

Solid white areas:  Solid white designates the land area between the hills and the tidal zone.  
This area may be susceptible to hydromodification unless the site is connected to storm drains 
that discharge to the tidal area.  The HM Standard and all associated requirements apply to 
projects in solid white areas unless a project proponent demonstrates that all project runoff will 
flow through fully hardened channels15.  Short segments of engineered earthen channels (length 
less than 10 times the maximum width of trapezoidal cross-section) can be considered resistant 
to erosion if located downstream of a concrete channel of similar or greater length and 
comparable cross-sectional dimensions.  Plans to restore a hardened channel may affect the HM 
Standard applicability in this area. 

Solid gray areas:  Solid gray designates areas where streams or channels are tidally influenced 
or primarily depositional near their outfall in San Francisco Bay.  The HM Standard does not 
apply to projects in this area.  Plans to restore a hardened channel may affect the HM Standard 
applicability in this area. 

Dark gray, Eastern County area:  Dark gray designates the portion of eastern Alameda County 
that lies outside of the discharge area of this NPDES permit.  This area is in the Central Valley 
Regional Water Quality Control Board’s jurisdiction. 

 

                                                 
14 The watercourses potentially susceptible to hydromodification impacts are identified based on an assessment 
approach developed by Balance Hydrologics (2003). 
15 In this paragraph, “fully hardened channels” include enclosed storm drains, existing concrete culverts, or channels 
whose bed and banks are continuously concrete-lined to the tidal area shown in light gray on the map. 

Order No. R2-2007-025  Page 11 of 12 
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Potential Exceptions to Map Designations 

The Program may choose to prepare a User Guide16 to be used for evaluating individual 
receiving waterbodies using detailed methods to assess channel stability and watercourse critical 
flow.  This User Guide would reiterate and collate established stream stability assessment 
methods that have been presented in the Program’s HMP.17  After the Program has collated its 
methods into User Guide format, received approval of the User Guide from the Executive 
Officer,18 and informed the public through such process as an email list-serve, the User Guide 
may be used to guide preparation of technical reports for:  implementing the HM standard using 
in-stream or regional measures as described in C.3.f.viii above;  determining whether certain 
projects are discharging to a watercourse that is less susceptible (from point of discharge to the 
Bay) to hydromodification (e.g., would have a lower potential for erosion than set forth in these 
requirements);  and/or determining if a watercourse has a higher critical flow and project(s) 
discharging to it are eligible for an alternative Qcp for the purpose of designing onsite or regional 
measures to control flows draining to these channels (i.e., the actual threshold of erosion-causing 
critical flow is higher than 10% of the 2-year pre-project flow).  In no case shall the design value 
of Qcp exceed 50% of the 2-year pre-project flow. 

 

                                                 
16 The User Guide may be offered under a different title. 
17 The Program’s HMP has undergone Water Board staff review and been subject to public notice and comment. 
18 The User Guide will not introduce a new concept, but rather reformat existing methods; therefore, Executive 
Officer approval is appropriate.  See also Finding 6. 
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Storm Water Data Report 

Storm Water Data Report  04-Ala-84 
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STORM WATER DATA INFORMATION 
 
1. Project Description 
 
The Project, located in Livermore/Pleasanton in Alameda County, proposes to widen and 
upgrade State Route 84 (SR 84) from Ruby Hill Drive to Jack London Boulevard.  The widening 
would: 1) improve the route as a regional connection between State Routes 680 (SR 680) and 
580 (SR 580); 2) improve the local traffic circulation; 3) upgrade the route to expressway 
standards; and 4) improve pedestrian and bicycle access.   
 
SR 84 would be widened to four lanes between Ruby Hill Drive and Stanley Boulevard, and to 
six lanes between Stanley Boulevard and Jack London Boulevard.  The widening would 
generally conform to the existing roadway alignment.  Improvements would include: 1) the 
widening of the Arroyo del Valle and Arroyo Mocho Bridges; 2) the widening and upgrading of 
signalized intersections at Ruby Hill Drive, Vallecitos Road, Vineyard Avenue, Concannon 
Boulevard, Discovery Drive and Jack London Boulevard; 3) relocating existing private driveway 
access to signalized intersections on SR 84; and 4) constructing new bridge crossings at Arroyo 
Mocho and Arroyo del Valle for private and recreational access.  
 
The roadway cross section would consist of 12-ft wide traveled lanes and 10-ft wide shoulders, 
divided by a concrete median barrier. Where practical, side slopes would be 4:1 (H:V) or flatter 
to provide a Clear Recovery Zone (CRZ) for errant vehicles.  Outside the CRZ, side slopes 
would be 2:1 (H:V) or flatter.  The roadway median at intersections would be widened up to 36 
ft to accommodate left-turn lanes.   
 
The Project has been split into two segments for construction, as described in Table 1. 
 
Most of the project lies within the Caltrans right-of-way (R/W). However, a portion of the 
project is in the City or Zone 7 Water Agency (Zone 7) R/W. Further discussion of Zone 7 is 
included in Section 2 of this report. 
 
The total Disturbed Soil Area (DSA) would be 83.19 ac.  Of this total, 81.57 ac are in the 
Caltrans R/W, and 1.62 ac are in the City or Zone 7 R/W. Of the DSA in the Caltrans R/W, 
29.96 ac are in Segment A, and 51.61 ac are in Segment B. The DSA was calculated by 
identifying the area within the Project limits that would be impacted by construction activities 
including areas of cut and fill and staging areas.  The program Microstation was used to measure 
these areas. A summary of existing, overlay, added, and removed impervious areas, divided by 
R/W, are described in Table 2. 
 
The Project limits are within Alameda County, which is identified as a Phase I Municipal 
Separate Storm Sewer System (MS4). 
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Table 1. Project Segments 

 Start Location End Location 

 PM Description PM Description 

Segment A 25.5 0.4 mi. north of Concannon Blvd 27.1 Intersection with Jack London Blvd 
Segment B 22.9 0.1 mi. south of Ruby Hill Drive 25.7 0.6 mi. north of Concannon Blvd 

 
Table 2. Impervious Area Calculations 
Impervious Areas Separated by R/W

R/W

Existing 
Impervious 

Area
Total Pavement 

Area

Overlay 
Impervious 

Area

Additional 
Impervious 

Area

Removed 
Impervious 

Area

Net Additional 
Impervious 

Area

Reworked 
Impervious 

Area
Disturbed Soil 

Area (DSA)
Caltrans 35.90 62.68 25.24 27.57 0.79 26.78 9.87 81.57

City/Zone 7 0.00 0.40 0.00 0.40 0.00 0.40 0.00 1.62
Total 35.90 63.08 25.24 27.97 0.79 27.18 9.87 83.19

Treatment Req 37.05

Impervious Areas in Caltrans R/W Separated by Segment

Segment

Existing 
Impervious 

Area
Total Pavement 

Area

Overlay 
Impervious 

Area

Additional 
Impervious 

Area

Removed 
Impervious 

Area

Net Additional 
Impervious 

Area

Reworked 
Impervious 

Area
Disturbed Soil 

Area (DSA)
A 15.65 24.78 11.77 9.14 0.00 9.14 3.87 29.96
B 20.25 37.90 13.47 18.43 0.79 17.64 6.00 51.61

Total 35.90 62.68 25.24 27.57 0.79 26.78 9.87 81.57

Notes:
1. All measurements are in acres (ac)
2. Additional Impervious Area = Total Pavement Area – Overlay Impervious Area – Reworked Area
3. Net Additional Impervious Area = Additional Impervious Area – Removed Impervious Area
4. Reworked Impervious Area = Existing Impervious Area – Overlay Impervious Area – Removed Impervious Area
5. Treatment requirement = Net Additional Impervious Area + Reworked Impervious Area (for both R/W areas)
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2. Site Data and Storm Water Quality Design Issues  
 
Hydrologic Area and Sub-area 
The Project site is located in the Cities of Livermore and Pleasanton, in Alameda County.  The 
Project falls under the jurisdiction of the San Francisco Bay Regional Water Quality Control 
Board (SFBRWQCB).  It is located in the Alameda Creek Hydrologic Area (Sub-Area number 
204.30) of the San Francisco Bay Region’s South Bay Hydrologic Unit.  The watershed size at 
the SR 84 Bridge at Arroyo del Valle is approximately 160 square miles.  The watershed size at 
the SR 84 Bridge at Arroyo Mocho is approximately 50 square miles.   
 
Receiving Water Bodies  
Currently, most of the storm water within the Project area discharges to Arroyo Mocho and 
Arroyo Del Valle.  A portion of the runoff discharges to Arroyo Las Positas, which is 0.3 mi 
away from the northern Project limit and is a tributary of Arroyo Mocho.  Storm water flows 
from Arroyo Del Valle and Arroyo Mocho throughout the year, eventually discharging into 
Arroyo de la Laguna (which is approximately 9 mi from the Project limits).  
 
303(d) List of Water Quality Limited Segments 
The 2006 Clean Water Act Section 303(d) List of Water Quality Limited Segments (303[d] List) 
(U.S. Environmental Protection Agency [EPA], 2007) lists Arroyo Mocho, Arroyo Del Valle, 
and Arroyo Las Positas as impaired water bodies due to Diazinon.  However, Diazinon is not 
generated by the highway within the State’s R/W. 
 
Total Maximum Daily Loads 
There are currently Total Maximum Daily Loads (TMDLs) for Diazinon and Pesticides for the 
Arroyo Mocho, Arroyo Del Valle, and Arroyo Las Positas.  These TMDLs were approved by the 
U.S. EPA on May 16, 2007.  The TMDLs can be found and referenced in the San Francisco Bay 
Area Urban Creeks TDML Report.  However, Caltrans is not a listed stakeholder for this TMDL. 
 
Current and Potential Beneficial Uses of Affected Waters 
The State Water Resources Control Board’s (SWRCB) Water Quality Control Plan for the 
RWQCB Region 2 (SWRCB, 2007), also called the Basin Plan, lists the existing beneficial uses 
of the Arroyo Del Valle as follows:  
 

 Cold Freshwater Habitat (COLD) 
 Groundwater Recharge (GWR) 
 Municipal and Domestic Supply (MUN) 
 Spawning, Reproduction, and/or Early Development (SPWN) 
 Wildlife Habitat (WILD) 
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In addition, the potential beneficial uses for Arroyo Del Valle are: 
 

 Fish Migration (MIGR) 
 Water Contact Recreation (REC-1) 
 Non-contact Water Reclamation (REC-2) 
 

The existing beneficial uses for Arroyo de la Laguna are listed below, including uses that 
generally apply to its tributary streams: 
 

 Groundwater Recharge (GWR) 
 Migration of Aquatic Organisms (MIGR) 
 Non-contact Water Recreation (REC-2) 
 Spawning, Reproduction, and/or Early Development (SPWN) 
 Water Contact Recreation (REC-1) 
 Wildlife Habitat (WILD) 
 

The potentially beneficial uses of the Arroyo de la Laguna include: 
 

 Cold Freshwater Habitat (COLD) 
 Warm Freshwater Habitat (WARM) 

 
The Basin Plan does not list any beneficial uses for Arroyo Mocho and Arroyo Las Positas.   
 
High Risk Area 
Caltrans defines a High Risk Area as municipal or domestic water supply reservoirs or 
groundwater percolation facilities discharging to aquifers designated as water supply sources 
(Caltrans, May 2007).  According to the Basin Plan, there are presently no High Risk Areas 
within the Project limits (SWRCB, 2007).  However the proposed Zone 7 Chain of Lakes 
project, planned adjacent to this Project (see Future Land Use section), could be designated as a 
high risk facility in the future. 
 
Concerns and Requirements of Local Agencies 
Local agencies that are stakeholders for this Project include: the Alameda County Transportation 
Improvement Agency (ACTIA), the City of Livermore, the City of Pleasanton, and Caltrans.  
The U.S. Army Corp of Engineers (USACE), the Federal Emergency Management Agency 
(FEMA), Zone 7, and the SFBRWQCB all have jurisdiction over flood control or water quality 
activities in the Project.  The Project would implement temporary and permanent Best 
Management Practices (BMPs) to meet the requirements of Caltrans’ Statewide National 
Pollutant Discharge Elimination System (NPDES) permit. 
 
The following requirements and concerns related to local agencies requirements were expressed 
by the Project Team and addressed in the design: 

 

 The proposed improvements should meet the requirements in accordance with the 
State’s/Caltrans’ statutes in order to bring the state route to expressway standards. 
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 The proposed drainage improvements should conform to the Pigeon Pass Safety Project 

and the I-580/Isabel Avenue Interchange Project. 
 

 The proposed Project should not preclude the construction, maintenance, and operation of 
the Zone 7 facilities. 

 
 Encroachment upon the Environmentally Sensitive Areas, between Ruby Hill Drive and 

Vallecitos Road, are to be avoided. 
 

 No infiltration is allowed in areas adjacent to the future Chain of Lakes area in the Zone 7 
R/W.  

 
The Project would result in work that would impact an identified Water of the U.S.; therefore, a 
401 Certification is required for the Project. 
 
Climate 
The geotechnical report prepared by URS provides climatic information for the Project.  The 
area is defined as Mediterranean with dry summers and mild winters.  The mean annual 
temperature is 59.4°F with temperatures ranging from an average daily maximum of 89.5°F in 
July to an average daily low of 36.4°F in January.  Freeze-thaw conditions are not an issue for 
the area because freezing temperatures are only anticipated to occur and average of 30.8 days per 
year.  The average annual precipitation for the City of Livermore is 14.53 inches and occurs 
mainly from October through May. 
 
Land Use 
In the Project vicinity, the land use is residential with some commercial use within the City of 
Livermore.  Aerial photographs indicate that the east side of SR 84, from the northern project 
limits to Alden Lane, is residential.  The Ruby Hill Development in the City of Pleasanton is 
located on the west side of SR 84, from Vineyard Road to the southern Project limits.  The land 
use from Alden Lane to the southern end of the Project limits (on the west side of SR 84) is 
agricultural.  There are two gravel mining facilities along Arroyo Del Valle on both sides of the 
freeway, operated by Cemex and Vulcan; these activities are located adjacent to the western side 
of SR 84, between Arroyo Del Valle and Stanley Boulevard.   
 
Future Land Use 
Planned expansion of the Cemex and Vulcan gravel mining operations are planned to occur on both 
sides of SR 84 between Vineyard Avenue and Stanley Boulevard.  However, these operations are 
independent of the proposed highway improvements.  Mining operations would take place within 
50 ft of the existing R/W limits.  Significant mining operations of up to depths of 240 ft are planned.  
After mining is completed in approximately 25 years, an adopted Zone 7 Reclamation Plan 
would be initiated.  This plan specifies the formation of basins—collectively referred to as the 
Chain of Lakes—to create seasonal water storage, flood water detention, and conveyance of both 
local and imported waters (see Attachments for map).  The Chain of Lakes will be located 
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between the Cities of Livermore and Pleasanton; when completed, it will consist of a series of 
reclaimed gravel quarry pits converted into nine linked lakes (Lakes A through I).  
 
Zone 7 is the Tri-Valley water wholesaler serving Livermore, Pleasanton, and Dublin.  Zone 7 
would operate and maintain these facilities.  The Chain of Lakes would be considered a future 
receiving water body within the Project area.  At Lake I, the water levels would be maintained to 
allow the de-silted water to percolate through the lakes’ sidewalls and into the groundwater 
basin; this should augment the current “artificial recharge” that Zone 7 already provides for its 
Main Basin aquifers.  The artificial recharge intent for the Project would be a drinking water 
source.  
 
As shown in the Attachments, Lakes A, B, C and D are planned to be constructed adjacent to the 
proposed Project.  Lake A is located on the southeast side of SR 84, while Lakes B, C and D are 
on the west side of SR 84. 
 
Topography 
The geotechnical report identifies the topographic conditions throughout the Project.  The 
elevation along the existing route ranges from 410 ft to 420 ft between Jack London Boulevard at 
“A3” Line Station (Sta.) 448+00 and the Arroyo Del Valle crossing at “A1” Line Sta. 320+00.  
South of Arroyo Del Valle, the roadway alignment climbs a gentle alluvial fan to 590 ft south of 
the Ruby Hills Drive at Sta. 227+00.  South of the SR 84 intersection with Vallecitas Road, the 
alignment is surrounded by rolling hills as it enters the mouth of the canyon. 
 
Soil and Geology 
The general description of the subsurface soils within the Project is described by the geotechnical 
report as consisting of a few feet of fill overlying alluvium.  The fill ranges from a minimum of 3 
ft to as much as 25 ft along the hillside between SR 84 and East Ruby Hill Drive.  The fill is 
made up of locally derived silt, sand and clay with gravel and occasionally contains asphalt-
concrete fragments.  The alluvium consists of complexly interbedded sand, silt and clay with 
gravel and extensive channel deposits of silty gravel, clayey gravel, and poorly graded 
sand/gravel mixtures (AGS, 2006). 
 
South of Arroyo Del Valle, the fine grained soils (silts and clay) are generally medium stiff to 
hard in consistency with some occasional softness, while the coarse grained soils (sand and 
gravel) are typically medium to very dense, with some occasional softness.  Certain boring 
identified fat clays, elastic silt and cobble.  North of Arroyo Del Valle the fine grained soils were 
generally stiff to hard, with occasional softness, and the coarse grained soils were typically 
medium dense, to very dense.  Cobble and boulders were also identified (AGS, 2006). 
 
The Web Soil Survey, created by the National Resources Conservation Service, is an online 
program used to identify general soil information of a given area.  Using this tool, the 
Hydrologic Soil Groups (HSG) for soils within the Project was identified as being within HSG 
A, B, or D (see Table 3).  Soils classified as HSG A or HSG B have a higher chance of 
promoting infiltration. See the soil map in the attachments and the table below for more detailed 
information about soils. 
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Table 3. Soil Types 
Location Soil 

Symbol 
Soil Type Soil 

Group 
Slope Erosion 

Hazard 
Lg Livermore gravelly loam B --- Moderate 
Lm Livermore very gravelly 

coarse sandy loam 
B --- Moderate 

Rh Riverwash A --- None 
YmA Yolo loam A 0 to 3% Moderate 

Yr Yolo gravelly loam A 0 to 3% Moderate 

W Jack London 
Boulevard to 
Stanley Boulevard 
  

Za Zamora silt loam A 0 to 4% Very High 
Gp Gravel Pits A --- Moderate 
Lg Livermore gravelly loam B --- Moderate 
Lm Livermore very gravelly 

coarse sandy loam 
B --- Moderate 

PtB2 Positas gravelly loam, 
thick surface 

D 2 to 10% High 

Rh Riverwash A --- None 

Stanley Boulevard 
to Lilienthal Road 

Za Zamora silt loam A 0 to 4% Very High 
Gp Gravel Pits A --- Moderate 
Lm Livermore very gravely 

coarse sandy loam 
B --- Moderate 

PgA Pleasanton gravelly loam B 0 to 3% Moderate-High 
PoC2 Positas gravelly loam D 2 to 20% High 

Rh Riverwash A --- None 

Lilienthal Road to 
Ruby Hill Drive 

YmA Yolo loam A 0 to 3% Moderate 
Lm Livermore very gravelly 

coarse sandy loam 
B --- Moderate 

PgA Pleasanton gravelly loam B 0 to 3% Moderate-High 
PgB Pleasanton gravelly loam A 3 to 12% Moderate-High 

PoC2 Positas gravelly loam D 2 to 20% High 
PoE2 Positas gravelly loam D 20 to 40%  

Ruby Hill Drive to 
Vallecitos Road 

Sa San Ysidro Loam D ---  
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Groundwater 
The geotechnical report provides information on groundwater depths that were encountered 
during drilling for the northbound (NB) borings; these results are summarized in Table 4. 
 
Table 4. Groundwater Depths for NB borings 

Boring 
Number 

Water Depth 
(ft) 

Total Boring 
Depth (ft) 

Boring 
Number 

Water Depth 
(ft) 

Total Boring 
Depth (ft) 

NB01 20.0 25.0 NB19 Dry 30.0 
NB02 Dry 30.0 NB20 Dry 40.0 
NB03 Not Measured 80.0 NB21 Dry 40.0 
NB04 Dry 25.0 NB22 Dry 30.0 
NB05 Not Measured 56.5 NB22A 24.7 30.0 

NB05A Dry 35.0 NB23 Not Measured 101.5 
NB06 Not Measured 80.0 NB24 Not Measured 101.5 
NB07 Dry 20.0 NB25 Dry 22.0 

NB07A Dry 20.0 NB25A Dry 25.0 
NB08 Dry 31.5 NB26 Dry 30.0 
NB09 Dry 30.0 NB30 24 50.0 
NB10 23.5 30.0 NB31 28 50.0 
NB11 Not Measured 60.0 NB32 Dry 50.0 
NB12 Not Measured 71.5 NB33 Dry 50.0 
NB13 Not Measured 80.0 NB34 Dry 50.0 
NB14 Not Measured 60.0 NB35 14.5 50.0 
NB15 Dry 14.0 NB36 Dry 50.0 
NB16 Dry 15.5 NB37 3.5 90.0 
NB17 Dry 20.0 NB38 3 90.0 
NB18 Dry 20.0    

 Source: URS, 2009 
 
Minimal dewatering is anticipated for this Project. Refer to Section 6 of this report for more 
details on dewatering.  
 
Potential Hazardous Waste 
The Initial Site Assessment (ISA), prepared for the Project by BASELINE Environmental 
Consulting in December 2005, identifies areas of potential concern due to the presence of 
hazardous materials.  The potential sources of contamination included: agriculture, chemical 
residue, Aerially Deposited Lead (ADL) from vehicle exhaust, and the dumping of household 
refuse near the intersection of Isabel Avenue and Jack London Boulevard.  The ISA states that, 
while there may be residue from a remediated site at 1901 Isabel Avenue, none of the other 
reported releases would be likely to affect Project development. 
 
A soil and groundwater investigation was conducted in April 2008. The conclusion mentions that 
the soils in the Project area would be considered non-hazardous; in addition, the hazardous issues 
mentioned in the 2005 ISA are dated to have existed before completion of several recent projects 
in the area.  
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Aerially Deposited Lead 
The ISA suggests excavation activities may uncover soils within the alignment that could be 
potentially classified as hazardous waste, depending on the total or soluble lead content in the 
soils.  These contaminated lead soils within Caltrans’ R/W are known as ADL.  However, the 
soil and groundwater investigation conducted in April 2008 did not find any presence of ADL 
above the Total Threshold Limit Concentration (TTLC) and STLC threshold. In addition, most 
of the Project area has been reconstructed after 1993, and no ADL has been found in the Project 
area by earlier projects. Therefore, there are no special handling instructions for ADL, and the 
ADL variance would not be invoked for this Project. 
 
Erosion Potential 
Studies conducted for the geotechnical report found that there are two small existing landslides 
that extend into the Project R/W that are 150 ft wide and 220 to 240 ft long located east of SR 84 
opposite Sta. 247+00 and 250+00.  These landslide areas are now overgrown with vegetation and 
impact a small drainage channel that parallels the edge of the roadway.  However, while these 
areas are within the Project R/W, there are no anticipated impacts to the Project, as the proposed 
improvements to SR 84 are not within the vicinity of these slide areas. 
 
Areas within the Project are classified as being susceptible to liquefaction, where sediments 
temporarily lose shear strength and collapse.  The alluvium from Jack London Boulevard and 
Stanley Boulevard is classified as having “high” liquefaction susceptibility.  From Stanley 
Boulevard to Arroyo Del Valle, the liquefaction susceptibility of the alluvium is classified as 
being “moderate.”  From Arroyo Del Valle to approximately 1,500 ft south along the alignment, 
the susceptibility is “high,” and from this pint to the end of the Project alignment, the 
liquefaction susceptibility is classified as “moderate.”  The historic channel deposits within the 
active channel of Arroyo Del Valle and Arroyo Mocho are identified as having “very high” 
liquefaction susceptibility. 
 
To mitigate for any erosion potential, the geotechnical report provides recommendations for the 
placement of fill.  Fill would consist of soil or soil/rock mixtures compacted to a minimum of 90 
percent to 95 percent where required.  The Project also proposes to install retaining walls and 
appropriate subsurface drainage (see attached Drainage Plans showing retaining wall locations).  
Newly created or disturbed slopes would be treated with appropriate temporary and/or permanent 
erosion control measures as discussed in Section 4 of this report. 
 
Measures for Avoiding or Reducing Potential Storm Water Impacts 
Bridge work would be scheduled only during the allowed construction window.  To avoid storm 
water impacts, the Project should be phased to minimize soil-disturbing work during the rainy 
season.  Permanent storm water pollution controls would be installed as early in the construction 
process as is feasible in order to provide protection from construction storm water impacts.  The 
order of work as specified in the Project Specifications would be modified to reflect the 
installation of permanent and temporary storm water controls, especially prior to soil disturbing 
work during a rainy season. 
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To ensure slope stability, the Project would grade slopes to 4:1 (H:V) or flatter, except at 
locations with R/W limitations are present or when matching existing topography. In these cases 
slopes would be graded to a maximum of 2:1 (H:V).  The Project includes the use of retaining 
walls to decrease the R/W and cut and fill requirements.  
 
Existing Treatment Best Management Practices and R/W 
There are currently no identified existing treatment BMPs within the Project limits.  The 
treatment BMP strategy for the Project is currently designed within the proposed Project R/W, 
and no further R/W acquisition is anticipated for the purpose of treatment BMP design.  
However, there is one biofiltration swale that, while within the Project R/W, is located parallel to 
Vallecitos Road in the City of Pleasanton’s R/W and is being used to treat storm water runoff 
from SR 84. The issue of maintenance of this biofiltration swale is anticipated to be part of a 
cooperative agreement between the City and Caltrans.  
 
Environmentally Sensitive Areas 
There are environmentally sensitive areas (ESAs) within the Project limits. These areas are 
designated on the Project plans attached in this report. The ESAs include areas of existing 
wetlands on the east side of SR 84, between Station “A1” Line 240+00 and “A2” Line 250+00 
and at creek crossings.  
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3. Regional Water Quality Control Board Agreements 
 
The SFBRWQCB’s 2007 Water Quality Control Plan for the San Francisco Bay Basin includes 
regulation for discharges within this area.  
 
Storm water discharges from the State’s R/W, within the Project area, are regulated by the 
Department’s Statewide NPDES Storm Water Permit issued by the SWRCB (Order No. 2009-
0009-DWQ No. CAS000002).   
 
In addition, discharges from construction activities within the Project area are regulated by the 
revised “NPDES General Permit for Storm Water Discharges Associated with Construction and 
Land Disturbance Activities” (NPDES Number CAS000002), also called the Construction 
General Permit (CGP), which became effective on July 1, 2010.  
 
Permit Requirements 
Because the Project work limits are adjacent to water sensitive areas (e.g., wetlands, rivers, 
creeks, and other waterways), necessary permits for this Project include: a USACE 404 Permit, a 
401 Water Quality Certification from the SFBRWQCB, and a 1602 Permit from the California 
Department of Fish and Game (CDFG). 
 
Pursuant to the requirements for the 404 Permit, the Project team is working to prepare a draft 
wetland delineation to be approved by the USACE.  The permit application to the USACE, as 
well as the 401 Water Quality Certification permit application to the SFBRWQCB and the 1602 
Permit application to the CDFG, have been submitted. The anticipated approval date for all the 
Project permits is May 2011. 
 
For the CGP, the Project has been determined to have medium sediment risk and low receiving 
water risk, which results in a Project Combined Risk Level 2 (see Attachments for Risk 
Assessment calculations). The Project must comply with the requirements set forth in the CGP. 
Additional information is included in Section 6 of this report. For a detailed description of the 
requirements, refer to the CGP. 
 
Other requirements 
Per the Caltrans District 4 Office of Water Quality, the Project is required to consider 
hydromodification mitigation because the Project increases impervious areas and is within a 
county that has a SFBRWQCB-approved Hydromodification Management Plan.  Mitigation 
measures include site design and source control measures that support infiltration and minimize 
the change in the runoff rate of flow.  The mitigation measures for this Project are discussed in 
the Project’s Hydromodification Report (WRECO, 2010).  
 
Project improvements would incorporate the use of temporary construction site and permanent 
BMPs to preserve floodplains and wetlands, and to maintain slope stability.  Between Ruby Hill 
Drive and Vallecitos Road, SR 84 would be realigned to avoid encroachment onto an ESA on the 
east side.  As described in the previous section, ESAs have been confirmed as the areas located 
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at creek crossings and on the east side of SR 84, between Station “A1” Line 240+00 and “A2” 
Line 250+00.  Existing vegetation would be preserved in these locations.   
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4. Proposed Design Pollution Prevention BMPs to be used on the Project 
 
Downstream Effects Related to Potentially Increased Flow 
The widening of SR 84 for this Project would create a net increase of 27.63 ac impervious surface 
area within the Project area (27.23 ac in the Caltrans R/W and 0.40 in the City/Zone 7 R/W).  This 
additional impervious area would increase the volume of the downstream flow of both Arroyo 
Del Valle and Arroyo Mocho.  
 
There are proposed new cross culverts, drainage inlets, and longitudinal drainage systems (dikes, 
and relocated ditches) that are part of the drainage design for this Project.  Existing drainage 
systems located within the Project limits, in the City of Livermore, would be modified to 
maintain the existing drainage pattern.  Drainage from the widening of the proposed bridge and 
trail bridge over Arroyo del Valle and the proposed bridge and access bridge over Arroyo Mocho 
are addressed in the Bridge Design Hydraulic Study Report (WRECO, May 2009).  
 
A new longitudinal drainage system consisting of 36-in. diameter pipes is proposed to convey 
the off-site flows from the City of Livermore to an outfall at Arroyo Del Valle.  Detailed 
drainage design information on the new longitudinal drainage system and outfall at Arroyo Del 
Valle is referenced in the Drainage Report (WRECO, January 2011). 
 
The incorporation of dissipation devices at culvert outfalls, such as flared end sections (FESs) 
and rock slope protection (RSP) are utilized as part of the drainage design to reduce velocities of 
storm water runoff.  
 
Hydromodification measures are proposed for discharges to Arroyo Del Valle and Arroyo Las 
Positas in order to minimize impacts to water bodies from additional flow created by the Project.  
One biofiltration strip and seven biofiltration swales would provide sufficient infiltration for 
hydromodification mitigation. Further discussion of the dual function of strips and swales for 
treatment and for hydromodification can be found in the Hydromodification Report (WRECO, 
2010). In addition to strips and swales, there is an existing pump station that would be 
maintained for this Project; the impacts to the pump station from the added impervious area 
created from the Project are minimal based on analysis of the capacity of the pump. 
 
Slope/Surface Protection Systems 
Disturbed areas would be re-stabilized with erosion control measures.  The Project would 
incorporate landscaping under a separate contract.  The Project would modify existing side 
slopes to accommodate the roadway widening.  Where feasible, side slopes within Caltrans’ R/W 
are 4:1 (H:V) in order to provide a Clear Recovery Zone (CRZ) for errant vehicles.  Where R/W 
or existing topography does not allow for the ability to grade slopes 4:1 (H:V) or flatter, slopes 
are graded to a maximum of 2:1 (H:V). 
 
The Project would incorporate slope protection measures such as permanent fiber rolls and 
erosion control (hydroseed).  Erosion control (hydroseed) would be placed on slopes and 
disturbed soil areas to promote vegetation growth.  Since the Project would involve soil 
disturbance more than 25 ac over multiple rainy seasons, Move-In/Move-Out (Erosion Control) 
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is included in the Project to ensure the establishment of vegetation within the Project.  Outlet 
protection/velocity dissipation BMPs would be placed at all drainage system outfalls that flow 
into earth-lined ditches/basins (see Drainage Plans).  Placing outlet protection/velocity 
dissipation systems promotes erosion control at drainage outlets.   
 
Retaining walls would be utilized to minimize erosion or the steepness or shortness of slopes. 
According to the geotechnical report and plans, 13 retaining walls would be proposed for the 
Project.  The specific locations for these retaining walls are shown on the Project Plans.   
 
Vegetated Surfaces: Vegetation within the Project limits consists of the following: California 
annual grassland, valley oak woodland, purple needlegrass, grassland, coyote brush scrub, mixed 
willow, riparian forest mosaic, and restoration wetland and riparian.  
 
The wetlands located along SR 84 within the Project limits are designated as ESAs and are 
identified on the Project plans.  From the south side of the beginning of the Project limits, 
wetlands are scattered northward toward Vallecitos Road.  After crossing this road, various 
wetland areas are identified in both the east and west direction of SR 84.   

 
Hard Surfaces:  RSP would be the primary energy dissipation system used throughout the 
Project.  RSP would be placed at the discharge points into unlined ditches and at the stream 
banks of the proposed bridge and trail bridge over Arroyo del Valle and at the stream banks of 
the proposed train bridge over Arroyo Mocho.  Arroyo Mocho is an existing concrete lined 
channel and, therefore, does not require RSP. 
 
Concentrated Flow Conveyance Systems 
The Project proposes to create and modify existing ditches, dikes, berms and swales.  Existing 
slopes would be created and modified to satisfy drainage and erosion control needs.  The existing 
roadway drainage design would either be modified to fit with new drainage systems, or be 
abandoned or removed and replaced by new systems.  The proposed drainage is shown on the 
attached Drainage Plans, and detailed analyses of the Project drainage systems are discussed in 
the Project Drainage Report (WRECO, January 2011). 
 
Preservation of Existing Vegetation 
The goal of an effective erosion control strategy is to maintain the natural pre-construction 
condition.  Existing vegetation would be preserved to the MEP, and areas disturbed by 
construction activities would be minimized through the use of ESA fencing.  Preservation 
involves the identification and protection of desirable vegetation to provide erosion and sediment 
control benefits.  All areas to be preserved are delineated and mapped on the Layout plans. 
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5. Proposed Permanent Treatment BMPs to be used on the Project  
 
Treatment BMP Strategy 
The direct receiving water bodies for this Project are Arroyo Mocho, Arroyo Del Valle, and 
Arroyo Las Positas.  According to the 2006 Clean Water Act Section 303(d) list of Water 
Quality Limited Segments, these three water bodies are impaired due to high Diazinon 
concentrations.  Diazinon, however, is not a targeted design constituent for Caltrans, so 
permanent Treatment BMPs are considered in the order of the following general pollutant 
removal criteria: 
 

I. Infiltration Devices 
II. Biofiltration Strips and Wet Basin 

III. Biofiltration Swale and Austin Sand Filter 
IV. Detention Device, Delaware Filter, and Multi-Chamber Treatment Trains (MCTTs) 

 
The Project proposes to treat approximately 37.1 ac, which is slightly more than 100 percent of 
the total added and reworked impervious area (37.05 ac) within the Project limits. This 
calculation of required treated area includes the City R/W impervious areas because one swale 
(BMP-6) is in the City R/W and treats both CT and City impervious areas. Inclusion of this 
swale is required to meet treatment goals. 
  
While infiltration devices are ranked first for general pollutant removal, they were determined to 
be infeasible for this Project, as discussed in the following subsections. The treatment BMP 
strategy for the Project consists of biofiltration strips, biofiltration swales, and two Austin Vault 
Sand Filters (AVSF).  AVSF were selected for the Project in the areas adjacent to the Zone 7 
R/W due to concerns about seepage of potential contaminants for the future Chain of Lakes. 
 
The proposed treatment BMPs are listed in Table 5.  
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Table 5. Proposed Treatment BMPs for the Project 
 

BMP ID No. Segment Treatment Type Begin Station End Station Rt or 
Lt

Treated Area 
(sq ft)

Treated 
Area (ac)

WQV 
(ac-ft)

BMP-1 B Biofiltration Strip "A1" Line 231+00 "A1" Line 233+44 Rt 11,751 0.27 n/a

BMP-2 B Biofiltration Strip "A1" Line 235+25 "A1" Line 244+04 Rt 91,245 2.09 n/a

BMP-3 B Biofiltration Swale "VEx" Line 53+76 "VEx" Line 54+59 Lt 37,508 0.86 n/a

BMP-4 B Biofiltration Strip "VEx" Line 53+47 "VEx" Line 55+74 Lt 6,517 0.15 n/a

BMP-5 B Biofiltration Strip "V" Line 103+10 "V" Line 109+00 Lt 25,795 0.59 n/a

BMP-6 B Biofiltration Swale "V" Line 105+50 "V" Line 107+00 Lt 128,502 2.95 n/a

BMP-7 B Biofiltration Swale "A1" Line 299+00 "A1" Line 301+50 Lt 135,043 3.10 n/a

BMP-8 B Biofiltration Swale "A1" Line 285+14 "A1" Line 287+64 Rt 110,243 2.53 n/a

BMP-9 B Biofiltration Strip "A1" Line 285+10 "A1" Line 312+19 Rt 153,366 3.52 n/a

BMP-10 B Biofiltration Swale "A1" Line 296+04 "A1" Line 298+04 Rt 48,720 1.12 n/a

BMP-11 B Biofiltration Swale "A1" Line 301+04 "A1" Line 302+54 Rt 22,647 0.52 n/a

BMP-12 B Biofiltration Swale "A1" Line 306+75 "A1" Line 308+25 Rt 26,355 0.61 n/a

BMP-13 B Austin Vault Sand 
Filter (Segment B) "A1" Line 321+15* "A1" Line 322+67* Lt 451,148 10.36 0.49

BMP-14 A Austin Vault Sand 
Filter (Segment A) "A2" Line 390+14* "A2" Line 391+15* Rt 367,108 8.43 0.40

Total Proposed Treatment: 1,615,948 37.10 ac
Goal: 37.05 ac

100 %
* Note : AVSF stationing limits are measured from the two interior corners of the vaults that are closest to the stationing line.

Percent Treatment:
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Infiltration Devices 
Infiltration devices are ranked first for consideration under the General Purpose Pollutant 
Removal Order.  Infiltration devices store runoff and allow it to infiltrate the ground into the 
underlying soil.  Infiltration prevents pollutants in the captured runoff from reaching surface 
waters.  Infiltration basins are designed to remove solid and dissolved particles from storm water 
by providing a pond with a minimum capacity of 0.1 ac-ft Water Quality Volume (WQV).  The 
effectiveness of an infiltration basin depends on the soil type and the depth to seasonally high 
groundwater, with a minimum 10 ft below grade to groundwater preferred.  According to the 
Final Geotechnical Impact Assessment for this Project, the groundwater depth is from 21 to 40 ft 
below the groundwater below surface; therefore, infiltration basins would be feasible (AGS, Inc., 
April 2006). However, there is not adequate area within the R/W to accommodate a large device 
such as an infiltration basin. 
 
Furthermore, infiltration devices are not allowed in areas adjacent to existing Zone 7 facilities or 
the future Chain of Lakes project. 
  
Biofiltration Strips 
Biofiltration strips, also known as vegetated buffer strips, are vegetated sections of land that 
receive storm water flows in the form of overland sheet flow.  Pollutants are removed by 
filtration through the grass, sedimentation, adsorption to soil particles, and infiltration through 
the soil. Biofiltration devices are mainly effective for removing total suspended solids, 
particulate, metals, and litter, although some dissolved constituents are removed by infiltration 
into the soil.  These devices should be considered wherever site conditions and climate allow 
vegetation to be established, and where flow velocities will not cause scour.  Vegetative cover of 
about 70 percent would be required for treatment.  
 
The proposed biofiltration strip locations are listed in Table 5.  These strips would allow 
vegetation to be established because the sites are unpaved and are flat enough to allow sheet flow 
without scour to occur.  To further promote infiltration and vegetation growth, compost, 
incorporate is incorporated to the design of all biofiltration strips within the Project. 
 
Other locations for the placement biofiltration devices were evaluated and considered; however, 
these locations were determined to be infeasible due to: 1) the topography of the location (i.e., 
high velocities of storm water runoff traveling over steep slopes that could potentially erode the 
biofiltration strips and swales); 2) conflicts with underground utility facilities; 3) the close 
proximity of ESAs;  4) R/W constraints due to the development of proposed or active mining 
areas; or 5) the close proximity to the Zone 7 R/W, because infiltration is prohibited in areas 
adjacent to the future Chain of Lakes project. 
 
Wet Basins 
Wet basins were determined infeasible for the Project for the following reasons: 1) the volume of 
the wet basin above the permanent pool was not equal to at least the WQV using a 24 to 72 hour 
drawdown; and 2) a permanent source of water was not available, and there was not a sufficient 
amount of water to maintain a permanent pool for the wet basin.  Furthermore, The Alameda 
County Mosquito Abatement District Control Program (1999) suggests that storm water facilities 
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where permanent standing water may be present (i.e. wet basins and Delaware filters) be 
designed to, “be kept clean of weeds with a water quality sufficient to support mosquito-eating 
fish.”   
 
Biofiltration Swales 
Biofiltration swales are vegetated channels that can receive both overland and concentrated 
storm water flows.  The consideration for the placement of biofiltration swales is similar to that 
of biofiltration strips; swales should be placed in areas where vegetation could be established and 
where scour from runoff would not occur. Further, biofiltration swales are not allowed in areas 
adjacent to Zone 7 areas.  The proposed biofiltration swale locations are listed in Table 5. 
 
Austin Sand Filters 
Two AVSFs are being proposed for this Project.  These devices primarily remove Total 
Suspended Solid (TSS) pollutants, such as sediments and metals, from storm water by means of 
sedimentation and filtering.  They are also effective for removing dissolved metals and litter.  
Theses devices perform better where a drainage area has a relatively high percentage of 
impervious area, with low sediment loading.  Austin sand filters also require sufficient hydraulic 
head, in order to operate the device (a minimum of 3 ft between the inflow and outflow 
chambers).  There are two proposed locations within the Project limits that have enough head to 
operate the device effectively.  AVSFs are the only type of treatment BMP that are allowed to be 
located adjacent to Zone 7 areas. The proposed locations for the two AVSF are listed in Table 5.  
 
Detention Basins 
A detention device is a permanent treatment BMP designed to reduce the sediment and 
particulate loading in runoff from the water quality design storm.  Detention basins are best 
suited for areas with clayey soils where infiltration is not feasible.  There was a detention basin 
proposed during the PA/ED Phase, but it did not have sufficient hydraulic head at that location to 
prevent the backwater effect onto the roadway.  Furthermore, the treatment for this Project is 
achieved through the use of biofiltration strips, swales and AVSF, which are all ranked above 
detention basins for general pollutant removal. 
 
Delaware Filters 
Delaware filters remove fine sediment, particulate-associated pollutants and sometimes dissolved 
pollutants.  Delaware filters meet the feasibility requirements for the Project, shown in Checklist 
T-1 in the attachments, and could be designed to effectively treat storm water runoff from the 
Project; however, there is a potential vector control issue presented with the implementation of 
this device.  The design of a Delaware filter to meet the Alameda County Mosquito Abatement 
District requirements for storm water devices containing permanent pools of water would not be 
feasible or cost effective for the Project. 
 
Multi-Chamber Treatment Train  
The Multi-Chamber Treatment Train (MCTT) was developed for the treatment of storm water at 
“critical source areas” such as vehicle service facilities, parking areas, paved storage areas, and 
fueling stations.  The Project site does not have “critical source areas”; thus, an MCTT was not 
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considered. In addition, MCTTs require permanent standing water or a permanent pool of water, 
which is not allowed by the local vector control agency. 
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6. Proposed Temporary Construction Site BMPs to be used on Project 
 
Storm Water Pollution Prevention Plan 
This Project involves disturbing more than 1 ac of soil; thus, a Storm Water Pollution Prevention 
Plan (SWPPP) will be prepared by the contractor that would identify BMPs to reduce water 
quality impacts during construction.  The SWPPP should emphasize: 1) standard temporary 
erosion control measures to reduce sedimentation and turbidity of surface runoff from disturbed 
areas; 2) personnel training; 3) scheduling and implementation of BMPs throughout the various 
construction phases and during various seasons; 4) identification of BMPs for non-storm water 
discharge such as fuel spills; and 5) mitigation and monitoring throughout the construction 
period. 
 
Construction Site BMP Strategy 
The Project is within the jurisdiction of Caltrans District 4 and the SFBRWQCB.  Elevations of 
the Project vary between 405 ft and 600 ft (123.4 m to 182.8 m).  Based on the Project’s location 
and elevation, the Project is within Rainfall Area 2, according to Caltrans’ Construction Site 
BMPs Manual, Table 2-1 (Caltrans, March 2003).  Temporary Construction Site BMPs 
considered are: soil stabilization, sediment barrier (or control), non-storm water management, 
and waste management. 
 
Because this Project is expected to span two rainy seasons, the cost estimate is adjusted to reflect 
maintenance sharing.   
 
Construction General Permit 
This Project is subject to the Construction General Permit (CGP) as discussed in Section 3 of this 
report.  Under this Permit, projects are required to complete a risk assessment to determine the 
combined sediment and receiving water risk.  Based on these two risk factors, a project is given a 
risk level of 1, 2, or 3, with associated construction requirements increasing with the risk level 
number. 
 
The sediment risk factor is determined from the product of the rainfall runoff erosivity factor (R), 
the soil erodibility factor (K), and the length-slope factor (LS).  The R factor is determined from 
the United States Environmental Protection Agency “Rainfall Erosivity Factor Calculator”. The 
K factor represents the susceptibility of soil to erosion and is a weighted average, by area, for all 
site soils. Data for K factor calculation is from the Natural Resources Conservation Service’s 
(NRCS) Web Soil Survey.  Hillslope length and gradient has an effect on erosion; generally 
speaking, as hillslope length and/or gradient increases, soil loss also increases. The LS factor is a 
weighted average, by area, for all slopes.  The product of these three values is the Watershed 
Erosion Estimate, expressed in tons per acre.  
 
The table below lists the values of each of these factors, which result in a Medium Sediment Risk 
Factor. See the Supplemental Attachments for greater detail of the sediment risk factor input 
values.   
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Table 6. Sediment Risk Factor 

R Factor Rainfall runoff erosivity 79.68 

K Factor Soil erodibility 0.2 

LS Factor Length-slope 1.51 

RxKxLS Watershed Erosion Estimate 24.06  
tons/acre 

Site Sediment 
Risk Factor 

Low Sediment Risk: < 15 tons/acre 
Medium Sediment Risk: >=15 and <75 

High Sediment Risk: >= 75 
MEDIUM 

 
 
The receiving water risk is classified as Low because none of the receiving water bodies is on 
the 303(d) List as impaired for sediment; additionally, none of the receiving water bodies has the 
beneficial uses of SPWN, COLD and MIGR. 
 
The combined Medium sediment risk and Low receiving water risk, results in the Project being 
classified as Risk Level 2.  Detailed requirements for Risk Level 2 projects are presented in 
Attachment D of the CGP.    
 
Monitoring and Reporting 
All sites regardless of risk level must conduct visual site monitoring, including routine weekly 
BMP inspections, rain event triggered inspections, and quarterly non-storm water monitoring. In 
addition, Risk Level 2 sites must perform non-visible pollutant sampling at all storm water 
runoff and non-storm water pollutant discharge points.  
 
Risk Level 2 sites also have Numeric Action Level (NALs) on pH and turbidity of storm water 
effluent. Samples with pH greater than 8.5 or less than 6.5 or with turbidity greater than 250 
NTU would require a NAL exceedance report. For more detailed description of Risk Level 2 
BMP, monitoring, sampling, and reporting requirements, refer to Attachment D of the CGP. 
Monitoring costs are included in the BEES. 
 
Soil Stabilization Measures 
The following soil stabilization measures are considered for this Project and are included as 
separate bid line items in the Basic Engineering Estimating System (BEES) of this Project: 
 

 Move In/Move Out (Temporary Erosion Control) 
 Temporary Cover  
 Hydraulic Mulch (Bonded Fiber Matrix) 
 Temporary Fence (Type ESA)  
 Check Dams 
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Sediment Control Measures  
The following sediment control measures are considered for this Project and are included as 
separate bid line items: 
 

 Temporary Fiber Rolls  
 Temporary Silt Fence  
 Temporary Drainage Inlet Protection  

 
Desilting Basins 
Desilting basins are not proposed for the Project.  As stated in the Caltrans Storm Water Quality 
Handbooks: Construction Site Best Management Practices (BMPs) Manual, Table 2-2 and Table 
2-3, the location of the Project would require desilting basins for only active areas, during a rainy 
season, with greater than 2:1 (H:V) slopes; slopes greater than 2:1 (H:V) are not anticipated for 
this Project. 
 
Sediment Traps 
Sediment traps are not proposed for this Project as there is not adequate space within the 
Project’s R/W to construct and maintain this type of device.  
 
Tracking Control  
Because of the large footprint of the Project, the Project Team anticipates that several areas 
would need temporary construction entrances to avoid off-site tracking of sediment. The 
following tracking control measures are considered for this Project and are included as separate 
bid line items: 
 

 Temporary Construction Entrance 
 Street Sweeping 

 
Non-Storm Water Management  
Concrete work is proposed for this Project; therefore, temporary concrete washouts (portable) are 
included as a separate line item. All other anticipated no-storm water management measures 
would be covered under the Construction Site Management lump sum. 
 

 Temporary Concrete Washout (Portable) 
 
Dewatering 
The Project includes bridge widening or replacement over the creeks at Arroyo Mocho and 
Arroyo Del Valle. Dewatering is anticipated for this Project and is included as a separate bid line 
item, as temporary active treatment system. However, a separate dewatering permit is not 
anticipated. 
 
Most bridge excavations are anticipated to be made in the dry (i.e., groundwater below bottom of 
excavation), with the exception of the following locations: 
 



  Storm Water Data Report 

Storm Water Data Report  04-Ala-84 
State Route 84 Expressway Widening Project (Final PS&E Submittal) PM 22.9/27.1 
Alameda County, California  EA 04-297601 
January 2011 24  

 

1. Arroyo Del Valle Trail Bridge 
Bent 2; water head of 3.5 ft; clayey sand (SC) 

2. Arroyo Del Valle Widen 
Bent 2; water head of 2 ft; clayey sand (SC) and clayey gravel (GC) 

 
Water head is defined as the difference of elevation of water level in boring at time of drilling 
minus elevation of bottom of excavation. Because neither laboratory nor field tests were within 
the scope of work, it is difficult to estimate construction pumping rates. However, it appears that 
where heads are small (less than 5 feet) and SC, GC and CL soils were encountered, pumping 
rates might be relatively small. Based on the site soil conditions and the empirical relationships 
between grain sizes and permeability, URS estimates order of magnitude pumping rates ranging 
from 30 to 200 gallons per minutes (gpm). Further discussion of dewatering can be found in an 
internal URS memorandum dated August 5, 2010, which is included in the appendices. 
  

 Temporary Active Treatment System 
 
Construction Site Management 
It is also anticipated that the following “housekeeping” BMPs would be implemented for this 
Project, designated under the lump sum “Construction Site Management” item. 
 

 Spill prevention and control 
 Materials management 
 Stockpile management 
 Waste management 
 Concrete waste 
 Water control and conservation 
 Vehicle and equipment cleaning 
 Vehicle and equipment fueling and maintenance 
 Paving 
 Saw cutting 
 Grinding operations 
 Thermoplastic striping and pavement markers 
 Concrete curing 
 Concrete finishing 

 
Additionally, the following miscellaneous items are included as separate bid line items: 
 

 Water Sampling and Analysis 
 Water Pollution Control Maintenance Sharing 
 Additional Water Pollution Control 

 
 

The quantities and costs for construction site BMPs proposed for this Project are included in the 
attachments. 
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7. Maintenance BMPs (Drain Inlet Stenciling) 
 
Inlet stenciling is proposed for all inlets within the Project where pedestrians or bicyclists are 
permitted.  Caltrans-approved stenciling would be specified for drainage inlets within the State’s 
R/W.  The City of Pleasanton and the City of Livermore also have specific drainage inlet 
stenciling details that would be used for inlets located with each City’s R/W.  Specific locations, 
Plans, Special Provisions, and costs associated with stenciling drainage inlets would be provided 
in the Contract Documents.  
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REQUIRED ATTACHMENTS 

 Location Map 
 Vicinity Map  
 Evaluation Documentation Form (EDF)  
 Construction Site BMP Consideration Form  
 Treatment BMP Summary Spreadsheets  
 Quantities for BMPs 
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Figure 1. Location Map 

Source: USGS
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Figure 2. Vicinity Map 
Source: USGS
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DATE: Oct 2010 

See Figure 4-1, Project Evaluation Process for Consideration of Permanent Treatment BMPS EA: 04-297601 

NO. CRITERIA 
YES 

 
NO 

 
SUPPLEMENTAL INFORMATION FOR 

EVALUATION 

1. Begin Project Evaluation 
regarding requirement for 
consideration of Treatment BMPs 

  
Go to 2 

2. Is this an emergency project?   
If Yes, go to 11.  
If No, continue to 3.   

3. Have TMDLs or other Pollution 
Control Requirements been 
established for surface waters 
within the project limits?   
Information provided in the water 
quality assessment or equivalent 
document. 

  

If Yes, contact the District/Regional 
NPDES Coordinator to discuss the 
Department’s obligations under the TMDL 
(if Applicable) or Pollution Control 
Requirements, go to 10 or 4. 

     _____ (Dist./Reg. SW Coordinator initials)  

If No, continue to 4.   
4.  Is the project located within an 

area of a local MS4 Permittee?   
If Yes. (Alameda County), go to 5. 
If No, document in SWDR go to 5. 

5. Is the project directly or indirectly 
discharging to surface waters?   

If Yes, continue to 6.   
If No, go to 11. 

6. Is this a new facility or major 
reconstruction?   

If Yes, continue to 8.   

If No, go to 7. 

7. Will there be a change in 
line/grade or hydraulic capacity?   

If Yes, continue to 8.   

If No, go to 11. 

8. Does the project result in a net 
increase or does the project 
rework one acre or more of 
impervious surface? 

  

If Yes, continue to 10.   

If No, go to 9.    
              27.63  ac (Net Increase total = 27.23 ac in 
Caltrans R/W and 0.40 ac in City/Zone 7 R/W) 

              8.7  ac (Reworked, all in Caltrans R/W) 

9. Is the project part of a Common 
Plan of Development?   

If Yes, continue to 10.   

If No, go to 11. 

10. Project is required to consider 
approved Treatment BMPs. 

 
 

See Sections 2.4 and either Section 5.5 or 6.5 for 
BMP Evaluation and Selection Process.  Complete 
Checklist T-1 in this Appendix E.  

11. Project is not required to consider 
Treatment BMPs.   

______(Dist./Reg. SW Coord. Initials) 

______(Project Engineer Initials) 

______________ (Date) 

 

 

 

Document for Project Files by completing this form, 
and attaching it to the SWDR.   

 
 
See Figure 4-1, Project Evaluation Process for Consideration of Permanent Treatment BMPs
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Summary Spreadsheet

Dist-County-Route: 04-Ala-84

Post Mile Limits: 22.9/27.1

Project Type: Expressway Widening

EA: 04-297601

RU: 04256

Program Identification: 20.10.400

Phase: PS&E

Date: 03/15/10

Construction Start: October 2011

Construction End: August 2013



Treatment BMPs Summary Spreadsheet 

Storm Water Data Report  04-Ala-84 
State Route 84 Expressway Widening Project (Final PS&E Submittal) PM 22.9/27.1 
Alameda County, California  EA 04-297601 
January 2011  

BMP ID No. Treatment Type Begin Station End Station Rt or 
Lt

Treated Area 
(sq ft)

Treated 
Area (ac)

WQV 
(ac-ft)

WQF 
(ft3/s)

Design Storm 
Flow (25-year) 

(ft3/s)

Velocity for the 
Design Storm (ft/s)  

Depth of Flow for 
Design Storm (ft)

BMP-1 Biofiltration Strip "A1" Line 231+00 "A1" Line 233+44 Rt 11,751 0.27 n/a 0.05 n/a n/a n/a

BMP-2 Biofiltration Strip "A1" Line 235+25 "A1" Line 244+04 Rt 91,245 2.09 n/a 0.42 n/a n/a n/a

BMP-3 Biofiltration Swale "VEx" Line 53+76 "VEx" Line 54+59 Lt 37,508 0.86 n/a 0.35 4.37 1.41 0.45

BMP-4 Biofiltration Strip "VEx" Line 53+47 "VEx" Line 55+74 Lt 6,517 0.15 n/a 0.03 n/a n/a n/a

BMP-5 Biofiltration Strip "V" Line 103+10 "V" Line 109+00 Lt 25,795 0.59 n/a 0.12 n/a n/a n/a

BMP-6 Biofiltration Swale "V" Line 105+50 "V" Line 107+00 Lt 128,502 2.95 n/a 1.03 16.78 2.68 0.77

BMP-7 Biofiltration Swale "A1" Line 299+00 "A1" Line 301+50 Lt 135,043 3.10 n/a 1.87 30.38 2.96 1.20

BMP-8 Biofiltration Swale "A1" Line 285+14 "A1" Line 287+64 Rt 110,243 2.53 n/a 0.80 12.92 2.60 0.67

BMP-9 Biofiltration Strip "A1" Line 285+10 "A1" Line 312+19 Rt 153,366 3.52 n/a 0.70 n/a n/a n/a

BMP-10 Biofiltration Swale "A1" Line 296+04 "A1" Line 298+04 Rt 48,720 1.12 n/a 0.29 2.55 1.38 0.53

BMP-11 Biofiltration Swale "A1" Line 301+04 "A1" Line 302+54 Rt 22,647 0.52 n/a 0.15 2.43 1.11 0.36

BMP-12 Biofiltration Swale "A1" Line 306+75 "A1" Line 308+25 Rt 26,355 0.61 n/a 0.18 2.88 1.39 0.33

BMP-13 Austin Vault Sand 
Filter (Segment B) "A1" Line 321+15* "A1" Line 322+67* Lt 451,148 10.36 0.49 n/a n/a n/a n/a

BMP-14 Austin Vault Sand 
Filter (Segment A) "A2" Line 390+14* "A2" Line 391+15* Rt 367,108 8.43 0.40 n/a n/a n/a n/a

Total Proposed Treatment: 1,615,948 37.10 ac
Goal: 37.05 ac

100 %
* Note : AVSF stationing limits are measured from the two interior corners of the vaults that are closest to the stationing line.

Percent Treatment:

 
 
 



Quantities for Construction Site BMPs 

Storm Water Data Report   04-Ala-84 
State Route 84 Expressway Widening Project (Final PS&E Submittal) PM 22.9/27.1 
Alameda County, California  EA 04-297601 
January 2011  

SEGMENT A 
 

Temporary Construction Site BMPs

ID BEES
Temporary BMPs - PPDG 
Appendix C

SSP/nSSP 
(#, Y or N)

STD. Det. 
(Y or N) Quantity Unit

Temporary Soil Stabilization 

SS-1 074037
Move-In/Move-out (Temporary 
Erosion Control) 07-485 No 4 EA

SS-2 071325 Temporary Fence (Type ESA) 07-446 Yes 2,200 LF

SS-3 074040
Temp. Hydraulic Mulch (Bonded 
Fiber Matrix) 07-381 No 17,500 SQYD

074035 Temporary Check Dam 1000 LF
SS-7 074034 Temporary Cover 07-395 Yes 10,000 SQYD

Subtotal Soil Stabilization BMPs

ID BEES Temporary Sediment Control
SSP/nSSP 
(#, Y or N)

STD. Det. 
(Y or N) Quantity Unit

SC-1 074029 Temporary Silt Fence 07-430 Yes 20,000 LF
SC-5 074028 Temporary Fiber Rolls 07-420 Yes 6,710 LF

SC-10 074038 Temporary Drainage Inlet Protection 07-490 Yes 110 EA

  Subtotal Sediment Control BMPs

ID BEES Temporary Tracking Control
SSP/nSSP 
(#, Y or N)

STD. Det. 
(Y or N) Quantity Unit

TC-1 074033 Temporary Construction Entrance 07-480 Yes 7 EA

SC-7 074041 Street Sweeping 07-360 No 1 LS

  Subtotal Tracking Control BMPs

ID BEES
Temporary Waste Management 
Control

SSP/nSSP 
(#, Y or N)

STD. Det. 
(Y or N) Quantity Unit

WM-1 CSM* Material Delivery and Storage 07-346 No LS
WM-2 CSM* Material Use 07-346 No LS
WM-3 CSM* Stockpile Management 07-346 No LS
SS-7 074034 Plastic Covers 07-395 Yes m2

WM-4 CSM* Spill Prevention and Control 07-346 No LS
WM-5 CSM* Solid Waste Management 07-346 No LS
WM-6 CSM* Hazardous Waste Management 07-346 No LS
WM-7 CSM* Contaminated Soil Management 07-346 No LS
WM-8 Concrete Waste Management 07-346 No LS

WM-8 074032
Temporary Concrete Washout 
(Portable) 07-405 Yes 7 EA

Grinding PCC (Displ of PCC Pavemt 
Grooving & Grinding Residues) 42-600 No LS

WM-9 CSM* Sanitary/Septic Waste Managemt 07-346 No LS
WM-10 CSM* Liquid Waste Management 07-346 No LS

  Subtotal Waste Management & Materials Handling BMPs

ID BEES
Temporary Non-Storm Water 
Management

SSP/nSSP 
(#, Y or N)

STD. Det. 
(Y or N) Quantity Unit

NS-1 CSM* Water Conservation Practices 07-346 No LS

NS-2 074015
Temporary Active Treatment System 
(Dewatering Operations) 07-347 No 1 LS

NS-6 CSM*
g g

Detection and Reporting 07-346 No LS
NS-7 CSM* Potable Water/Irrigation 07-346 No LS
NS-8 CSM* Vehicle and Equipment Cleaning 07-346 No LS
NS-9 CSM* Vehicle and Equipment Fueling 07-346 No LS

NS-10 CSM* Vehicle and Equipmt Maintenance 07-346 No LS
NS-11 CSM* Pile Driving Operations 07-346 No LS
NS-12 CSM* Concrete Curing 07-346 No LS
NS-13 CSM* Material & Equipmt use over water 07-346 No LS
NS-14 CSM* Concrete Finishing 07-346 No LS
NS-17 Streambank Stabilization LS

074016 *Construction Site Management 07-346 No 1 LS

Subtotal Non-Storm Water Management

ID BEES Miscellaneous Items
SSP/nSSP 
(#, Y or N)

STD. Det. 
(Y or N) Quantity Unit

074019
Prepare Storm Water Pollution 
Prevention Plan 07-345 No 1 LS

074056 Rain Event Action Plan 07-345 No 75 EA
074057 Storm Water Annual Report 07-345 No 2 EA

074058
Storm Water Sampling and Analysis 
Day 07-345 No 50 EA

066596 Additional Water Pollution Control No 1 LS
066597 Storm Water Sampling and Analysis 07-345 No 1 LS

66595
Water Pollution Control Maintenance 
Sharing 05-020 No 1 LS

Subtotal Miscellaneous Items  
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SEGMENT B 
 

Temporary Construction Site BMPs

ID BEES
Temporary BMPs - PPDG 
Appendix C

SSP/nSSP 
(#, Y or N)

STD. Det. 
(Y or N) Quantity Unit

Temporary Soil Stabilization 

SS-1 074037
Move-In/Move-out (Temporary 
Erosion Control) 07-485 No 5 EA

SS-2 071325 Temporary Fence (Type ESA) 07-446 Yes 3,400 LF

SS-3 074040
Temp. Hydraulic Mulch (Bonded 
Fiber Matrix) 07-381 No 38,000 SQYD

071324 Temporary Check Dam 3000 LF
SS-7 074034 Temporary Cover 07-395 Yes 20,000 SQYD

Subtotal Soil Stabilization BMPs

ID BEES Temporary Sediment Control
SSP/nSSP 
(#, Y or N)

STD. Det. 
(Y or N) Quantity Unit

SC-1 074029 Temporary Silt Fence 07-430 Yes 40,000 LF
SC-5 074028 Temporary Fiber Rolls 07-420 Yes 5,800 LF

SC-10 074038 Temporary Drainage Inlet Protection 07-490 Yes 200 EA

  Subtotal Sediment Control BMPs

ID BEES Temporary Tracking Control
SSP/nSSP 
(#, Y or N)

STD. Det. 
(Y or N) Quantity Unit

TC-1 074033 Temporary Construction Entrance 07-480 Yes 10 EA

SC-7 074041 Street Sweeping 07-360 No 1 LS

  Subtotal Tracking Control BMPs

ID BEES
Temporary Waste Management 
Control

SSP/nSSP 
(#, Y or N)

STD. Det. 
(Y or N) Quantity Unit

WM-1 CSM* Material Delivery and Storage 07-346 No LS
WM-2 CSM* Material Use 07-346 No LS
WM-3 CSM* Stockpile Management 07-346 No LS
SS-7 074034 Plastic Covers 07-395 Yes m2

WM-4 CSM* Spill Prevention and Control 07-346 No LS
WM-5 CSM* Solid Waste Management 07-346 No LS
WM-6 CSM* Hazardous Waste Management 07-346 No LS
WM-7 CSM* Contaminated Soil Management 07-346 No LS
WM-8 Concrete Waste Management 07-346 No LS

WM-8 074042
Temporary Concrete Washout 
(Portable) 07-405 Yes 10 EA

Grinding PCC (Displ of PCC Pavemt 
Grooving & Grinding Residues) 42-600 No LS

WM-9 CSM* Sanitary/Septic Waste Managemt 07-346 No LS
WM-10 CSM* Liquid Waste Management 07-346 No LS

  Subtotal Waste Management & Materials Handling BMPs

ID BEES
Temporary Non-Storm Water 
Management

SSP/nSSP 
(#, Y or N)

STD. Det. 
(Y or N) Quantity Unit

NS-1 CSM* Water Conservation Practices 07-346 No LS

NS-2 074015 Temporary Active Treatment System 07-347 No 1 LS
NS-6 CSM*

g g
Detection and Reporting 07-346 No LS

NS-7 CSM* Potable Water/Irrigation 07-346 No LS
NS-8 CSM* Vehicle and Equipment Cleaning 07-346 No LS
NS-9 CSM* Vehicle and Equipment Fueling 07-346 No LS

NS-10 CSM* Vehicle and Equipmt Maintenance 07-346 No LS
NS-11 CSM* Pile Driving Operations 07-346 No LS
NS-12 CSM* Concrete Curing 07-346 No LS
NS-13 CSM* Material & Equipmt use over water 07-346 No LS
NS-14 CSM* Concrete Finishing 07-346 No LS
NS-17 Streambank Stabilization LS

074016 *Construction Site Management 07-346 No 1 LS

Subtotal Non-Storm Water Management

ID BEES Miscellaneous Items
SSP/nSSP 
(#, Y or N)

STD. Det. 
(Y or N) Quantity Unit

074019
Prepare Storm Water Pollution 
Prevention Plan 07-345 No 1 LS

074056 Rain Event Action Plan 07-345 No 75 EA
074057 Storm Water Annual Report 07-345 No 2 EA

074058
Storm Water Sampling and Analysis 
Day 07-345 No 50 EA

066596 Additional Water Pollution Control No 1 LS

066597 Storm Water Sampling and Analysis 07-345 No 1 LS

66595
Water Pollution Control Maintenance 
Sharing 05-020 No 1 LS

Subtotal Miscellaneous Items  
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SUPPLEMENTAL ATTACHMENTS 
 
⇒ Storm Water BMP Cost Summary  
⇒ Austin Vault Sand Filter Cost Estimate 
⇒ Checklist SW-1, Site Data Sources  
⇒ Checklist SW-2, Storm Water Quality Issues Summary  
⇒ Checklist SW-3, Measures for Avoiding or Reducing Potential Storm Water BMPs  
⇒ Checklists DPP-1, Parts 1–5 (Design Pollution Prevention BMPs) 
⇒ Checklists T-1, Parts 1, 2 and 8 (Treatment BMPs)  
⇒ Checklists CS-1, Parts 1–6 (Construction Site BMPs) 
⇒ Chain of Lakes Map 
⇒ Soils Map 
⇒ Construction General Permit Risk Assessment Calculations  
⇒ Layout Sheets 
⇒ Temporary Water Pollution Control Plans 
⇒ Erosion Control Plans 
⇒ Drainage Plans 
⇒ Drainage Profiles and Details (AVSF Only) 

⇒ Treatment BMP Watershed Maps 
⇒ Treatment BMPs Calculations 
⇒ Dewatering Memorandum 
 

 



Storm Water BMP Cost Summary 

Storm Water Data Report  04-Ala-84 
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January 2011  

SEGMENT A 
 

Project Name: State Route 84 Expressway Widening SEGMENT A
District: 04
EA: 04-297601
County: Ala
Route: 84
Postmile: 22.9
End Postmile: 27.1

Total Treatment BMP Costs 1,565,000$        

Total Design Pollution Prevention BMP Costs 297,063$           

Total Permanent Storm Water BMP Costs 1,862,063$   

Subtotal Soil Stabilization BMPs 69,600$             

  Subtotal Sediment Control BMPs 91,091$             

  Subtotal Wind Erosion Control BMPs -$                  

  Subtotal Tracking Control BMPs 45,000$             

  Subtotal Waste Management & Materials Handling BMPs 11,200$             

Subtotal Non-Storm Water Management 130,000$           

Subtotal Miscellaneous Items 133,900$           

  Total Construction Site BMP Costs 480,791$      

TOTAL COST FOR STORM WATER BMPs 2,342,854$    



Storm Water BMP Cost Summary 
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SEGMENT B 
 

Project Name: State Route 84 Expressway Widening SEGMENT B
District: 04
EA: 04-297601
County: Ala
Route: 84
Postmile: 22.9
End Postmile: 27.1

Total Treatment BMP Costs 2,186,351$        

Total Design Pollution Prevention BMP Costs 608,721$           

Total Permanent Storm Water BMP Costs 2,795,072$   

Subtotal Soil Stabilization BMPs 149,500$           

  Subtotal Sediment Control BMPs 160,180$           

  Subtotal Wind Erosion Control BMPs -$                  

  Subtotal Tracking Control BMPs 50,000$             

  Subtotal Waste Management & Materials Handling BMPs 16,000$             

Subtotal Non-Storm Water Management 330,000$           

Subtotal Miscellaneous Items 210,250$           

  Total Construction Site BMP Costs 915,930$      

TOTAL COST FOR STORM WATER BMPs 3,711,002$    
 



Storm Water BMP Cost Summary 

Storm Water Data Report  04-Ala-84 
State Route 84 Expressway Widening Project (Final PS&E Submittal) PM 22.9/27.1 
Alameda County, California  EA 04-297601 
January 2011  

SEGMENT A 
 

Treatment BMPs

BEES

Pollution Prevention BMPs      
PPDG Appendix A

SSP/nSSP 
(#, Y or N)

STD. Det. 
(Y or N) Quantity Unit

Unit Cost 
($/Unit)

Cost        
($)

034731 Austin Vault Sand Filter 1 LS 1,565,000.00 1,565,000$   

Total Treatment BMP Costs 1,565,000$   

Design Pollution Prevention BMPs

BEES

Pollution Prevention BMPs       
PPDG Appendix A

SSP/nSSP 
(#, Y or N)

STD. Det. 
(Y or N) Quantity Unit

Unit Cost 
($/Unit)

Cost        
($)

Slope/Surface Protection Systems- 
Vegetated Surfaces

203026 Move-in/Move-Out (Erosion Control) 20-020 N 4 EA 1,500.00 6,000$          
203016 Erosion Control (Hydroseed) 20-040 N 222,000 SQFT 0.10 22,200$        
203025 Compost (Incorporate) 20-056 N 23,900 SQYD 10.00 239,000$      
203021 Fiber Rolls 20-060 Y 6,710 LF 1.80 12,078$        
203018 Rolled Erosion Control Product (Netting) 20-015 N 12,800 SQFT 0.95 12,160$        

Concentrated Flow Conveyance Systems
194001 Ditch Excavation N N 125 CY 45.00 5,625$         

Total Design Pollution Prevention BMP Costs 297,063$     

 Total Permanent Storm Water BMP Costs 1,862,063$   
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SEGMENT B 
 

Treatment BMPs

BEES
Pollution Prevention BMPs      
PPDG Appendix A

SSP/nSSP 
(#, Y or N)

STD. Det. 
(Y or N) Quantity Unit

Unit Cost 
($/Unit)

Cost        
($)

203025 Compost, Incorporate 20-056 N 13,954 SQYD 10.00 139,540$      
203021 Fiber Rolls 20-060 Y 546 LF
203016 Erosion Control (Hydroseed) 20-040 N 125,541 SQFT 0.10 12,554$        
203018 Rolled Erosion Control Product (Netting) 20-015 N 17,702 SQFT 0.95 16,817$        
204013 Plant (Group M) 20-502 N 6,380 EA 15.00 95,700$        
038110 Imported Soil Media 570 CY 65.00 37,068$        
682045 Class 3 Permeable Material 555 CY 70.00 38,850$        
681990 Filter Fabric 2,707 SQYD 7.00 18,949$        
680905 8" Perforated Plastic Pipe Underdrain 1,259 LF 55.00 69,245$        
681030 8" Plastic Pipe 1,782 LF 75.00 133,628$      

034731 Austin Vault Sand Filter 1 LS 1,624,000.00 1,624,000$  

Total Treatment BMP Costs 2,186,351$   

Design Pollution Prevention BMPs

BEES
Pollution Prevention BMPs       
PPDG Appendix A

SSP/nSSP 
(#, Y or N)

STD. Det. 
(Y or N) Quantity Unit

Unit Cost 
($/Unit)

Cost        
($)

Slope/Surface Protection Systems- Hard 
Surfaces

705309 15" Alternative Flared End Section N Y 1 EA 600.00 600$             
705311 18" Alternative Flared End Section N Y 10 EA 550.00 5,500$          
705319 30" Alternative Flared End Section N Y 1 EA 1000.00 1,000$          
721008 Rock Slope Protection (Light, Method B) 72-010 N 99 CY 200.00 19,800$        

721011
Rock Slope Protection (Backing No. 2, Method 
B) 52 CY 200.00 10,400$        

729010 Rock Slope Protection Fabric 72-150 N 1129 SQYD 10.00 11,290$       
Slope/Surface Protection Systems- 
Vegetated Surfaces

203026 Move-in/Move-out (Erosion Control) 20-020 N 5 EA 1,500.00 7,500$          
203016 Erosion Control (Hydroseed) 20-040 N 395,459 SQFT 0.10 39,546$        
203025 Compost, Incorporate 20-056 N 35,746 SQYD 10.00 357,460$      
203021 Fiber Rolls 20-060 Y 5,254 LF 1.80 9,457$          
203018 Rolled Erosion Control Product (Netting) 20-015 N 89,298 SQFT 0.95 84,833$        

Concentrated Flow Conveyance Systems
194001 Ditch Excavation N N 1,363 CY 45.00 61,335$       

Total Design Pollution Prevention BMP Costs 608,721$     

 Total Permanent Storm Water BMP Costs 2,795,072$   
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SEGMENT A 
 

Temporary Construction Site BMPs

ID BEES

Temporary BMPs - PPDG 
Appendix C

SSP/nSSP 
(#, Y or N)

STD. Det. 
(Y or N) Quantity Unit

Unit Cost 
($/Unit)

Cost        
($)

Temporary Soil Stabilization 

SS-1 074037
Move-In/Move-out (Temporary 
Erosion Control) 07-485 No 4 EA 900 3,600$          

SS-2 071325 Temporary Fence (Type ESA) 07-446 Yes 2,200 LF 5.00 11,000$        

SS-3 074040
Temp. Hydraulic Mulch (Bonded 
Fiber Matrix) 07-381 No 17,500 SQYD 1.00 17,500$        

074035 Temporary Check Dam 1000 LF 15 15,000$        
SS-7 074034 Temporary Cover 07-395 Yes 10,000 SQYD 2.25 22,500$        

Subtotal Soil Stabilization BMPs 69,600$        

ID BEES Temporary Sediment Control
SSP/nSSP 
(#, Y or N)

STD. Det. 
(Y or N) Quantity Unit

Unit Cost 
($/Unit) Cost

SC-1 074029 Temporary Silt Fence 07-430 Yes 20,000 LF 2.20 44,000$        
SC-5 074028 Temporary Fiber Rolls 07-420 Yes 6,710 LF 2.10 14,091$        

SC-10 074038 Temporary Drainage Inlet Protection 07-490 Yes 110 EA 300 33,000$        

  Subtotal Sediment Control BMPs 91,091$        

ID BEES Temporary Tracking Control
SSP/nSSP 
(#, Y or N)

STD. Det. 
(Y or N) Quantity Unit

Unit Cost 
($/Unit) Cost

TC-1 074033 Temporary Construction Entrance 07-480 Yes 7 EA 3,100 21,700$        

SC-7 074041 Street Sweeping 07-360 No 1 LS 10,000 10,000$        

  Subtotal Tracking Control BMPs 45,000$        

ID BEES
Temporary Waste Management 
Control

SSP/nSSP 
(#, Y or N)

STD. Det. 
(Y or N) Quantity Unit

Unit Cost 
($/Unit) Cost

WM-1 CSM* Material Delivery and Storage 07-346 No LS -$              
WM-2 CSM* Material Use 07-346 No LS -$              
WM-3 CSM* Stockpile Management 07-346 No LS -$              
SS-7 074034 Plastic Covers 07-395 Yes m2 -$              
WM-4 CSM* Spill Prevention and Control 07-346 No LS -$              
WM-5 CSM* Solid Waste Management 07-346 No LS -$              
WM-6 CSM* Hazardous Waste Management 07-346 No LS -$              
WM-7 CSM* Contaminated Soil Management 07-346 No LS -$              
WM-8 Concrete Waste Management 07-346 No LS -$              

WM-8 074032
Temporary Concrete Washout 
(Portable) 07-405 Yes 7 EA 1,600 11,200$        

Grinding PCC (Displ of PCC Pavemt 
Grooving & Grinding Residues) 42-600 No LS -$              

WM-9 CSM* Sanitary/Septic Waste Managemt 07-346 No LS -$              
WM-10 CSM* Liquid Waste Management 07-346 No LS -$             

  Subtotal Waste Management & Materials Handling BMPs 11,200$        

ID BEES
Temporary Non-Storm Water 
Management

SSP/nSSP 
(#, Y or N)

STD. Det. 
(Y or N) Quantity Unit

Unit Cost 
($/Unit) Cost

NS-1 CSM* Water Conservation Practices 07-346 No LS -$              

NS-2 074015
Temporary Active Treatment System 
(Dewatering Operations) 07-347 No 1 LS 30,000 30,000$        

NS-6 CSM* Detection and Reporting 07-346 No LS -$              
NS-7 CSM* Potable Water/Irrigation 07-346 No LS -$              
NS-8 CSM* Vehicle and Equipment Cleaning 07-346 No LS -$              
NS-9 CSM* Vehicle and Equipment Fueling 07-346 No LS -$              

NS-10 CSM* Vehicle and Equipmt Maintenance 07-346 No LS -$              
NS-11 CSM* Pile Driving Operations 07-346 No LS -$              
NS-12 CSM* Concrete Curing 07-346 No LS -$              
NS-13 CSM* Material & Equipmt use over water 07-346 No LS -$              
NS-14 CSM* Concrete Finishing 07-346 No LS -$              
NS-17 Streambank Stabilization LS -$              

074016 *Construction Site Management 07-346 No 1 LS 100,000 100,000$      

Subtotal Non-Storm Water Management 130,000$      

ID BEES Miscellaneous Items
SSP/nSSP 
(#, Y or N)

STD. Det. 
(Y or N) Quantity Unit

Unit Cost 
($/Unit) Cost

074019
Prepare Storm Water Pollution 
Prevention Plan 07-345 No 1 LS 7,000 7,000$          

074056 Rain Event Action Plan 07-345 No 75 EA 500 37,500$        
074057 Storm Water Annual Report 07-345 No 2 EA 2,000 4,000$          

074058
Storm Water Sampling and Analysis 
Day 07-345 No 50 EA 1,048 52,400$        

066596 Additional Water Pollution Control No 1 LS 10,000 10,000$        
066597 Storm Water Sampling and Analysis 07-345 No 1 LS 6,000 6,000$          

66595
Water Pollution Control Maintenance 
Sharing 05-020 No 1 LS 10,000 10,000$        

Subtotal Miscellaneous Items 133,900$      

 Total Construction Site BMP Costs 480,791$      
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SEGMENT B 
 

Temporary Construction Site BMPs

ID BEES

Temporary BMPs - PPDG 
Appendix C

SSP/nSSP 
(#, Y or N)

STD. Det. 
(Y or N) Quantity Unit

Unit Cost 
($/Unit)

Cost        
($)

Temporary Soil Stabilization 

SS-1 074037
Move-In/Move-out (Temporary 
Erosion Control) 07-485 No 5 EA 900 4,500$          

SS-2 071325 Temporary Fence (Type ESA) 07-446 Yes 3,400 LF 5.00 17,000$        

SS-3 074040
Temp. Hydraulic Mulch (Bonded 
Fiber Matrix) 07-381 No 38,000 SQYD 1.00 38,000$        

071324 Temporary Check Dam 3000 LF 15 45,000$        
SS-7 074034 Temporary Cover 07-395 Yes 20,000 SQYD 2.25 45,000$        

Subtotal Soil Stabilization BMPs 149,500$      

ID BEES Temporary Sediment Control
SSP/nSSP 
(#, Y or N)

STD. Det. 
(Y or N) Quantity Unit

Unit Cost 
($/Unit) Cost

SC-1 074029 Temporary Silt Fence 07-430 Yes 40,000 LF 2.20 88,000$        
SC-5 074028 Temporary Fiber Rolls 07-420 Yes 5,800 LF 2.10 12,180$        

SC-10 074038 Temporary Drainage Inlet Protection 07-490 Yes 200 EA 300 60,000$        

  Subtotal Sediment Control BMPs 160,180$      

ID BEES Temporary Tracking Control
SSP/nSSP 
(#, Y or N)

STD. Det. 
(Y or N) Quantity Unit

Unit Cost 
($/Unit) Cost

TC-1 074033 Temporary Construction Entrance 07-480 Yes 10 EA 3,100 31,000$        

SC-7 074041 Street Sweeping 07-360 No 1 LS 15,000 15,000$        

  Subtotal Tracking Control BMPs 50,000$        

ID BEES
Temporary Waste Management 
Control

SSP/nSSP 
(#, Y or N)

STD. Det. 
(Y or N) Quantity Unit

Unit Cost 
($/Unit) Cost

WM-1 CSM* Material Delivery and Storage 07-346 No LS -$              
WM-2 CSM* Material Use 07-346 No LS -$              
WM-3 CSM* Stockpile Management 07-346 No LS -$              
SS-7 074034 Plastic Covers 07-395 Yes m2 -$              
WM-4 CSM* Spill Prevention and Control 07-346 No LS -$              
WM-5 CSM* Solid Waste Management 07-346 No LS -$              
WM-6 CSM* Hazardous Waste Management 07-346 No LS -$              
WM-7 CSM* Contaminated Soil Management 07-346 No LS -$              
WM-8 Concrete Waste Management 07-346 No LS -$              

WM-8 074042
Temporary Concrete Washout 
(Portable) 07-405 Yes 10 EA 1,600 16,000$        

Grinding PCC (Displ of PCC Pavemt 
Grooving & Grinding Residues) 42-600 No LS -$              

WM-9 CSM* Sanitary/Septic Waste Managemt 07-346 No LS -$              
WM-10 CSM* Liquid Waste Management 07-346 No LS -$             

  Subtotal Waste Management & Materials Handling BMPs 16,000$        

ID BEES
Temporary Non-Storm Water 
Management

SSP/nSSP 
(#, Y or N)

STD. Det. 
(Y or N) Quantity Unit

Unit Cost 
($/Unit) Cost

NS-1 CSM* Water Conservation Practices 07-346 No LS -$              

NS-2 074015 Temporary Active Treatment System 07-347 No 1 LS 30,000 30,000$        
NS-6 CSM*

g g
Detection and Reporting 07-346 No LS -$              

NS-7 CSM* Potable Water/Irrigation 07-346 No LS -$              
NS-8 CSM* Vehicle and Equipment Cleaning 07-346 No LS -$              
NS-9 CSM* Vehicle and Equipment Fueling 07-346 No LS -$              

NS-10 CSM* Vehicle and Equipmt Maintenance 07-346 No LS -$              
NS-11 CSM* Pile Driving Operations 07-346 No LS -$              
NS-12 CSM* Concrete Curing 07-346 No LS -$              
NS-13 CSM* Material & Equipmt use over water 07-346 No LS -$              
NS-14 CSM* Concrete Finishing 07-346 No LS -$              
NS-17 Streambank Stabilization LS -$              

074016 *Construction Site Management 07-346 No 1 LS 300,000 300,000$      

Subtotal Non-Storm Water Management 330,000$      

ID BEES Miscellaneous Items
SSP/nSSP 
(#, Y or N)

STD. Det. 
(Y or N) Quantity Unit

Unit Cost 
($/Unit) Cost

074019
Prepare Storm Water Pollution 
Prevention Plan 07-345 No 1 LS 7,000 7,000$          

074056 Rain Event Action Plan 07-345 No 75 EA 500 37,500$        
074057 Storm Water Annual Report 07-345 No 2 EA 2,000 4,000$          

074058
Storm Water Sampling and Analysis 
Day 07-345 No 50 EA 2,095 104,750$      

066596 Additional Water Pollution Control No 1 LS 20,000 20,000$        

066597 Storm Water Sampling and Analysis 07-345 No 1 LS 10,000 10,000$        

66595
Water Pollution Control Maintenance 
Sharing 05-020 No 1 LS 20,000 20,000$        

Subtotal Miscellaneous Items 210,250$     

 Total Construction Site BMP Costs 915,930$      
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Austin Vault Sand Filter
Quantity Calculations
CREATED BY: Doug Dunrud, J&P Peterson
DATE: 10/12/2010

DESIGN INPUT Note: Input cells are highlighted yellow

Vault Type WQV (ft3) W (ft) Ls (ft) Lf (ft) Hw (ft)
S-15000-6 22,500 45 25 76 6

E Top of Wall Elevation
Elevation of outlet pipe = 394.89 ft WE1 WE3 WE4 WE6

Filtration Basin Floor Elev. at FE4 = 394.72 ft 410.71 ft 410.71 410.71 ft 410.71 ft
(see note 2 below)

Sediment Basin:   Actual H = 12.7 ft Ts = 14 inches Fs = 21 inches D = 12 ft
Design H = 14

Filtration Basin:   H = 16.0 ft Tf = 14 inches Ff = 21 inches D = 12 ft
Design H = 16 ( Do not exceed 16')

Minimum Elevation of inlet pipe = 398.98 ft
(see note 3 below)

410.71

410.71

FE0 FE1 FE2 FE3 FE4 FE5
398.53 398.48 397.98 395.48 394.72 394.70

1 2 3 4 5 6
Top of Wall 410.71 410.71 410.71 410.71 410.71 410.71
FG 410.21 410.21 410.21 410.21 410.21 410.21
Difference 0.50 0.50 0.50 0.50 0.50 0.50

Notes:
1) Ls and Lf are measured from the inside of the inlet and outlet wall.
2) FE4 is calculated at 2-inches below pipe outlet invert
3) Verify there is 6-inches minimum clearance between FE1 elevation and pipe inlet invert elevation.
4) Verify difference between Top of Wall and Finished Grade (FG) elevations are a minimum of 0.5 feet.
5) Verify difference between FE1and outer diameter of inlet pipe is at least 6 inches.
6) Provide minimum ground cover above the crown of the inlet pipe per HDM, Table  854.9.

WE2

FE2

FE0

FE3

FE4

FE1

FE5

WE3

WE4

WE5WE6
WE1
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Page 1 of 1

Project: Austin Vault Sand Filter By: D. Dunrud Date:
BAR REINFORCING STEEL QUANTITY P & J Peterson

BAR REINFORCING STEEL

ID QTY SIZE LENG TOTAL

# (ea) # ft ft #3 #4 #5 #6 #7 #8 #9 #10 #11 #14 #18

0.367 0.668 1.043 1.502 2.044 2.670 3.400 4.303 5.313 7.650 13.600

SEDIMENT BASIN 

WALL REINFORCEMENT

 "a"bars A Jt #8 @ 8 39 #8 18.4 716      716      

 "a"bars C Jt #8 @ 8 39 #8 18.4 716      716      

 "a"bars AC #8 @ 8 69 #8 18.4 1,267      1,267      

 "b"bars A Jt #8 @ 8 39 #8 18.4 716      716      

 "b"bars C Jt #8 @ 8 39 #8 18.4 716      716      

 "b"bars AC #8 @ 8 69 #8 18.4 1,267      1,267      

Hor. A Jt #5 @ 12 Ea face 33 #5 27.0 881   881         

Hor. C Jt #5 @ 12 Ea face 33 #5 27.0 881   881         

Hor. AC #5 @ 12 Ea face 33 #5 49.0 1,599   1,599         

Corner A #4 @ 12 Hor 17 #4 4.0 67  67          

Corner C #4 @ 12 Hor 17 #4 4.0 67  67          

Corner A #4 vertical 1 #4 17.2 17  17          

Corner C #4 vertical 1 #4 17.2 17  17          

SLAB REINFORCEMENT

"c"bars (S) #7 @ 8 147 #7 6.5 962     962       

 "d"bars (S) #7 @ 8 148 #7 14.0 2,078     2,078       

long T&B (S) #7 @ 12 99 #7 26.9 2,656     2,656       

trans T&B (S) #7 @ 12 54 #7 49.0 2,638     2,638       

slab @ wall (Long) #5 tot 8 8 #5 27.0 216   216         

slab @ wall (Trans) #5 tot 4 4 #5 49.0 196   196         

Restraint Blk (vert) #4 tot 12 12 #4 4.5 54  54          

Restraint Blk (Hor) #4 tot 3 3 #4 0.7 2  2          

WEDGE REINFORCEMENT

#5 L #5 @ 16 37 #5 5.0 185   185         

#5 Z #4 @ 16 37 #4 7.0 259  259          

trans #4 tot 4 10 #4 49.0 490  490          

dowel #7 Eq Bar (Smooth) 33 #7 2.5 82     82       

FILTRATION BASIN 

WALL REINFORCEMENT

 "a"bars B Jt #9 @ 6 153 #9 18.7 2,860       2,860     

 "a"bars D Jt #9 @ 6 153 #9 18.7 2,860       2,860     

 "a"bars BD #9 @ 6 91 #9 18.7 1,701       1,701     

 "b"bars B Jt #8 @ 6 153 #8 18.5 2,835      2,835      

 "b"bars D Jt #8 @ 6 153 #8 18.5 2,835      2,835      

 "b"bars BD #8 @ 6 91 #8 18.5 1,686      1,686      

Hor. B Jt #5 @ 12 33 #5 78.0 2,572   2,572         

Hor. D Jt #5 @ 12 33 #5 78.0 2,572   2,572         

Hor. BD #5 @ 12 33 #5 49.0 1,616   1,616         

Corner B #4 @ 12 25 #4 4.0 100  100          

Corner D #4 @ 12 25 #4 4.0 100  100          

Corner B #4 vertical 1 #4 17.2 17  17          

Corner D #4 vertical 1 #4 17.2 17  17          

SLAB REINFORCEMENT

 "c"bars (F) #7 @ 6 397 #7 6.5 2,597     2,597       

 "d"bars (F) #7 @ 6 201 #7 14.0 2,822     2,822       

long T&B #7 @ 12 99 #7 77.9 7,688     7,688       

trans T&B #7 @ 12 156 #7 49.0 7,636     7,636       

slab @ wall (Long) #5 tot 8 8 #5 78.0 624   624         

slab @ wall (Trans) #5 tot 4 4 #5 49.0 196   196         

SUMMARY

SIZE #3 #4 #5 #6 #7 #8 #9) #10 #11 #14 #18

 LB/FT 0.376 0.668 1.043 1.502 2.044 2.670 3.400 4.303 5.313 7.650 13.600

TOTAL WEIGHT (LB) = 807 12,035 59,602 34,053 25,235

NOTES:

ALWAYS TYPE 0 (ZERO) FOR NO INPUT. (TO AVOID ERROR MESSAGE)

TOTALS ARE AUTOMATICALLY TRASFERRED TO THE SUMMARY SHEET.

SIMILAR TO FORM DS-D-0110 (REV. 5/93)

Spreadsheet does not include miscellaneous additional reinforcement around openings

135,683

ID, BAR SIZE &

DESCRIPTION

10/12/2010

LENGTH OF REBAR (Ft.)

Page 1 of 1



STATE OF CALIFORNIA-DEPARTMENT OF TRANSPORTATION

SUMMARY-STRUCTURE EXCAVATION AND STRUCTURE BACKFILL
DS-D-0022 (REV. 3/00)

Estimating Section to forward to RE Pending File
STRUCTURE BRIDGE NO CALCULATED BY Date

Sand Vault (End-to-End) 10/12/2010

DISTRICT COUNTY ROUTE EA CHECKED BY

LOCATION ESTIMATE CHECK ESTIMATE CHECK

Sedimentation Basin 749 109

Filtration Basin 2597 255

TOTAL (CY) 3346.00 0.00 364.00 0.00

STRUCTURE EXCAVATION STRUCTURE BACKFILL
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PA&ED  PS&E

Revised By MM - October 5, 2009

RCVD BY:  IN EST:  
OUT EST:

BRIDGE: NA BR. No.: NA DISTRICT:
TYPE: AVSF RTE:
CU:  CO:
EA:  PM:

LENGTH: WIDTH: AREA (SF)=
DESIGN SECTION:  

# OF STRUCTURES IN PROJECT :  EST. NO.  
PRICES BY :  COST INDEX:  
PRICES CHECKED BY : DATE:
QUANTITIES BY:  DATE:  

CONTRACT ITEMS TYPE UNIT QUANTITY PRICE AMOUNT
1 Concrete CY 544 $500.00 $272,000.00
2 Bar Reinforcement LB 135,683 $2.00 $271,366.67
3 Structure Excavation CY 3,346 $105.00 $351,330.00
4 Structure Backfill CY 364 $115.00 $41,860.00
5 Gabion Wall CY 30 $500.00 $15,000.00
6 Cable Railing LF 289 $22.00 $6,358.00
7 Sand Bedding CY 190 $105.00 $19,950.00
8 Permeable Material CY 175 $85.00 $14,875.00
9 Filter Fabric SQYD 420 $7.00 $2,940.00
10 Misc Metal and Steel LB 115 $2.50 $287.50
11 6" PP LF 7 $65.00 $422.50
12 6" PPP LF 627 $45.00 $28,215.00
13 $0.00
14 $0.00
15 $0.00
25   $0.00
26   $0.00
27   $0.00
28   $0.00
29   $0.00
30   $0.00

SUBTOTAL $1,024,605
TIME RELATED OVERHEAD $102,460

ROUTING MOBILIZATION   ( @ 10 % ) $125,229
1 SUBTOTAL BRIDGE ITEMS $1,252,295
2 CONTINGENCIES (@ 25%)  $313,074
3.  STRUCTURE TOTAL COST $1,565,368
4.  

5.   
6.    
 GRAND TOTAL $1,565,368

COMMENTS: BUDGET ESTIMATE AS OF 1/0/00 $1,565,000
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Austin Vault Sand Filter
Quantity Calculations
CREATED BY: Doug Dunrud, J&P Peterson
DATE: 10/12/2010

DESIGN INPUT Note: Input cells are highlighted yellow

Vault Type WQV (ft3) W (ft) Ls (ft) Lf (ft) Hw (ft)
L-15000-6 22,500 30 37 115 6

E Top of Wall Elevation
Elevation of outlet pipe = 402.31 ft WE1 WE3 WE4 WE6

Filtration Basin Floor Elev. at FE4 = 402.14 ft 411.67 ft 412.38 418.00 ft 418.00 ft
(see note 2 below)

Sediment Basin:   Actual H = 12.2 ft Ts = 14 inches Fs = 21 inches D = 8 ft
Design H = 14

Filtration Basin:   H = 15.9 ft Tf = 14 inches Ff = 21 inches D = 8 ft
Design H = 16 ( Do not exceed 16')

Minimum Elevation of inlet pipe = 407.03 ft
(see note 3 below)

411.84

418.00

FE0 FE1 FE2 FE3 FE4 FE5
406.58 406.53 405.79 403.29 402.14 402.12

1 2 3 4 5 6
Top of Wall 411.67 411.84 412.38 418.00 418.00 418.00
FG 1510.00 1510.00 1510.00 1511.00 1511.19 1511.25
Difference -1098.33 -1098.16 -1097.62 -1093.00 -1093.19 -1093.25

Notes:
1) Ls and Lf are measured from the inside of the inlet and outlet wall.
2) FE4 is calculated at 2-inches below pipe outlet invert
3) Verify there is 6-inches minimum clearance between FE1 elevation and pipe inlet invert elevation.
4) Verify difference between Top of Wall and Finished Grade (FG) elevations are a minimum of 0.5 feet.
5) Verify difference between FE1and outer diameter of inlet pipe is at least 6 inches.
6) Provide minimum ground cover above the crown of the inlet pipe per HDM, Table  854.9.

WE2

FE2

FE0

FE3

FE4

FE1

FE5

WE3

WE4

WE5WE6
WE1
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Page 1 of 1

Project: Austin Vault Sand Filter By: D. Dunrud Date:
BAR REINFORCING STEEL QUANTITY P & J Peterson

BAR REINFORCING STEEL

ID QTY SIZE LENG TOTAL

# (ea) # ft ft #3 #4 #5 #6 #7 #8 #9 #10 #11 #14 #18

0.367 0.668 1.043 1.502 2.044 2.670 3.400 4.303 5.313 7.650 13.600

SEDIMENT BASIN 

WALL REINFORCEMENT

 "a"bars A Jt #8 @ 8 57 #8 12.0 683      683      

 "a"bars C Jt #8 @ 8 57 #8 18.2 1,039      1,039      

 "a"bars AC #8 @ 8 46 #8 15.1 693      693      

 "b"bars A Jt #8 @ 8 57 #8 12.0 683      683      

 "b"bars C Jt #8 @ 8 57 #8 18.2 1,039      1,039      

 "b"bars AC #8 @ 8 46 #8 15.1 693      693      

Hor. A Jt #5 @ 12 Ea face 20 #5 39.0 783   783         

Hor. C Jt #5 @ 12 Ea face 32 #5 39.0 1,263   1,263         

Hor. AC #5 @ 12 Ea face 32 #5 34.0 1,101   1,101         

Corner A #4 @ 12 Hor 10 #4 4.0 41  41          

Corner C #4 @ 12 Hor 17 #4 4.0 67  67          

Corner A #4 vertical 1 #4 10.7 11  11          

Corner C #4 vertical 1 #4 17.1 17  17          

SLAB REINFORCEMENT

"c"bars (S) #7 @ 8 160 #7 6.5 1,047     1,047       

 "d"bars (S) #7 @ 8 161 #7 10.0 1,617     1,617       

long T&B (S) #7 @ 12 69 #7 38.9 2,672     2,672       

trans T&B (S) #7 @ 12 78 #7 34.0 2,647     2,647       

slab @ wall (Long) #5 tot 8 8 #5 39.0 312   312         

slab @ wall (Trans) #5 tot 4 4 #5 34.0 136   136         

Restraint Blk (vert) #4 tot 12 12 #4 4.5 54  54          

Restraint Blk (Hor) #4 tot 3 3 #4 0.7 2  2          

WEDGE REINFORCEMENT

#5 L #5 @ 16 26 #5 5.0 129   129         

#5 Z #4 @ 16 26 #4 7.0 180  180          

trans #4 tot 4 10 #4 34.0 340  340          

dowel #7 Eq Bar (Smooth) 23 #7 2.5 57     57       

FILTRATION BASIN 

WALL REINFORCEMENT

 "a"bars B Jt #9 @ 6 231 #9 12.7 2,928       2,928     

 "a"bars D Jt #9 @ 6 231 #9 18.6 4,289       4,289     

 "a"bars BD #9 @ 6 61 #9 15.8 961       961     

 "b"bars B Jt #8 @ 6 231 #8 12.5 2,890      2,890      

 "b"bars D Jt #8 @ 6 231 #8 18.4 4,250      4,250      

 "b"bars BD #8 @ 6 61 #8 15.6 951      951      

Hor. B Jt #5 @ 12 21 #5 117.0 2,512   2,512         

Hor. D Jt #5 @ 12 33 #5 117.0 3,827   3,827         

Hor. BD #5 @ 12 33 #5 34.0 1,112   1,112         

Corner B #4 @ 12 17 #4 4.0 68  68          

Corner D #4 @ 12 25 #4 4.0 100  100          

Corner B #4 vertical 1 #4 11.4 11  11          

Corner D #4 vertical 1 #4 17.1 17  17          

SLAB REINFORCEMENT

 "c"bars (F) #7 @ 6 523 #7 6.5 3,421     3,421       

 "d"bars (F) #7 @ 6 264 #7 10.0 2,651     2,651       

long T&B #7 @ 12 69 #7 116.9 8,028     8,028       

trans T&B #7 @ 12 234 #7 34.0 7,951     7,951       

slab @ wall (Long) #5 tot 8 8 #5 117.0 936   936         

slab @ wall (Trans) #5 tot 4 4 #5 34.0 136   136         

SUMMARY

SIZE #3 #4 #5 #6 #7 #8 #9) #10 #11 #14 #18

 LB/FT 0.376 0.668 1.043 1.502 2.044 2.670 3.400 4.303 5.313 7.650 13.600

TOTAL WEIGHT (LB) = 607 12,774 61,506 34,501 27,805

NOTES:

ALWAYS TYPE 0 (ZERO) FOR NO INPUT. (TO AVOID ERROR MESSAGE)

TOTALS ARE AUTOMATICALLY TRASFERRED TO THE SUMMARY SHEET.

SIMILAR TO FORM DS-D-0110 (REV. 5/93)

Spreadsheet does not include miscellaneous additional reinforcement around openings

141,309

ID, BAR SIZE &

DESCRIPTION

10/12/2010

LENGTH OF REBAR (Ft.)

Page 1 of 1



STATE OF CALIFORNIA-DEPARTMENT OF TRANSPORTATION

SUMMARY-STRUCTURE EXCAVATION AND STRUCTURE BACKFILL
DS-D-0022 (REV. 3/00)

Estimating Section to forward to RE Pending File
STRUCTURE BRIDGE NO CALCULATED BY Date

Sand Vault (End-to-End) 10/12/2010

DISTRICT COUNTY ROUTE EA CHECKED BY

LOCATION ESTIMATE CHECK ESTIMATE CHECK

Sedimentation Basin 728 118

Filtration Basin 2728 332

TOTAL (CY) 3456.00 0.00 450.00 0.00

STRUCTURE EXCAVATION STRUCTURE BACKFILL
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PA&ED  PS&E

Revised By MM - October 5, 2009

RCVD BY:  IN EST:  
OUT EST:

BRIDGE: NA BR. No.: NA DISTRICT:
TYPE: AVSF 36 n RTE:
CU:  CO:
EA:  PM:

LENGTH: WIDTH: AREA (SF)=
DESIGN SECTION:  

# OF STRUCTURES IN PROJECT :  EST. NO.  
PRICES BY :  COST INDEX:  
PRICES CHECKED BY : DATE:
QUANTITIES BY:  DATE:  

CONTRACT ITEMS TYPE UNIT QUANTITY PRICE AMOUNT
1 Concrete CY 556 $500.00 $278,000.00
2 Bar Reinforcement LB 141,309 $2.00 $282,617.66
3 Structure Excavation CY 3,456 $105.00 $362,880.00
4 Structure Backfill CY 450 $115.00 $51,750.00
5 Gabion Wall CY 20 $500.00 $10,000.00
6 Cable Railing LF 361 $22.00 $7,942.00
7 Sand Bedding CY 192 $105.00 $20,160.00
8 Permeable Material CY 201 $85.00 $17,085.00
9 Filter Fabric SQYD 432 $7.00 $3,024.00
10 Misc Metal and Steel LB 115 $2.50 $287.50
11 6" PP LF 38 $65.00 $2,470.00
12 6" PPP LF 589 $45.00 $26,505.00
13 $0.00
14 $0.00
15 $0.00
25   $0.00
26   $0.00
27   $0.00
28   $0.00
29   $0.00
30   $0.00

SUBTOTAL $1,062,721
TIME RELATED OVERHEAD $106,272

ROUTING MOBILIZATION   ( @ 10 % ) $129,888
1 SUBTOTAL BRIDGE ITEMS $1,298,881
2 CONTINGENCIES (@ 25%)  $324,720
3.  STRUCTURE TOTAL COST $1,623,602
4.  

5.   
6.    
 GRAND TOTAL $1,623,602

COMMENTS: BUDGET ESTIMATE AS OF 1/0/00 $1,624,000



 Storm Water Checklist SW-1 

Storm Water Data Report  04-Ala-84 
State Route 84 Expressway Widening Project (Final PS&E Submittal) PM 22.9/27.1 
Alameda County, California  EA 04-297601 
January 2011  

Checklist SW-1, Site Data Sources 

Prepared by: WRECO Date: January 2011 District-Co-Route: 04-Ala-84 

PM : 22.9/27.1 EA: 04-297601 

RWQCB: Region 2, San Francisco Bay 
 

Information for the following data categories should be obtained, reviewed and referenced as necessary 
throughout the project planning phase.  Collect any available documents pertaining to the category and 
list them and reference your data source.  For specific examples of documents within these categories, 
refer to Section 5.5 of this document.  Example categories have been listed below; add additional 
categories, as needed.  Summarize pertinent information in Section 2 of the SWDR.   

DATA CATEGORY/SOURCES Date 

Topographic  

 Ecological Subregions of California: Section M262A.  Access Date: April 23, 2008. 
 USGS Topo! Livermore, CA. Contour Interval: 20 ft. Elevation 

Data: USGS 1 arc-second NED, 1 meter vertical precision. 
Map Version 1978. Map 

Current as of: 1980. 

Hydraulic  

 WRECO. Bridge Design Hydraulic Study Report, State Route 
84 Expressway Widening Project, Cities of Livermore and 
Pleasanton, Alameda County, California. 04-ALA-84, EA 
297601, 33C0710/33C0713. Prepared for Alameda County 
Transportation Improvement Authority Oakland, CA 

May 2009 

 WRECO. Drainage Report, State Route 84 Expressway 
Widening Project, Cities of Livermore and Pleasanton, Alameda 
County, California. 04-ALA-84, EA 297601. Prepared for 
Alameda County Transportation Improvement Authority. 

January 2011 

 WRECO. Hydromodification Report, State Route 84 
Expressway Widening Project, Cities of Livermore and 
Pleasanton, Alameda County, California. 04-ALA-84, EA 
297601. Prepared for Alameda County Transportation 
Improvement Authority. 

January 2011 

Soils  

 URS. Volumes I of II Geotechnical Design Report and Materials 
Report, Route 84 Expressway Widening, Livermore, California. 
Prepared for Alameda Transportation Improvement Authority. 
04-ALA-84-PM 22.5/27.1, EA 297601 

March 13, 2009 

 BASELINE Environmental Consulting. Initial Site Assessment 
SR 84 Expressway Widening Project, Ruby Hill Drive to Jack 
London Boulevard, City of Livermore, Alameda County, 
California, (PM 22.5/27.3) EA 04-297600, Prepared for 
Alameda County Transportation Improvement Authority 
Oakland, CA 

December 2005 

 AGS, Inc. Final Geotechnical Impact Assessment, Route 84 
Expressway Widening Project, Alameda California. Prepared 
for Alameda Transportation Improvement Authority. 04-ALA-84-
PM 22.5/27.3, EA 297600 

April 2006 

Climatic  

 Federal Emergency Management Agency (FEMA). Flood Revised: September 30, 1997 



 Storm Water Checklist SW-1 

Storm Water Data Report  04-Ala-84 
State Route 84 Expressway Widening Project (Final PS&E Submittal) PM 22.9/27.1 
Alameda County, California  EA 04-297601 
January 2011  

Insurance Study, City of Pleasanton, California. Alameda 
County. Community Number – 060012 

Water Quality  

 WRECO and URS Corp. PA/ED Phase Storm Water Data 
Report, Route 84 Expressway Widening Project, City of 
Livermore, Alameda County, California. Prepared for Alameda 
County Transportation Improvement Authority.  

April 2007 

 State Water Resources Control Board. 2006 CWA Section 
303(d) List of Water Quality Limited Segments.  Approval Date: June 28, 2007 

 SWRCB. San Francisco Bay Region Water Quality Control Plan 
(Basin Plan).  January 18, 2007 

 U.S. Environmental Protection Agency (EPA). Total Maximum 
Daily Loads, Detailed TMDL Report. Available on website at: 
http://oaspub.epa.gov/waters/waters_list.tmdl_report?p_tmdl_id
=32396 

Access Date: July 28, 2008 

 SWRCB. National Pollutant Discharge Elimination System 
(NPDES) General Permit for Storm Water Discharges 
Associated with Construction and Land Disturbance Activities 
(Construction General Permit). Order No. 2009-0009-DWQ. 
NPDES Number CAS000002. 

September 2, 2009 

Other Data Categories  
 San Francisco Bay Regional Water Quality Control Board-Total 

Maximum Daily Loads (TMDLs) and the 303(d) List of Impaired 
Water Bodies 
http://www.waterboards.ca.gov/sanfranciscobay/tmdlmain.htm 

Access Date: December 26, 
2007 

 Caltrans. Project Planning and Design Guide May 2007 
 Caltrans. Construction Site BMP Manual March 2003 
 Caltrans. SWPPP/WPCP Preparation Manual March 2007 
 Caltrans. Statewide Storm Water Management Plan. CTSW-

RT-02-008 May 2003 

 Matthew W. Katen, RG, CHg, Carol D. Mahoney, RG, James F. 
Reilly, PE. Case Study: Chain-of-Lakes Project, Alameda 
County, California. 

 

 URS. Response to Questions from WRECO. Personal 
Communication. November 16, 2007. 

 Alameda County Mosquito Abatement District. The Alameda 
County Mosquito Abatement District Control Program. 1999 



 Storm Water Checklist SW-3 

Storm Water Data Report  04-Ala-84 
State Route 84 Expressway Widening Project (Final PS&E Submittal) PM 22.9/27.1 
Alameda County, California  EA 04-297601 
January 2011  

Checklist SW-2, Storm Water Quality Issues Summary 
Prepared by: WRECO Date: January 2011 District-Co-Route: 04-Ala-84 
PM : 22.9/27.1 EA: 04-297601 
RWQCB: Region 2, San Francisco Bay 
 

 

The following questions provide a guide to collecting critical information relevant to project stormwater 
quality issues.  Complete responses to applicable questions, consulting other Caltrans functional units 
(Environmental, Landscape Architecture, Maintenance, etc.) and the District/Regional Storm Water 
Coordinator as necessary.  Summarize pertinent responses in Section 2 of the SWDR.   

1. Determine the receiving waters that may be affected by the project 
throughout the project life cycle (i.e., construction, maintenance and 
operation). 

Complete NA 

2. For the project limits, list the 303(d) impaired receiving water bodies and 
their constituents of concern. Complete NA 

3. Determine if there are any municipal or domestic water supply reservoirs or 
groundwater percolation facilities within the project limits. Consider 
appropriate spill contamination and spill prevention control measures for 
these new areas. 

Complete NA 

4. Determine the RWQCB special requirements, including TMDLs, effluent 
limits, etc. Complete NA 

5. Determine regulatory agencies seasonal construction and construction 
exclusion dates or restrictions required by federal, state, or local agencies.  Complete NA 

6. Determine if a 401 certification will be required.  Complete NA 
7. List rainy season dates. Complete NA 
8. Determine the general climate of the project area. Identify annual rainfall 

and rainfall intensity curves. Complete NA 

9. If considering Treatment BMPs, determine the soil classification, 
permeability, erodibility, and depth to groundwater. Complete NA  

10. Determine contaminated or hazardous soils within the project area. Complete NA 
11. Determine the total disturbed soil area of the project. Complete NA 
12. Describe the topography of the project site. Complete NA 
13. List any areas outside of the Caltrans right-of-way that will be included in 

the project (e.g. contractor’s staging yard, work from barges, easements for 
staging, etc.). 

Complete NA 

14. Determine if additional right-of-way acquisition or easements and right-of-
entry will be required for design, construction and maintenance of BMPs. If 
so, how much? 

Complete NA 

15. Determine if a right-of-way certification is required. Complete NA 
16. Determine the estimated unit costs for right-of-way should it be needed for 

Treatment BMPs, stabilized conveyance systems, lay-back slopes, or 
interception ditches. 

Complete NA 

17. Determine if project area has any slope stabilization concerns. Complete NA 
18. Describe the local land use within the project area and adjacent areas. Complete NA 
19. Evaluate the presence of dry weather flow. Complete NA 



 Storm Water Checklist SW-3 

Storm Water Data Report  04-Ala-84 
State Route 84 Expressway Widening Project (Final PS&E Submittal) PM 22.9/27.1 
Alameda County, California  EA 04-297601 
January 2011  

Checklist SW-3, Measures for Avoiding or Reducing Potential Storm 
Water Impacts 

Prepared by: WRECO Date: January 2011 District-Co-Route: 04-Ala-84 

PM : 22.9/27.1 EA: 04-297601 

RWQCB: Region 2, San Francisco Bay 
 

The PE must confer with other functional units, such as Landscape Architecture, Hydraulics, 
Environmental, Materials, Construction and Maintenance, as needed to assess these issues.  Summarize 
pertinent responses in Section 2 of the SWDR.   

Options for avoiding or reducing potential impacts during project planning include the following: 

1. Can the project be relocated or realigned to avoid/reduce impacts to 
receiving waters or to increase the preservation of critical (or problematic) 
areas such as floodplains, steep slopes, wetlands, and areas with erosive 
or unstable soil conditions?  

Yes  No NA 

2. Can structures and bridges be designed or located to reduce work in live 
streams and minimize construction impacts? Yes No NA 

3. Can any of the following methods be utilized to minimize erosion from 
slopes:    

a. Disturbing existing slopes only when necessary? Yes No NA 

b. Minimizing cut and fill areas to reduce slope lengths? Yes No NA 

c. Incorporating retaining walls to reduce steepness of slopes or to 
 shorten slopes? Yes No NA 

d. Acquiring right-of-way easements (such as grading easements) to 
 reduce steepness of slopes? Yes No NA 

e. Avoiding soils or formations that will be particularly difficult to re-
 stabilize? Yes No NA 

f. Providing cut and fill slopes flat enough to allow re-vegetation and 
 limit erosion to pre-construction rates? Yes No NA 

g. Providing benches or terraces on high cut and fill slopes to reduce 
 concentration of flows? Yes No NA 

h. Rounding and shaping slopes to reduce concentrated flow? Yes No NA 

i. Collecting concentrated flows in stabilized drains and channels? Yes No NA 

4. Does the project design allow for the ease of maintaining all BMPs? Yes No  

5. Can the project be scheduled or phased to minimize soil-disturbing work 
during the rainy season? Yes No  

6. Can permanent storm water pollution controls such as paved slopes, 
vegetated slopes, basins, and conveyance systems be installed early in 
the construction process to provide additional protection and to possibly 
utilize them in addressing construction storm water impacts? 

Yes No NA 



 Checklist DPP-1, Part 1 

Storm Water Data Report  04-Ala-84 
State Route 84 Expressway Widening Project (Final PS&E Submittal) PM 22.9/27.1 
Alameda County, California  EA 04-297601 
January 2011  

Design Pollution Prevention BMPs 
Checklist DPP-1,  Part 1 

Prepared by: WRECO Date: January 2011 District-Co-Route: 04-Ala-84 

PM : 22.9/27.1 EA: 04-297601 

RWQCB: Region 2, San Francisco Bay 
 

Consideration of Design Pollution Prevention BMPs  

1. Consideration of Downstream Effects Related to Potentially 
Increased Flow [to streams or channels]? 

   

(a)  Will project increase velocity or volume of downstream flow? Yes No NA 

(b)  Will the project discharge to unlined channels? Yes No NA 

(c)  Will project increase potential sediment load of downstream flow?  Yes No NA 

Yes No NA 
(d)  Will project encroach, cross, realign, or cause other hydraulic 

changes to a stream that may affect downstream channel stability? 

   If Yes was answered to any of the above questions, consider 
Downstream Effects Related to Potentially Increased Flow, 
complete the DPP-1, Part 2 checklist. 

   

2. Slope/Surface Protection Systems     
(a)  Will project create new slopes or modify existing slopes?  Yes No NA 

  If Yes was answered to the above question, consider 
Slope/Surface Protection Systems, complete the DPP-1, Part 3 
checklist. 

   

3. Concentrated Flow Conveyance Systems    
(a)  Will the project create or modify ditches, dikes, berms, or swales? Yes No NA 

(b)  Will project create new slopes or modify existing slopes? Yes No NA 

(c)  Will it be necessary to direct or intercept surface runoff? Yes No NA 

(d)  Will cross drains be modified?   Yes No NA 

  If Yes was answered to any of the above questions, consider 
Concentrated Flow Conveyance Systems; complete the DPP-1, 
Part 4 checklist.  

   

4. Preservation of Existing Vegetation    
a) It is the goal of the Storm Water Program to maximize the protection 

of desirable existing vegetation to provide erosion and sediment 
control benefits on all projects.  

Complete 

Consider Preservation of Existing Vegetation, complete the DPP-
1, Part 5 checklist. 

   



 Checklist DPP-1, Part 2 

Storm Water Data Report  04-Ala-84 
State Route 84 Expressway Widening Project (Final PS&E Submittal) PM 22.9/27.1 
Alameda County, California  EA 04-297601 
January 2011  

Design Pollution Prevention BMPs 
Checklist DPP-1,  Part 2 

Prepared by: WRECO Date: January 2011 District-Co-Route: 04-Ala-84 

PM : 22.9/27.1 EA: 04-297601 

RWQCB: Region 2, San Francisco Bay 
 

Downstream Effects Related to Potentially Increased Flow 

1. Review total paved area and reduce to the maximum extent practicable. Complete 

2. Review channel lining materials and design for stream bank erosion control. Complete 

(a)  See Chapters 860 and 870 of the HDM. Complete 

(b) Consider channel erosion control measures within the project limits as well as 
downstream.  Consider scour velocity. Complete 

3. Include, where appropriate, energy dissipation devices at culvert outlets. Complete 

4. Ensure all transitions between culvert outlets/headwalls/wingwalls and channels 
are smooth to reduce turbulence and scour. Complete 

5. Include, if appropriate, peak flow attenuation basins to reduce peak discharges. Complete 

 



 Checklist DPP-1, Part 3 

Storm Water Data Report  04-Ala-84 
State Route 84 Expressway Widening Project (Final PS&E Submittal) PM 22.9/27.1 
Alameda County, California  EA 04-297601 
January 2011  

Design Pollution Prevention BMPs 
Checklist DPP-1,  Part 3 

Prepared by: WRECO Date: January 2011 District-Co-Route: 04-Ala-84 
PM (KP): 22.9/27.1 EA: 04-297601 
RWQCB: Region 2, San Francisco Bay 
 

Slope / Surface Protection Systems 

1. What are the proposed areas of cut and fill? (attach plan or map) Complete 

2. Were benches or terraces provided on high cut and fill slopes to reduce 
concentration of flows? 

 Yes No 

3. Were slopes rounded and/or shaped to reduce concentrated flow?  Yes No 

4. Were concentrated flows collected in stabilized drains or channels?  Yes No 

5. Are slopes > 1:4 vertical: horizontal (V:H))?  Yes No 

   If Yes, District Landscape Architecture must prepare or approve an erosion 
control plan.   

   

6. Are slopes > 1:2 (V:H)?  Yes No 

   If Yes, Geotechnical Services must prepare a Geotechnical Design Report, 
and the District Landscape Architect should prepare or approve an erosion 
control plan. Concurrence must be obtained from the District Maintenance 
Storm Water Coordinator for slopes steeper than 1:2 (V:H).  

   

7. Estimate the change to the impervious areas that will result from this project. Net 
additional impervious area (in both Caltrans and City R/W )27.63 ac Complete 

VEGETATED SURFACES 

1. Identify existing vegetation. Complete 
2. Evaluate site to determine soil types, appropriate vegetation and planting 

strategies.  Complete 

3. How long will it take for permanent vegetation to establish?  Complete 
4. Minimize overland and concentrated flow depths and velocities.  Complete 

HARD SURFACES 

1. Are hard surfaces required?  Yes No 

   If Yes, document purpose (safety, maintenance, soil stabilization, etc.), types, and 
general locations of the installations. Complete 

Review appropriate SSPs for Vegetated Surface and Hard Surface Protection Systems. Complete 
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Concentrated Flow Conveyance Systems 

Ditches, Berms, Dikes and Swales 

1. Consider Ditches, Berms, Dikes, and Swales as per Chapters 813, 836, and 860 
of the HDM. Complete 

2. Evaluate risks due to erosion, overtopping, flow backups or washout. Complete 
3. Consider outlet protection where localized scour is anticipated. Complete 
4. Examine the site for run-on from off-site sources.    Complete 
5. Consider channel lining when velocities exceed scour velocity for soil. Complete 
Overside Drains 

1. Consider downdrains, as per Index 834.4 of the HDM.   Complete 
2. Consider paved spillways for side slopes flatter than 1:4 V:H. Complete 
Flared Culvert End Sections 

1. Consider flared end sections on culvert inlets and outlets as per Chapter 827 of 
the HDM. Complete 

Outlet Protection/Velocity Dissipation Devices 

1. Consider outlet protection/velocity dissipation devices at outlets, including cross 
drains, as per Chapters 827 and 870 of the HDM.  Complete 

Review appropriate SSPs for Concentrated Flow Conveyance Systems. Complete 
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Preservation of Existing Vegetation 

1. Review Preservation of Property, Standard Specifications 16.1.01 and 16-1.02 
(Clearing and Grubbing) to reduce clearing and grubbing and maximize 
preservation of existing vegetation. 

Complete 

2. Has all vegetation to be retained been coordinated with Environmental, and 
identified and defined in the contract plans? 
 

Yes No 

3. Have steps been taken to minimize disturbed areas, such as locating temporary 
roadways to avoid stands of trees and shrubs and to follow existing contours to 
reduce cutting and filling? 
 

Complete 

4. Have impacts to preserved vegetation been considered while work is occurring in 
disturbed areas? 
 

Yes No 

5. Are all areas to be preserved delineated on the plans? Yes No 
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Consideration of Treatment BMPs  

This checklist is used for projects that require the consideration of Approved Treatment BMPs, as 
determined from the process described in Section 4 (Project Treatment Consideration) and the Evaluation 
Documentation Form (EDF).  This checklist will be used to determine which Treatment BMPs should be 
considered for each watershed and sub-watersheds within the project.  Supplemental data will be needed 
to verify sitting and design applicability for final incorporation into a project.   

 

Complete this checklist for each phase of the project, when considering Treatment BMPs.  Use the 
responses to the questions as the basis when developing the narrative in Section 5 of the Storm 
Water Data Report to document that Treatment BMPs have been appropriately considered.   

Answer all questions, unless otherwise directed. 

1. Dry Weather Flow Diversion   

(a) Are dry weather flows generated by Caltrans anticipated to be persistent? Yes No 

(b) Is a sanitary sewer located on or near the site? Yes No 

(c) Is the connection to the sanitary sewer possible without extraordinary 
plumbing, features or construction practices? Yes No 

(d) Is the domestic wastewater treatment authority willing to accept flow? Yes No 

If Yes was answered to all of these questions consider Dry Weather Flow 
Diversion, complete and attach Part 3 of this checklist   

2. Is the receiving water on the 303(d) list for litter/trash or has a TMDL been issued 
for litter/trash? Yes No 

If Yes, consider Gross Solids Removal Devices (GSRDs), complete and attach 
Part 6 of this checklist.  Note: Biofiltration Systems, Infiltration Devices, Detention 
Devices, Media Filters, MCTTs, and Wet Basins also can capture litter – consult 
with District/Regional NPDES if these devices should be considered to meet 
litter/trash TMDL. 

  

3. Is project located in an area (e.g., mountain regions) where traction sand is 
applied more than twice a year? 
If Yes, consider Traction Sand Traps, complete and attach Part 7 of this   
checklist.  

Yes No 

4. (a) Are there local influent limits for infiltration or Basin Plan restrictions or other 
local agency prohibitions that would restrict the use of the infiltration devices?  Yes No 
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(b) Would infiltration pose a threat to local groundwater quality as determined by 
the District/Regional Storm Water Coordinator?  Yes No 

If the answer to either part of Question 4 is Yes, then Infiltration Devices are 
infeasible and the consideration of Infiltration Devices should not be made when 
completing Questions 5 through 17.   

  

5. (a) Does the project discharge to any 303(d) listed water body?   
If No, go to Question 17, General Purpose Pollutant Removal Yes No 

(b) If Yes, is the identified pollutant(s) considered a Targeted Design Constituent 
(TDC) (check all that apply):  

 phosphorus,  nitrogen,  total copper,  dissolved copper, 

 total lead  dissolved lead,  total zinc,  dissolved zinc, 

 sediments,  general metals [unspecified metals]. 

  

 

(c) If only one TDC is checked above, continue to Question 6.   Complete 

(d) If more than one TDC is checked, contact your District/Regional NPDES 
Coordinator to determine priority before continuing with this checklist.   Complete 

6. Consult with the District/Regional Storm Water Coordinator to determine whether 
Treatment BMP selection will be affected by any existing or future TMDL 
requirements.    

Complete 

The following questions show the approved Treatment BMPs in order of 
preference based on load reduction (performance) for the listed constituent and 
lifetime costs for the device, excluding right-of-way.  Note that a line separates 
Treatment BMPs into groups of approximately equal effectiveness and within 
each grouping, any of the Treatment BMPs may be selected for placement if 
meeting site conditions.  In the space provided next to the BMP, use Yes or a 
check mark to indicate a positive response.   

If none of the listed Treatment BMPs for a specific constituent of concern (TDC) 
can be sited, go to Step #17 (General Purpose Pollutant Removal) to determine 
whether another Treatment BMP can be incorporated into the project. 

For the SWDRs developed for the PID and PA/ED phases of a project: Consider 
all approved Treatment BMPs listed that can be reasonably incorporated into 
the project for each TDC.   

For the SWDR developed for the PS&E phase: Indicate (Yes or check mark) 
only those BMPs that will be incorporated into the project.   

 

7. Is phosphorus the TDC? [Use this constituent if “eutrophic” or “nutrients” is the 
TDC for the water body.]  If Yes, consider:  

 Infiltration Devices 
 Austin Sand Filters 

 
 

Yes No 
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8. Is nitrogen the TDC?  If Yes, consider: 

 Infiltration Devices 
 Austin Sand Filters 
 Delaware Filter 
 Detention Device 
 MCTT 

 
 

Yes No 

9. Is copper (total) the TDC?  If Yes for total Copper, consider:  

 Infiltration Devices 
 Wet Basins 
 Biofiltration Strips 
 Detention Device 
 Biofiltration Swales 
 Austin Sand Filter 
 Delaware Filter 
 MCTT 

 
 

Yes No 

10. Is copper (dissolved) the TDC?  If Yes for dissolved Copper, consider:  

 Infiltration Devices 
 Biofiltration Strips 
 Wet Basin 
 Biofiltration Swale 

 
 

Yes No 

11. Is lead (total) the TDC?  If Yes for total Lead, consider:  

 Infiltration Devices 
 Wet Basin 
 Biofiltration Strips 
 Austin Sand Filter 
 Delaware Filter  
 Detention Device  
 Biofiltration Swales 
 MCTT 

 
 

Yes No 

12. Is lead (dissolved) the TDC?  If Yes for dissolved Lead, consider:  

 Infiltration Devices 
 Biofiltration Strips 
 Wet Basin  
 Detention Device  
 Biofiltration Swales 
 Austin Sand Filter  

 
 

Yes No 

13. Is zinc (total) the TDC?  If Yes for total Zinc, consider:  

 Infiltration Devices 
 Delaware Filter 
 Wet Basin 
 Biofiltration Strips 
 Biofiltration Swales 
 Austin Sand Filter 
 MCTT 
 Detention Devices 

 
 

Yes No 
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14. Is zinc (dissolved) the TDC?  If Yes for dissolved Zinc, consider:  

 Infiltration Devices 
 Delaware Filter 
 Biofiltration Strip 
 Biofiltration Swale 
 Austin Sand Filter 
 MCTT 

 
 

Yes No 

15. Is sediment (total suspended solids [TSS]) the TDC?  If Yes for TSS, consider:  

 Infiltration Devices 
 Austin Sand Filter 
 Delaware Filter 
 Wet Basin 
 Detention Device 
 Biofiltration Strip 
 MCTT 
 Biofiltration Swale 

 
 

Yes No 

16. Are “General Metals” or (unspecified) “Metals” the TDC?  If Yes for General 
Metals, consider:  

 Infiltration Devices 
 Biofiltration Strips 
 Wet Basin 
 Biofiltration Swale 
 Austin Sand Filter 
 Delaware Filter 
 MCTT 

 
 

Yes No 

17. General Purpose Pollutant Removal.: When it is determined that there are no 
TDCs, consider the Treatment BMPs in the order listed below.  

 Infiltration Devices 

X Biofiltration Strips 
 Wet Basin 

X Biofiltration Swale 
X Austin Sand Filter  
 Detention Device 
 Delaware Filter 
 MCTT 

 
 

Yes No 

Yes No 18. Biofiltration 
(a) Are site conditions and climate favorable to allow suitable vegetation to be 
established?  
 

(b) Have Biofiltration strips and swales been considered to the extent 
practicable? Note: Biofiltration BMPs should be considered for all projects, even if 
other Treatment BMPs are placed.   

 

      If No to (a) or (b), document justification in Section 5 of the SWDR. 

Yes No 
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19. After completing the above, complete and attach the checklists shown below for 
every Treatment BMP under consideration 

X Biofiltration Strips and Biofiltration Swales: Checklist T-1, Part 2 
 Dry Weather Diversion: Checklist T-1, Part 3 
 Infiltration Devices: Checklist T-1, Part 4 
 Detention Devices: Checklist T-1, Part 5 
 GSRDs: Checklist T-1, Part 6 
 Traction Sand Traps: Checklist T-1, Part 7 

X Media Filter [Austin Sand Filter and Delaware Filter]: Checklist T-1, Part 8 
 Multi-Chambered Treatment Train: Checklist T-1, Part 9 
 Wet Basins: Checklist T-1, Part 10 

 
 

Complete 

20. (a) Estimate what percentage of WQV/WQF will be treated by the preferred 
Treatment BMP(s): 100% Complete 

(b) Have Treatment BMPs been considered for use in parallel or series to 
increase this percentage?   

Yes No 

21. Prepare cost estimate, including right-of-way, for selected Treatment BMPs and 
include as supplemental information for SWDR approval.   Complete 
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Biofiltration Swales / Biofiltration Strips 

Feasibility   

1. Do the climate and site conditions allow vegetation to be established? Yes No 

2. Are flow velocities < 4 fps (i.e. low enough to prevent scour of the vegetated 
bioswale as per HDM Table 873.3E)?  

Yes No 

If No to either question above, Biofiltration Swales and Biofiltration Strips are not 
feasible.   

3. Are Biofiltration Swales proposed at sites where known hazardous soils or 
contaminated groundwater plumes exist?   
   If Yes, consult with District/Regional NPDES Coordinator about how to   
proceed.  

Yes No 

4. Does adequate area exist within the right-of-way to place biofiltration device(s)? 
   If Yes, continue to the Design Elements section.  If No, continue to Question 5.   

Yes No 

5. If adequate area does not exist within right-of-way, can suitable, additional right-
of-way be acquired to site Biofiltration Devices and how much right-of way would 
be needed to treat WQF?  _________ acres  
   If Yes, continue to Design Elements section.  If No, continue to Question 6.   

Yes No 

6. If adequate area cannot be obtained, document in Section 5 of the SWDR that 
the inability to obtain adequate area prevents the incorporation of these 
Treatment BMPs into the project.     

Complete 

 

Design Elements 

* Required Design Element – A “Yes” response to these questions is required to further the 
consideration of this BMP into the project design.  Document a “No” response in Section 5 of the SWDR 
to describe why this Treatment BMP cannot be included into the project design.   

** Recommended Design Element – A “Yes” response is preferred for these questions, but not required 
for incorporation into a project design. 

1. Has the District Landscape Architect provided vegetation mixes appropriate for 

climate and location? * 
Yes No 
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2. Can the bioswale be designed as a conveyance system under any expected 
flows > the WQF event, as per HDM Chapter 800? * (e.g. freeboard, minimum 
slope, etc.) 

Yes No 

3. Can the bioswale be designed as a water quality treatment device under the 
WQF while meeting the required HRT, depth, and velocity criteria? (Reference 
Appendix B, Section B.2.3.1)* 

Yes No 

4. Is the maximum length of a biostrip ≤ 300 ft? At one location only, station 231+00 
to 233+50 (maximum length is 250 feet).. Yes No 

5. Has the minimum width (in the direction of flow) of the invert of the bioswale 
received the concurrence of Maintenance? * Yes No 

6. Can bioswales be located in natural or low cut sections to reduce maintenance 
problems caused by animals burrowing through the berm of the swale? ** Yes No 

7. Is the biostrip sized as long as possible in the direction of flow? ** Yes No 

8. Have Biofiltration Systems been considered for locations upstream of other 
Treatment BMPs, as part of a treatment train? ** Yes No 
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Media Filters  
Caltrans has approved two types of Media Filter: Austin Sand Filters and Delaware Filters.  Austin Sand 
filters are typically designed for larger drainage areas, while Delaware Filters are typically designed for 
smaller drainage areas.  The Austin Sand Filter is constructed with an open top and may have a concrete 
or earthen invert, while the Delaware is always constructed as a vault.  See Appendix B, Media Filters, for 
a further description of Media Filters.   

Feasibility – Austin Sand Filter  

1. Is the volume of the Austin Sand Filter equal to at least the WQV using a 40 to 
48 hour drawdown? (Note: the WQV must be ≥ 4,356 ft3 [0.1 acre-feet])  Yes No 

2. Is there sufficient hydraulic head to operate the device (minimum 3 ft between 
the inflow and outflow chambers)?   Yes No 

3. If initial chamber has an earthen bottom, is initial chamber invert ≥ 3 ft above 
seasonally high groundwater? Yes No 

4. If a vault is used for either chamber, is the level of the concrete base of the vault 
above seasonally high groundwater or is a special design provided? 

If No to any question above, then an Austin Sand Filter is not feasible. 

Yes 

 

No 

 

5. Does adequate area exist within the right-of-way to place an Austin Sand 
Filter(s)? 
   If Yes, continue to Design Elements sections.  If No, continue to Question 6.   

Yes No 

6. If adequate area does not exist within right-of-way, can suitable, additional right-
of-way be acquired to site the device and how much right-of way would be 
needed to treat WQV? _________ acres  
   If Yes, continue to the Design Elements section.   

         If No, continue to Question 7.   

Yes No 

7. If adequate area cannot be obtained, document in Section 5 of the SWDR that 
the inability to obtain adequate area prevents the incorporation of this Treatment 
BMP into the project.    

 Complete 
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If an Austin Sand Filter meets these feasibility requirements, continue to the 
Design Elements – Austin Sand Filter below.     

Feasibility- Delaware Filter  

1. Is the volume of the Delaware Filter equal to at least the WQV using a 40 to 48 
hour drawdown? (Note: the WQV must be ≥ 4,356 ft3 [0.1 acre-feet], consult with 
District/Regional NPDES if a lesser volume is under consideration.)  

Yes No 

2. Is there sufficient hydraulic head to operate the device (minimum 3 ft between 
the inflow and outflow chambers)? 

Yes No 

3. Would a permanent pool of water be allowed by the local vector control agency? 

Design of Delaware filter to meet Alameda County Mosquito Abatement District 
requirements for storm water devices containing permanent pools of water would not 
be feasible or cost effective for the Project. 

Yes No 

If No to any question, then a Delaware Filter is not feasible    

4. Does adequate area exist within the right-of-way to place a Delaware Filter (s)? 
   If Yes, continue to Design Elements sections.  If No, continue to Question 5.   

Yes No 

5. If adequate area does not exist within right-of-way, can suitable, additional right-
of-way be acquired to site the device and how much right-of way would be 
needed to treat WQV? _________ acres   
   If Yes, continue to the Design Elements section.  If No, continue to Question 6.   

Yes No 

6. If adequate area cannot be obtained, document in Section 5 of the SWDR that 
the inability to obtain adequate area prevents the incorporation of this Treatment 
BMP into the project.     

 Complete 

If a Delaware Filter is still under consideration, continue to the Design Elements 
– Delaware Filter section.   

 

 
Design Elements – Austin Sand Filter  
 
* Required Design Element – A “Yes” response to these questions is required to further the 
consideration of this BMP into the project design.  Document a “No” response in Section 5 of the SWDR 
to describe why this Treatment BMP cannot be included into the project design.   

** Recommended Design Element – A “Yes” response is preferred for these questions, but not required 
for incorporation into a project design. 
 

1. Is the drawdown time of the 2nd chamber 24 hours? * 

48 hours was used as the drawdown time. 
Yes No 

2. Is access for Maintenance vehicles provided to the Austin Sand Filter? * Yes No 
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3. Is a bypass/overflow provided for storms > WQV? * Yes No 

4. Is the flow path length to width ratio for the sedimentation chamber of the “full” 
Austin Sand Filter ≥ 2:1? ** 

Yes No 

5. Can pretreatment be provided to capture sediment and litter in the runoff (such 
as using biofiltration)? **  Yes No 

6. Can the Austin Sand Filter be placed using an earthen configuration? **  
   If No, go to Question 9. Yes No 

7. Is the Austin Sand Filter invert separated from the seasonally high groundwater 
table by ≥ 10 ft? *  
   If No, design with an impermeable liner.   

Yes No 

8. Are side slopes of the earthen chamber 1:3 (V:H) or flatter? * Yes No 

9. Is maximum depth ≤ 13 ft below ground surface? * Yes No 

10. Can the Austin Sand Filter be placed in an offline configuration? ** Yes No 
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Soil Stabilization  
 
General Parameters 

1. How many rainy seasons are anticipated between beginning and end of 
construction?                                                                                            2 

2. What is the total disturbed soil area for the project?  (ac) 83.19 

(a) How much of the project DSA consists of slopes 1V:4H or flatter?  (ac) 77.61 

(b) How much of the project DSA consists of 1V:4H < slopes < 1V:2H?  (ac) 5.2 

(c) How much of the project DSA consists of slopes 1V:2H and steeper?  (ac) 0 

(d) How much of the project DSA consists of slopes with slope lengths longer then 
20 ft? (ac) 3.73 

3. What rainfall area does the project lie within?  (Refer to Table 2-1 of the 
Construction Site Best Management Practices Manual ) 2 

4. Review the required combination of temporary soil stabilization and temporary 
sediment controls and barriers for area, slope inclinations, rainy and non-rainy 
season, and active and non-active disturbed soil areas.  (Refer to Tables 2-2, and  
2-3 of the Construction Site Best Management Practices Manual for Rainfall Area 
requirements.) 

 

 Complete 

 

Scheduling  (SS-1) 

5. Does the project have a duration of more then one rainy season and have disturbed 
soil area in excess of 25 acres?  

Yes No 

(a) Include multiple mobilizations (Move-in/Move-out) as a separate contract bid 
line item to implement permanent erosion control or revegetation work on 
slopes that are substantially complete.  (Estimate at least 6 mobilizations for 
each additional rainy season.  Designated Construction Representative may 
suggest an alternate number of mobilizations.) 

 Complete 

(b) Edit Order of Work specifications for permanent erosion control or revegetation 
work to be implemented on slopes that are substantially complete. 

 Complete 
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(c) Edit permanent erosion control or revegetation specifications to require seeding 
and planting work to be performed when optimal. 

 Complete 

 

Preservation of Existing Vegetation  (SS-2) 

6. Do Environmentally Sensitive Areas (ESAs) exist within or adjacent to the project 
limits?  (Verify the completion of DPP-1, Part 5)   

Yes No 

(a) Verify the protection of ESAs through delineation on all project plans.  Complete 

(b) Protect from clearing and grubbing and other construction disturbance by 
enclosing the ESA perimeter with high visibility plastic fence or other BMP. 

 Complete 

7. Are there areas of existing vegetation (mature trees, native vegetation, landscape 
planting, etc.) that need not be disturbed by project construction?  Will areas 
designated for proposed treatment BMPs need protection (infiltration characteristics, 
vegetative cover, etc.)?  (Coordinate with District Environmental and Construction to 
determine limits of work necessary to preserve existing vegetation to the maximum 
extent practicable.) 

Yes No 

(a) Designate as outside of limits of work (or designate as ESAs) and show on all 
project plans. 

 Complete 

(b) Protect with high visibility plastic fence or other BMP.  Complete 

8. If yes for 6, 7, or both, then designate ESA fencing as a separate contract bid line 
item, if not already incorporated as part of design pollution prevention work  (See 
DPP-1, Part 5). 

 Complete 

 

Slope Protection  

9. Provide a soil stabilization BMP(s) appropriate for the DSA, slope steepness, slope 
length, and soil erodibility.  (Consult with District/Regional Landscape Architect.) 

 

(a) Select SS-3 (Hydraulic Mulch), SS-4 (Hydroseeding), SS-5 (Soil Binders), SS-6 
(Straw Mulch), SS-7 (Geotextiles, RECPs, Etc.), SS-8 (Wood Mulching), other 
BMPs or a combination to cover the DSA throughout the project's rainy season. 

 Complete 

(b) Increase the quantities by 25% for each additional rainy season.  (Designated 
Construction Representative may suggest an alternate increase.) 

 Complete 

(c) Designate as a separate contract bid line item. 

 

 Complete 

 



  Checklist CS-1, Part 1 

Storm Water Data Report  04-Ala-84 
State Route 84 Expressway Widening Project (Final PS&E Submittal) PM 22.9/27.1 
Alameda County, California  EA 04-297601 
January 2011  

 

Slope Interrupter Devices 

10. Provide slope interrupter devices for all slopes with slope lengths equal to or greater 
than of 20 ft in length.  (Consult with District/Regional Landscape Architect and 
Designated Construction Representative.) 

 

(a) Select SC-5 (Fiber Rolls) or other BMPs to protect slopes throughout the 
project's rainy season. 

 Complete 

(b) For slope inclination of 1V:4H and flatter, SC-5 (Fiber Rolls) or other BMPs shall 
be placed along the contour and spaced 20 ft on center. 

 Complete 

(c) For slope inclination between 1V:4H and 1V:2H, SC-5 (Fiber Rolls) or other 
BMPs shall be placed along the contour and spaced 15 ft on center. 

 Complete 

(d) For slope inclination of 1V:2H and greater, SC-5 (Fiber Rolls) or other BMPs 
shall be placed along the contour and spaced 10 ft on center. 

 Complete 

(e) Increase the quantities by 25% for each additional rainy season.  (Designated 
Construction Representative may suggest alternate increase.) 

 Complete 

(f) Designate as a separate contract bid line item.  Complete 

 

Channelized Flow 

11. Identify locations within the project site where concentrated flow from stormwater 
runoff can erode areas of soil disturbance.  Identify locations of concentrated flow 
that enters the site from outside of the right-of-way (off-site run-on).  

 

 

 Complete 

(a) Utilize SS-7 (Geotextiles, RECPs, etc.), SS-9 (Earth Dikes/Swales, Ditches), 
SS-10 (Outlet Protection/Velocity Dissipation), SS-11 (Slope Drains), SC-4 
(Check Dams), or other BMPs to convey concentrated flows in a non-erosive 
manner. 

 Complete 

(b) Designate as a separate contract bid line item.  Complete 
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Sediment Control  
 
Perimeter Controls - Run-off Control 

1. Is there a potential for sediment laden sheet and concentrated flows to discharge 
offsite from runoff cleared and grubbed areas, below cut slopes, embankment 
slopes, etc.? 

Yes No 

(a) Select linear sediment barrier such as SC-1 (Silt Fence), SC-5 (Fiber Rolls), 
SC-6 (Gravel Bag Berm), SC-8 (Sand Bag Barrier), SC-9 (Straw Bale Barrier), 
or a combination to protect wetlands, water courses, roads (paved and 
unpaved), construction activities, and adjacent properties.  (Coordinate with 
District Construction for selection and preference of linear sediment barrier 
BMPs.) 

 Complete 

(b) Increase the quantities by 25% for each additional rainy season.  (Designated 
Construction Representative may suggest an alternate increase.) 

 Complete 

(c) Designate as a separate contract bid line item.  Complete 

 

Perimeter Controls - Run-on Control 

2. Do locations exist where sheet flow upslope of the project site and where 
concentrated flow upstream of the project site may contact DSA and construction 
activities? 

 

 

 

Yes 

 

 

 

No 

(a) Utilize linear sediment barriers such as SS-9 (Earth Dike/Drainage Swales and 
Lined Ditches), SC-5 (Fiber Rolls), SC-6 (Gravel Bag Berm), SC-8 (Sand Bag 
Barrier), SC-9 (Straw Bale Barrier), or other BMPs to convey flows through 
and/or around the project site.  (Coordinate with District Construction for 
selection and preference of perimeter control BMPs.) 

 

 Complete 

(b) Designate as a separate contract bid line item.  Complete 
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Storm Drain Inlets 

3. Do existing or proposed drainage inlets exist within the project limits? 

 

 

Yes 

 

 

No 

(a) Select SC-10 (Storm Drain Inlet Protection) to protect municipal storm drain 
systems or receiving waters wetlands at each drainage inlet.  (Coordinate with 
District Construction for selection and preference of inlet protection BMPs.) 

 Complete 

(b) Designate as a separate contract bid line item.  Complete 

4. Can existing or proposed drainage inlets utilize an excavated sediment trap as 
described in SC-10 (Storm Drain Inlet Protection- Type 2)? 

Yes No 

(a) Include with other types of SC-10 (Storm Drain Inlet Protection).    Complete 

Sediment/Desilting Basin  (SC-2) 

5. Does the project lie within a Rainfall Area where the required combination of 
temporary soil stabilization and sediment control BMPs includes desilting basins?  
(Refer to Tables 2-1, 2-2, and 2-3 of the Construction Site Best Management 
Practices Manual for Rainfall Area requirements.)    Desilting basin only required on 
active DSAs with slopes greater than 2:1. There are no slopes in the Project with 
slopes greater than 2:1. 

Yes No 

(a) Consider feasibility for desilting basin allowing for available right-of-way within 
the project limits, topography, soil type, disturbed soil area within the watershed, 
and climate conditions.  Document if the inclusion of sediment/desilting basins 
is infeasible. 

 Complete 

 Complete 
(b) If feasible, design desilting basin(s) per the guidance in SC-2 Sediment/ 

Desilting Basins of the Construction Site BMP Manual to maximize capture of 
sediment-laden runoff.   

      Designate as a separate contract bid item.  Complete 

6. Will the project benefit from the early implementation of proposed permanent 
Treatment BMPs?  (Coordinate with District Construction.) 

Yes No 

(a) Edit Order of Work specifications for permanent treatment BMP work to be 
implemented in a manner that will allow its use as a construction site BMP. 

 Complete 

Sediment Trap (SC-3) 

7. Can sediment traps be located to collect channelized runoff from disturbed soil 
areas prior to discharge? 

Yes No 

(a) Design sediment traps in accordance with the Construction Site BMP Manual.   Complete 

(b) Designate as a separate contract bid line item.  Complete 
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Tracking Controls  

Stabilized Construction Entrance/Exit  (TC-1) 

1. Are there points of entrance and exit from the project site to paved roads where 
mud and dirt could be transported offsite by construction equipment?  (Coordinate 
with District Construction for selection and preference of tracking control BMPs.) 

 

 

Yes 

 

 

No 

(a) Identify and designate these entrance/exit points as stabilized construction 
entrances (TC-1). 

 Complete 

(b) Designate as a separate contract bid line item.  Complete 

Tire/Wheel Wash  (TC-3) 

1. Are site conditions anticipated that would require additional or modified tracking 
controls such as entrance/outlet tire wash?  (Coordinate with District Construction.)  

 

 

Yes 

 

 

No 

      Designate as a separate contract bid line item.  Complete 

Stabilized Construction Roadway  (TC-2) 

3. Are temporary access roads necessary to access remote construction activity 
locations or to transport materials and equipment?  (In addition to controlling dust 
and sediment tracking, access roads limit impact to sensitive areas by limiting 
ingress, and provide enhanced bearing capacity.)  (Coordinate with District 
Construction.) 

 

 

 

Yes 

 

 

 

No 

(a) Designate these temporary access roads as stabilized construction roadways 
(TC-2). 

 Complete 

(b) Designate as a separate contract bid line item.  Complete 

Street Sweeping and Vacuuming  (SC-7) 

1. Is there a potential for tracked sediment or construction related residues to be 
transported offsite and deposited on public or private roads?  (Coordinate with 
District Construction for preference of including street sweeping and vacuuming 
with tracking control BMPs.)   

 

 

 

Yes 

 

 

 

No 

      Designate as a separate contract bid line item.  Complete 
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Wind Erosion Controls  
 
Wind Erosion Control  (WE-1) 

1. Is the project located in an area where standard dust control practices in 
accordance with Standard Specifications, Section 10: Dust Control, are anticipated 
to be inadequate during construction to prevent the transport of dust offsite by wind?  
(Note: Dust control by water truck application is paid for through the various items of 
work.  Dust palliative, if it is included, is paid for as a separate item.) 

 

 

 

Yes 

 

 

 

No 

(a) Select SS-3 (Hydraulic Mulch), SS-4 (Hydroseeding), SS-5 (Soil Binders), SS-7 
(Geotextiles, Plastic Covers, & Erosion Control Blankets/Mats), SS-8 (Wood 
Mulching) or a combination to cover the DSA subject to wind erosion year-
round, especially when significant wind and dry conditions are anticipated 
during project construction. (Coordinate with District Construction for selection 
and preference of wind erosion control BMPs.) 

 

 

 Complete 

(b) Designate as a separate contract bid line item.  Complete 
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Non-Storm Water Management  
 
Temporary Stream Crossing  (NS-4) & Clear Water Diversion  (NS-5) 

1. Will construction activities occur within a waterbody or watercourse such as a lake, 
wetland, or stream?  (Coordinate with District Construction for selection and 
preference for stream crossing and clear water diversion BMPs.) 

 

 

Yes 

 

 

No 

(a) Select from types offered in NS-4 (Temporary Stream Crossing) to provide 
access through watercourses consistent with permits and agreements.1 

N/A Complete 

(b) Select from types offered in NS-5 (Clear Water Diversion) to divert watercourse 
consistent with permits and agreements.1  Temporary Creek Diversion is not 
proposed for this project. Structural confirmed that proposed bridge work would 
require coffer dam around proposed footing only.  

 Complete 

(c) Designate as a separate contract bid line item(s).   Complete 

Other Non-Storm Water Management BMPs  

2. Are construction activities anticipated that will generate wastes or residues with the 
potential to discharge pollutants? 

 

 

Yes 

 

 

No 

(a) Identify potential pollutants associated with the anticipated construction activity 
and select the corresponding BMP such as NS-1 (Water Conservation 
Practices), NS-2 (Dewatering Operations), NS-3 (Paving and Grinding 
Operations), NS-7 (Potable Water/Irrigation), NS-8 (Vehicle and Equipment 
Cleaning), NS-9 (Vehicle and Equipment Fueling), NS-10 (Vehicle and 
Equipment Maintenance), NS-11 (Pile Driving Operations), NS-12 (Concrete 
Curing), NS-13 (Material and Equipment Use Over Water), NS-14 (Concrete 
Finishing), and NS-15 (Structure Demolition/Removal Over or Adjacent to 
Water).1 

 

 

 Complete 

(b) Verify that costs for non-storm water management BMPs are identified in the 
contract documents.  Designate BMP as a separate contract bid line item if the 
requirements in Construction Site Management (SSP 07-346) are anticipated to 
be inadequate or if requested by Construction. 

 Complete 

 
  . Coordinate with District Environmental for consistency with US Army Corps of Engineers 404 

permit and Dept. of Fish and Game 1601 Streambed alteration Agreements.  
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Waste Management & Materials Pollution Control  
 
Concrete Waste Management  (WM-8) 

1. Does the project include concrete pours or mortar mixing? 

 

Yes 

 

No 

(a) Select from types offered in WM-8 (Concrete Waste Management) to provide 
concrete washout facilities.  In addition, consider portable concrete washouts 
and vendor supplied concrete waste management services.  (Coordinate with 
District Construction for selection and preference of waste management and 
materials pollution control BMPs.) 

 

 Complete 

(b) Designate as a separate contract bid line item if the quantity of concrete waste 
and washout are anticipated to exceed 5.2 yd3 or if requested by Construction. 

 Complete 

Other Waste Management and Materials Pollution Controls  

2. Are construction activities anticipated that will generate wastes or residues with the 
potential to discharge pollutants? 

 

Yes 

 

No 

(a) Identify potential pollutants associated with the anticipated construction activity 
and select the corresponding BMP such as WM-1 (Material Delivery and 
Storage), WM-2 (Material Use), WM-4 (Spill Prevention and Control), WM-5 
(Solid Waste Management), WM-6 (Hazardous Waste Management), WM-7 
(Contaminated Soil Management), WM-9 (Sanitary/Septic Waste Management) 
and WM-10 (Liquid Waste Management) 

 

 

 Complete 

(b) Verify that costs for waste management and materials pollution control BMPs 
are identified in the contract documents.  Designate BMP as a separate contract 
bid line item if the requirements in Construction Site Management (SSP 07-346) 
are anticipated to be inadequate or if requested by Construction. 

 Complete 

Temporary Stockpiles (Soil, Materials, and Wastes)  

3. Are stockpiles of soil, etc. anticipated during construction?  

 

Yes 

 

No 

(a) Select WM-3 (Stockpile Management), SS-3 (Hydraulic Mulch), SS-4 
(Hydroseeding), SS-5 (Soil Binders), SS-7 (Geotextiles, RECPs etc.), or a 
combination as appropriate to cover temporary stockpiles of soil, etc. 

 

 Complete 
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(b) Select linear sediment barrier such as SC-1 (Silt Fence), SC-5 (Fiber Rolls), 
SC-6 (Gravel Bag Berm), SC-8 (Sand Bag Barrier), SC-9 (Straw Bale Barrier), 
or a combination to encircle temporary stockpiles of soil, etc.  (Coordinate with 
District Construction for selection and preference of BMPs related to stockpiles.) 

 Complete 

(c) Designate as a separate contract bid line item if the requirements in 
Construction Site management (SSP 07-346) are anticipated to be inadequate 
or if requested by Construction. 

 Complete 

4. Is there a potential for dust and debris from construction material (fill material, etc.) 
and waste (concrete, contaminated soil, etc.) stockpiles to be transported offsite by 
wind? 

 

Yes 

 

No 

(a) Select SS-7, temporary cover, plastic sheeting or other BMP to cover stockpiles 
subject to wind erosion year-round, especially when significant wind and dry 
conditions are anticipated during project construction. (Coordinate with District 
Construction for selection and preference of wind erosion control BMPs.) 

 Complete 

(b) Designate as a separate contract bid line item.  Complete 
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1

2

3

4

5

6

7

8

9

10

11

12

13
14

15

16
17
18
19
20

A B C

Entry

79.68

0.2

1.51

Watershed Erosion Estimate (=RxKxLS) in tons/acre

Site Sediment Risk Factor
Low Sediment Risk: < 15 tons/acre

Medium Sediment Risk:  >=15 and <75 tons/acre
High Sediment Risk:  >= 75 tons/acre

K Factor Value

LS Factor Value

Medium

C) LS Factor (weighted average, by area, for all slopes)

The soil-erodibility factor K represents: (1) susceptibility of soil or surface material to erosion, (2) transportability of the 
sediment, and (3) the amount and rate of runoff given a particular rainfall input, as measured under a standard 
condition. Fine-textured soils that are high in clay have low K values (about 0.05 to 0.15) because the particles are 
resistant to detachment. Coarse-textured soils, such as sandy soils, also have low K values (about 0.05 to 0.2) because 
of high infiltration resulting in low runoff even though these particles are easily detached. Medium-textured soils, such 
as a silt loam, have moderate K values (about 0.25 to 0.45) because they are moderately susceptible to particle 
detachment and they produce runoff at moderate rates. Soils having a high silt content are especially susceptible to 
erosion and have high K values, which can exceed 0.45 and can be as large as 0.65. Silt-size particles are easily 
detached and tend to crust, producing high rates and large volumes of runoff. Use Site-specific data must be submitted.

The effect of topography on erosion is accounted for by the LS factor, which combines the effects of a hillslope-length 
factor, L, and a hillslope-gradient factor, S. Generally speaking, as hillslope length and/or hillslope gradient increase, 
soil loss increases. As hillslope length increases, total soil loss and soil loss per unit area increase due to the 
progressive accumulation of runoff in the downslope direction. As the hillslope gradient increases, the velocity and 
erosivity of runoff increases. Use the LS table located in separate tab of this spreadsheet to determine LS factors. 
Estimate the weighted LS for the site prior to construction. 

24.06336

Site-specific K factor guidance

LS Table

Sediment Risk Factor Worksheet

A) R Factor

R Factor Value

B) K Factor (weighted average, by area, for all site soils)

Analyses of data indicated that when factors other than rainfall are held constant, soil loss is directly proportional to a 
rainfall factor composed of total storm kinetic energy (E) times the maximum 30-min intensity (I30) (Wischmeier and 
Smith, 1958). The numerical value of R is the average annual sum of EI30 for storm events during a rainfall record of at 
least 22 years. "Isoerodent" maps were developed based on R values calculated for more than 1000 locations in the 
Western U.S. Refer to the link below to determine the R factor for the project site.

http://cfpub.epa.gov/npdes/stormwater/LEW/lewCalculator.cfm
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Receiving Water (RW) Risk Factor Worksheet Entry Score

A. Watershed Characteristics yes/no

A.1. Does the disturbed area discharge (either directly or indirectly) to a 303(d)-listed 
waterbody impaired by sediment?  For help with impaired waterbodies please check the 
attached worksheet or visit the link below:

2006 Approved Sediment-impared WBs Worksheet

http://www.waterboards.ca.gov/water_issues/programs/tmdl/303d_lists2006_epa.shtml

OR
A.2. Does the disturbed area discharge to a waterbody with designated beneficial uses of 
SPAWN & COLD & MIGRATORY?

http://www.ice.ucdavis.edu/geowbs/asp/wbquse.asp 

No Low

 
 
 

Low Medium High

Low Level 1

High Level 3

Project Sediment Risk: Medium 2

Project RW Risk: Low 1

Project Combined Risk: Level 2

Combined Risk Level Matrix

Sediment Risk
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Table 7. LS Factor Calculation 
Station Line Length - L Slope - S L x S Length - L Slope - S L x S Length - L Slope - S L x S Length - L Slope - S L x S Length - L Slope - S L x S Length - L Slope - S L x S Length - L Slope - S L x S Total L Avg S

(ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft)
227+00 A1 4.24 0.16 0.67 2.45 0.06 0.14 1.58 0.57 0.91 4.86 0.41 2.00 9.60 0.21 2.00 22.73 0.25
237+00 A1 24.85 0.07 1.62 30.04 0.45 13.50 13.87 0.04 0.62 14.24 0.08 1.08 83.00 0.20
247+00 A1 46.79 0.32 14.88 10.06 0.03 0.27 40.85 0.07 2.95 97.70 0.19
257+00 A1 25.56 0.39 10.00 14.25 0.10 1.43 56.50 0.02 1.30 9.70 0.03 0.33 34.14 0.39 13.20 14.05 0.04 0.50 154.19 0.17
267+00 A1 8.80 0.23 2.04 12.83 0.02 0.25 22.85 0.04 1.01 44.47 0.07
277+00 A1 3.98 0.00 0.01 33.17 0.04 1.44 4.54 0.33 1.51 41.69 0.07
287+00 A1 4.46 0.04 0.19 4.59 0.30 1.38 4.22 0.28 1.18 16.65 0.01 0.09 21.51 0.01 0.24 4.34 0.04 0.17 3.17 0.19 0.60 58.94 0.07
297+00 A1 3.83 0.01 0.03 6.09 0.08 0.46 11.00 0.01 0.13 30.02 0.02 0.69 50.94 0.03
307+00 A1 7.56 0.02 0.14 12.23 0.09 1.12 4.24 0.07 0.28 8.46 0.18 1.51 31.05 0.02 0.65 63.54 0.06
317+00 A1 10.19 0.37 3.80 18.80 0.21 3.89 8.20 0.47 3.87 18.39 0.03 0.60 55.58 0.22
327+00 A1 28.59 0.00 0.00 14.12 0.23 3.19 15.41 0.25 3.86 41.33 0.00 0.14 99.45 0.07
337+00 A1 30.54 0.01 0.32 13.03 0.16 2.10 17.31 0.60 10.33 16.44 0.02 0.25 4.43 0.09 0.40 6.15 0.27 1.64 6.75 0.08 0.51 94.65 0.16
345+00 A1 49.26 0.08 3.75 33.33 0.02 0.60 82.59 0.05

364+00 A2_A 7.65 0.00 0.00 11.21 0.03 0.33 0.00 0.00 18.86 0.02
374+00 A2_A 13.40 0.00 0.00 2.89 0.17 0.49 1.75 0.00 0.00 2.77 0.24 0.66 20.81 0.06
384+00 A2_A 17.61 0.03 0.61 17.61 0.03
392+00 A2_A 36.30 0.20 7.26 18.31 -0.01 -0.22 54.61 0.13
393+00 A2_A 5.75 0.02 0.12 4.15 0.21 0.89 9.90 0.10

346+00 A2_B 8.51 0.00 0.01 4.16 0.06 0.25 12.67 0.02
356+00 A2_B 6.52 0.02 0.10 6.79 0.20 1.39 8.96 0.08 0.69 22.27 0.10
366+00 A2_B 4.40 0.09 0.40 14.20 0.01 0.08 18.60 0.03

395+00 A3_A 6.58 0.60 3.97 23.55 0.42 9.87 24.41 0.11 2.74 33.05 0.02 0.69 87.59 0.20
405+00 A3_A 13.82 0.03 0.47 10.39 0.04 0.46 0.00 0.00 24.21 0.04
413+50 A3_A 29.10 0.00 0.03 12.73 0.21 2.70 40.48 0.01 0.25 3.06 0.04 0.12 8.14 0.03 0.25 93.51 0.04
423+00 A3_A 5.29 0.06 0.32 13.25 0.01 0.11 18.54 0.02
433+00 A3_A 21.89 0.01 0.13 21.89 0.01
443+00 A3_A 20.80 0.02 0.48 20.80 0.02

122+00 AC1_A 15.69 0.00 0.07 15.69 0.00
133+00 AC1_A 3.99 0.03 0.13 24.49 0.12 3.06 5.43 0.29 1.57 11.55 0.46 5.31 45.46 0.22
143+00 AC1_A 29.75 0.02 0.48 10.36 0.30 3.15 6.39 0.55 3.53 46.50 0.15
153+00 AC1_A 9.24 0.02 0.16 16.71 0.32 5.35 17.56 0.65 11.49 26.56 0.49 12.99 14.39 0.02 0.27 84.46 0.36
162+00 AC1_A 10.87 0.02 0.17 7.15 0.23 1.68 16.12 0.47 7.58 0.00 34.14 0.28

95+00 ST_A 50.51 0.01 0.41 16.48 0.08 1.35 7.95 0.33 2.62 14.57 0.49 7.14 10.62 0.48 5.05 4.51 0.22 1.00 40.41 0.02 0.64 145.05 0.13

103+00 V_B 18.64 0.22 4.06 8.28 0.27 2.24 26.92 0.23
113+00 V_B 4.10 0.40 1.64 9.75 0.07 0.64 13.85 0.16

53+30 VEX_B 72.36 0.04 2.72 66.76 0.07 4.73 139.12 0.05

18+70 VIN_B 34.70 0.00 0.09 3.08 0.06 0.17 1.85 0.06 0.12 0.00 39.63 0.01

AVERAGE 73.04 0.12
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Temporary Water Pollution Control Plans – Segment B 
By URS Corporation































Erosion Control Plans 

Storm Water Data Report  04-Ala-84 
State Route 84 Expressway Widening Project (Final PS&E Submittal) PM 22.9/27.1 
Alameda County, California  EA 04-297601 
January 2011  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Erosion Control Plans – Segment A 
By URS Corporation 
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Erosion Control Plans – Segment B 
By URS Corporation 
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Drainage Plans – Segment A 
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Drainage Profiles and Details (AVSF Only) – Segment A
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Drainage Plans – Segment B 
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Basin Sizer for Rainfall Intensity for Water Quality Volume (Austin Sand Vault Media 
Filter) 
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Basin Sizer for Rainfall Intensity for Water Quality Volume (Austin Sand Vault Media 
Filter)  
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Austin Sand Vault Filters Dimensions 
 
ASVF BMP-13 WQV 
 WQV = Unit Basin Storage Volume (0.0475 ac-ft) multiplied times treatment area = 21,115 cubic feet



Treatment BMPs Calculations 
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ASVF BMP-14 WQV 
 WQV = Unit Basin Storage Volume (0.0475 ac-ft) multiplied times treatment area = 23,434 cubic feet

 
 
 
 
For detailed AVSF calculations, refer to the earlier section of these Supplemental 
Attachments entitled Austin Vault Sand Filter Cost Estimate. 
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Normal Depth Calculations for Channels using Manning's Equation
Biofiltration Swale at Station 53+76 to 54+59 Lt "Vex" Line 4u
Input Values
Height 1 ft
Width 5 ft Channel
LT Side Slope 4 :1 (h:v)
Rt Side Slope 4 :1 (h:v)
Mannings 0.24 X Y
Slope 0.0125 ft/ft 0 1
Design Flow 0.27 cfs 4 0

9 0
Normal Depth for Channel 13 1
Depth 0.208 ft
Area 1.22 ft2

Perimeter 6.72 ft 3.166554 0.208
Rh 0.18 ft 9.833446 0.208
V 0.22 ft/s
Q 0.27 cfs 6.666893
Goal Seek 0.00

 

WQF Calculation,  i= 0.2 in/hr

WQF= 0.27 cfs
Length of Swale= 83 feet

HRT (L/(60xV))= 6.2 minutes
Top width of swale= 13 feet

Tributary area for paved areas
37,508 sf

0.86 acre
1 C for paved areas

Tributary area for unpaved areas
35,149 sf

0.81 acre
0.6 C for unpaved areas
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Normal Depth Calculations for Channels using Manning's Equation
Biofiltration Swale at Station 53+76 to 54+59 Lt "Vex" Line 4u
Input Values
Height 1 ft
Width 5 ft Channel
LT Side Slope 4 :1 (h:v)
Rt Side Slope 4 :1 (h:v)
Mannings 0.05 X Y
Slope 0.009 ft/ft 0 1
Design Flow 4.37 cfs 4 0

9 0
Normal Depth for Channel 13 1
Depth 0.454 ft
Area 3.10 ft2

Perimeter 8.75 ft 2.182484 0.454
Rh 0.35 ft 10.81752 0.454
V 1.41 ft/s
Q 4.37 cfs
Goal Seek 0.00

 

Q25 Calculation,  i= 3.25 in/hr

Outfall Q25(cfs)= 2.80 (paved from drainage outfall)
Q25(cfs)= 1.57 (unpaved)

Length of Swale= 83 feet
Top width of swale= 13 feet

Energy head (He)= 0.49 feet
Freeboard (0.2He)= 0.10 feet

Tributary area for paved areas
37,508 sf

0.86 acre
1 C for paved areas

Tributary area for unpaved areas
35,149 sf

0.81 acre
0.6 C for unpaved areas
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Normal Depth Calculations for Channels using Manning's Equation
Biofiltration Swale at Station 105+50 to 107+00 Lt "V" Line 6u
Input Values
Height 1.4 ft
Width 5 ft Channel
LT Side Slope 2 :1 (h:v)
Rt Side Slope 4 :1 (h:v)
Mannings 0.24 X Y
Slope 0.018 ft/ft 0 1.4
Design Flow 1.03 cfs 2.8 0

7.8 0
Normal Depth for Channel 13.4 1.4
Depth 0.412 ft
Area 2.57 ft2

Perimeter 7.62 ft 1.97653 0.412
Rh 0.34 ft 9.446941 0.412
V 0.40 ft/s
Q 1.03 cfs 7.470411
Goal Seek 0.00

 

WQF Calculation,  i= 0.2 in/hr

WQF= 1.03 cfs
Length of Swale= 150 feet

HRT (L/(60xV))= 6.2 minutes
Top width of swale= 13.4 feet

Tributary area for paved areas
128,502 sf

2.95 acre
1 C for paved areas

Tributary area for unpaved areas
160,628 sf

3.69 acre
0.6 C for unpaved areas
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Normal Depth Calculations for Channels using Manning's Equation
Biofiltration Swale at Station 105+50 to 107+00 Lt "V" Line 6u
Input Values
Height 1.4 ft
Width 5 ft Channel
LT Side Slope 2 :1 (h:v)
Rt Side Slope 4 :1 (h:v)
Mannings 0.05 X Y
Slope 0.018 ft/ft 0 1.4
Design Flow 16.78 cfs 2.8 0

7.8 0
Normal Depth for Channel 13.4 1.4
Depth 0.806 ft
Area 5.98 ft2

Perimeter 10.13 ft 1.188081 0.806
Rh 0.59 ft 11.02384 0.806
V 2.81 ft/s
Q 16.78 cfs
Goal Seek 0.00

 

Q25 Calculation,  i= 3.25 in/hr

Outfall Q25(cfs)= 9.59 (paved from drainage outfall)
Q25(cfs)= 7.19 (unpaved)

Length of Swale= 150 feet
Top width of swale= 13.4 feet

Energy head (He)= 0.93 feet
Freeboard (0.2He)= 0.19 feet

Tributary area for paved areas
128,502 sf

2.95 acre
1 C for paved areas

Tributary area for unpaved areas
160,628 sf

3.69 acre
0.6 C for unpaved areas
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Normal Depth Calculations for Channels using Manning's Equation
Biofiltration Swale at Station 299+00 to 301+50 Lt "A1" Line 17b
Input Values
Height 1.4 ft
Width 8 ft Channel
LT Side Slope 2 :1 (h:v)
Rt Side Slope 4 :1 (h:v)
Mannings 0.24 X Y
Slope 0.0115 ft/ft 0 1.4
Design Flow 1.51 cfs 2.8 0

10.8 0
Normal Depth for Channel 16.4 1.4
Depth 0.455 ft
Area 4.26 ft2

Perimeter 10.89 ft 1.89 0.455
Rh 0.39 ft 12.6 0.455
V 0.36 ft/s
Q 1.51 cfs TW = 10.7
Goal Seek 0.00

 

WQF Calculation,  i= 0.2 in/hr

WQF= 1.51 cfs
Length of Swale= 250 feet

HRT (L/(60xV))= 11.7 minutes
Top width of swale= 16.4 feet

Tributary area for paved areas
135,043 sf

3.10 acre
1 C for paved areas

Tributary area for unpaved areas
324,104 sf Does not include cul-de-sac flows

7.44 acre
0.6 C for unpaved areas
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Normal Depth Calculations for Channels using Manning's Equation
Biofiltration Swale at Station 299+00 to 301+50 Lt "A1" Line 17b
Input Values
Height 1.4 ft
Width 8 ft Channel
LT Side Slope 2 :1 (h:v)
Rt Side Slope 4 :1 (h:v)
Mannings 0.05 X Y
Slope 0.013 ft/ft 0 1.4
Design Flow 32.94 cfs 2.8 0

10.8 0
Normal Depth for Channel 16.4 1.4
Depth 1.030 ft
Area 11.42 ft2

Perimeter 14.55 ft 0.740038 1.030
Rh 0.79 ft 14.91992 1.030
V 2.88 ft/s
Q 32.94 cfs
Goal Seek 0.00

 

Q25 Calculation,  i= 3.25 in/hr

Outfall Q25(cfs)= 10.08 (paved from drainage outfall)
Q25(cfs)= 22.86 (unpaved)

Length of Swale= 250 feet
Top width of swale= 16.4 feet

Energy head (He)= 1.16 feet
Freeboard (0.2He)= 0.23 feet

Tributary area for paved areas
135,043 sf

3.10 acre
1 C for paved areas

Tributary area for unpaved areas
324,104 sf

7.44 acre
0.6 C for unpaved areas

Tributary area for unpaved cul-de-sac areas
279,955 sf

6.43 acre
0.4 C for unpaved areas
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Normal Depth Calculations for Channels using Manning's Equation
Biofiltration Swale at Station 285+14 to 287+64 Rt "A1" Line 16m
Input Values
Height 1.4 ft
Width 5 ft Channel
LT Side Slope 4 :1 (h:v)
Rt Side Slope 2 :1 (h:v)
Mannings 0.24 X Y
Slope 0.019 ft/ft 0 1.4
Design Flow 0.77 cfs 5.6 0

10.6 0
Normal Depth for Channel 13.4 1.4
Depth 0.344 ft
Area 2.07 ft2

Perimeter 7.19 ft 4.225138 0.344
Rh 0.29 ft 11.28743 0.344
V 0.37 ft/s
Q 0.77 cfs TW = 7.062294
Goal Seek 0.00

 

WQF Calculation, i= 0.2 in/hr

WQF= 0.77 cfs
Length of Swale= 250 feet

HRT (L/(60xV))= 11.2 minutes
Top width of swale= 13.4 feet

Tributary area for paved areas
110,243 sf

2.53 acre
1 C for paved areas

Tributary area for unpaved areas
96,651 sf

2.22 acre
0.6 C for unpaved areas

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

0 5 10 15
Width (ft)

E
le

va
ti

o
n

 (
ft

)



 Treatment BMP Calculations 

Storm Water Data Report  04-Ala-84 
State Route 84 Expressway Widening Project (Final PS&E Submittal) PM 22.9/27.1 
Alameda County, California  EA 04-297601 
January 2011 

Normal Depth Calculations for Channels using Manning's Equation
Biofiltration Swale at Station 285+14 to 287+64 Rt "A1" Line 16m
Input Values
Height 1.4 ft
Width 5 ft Channel
LT Side Slope 4 :1 (h:v)
Rt Side Slope 2 :1 (h:v)
Mannings 0.05 X Y
Slope 0.019 ft/ft 0 1.4
Design Flow 12.55 cfs 5.6 0

10.6 0
Normal Depth for Channel 13.4 1.4
Depth 0.679 ft
Area 4.78 ft2

Perimeter 9.32 ft 2.882613 0.679
Rh 0.51 ft 11.95869 0.679
V 2.63 ft/s
Q 12.55 cfs
Goal Seek 0.00

 

Q25 Calculation, i= 3.25 in/hr

Outfall Q25(cfs)= 8.2 (paved from drainage outfall)
Q25(cfs)= 4.33 (unpaved)

Length of Swale= 250 feet
Top width of swale= 13.4 feet

Energy head (He)= 0.79 feet
Freeboard (0.2He)= 0.16 feet

Tributary area for paved areas
110,243 sf

2.53 acre
1 C for paved areas

Tributary area for unpaved areas
96,651 sf

2.22 acre
0.6 C for unpaved areas
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Normal Depth Calculations for Channels using Manning's Equation
Biofiltration Swale at Station 296+04 to 298+04 Rt "A1" Line 18i
Input Values
Height 1.4 ft
Width 5 ft Channel
LT Side Slope 4 :1 (h:v)
Rt Side Slope 2 :1 (h:v)
Mannings 0.24 X Y
Slope 0.007 ft/ft 0 1.4
Design Flow 0.32 cfs 5.6 0

10.6 0
Normal Depth for Channel 13.4 1.4
Depth 0.277 ft
Area 1.61 ft2

Perimeter 6.76 ft 4.493127 0.277
Rh 0.24 ft 11.15344 0.277
V 0.20 ft/s
Q 0.32 cfs 6.66031
Goal Seek 0.00

 

WQF Calculation, i= 0.2 in/hr

WQF= 0.32 cfs
Length of Swale= 200 feet

HRT (L/(60xV))= 16.7 minutes
Top width of swale= 13.4 feet

Tributary area for paved areas
48,720 sf

1.12 acre
1 C for paved areas

Tributary area for unpaved areas
35,377 sf

0.81 acre
0.6 C for unpaved areas

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

0 5 10 1
Width (ft)

E
le

va
ti

o
n

 (
ft

)



 Treatment BMP Calculations 

Storm Water Data Report  04-Ala-84 
State Route 84 Expressway Widening Project (Final PS&E Submittal) PM 22.9/27.1 
Alameda County, California  EA 04-297601 
January 2011 

Normal Depth Calculations for Channels using Manning's Equation
Biofiltration Swale at Station 296+04 to 298+04 Rt "A1" Line 18i
Input Values
Height 1.4 ft
Width 5 ft Channel
LT Side Slope 4 :1 (h:v)
Rt Side Slope 2 :1 (h:v)
Mannings 0.05 X Y
Slope 0.007 ft/ft 0 1.4
Design Flow 5.22 cfs 5.6 0

10.6 0
Normal Depth for Channel 13.4 1.4
Depth 0.552 ft
Area 3.67 ft2

Perimeter 8.51 ft 3.392007 0.552
Rh 0.43 ft 11.704 0.552
V 1.42 ft/s
Q 5.22 cfs
Goal Seek 0.00

 

Q25 Calculation, i= 3.25 in/hr

Outfall Q25(cfs)= 3.6 (paved from drainage outfall)
Q25(cfs)= 1.58 (unpaved)

Length of Swale= 200 feet
Top width of swale= 13.4 feet

Energy head (He)= 0.58 feet
Freeboard (0.2He)= 0.12 feet

Tributary area for paved areas
48,720 sf

1.12 acre
1 C for paved areas

Tributary area for unpaved areas
35,377 sf

0.81 acre
0.6 C for unpaved areas
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Normal Depth Calculations for Channels using Manning's Equation
Biofiltration Swale at Station 301+04 to 302+54 Rt "A1" Line 19e
Input Values
Height 1.4 ft
Width 5 ft Channel
LT Side Slope 4 :1 (h:v)
Rt Side Slope 2 :1 (h:v)
Mannings 0.24 X Y
Slope 0.007 ft/ft 0 1.4
Design Flow 0.15 cfs 5.6 0

10.6 0
Normal Depth for Channel 13.4 1.4
Depth 0.178 ft
Area 0.98 ft2

Perimeter 6.13 ft 4.889116 0.178
Rh 0.16 ft 10.95544 0.178
V 0.15 ft/s
Q 0.15 cfs 6.066326
Goal Seek 0.00

 
WQF Calculation, i= 0.2 in/hr

WQF= 0.15 cfs
Length of Swale= 150 feet

HRT (L/(60xV))= 16.3 minutes
Top width of swale= 13.4 feet

Tributary area for paved areas
22,846 sf

0.52 acre
1 C for paved areas

Tributary area for unpaved areas
16,517 sf

0.38 acre
0.6 C for unpaved areas
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Normal Depth Calculations for Channels using Manning's Equation
Biofiltration Swale at Station 301+04 to 302+54 Rt "A1" Line 19e
Input Values
Height 1.4 ft
Width 5 ft Channel
LT Side Slope 4 :1 (h:v)
Rt Side Slope 2 :1 (h:v)
Mannings 0.05 X Y
Slope 0.007 ft/ft 0 1.4
Design Flow 2.44 cfs 5.6 0

10.6 0
Normal Depth for Channel 13.4 1.4
Depth 0.360 ft
Area 2.19 ft2

Perimeter 7.29 ft 4.158869 0.360
Rh 0.30 ft 11.32057 0.360
V 1.12 ft/s
Q 2.44 cfs
Goal Seek 0.00

 

Q25 Calculation, i= 3.25 in/hr

Outfall Q25(cfs)= 1.7 (paved from drainage outfall)
Q25(cfs)= 0.74 (unpaved)

Length of Swale= 150 feet
Top width of swale= 13.4 feet

Energy head (He)= 0.38 feet
Freeboard (0.2He)= 0.08 feet

Tributary area for paved areas
22,846 sf

0.52 acre
1 C for paved areas

Tributary area for unpaved areas
16,517 sf

0.38 acre
0.6 C for unpaved areas
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Normal Depth Calculations for Channels using Manning's Equation
Biofiltration Swale at Station 306+75 to 308+25 Rt "A1" Line 20g
Input Values
Height 1.4 ft
Width 5 ft Channel
LT Side Slope 4 :1 (h:v)
Rt Side Slope 2 :1 (h:v)
Mannings 0.24 X Y
Slope 0.007 ft/ft 0 1.4
Design Flow 0.17 cfs 5.6 0

10.6 0
Normal Depth for Channel 13.4 1.4
Depth 0.192 ft
Area 1.07 ft2

Perimeter 6.22 ft 4.833855 0.192
Rh 0.17 ft 10.98307 0.192
V 0.16 ft/s
Q 0.17 cfs 6.149217
Goal Seek 0.00

 

WQF Calculation, i= 0.2 in/hr

WQF= 0.17 cfs
Length of Swale= 150 feet

HRT (L/(60xV))= 15.6 minutes
Top width of swale= 13.4 feet

Tributary area for paved areas
26,355 sf

0.61 acre
1 C for paved areas

Tributary area for unpaved areas
18,094 sf

0.42 acre
0.6 C for unpaved areas
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Construction Dewatering Considerations Memo 
 

 



 

  

 

M E M O R A N D U M    
 
 
To:  Abhijeet Bhoi 
  URS – San Jose 
  
From: Stephen Huang  
  URS – San Jose  
 
Date:  August 5, 2010 
 
Subject: Construction Dewatering Considerations 
  Route 84 Expressway Widening 
  Livermore, CA 
  Project 28649640 
 
As requested, we have identified locations where construction dewatering might be required. We 
have assumed groundwater levels encountered in nearby borings will be similar to groundwater 
levels during construction. In particular we have reviewed the groundwater and soil conditions at 
these structure locations: 
 
 Bridges 

− Arroyo Del Valle Trail Bridge 
 Abut 1 
 Bent 2 
 Abut 3 

− Arroyo Del Valle (Widen) 
 Abut 1 
 Bent 2 
 Abut 3 

− Arroyo Mocho Access Bridge 
 Abut 1 
 Abut 2 

− Arroyo Mocho (Widen) 
 Abut 1 
 Bent 2 
 Bent 3 
 Abut 4 

 Retaining Walls 
− Special 

 RW 246, 391, 400N, 400S and 403 
− Standard Walls 

 RW 109, 110, 236, 245, 314, 317, 320 and 437 
 
Our comments are included herewith. 



Abhijeet Bhoi 
March 5, 2010 
Page 2 
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BRIDGES 
It is our engineering opinion that excavations to bottom of pile cap or spread footing will be 
made in the dry (groundwater below bottom of excavation) at most bridge locations. However, 
construction dewatering is anticipated at the following locations. 
 
 Arroyo Del Valle Trail Bridge 

− Bent 2; water head of 3.5 feet; clayey sand (SC) 
 Arroyo Del Valle Widen 

− Bent 2; water head of 2 feet; clayey sand (SC) and clayey gravel (GC) 
 

Water head is defined as the difference of elevation of water level in boring at time of drilling 
minus elevation of bottom of excavation. 

RETAINING WALLS 
It is our engineering opinion that excavations to bottom of spread footings will be made in the 
dry (groundwater below bottom of excavation) at all retaining wall locations. 

ROADWAY CUTS 
The roadway cross sections indicate a maximum excavation depth (cut) on the order of 4 feet. 
The “RB” series hollow stem borings were drilled in the roadway to depths generally in the 
range of 10 to 15 feet; none of the shallow “RB” borings encountered groundwater. Therefore, in 
general construction dewatering is not anticipated for the roadway cuts. 

DEWATERING RATES 
It is difficult to estimate construction pumping rates since (1) neither laboratory permeability 
tests on soil samples nor (2) field pumping tests were within the scope of work. Nevertheless, it 
appears where heads are small (less than 5 feet) and SC, GC and CL soils were encountered, that 
pumping rates might be relatively small. Where heads are moderate (5 to 10 feet) in sands, flow 
rates may be moderate. Where heads exceed 10 feet in sands, flow rates may be high. 
 
We have performed engineering calculations to estimate the construction dewatering (pumping) 
rates at Bent 2 of both the (1) Arroyo Del Valle Trail Bridge and (2) Arroyo Del Valle Bridge 
(Widen).  These estimates were based on formula derived from empirical relationships and 
numerous assumptions; therefore, the estimates are only orders of magnitude approximation.  No 
field pumping tests have been performed at the bridge sites to measure pumping design 
parameters including, but not limited to, the hydraulic conductivity of the soil.  In addition, no 
laboratory permeability tests have been performed on soil samples from the bridge sites.  Based 
on the site soil conditions and the empirical relationships between grain sizes and permeability, 
we estimate order of magnitude pumping rates ranging from 30 to 200 gallons per minutes 
(gpm). 

OTHER GROUNDWATER CONSIDERATIONS 
CIDH piles that will extend below groundwater are planned at several bridge foundation 
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locations. Since the tremie method of installing these piles below groundwater will likely be 
used, only the displaced water will be pumped. If polymer slurry is required to stabilize the hole, 
additional water may be introduced. 
 

Seasonal fluctuations in groundwater level should be anticipated throughout the year with 
fluctuations in precipitation, evaporation and surface runoff, as well as any fluctuations in the 
level of nearby ponds and Arroyo Mocho and Arroyo Del Valle. Groundwater levels 
encountered during construction could be either higher or lower than the levels measured during 
this investigation. 
 

LIMITATIONS 
The opinions and recommendations presented in this report were developed with the standard of 
care commonly used by other professionals practicing at the same time, within the same locality 
and under the same limitations. No other warranties are included, either express or implied, as to 
the professional advice included in this report. 
 
 



FOR CONTRACT NO. 297614 

ROUTE: 04-Ala-84-25.5/27.1       11/17/2011 

DRAINAGE/HYDRAULIC INFORMATION 
 

STORM WATER INFORMATION HANDOUT 
DATED 1/2011 

  



 04-ALA-84 
 PM 22.9/25.7 
 EA 04-297601 

January 2011 

 
  

State Route 84 Expressway Widening Project – Segment A 
Alameda County, California 
EA 04-297601 
January 2011 

  

Storm Water Information Handout   

 

 
 
Prepared for: 

 

Prepared by: 
 

 

 



 04-ALA-84 
 PM 22.9/25.7 
 EA 04-297601 

January 2011 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

This page is intentionally left blank. 
 



Storm Water Information Handout   04-ALA-84 
State Route 84 Expressway Widening Project - Segment A PM 25.5/27.1 
Alameda County, California EA 04-297601 
 

January 2011  i 

Table of Contents 
1 Overview.....................................................................................................................1 

1.1 Intent of this Document ...............................................................................................1 
1.2 Summary of New Requirements ..................................................................................1 

2 General Project Information.........................................................................................2 
2.1 Location ......................................................................................................................2 
2.2 Major Engineering Features.........................................................................................3 
2.3 Receiving Water Bodies ..............................................................................................4 
2.4 Creek Crossings...........................................................................................................4 
2.5 Climate and Rainfall ....................................................................................................7 
2.6 Soils and Geology........................................................................................................7 
2.7 Hazardous Waste .......................................................................................................10 
2.8 Existing (Pre-Construction) Control Practices............................................................11 

3 Construction General Permit ......................................................................................12 
3.1 Risk Assessment ........................................................................................................12 

3.1.1 Sediment Risk ..........................................................................................................12 
3.1.2 Receiving Water Body Risk......................................................................................17 

3.2 Notice of Termination (NOT) ....................................................................................18 
4 Run-on Discharges ....................................................................................................19 
5 Project registration Documents ..................................................................................23 

5.1 General Information Included ....................................................................................24 
5.2 Storm Water Pollution Prevention Plan......................................................................24 
5.3 Notice of Intent (NOI) ...............................................................................................24 
5.4 Site Maps...................................................................................................................25 

 
 

Figures 
Figure 1. Vicinity Map ................................................................................................................3 
Figure 2. Creek Crossings ...........................................................................................................6 
Figure 3. Rainfall Data ................................................................................................................8 
Figure 4. Soil Map ......................................................................................................................9 
Figure 5. Hydrologic Soil Group ...............................................................................................10 
Figure 6. Rainfall Erosivity Factor (R) ......................................................................................13 
Figure 7. K Factor Soil Map......................................................................................................14 
Figure 8. Soil erodibility factor (K) based on soil map...............................................................15 
Figure 9. Sediment Risk Factor Worksheet................................................................................17 
Figure 10. Receiving Water Risk Worksheet .............................................................................18 
Figure 11. Combined Risk Level Matrix....................................................................................18 
 
 

Tables 
Table 1. Project Location by Segment .........................................................................................2 
Table 3. Sediment Risk Factor...................................................................................................13 
Table 4. LS Factor Calculations ................................................................................................16 
Table 5. LS Factor Table ...........................................................................................................16 



Storm Water Information Handout   04-ALA-84 
State Route 84 Expressway Widening Project - Segment A PM 25.5/27.1 
Alameda County, California EA 04-297601 
 

January 2011  ii 

Table 10. Run-On Discharge Calculations.................................................................................19 
 
 

Appendices 
Appendix A Notice of Intent (NOI) 
Appendix B Layout Plans 
Appendix C Drainage Plans 
Appendix D Sampling Plan 
Appendix E Off-Site Watershed Map 
 



Storm Water Information Handout   04-ALA-84 
State Route 84 Expressway Widening Project - Segment A PM 25.5/27.1 
Alameda County, California EA 04-297601 
 

January 2011  iii 

 
Disclaimer 
 
A “Disclaimer” is required specifying that the information provided in the Storm Water 
Information Handout is just a guideline and is to be used for information purposes only and 
should not be considered a sole source document to adhere to the requirements of the new 
National Pollutant Discharge Elimination System (NPDES) Construction General Permit (CGP), 
Number CAS000002, adopted on September 2, 2009. The contractor is required to provide water 
quality monitoring, sampling and implement best management practices (BMPs) based on 
standard industry operations, field conditions and conditions encountered based on the 
contractor’s means and methods. The information in this handout is not to be construed in any 
way as a waiver of the provisions in the CGP.  Bidders and contractors are cautioned to make 
independent investigations and examinations as they deem necessary to satisfy the conditions 
encountered in performance of work, with respect to the following:  sampling and monitoring 
locations, distribution of watershed areas for sizing of BMPs, and selection of BMPs in order to 
conform to the requirement of the contract documents and the CGP. 
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1 OVERVIEW  

1.1 Intent of this Document 
The objectives of this Water Quality Information Handout are: to summarize general water 
quality information of the Project; to summarize updated requirements per the new Construction 
General Permit (CGP) adopted on September 2, 2009; to provide general guidelines for 
contractors to bid on the project; to aid in developing the Storm Water Pollution Prevention Plan 
(SWPPP) of the project; and to highlight information necessary to file Project Registration 
Documents (PRDs) to the State Water Resources Control Board via the Stormwater Multi 
Application Reporting and Tracking System (SMARTS) and file the Notice of Intent at the start 
of construction. 

1.2 Summary of New Requirements 
A new CGP was adopted on September 2, 2009 and has been effective starting July 1, 2010.  
This revised “National Pollutant Discharge Elimination System (NPDES) General Permit for 
Storm Water Discharges Associated with Construction and Land Disturbance Activities” 
(NPDES Number CAS000002) regulates discharges from construction activities within the 
Project area. 
 
The new CGP is based on a risk level (RL) permitting approach.  There are three levels of risk, 
with RL 3 being the highest. The RL is calculated by 1) project sediment risk, and 2) receiving 
water risk.   
 
Risk Level 1 projects will be subject to minimum best management practice (BMP) 
implementation and visual monitoring requirements.  Risk Level 2 projects will be subject to 
Numeric Action Levels (NALs) and some additional monitoring requirements.  Risk Level 3 
projects will be subject to Numeric Effluent Limitations (NELs) and more rigorous monitoring 
requirements such as receiving water monitoring and, in some cases, bioassessments.  All 
projects will have to upload storm water data into SMARTS, such as Notices of Intent (NOIs), 
SWPPPs, annual reports, and monitoring data, as applicable. 
 
A risk assessment was done for the State Route 84 Expressway Widening Project (Project), 
and based on a number of factors set forth in the CGP, it was determined to be Risk Level 2. See 
the risk assessment calculations in Section 3 of this document for details. 
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2 GENERAL PROJECT INFORMATION 
This section summarizes the Project location, features, site information, and site impacts.  

2.1 Location 
The Project is one segment of a larger project located along State Route 84 (SR 84)/Isabel 
Avenue in Alameda County, between the cities of Livermore and Pleasanton. The Project has 
been split into two segments for construction according to the table below. This document 
concerns Segment A. 
 
Table 1. Project Location by Segment 

 Start Location End Location 

 PM Description PM Description 

Segment A 25.5 
0.4 mi. north of Concannon 

Blvd 
27.1 

Intersection with Jack 
London Blvd 

Segment B 22.9 
0.1 mi. south of Ruby Hill 

Drive 
25.7 

0.6 mi. north of Concannon 
Blvd 

 
 



Storm Water Information Handout   04-ALA-84 
State Route 84 Expressway Widening Project - Segment A PM 25.5/27.1 
Alameda County, California EA 04-297601 
 

January 2011  3 

 
Figure 1. Vicinity Map 
Source: USGS 

2.2 Major Engineering Features 
The Project proposes to widen and upgrade SR 84. The widening would: 1) improve the route as 
a regional connection between State Routes 680 (SR 680) and 580 (SR 580); 2) improve the 
local traffic circulation; 3) upgrade the route to expressway standards; and 4) improve pedestrian 
and bicycle access.   
 
SR 84 would be widened to four lanes between Ruby Hill Drive and Stanley Boulevard, and to 
six lanes between Stanley Boulevard and Jack London Boulevard.  The widening would 
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generally conform to the existing roadway alignment.  Improvements would include: 1) the 
widening of the Arroyo del Valle and Arroyo Mocho Bridges; 2) the widening and upgrading of 
signalized intersections at Ruby Hill Drive, Vallecitos Road, Vineyard Avenue, Concannon 
Boulevard, Discovery Drive and Jack London Boulevard; 3) relocating existing private driveway 
access to signalized intersections on SR 84; and 4) constructing new bridge crossings at Arroyo 
Mocho and Arroyo del Valle for private and recreational access.  
 
The roadway cross section would consist of 12-ft wide traveled lanes and 10-ft wide shoulders, 
divided by a concrete median barrier. Where practical, side slopes would be 4:1 (H:V) or flatter 
to provide a Clear Recovery Zone (CRZ) for errant vehicles.  Outside the CRZ, side slopes 
would be 2:1 (H:V) or flatter.  The roadway median at intersections would be widened up to 36 
ft to accommodate left-turn lanes.   

2.3 Receiving Water Bodies 
The Project falls under the jurisdiction of the San Francisco Bay Regional Water Quality Control 
Board (SFBRWQCB). It is located in the Alameda Creek Hydrologic Area (Sub-Area number 
204.30) of the San Francisco Bay Region’s South Bay Hydrologic Unit.  
 
Generally, Segment A runoff discharges to Arroyo Mocho and Arroyo Las Positas, which is 0.3 
mi away from the northern Project limit and is a tributary of Arroyo Mocho. Storm water flows 
from Arroyo Mocho throughout the year, eventually discharging into Arroyo de la Laguna 
(which is approximately 9 mi from the Project limits). 
 
The State Water Resources Control Board’s (SWRCB) Water Quality Control Plan for the 
RWQCB Region 2 (SWRCB, 2007), also called the Basin Plan, lists the existing beneficial uses 
of Arroyo de la Laguna, including uses that generally apply to its tributary streams: 
• Groundwater Recharge (GWR) 
• Migration of Aquatic Organisms (MIGR) 
• Non-contact Water Recreation (REC-2) 
• Spawning, Reproduction, and/or Early Development (SPWN) 
• Water Contact Recreation (REC-1) 
• Wildlife Habitat (WILD) 
 

The potentially beneficial uses of the Arroyo de la Laguna include: 
• Cold Freshwater Habitat (COLD) 
• Warm Freshwater Habitat (WARM) 
 

The Basin Plan does not list any beneficial uses for Arroyo Mocho and Arroyo Las Positas. 

2.4 Creek Crossings 
There is one major creek crossing in Segment A. Arroyo Mocho crosses SR 84 underneath a 
bridge between Stanley Boulevard and Discovery Drive, between Sta “A3” 413+90 to Sta “A3” 
415+15. The bridges would be widened as part of this Project. Arroyo Las Positas, which locates 
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approximately 0.5 mile north of the Project limit, is also a receiving water body for the Project 
but does not cross SR 84. The locations of these creeks are shown in Figure 2 
 
One new trail bridge and one access bridge would be constructed also as part of the Project. The 
trail bridge at Arroyo Del Valle would be located 19 ft upstream of the proposed SR 84/Arroyo 
Del Valle bridge; and the access bridge at Arroyo Mocho would be located approximately 64 ft 
downstream of the proposed SR 84/Arroyo Mocho bridge. Both bridges would be located outside 
of Caltrans’ R/W. Detailed hydrologic and hydraulic analysis for the bridges proposed for the 
Project are discussed in the Final Bridge Design Hydraulic Study Report (WRECO, 2009). 
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Figure 2. Creek Crossings 
Source: URS 
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2.5 Climate and Rainfall 
According to weather station data from the National Oceanic and Atmospheric Administration 
(NOAA), the Project area has an average of 36 rainy days (≥ 0.1 in.) per year; the Project areas 
has an average of 9 days per year that  receive at least 0.5 inches of precipitation. See Figure 3 
for a table of NOAA precipitation data for the Project site. 
 
Rainfall events are used for Rain Event Action Plans (REAPs), sampling, and monitoring.. 

2.6 Soils and Geology 
The general description of the subsurface soils within the Project is described by the geotechnical 
report as consisting of a few feet of fill overlying alluvium. The fill is made up of locally derived 
silt, sand and clay with gravel and occasionally contains asphalt-concrete fragments. The 
alluvium consists of complexly interbedded sand, silt and clay with gravel and extensive channel 
deposits of silty gravel, clayey gravel, and poorly graded sand/gravel mixtures (AGS, 2006). 
 
North of Arroyo Del Valle the fine grained soils were generally stiff to hard, with occasional 
softness, and the coarse grained soils were typically medium dense, to very dense. Cobble and 
boulders were also identified (AGS, 2006). The Web Soil Survey, created by the Natural 
Resources Conservation Service, is an online program used to identify general soil information 
of a given area. Using this tool, soils within the Project were identified as being within 
Hydrologic Soil Groups (HSG) for A, B, or D (see Figure 5). Soils classified as HSG A or HSG 
B have a higher chance of promoting infiltration. See the soil map in Figure 4. 
 
The soil-erodibility factor (K factor) for this Project is 0.2. Refer to Section 3 of this document 
for more information about K factor. 
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Figure 3. Rainfall Data 
Source: NOAA 
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Figure 4. Soil Map 
Source: USDA NRCS Web Soil Survey 
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Figure 5. Hydrologic Soil Group 
Source: USDA NRCS Web Soil Survey 

2.7 Hazardous Waste 
The Initial Site Assessment (ISA), prepared for the Project by BASELINE Environmental 
Consulting in December 2005, identifies areas of potential concern due to the presence of 
hazardous materials.  The potential sources of contamination included: agriculture, chemical 
residue, Aerially Deposited Lead (ADL) from vehicle exhaust, and the dumping of household 
refuse near the intersection of Isabel Avenue and Jack London Boulevard.  The ISA states that, 
while there may be residue from a remediated site at 1901 Isabel Avenue (between Concannon 
Boulevard and Vineyard Avenue), none of the other reported releases would be likely to affect 
Project development. 
 
A soil and groundwater investigation was conducted in April 2008. The conclusion mentions that 
the soils in the Project area would be considered non-hazardous; in addition, the hazardous issues 
mentioned in the 2005 ISA are dated to have existed before completion of several recent projects 
in the area.  
 
The ISA suggests excavation activities may uncover soils within the alignment that could be 
potentially classified as hazardous waste, depending on the total or soluble lead content in the 
soils.  These contaminated lead soils within Caltrans’ R/W are known as ADL.  However, the 
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soil and groundwater investigation conducted in April 2008 did not find any presence of ADL 
above the Total Threshold Limit Concentration (TTLC) and STLC threshold. In addition, most 
of the Project area has been reconstructed after 1993, and no ADL has been found in the Project 
area by earlier projects. Therefore, there are no special handling instructions for ADL, and the 
ADL variance would not be invoked for this Project. 

2.8 Existing (Pre-Construction) Control Practices 
There are no existing BMPs in Segment A.  
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3 CONSTRUCTION GENERAL PERMIT 
To minimize the potential effects of construction runoff on the quality of the receiving water 
bodies, any construction activity affecting one acre or more must obtain coverage under the 
CGP.  Permit applicants are required to prepare a SWPPP and implement BMPs to reduce 
construction effects on receiving water quality.  The CGP risk assessment is for the project as a 
whole. 

3.1 Risk Assessment 
The new CGP requirements include a risk assessment to determine the Project’s impact risk to 
receiving water bodies. The risk assessment uses measurements of the Project’s potential 
sediment risk and the sensitivity of the receiving water bodies to sediment to determine the risk 
level of the Project. Risk was assessed as an average for the entire Project, including both 
segments in the calculations. This Project has a Medium Site Sediment Risk Factor and a Low 
Receiving Water Risk Factor; the combined risk is Level 2.  The risk factors are detailed in the 
following sections. 

3.1.1 Sediment Risk 
The sediment risk is based on the following equation from the adopted NPDES permit “Fact 
Sheet” (Section J.1.a pg. 28): 
 
Equation 1. Sediment Risk Equation 
A = (R)(K)(LS)(C)(P) 
 
Where: 
 
R = Runoff erosivity factor  
K = Soil erodibility factor 
LS = Length-slope 
C = Cover 
P = Management operations and support practices 
A = Rate of sheet and rill erosion (tons per acre) 
 
The rainfall runoff erosivity factor (R) of 79.68 was determined from the United States 
Environmental Protection Agency (EPA) “Rainfall Erosivity Factor Calculator for Small 
Construction Sites.” 
 
The soil erodibility factor (K) of 0.2 was determined from the United States Department of 
Agriculture Natural Resources Conservation Services “Web Soil Survey.” 
 
The length-slope factor (LS) of 1.51 was determined by examining the original grade delineated 
on the Typical Cross Sections included in the Contract Project Plans.   
 
The cover factor (C) and management operations and support practices (P) are given values of 
1.0 by the adopted NPDES permit to simulate bare ground conditions. 
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Based on these factors, the rate of sheet and rill erosion (A) is 24.06 tons per acre. 
 
Table 2. Sediment Risk Factor 

R Factor Rainfall runoff erosivity 79.68 

K Factor Soil erodibility 0.2 

LS Factor Length-slope 1.51 

RxKxLS Watershed Erosion Estimate 
24.06  

tons/acre 

Site Sediment 
Risk Factor 

Low Sediment Risk: < 15 tons/acre 
Medium Sediment Risk: >=15 and <75 

High Sediment Risk: >= 75 
MEDIUM 

 
 

 
Figure 6. Rainfall Erosivity Factor (R)  
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Figure 7. K Factor Soil Map 



Storm Water Information Handout   04-ALA-84 
State Route 84 Expressway Widening Project - Segment A PM 25.5/27.1 
Alameda County, California EA 04-297601 
 

January 2011  15 

 
Figure 8. Soil erodibility factor (K) based on soil map 
 



Storm Water Information Handout                  04-ALA-84 
State Route 84 Expressway Widening Project - Segment A – Segment A                PM 25.5/27.1 
Alameda County, California                EA 04-297601 
 

January 2011                  16 

Table 3. LS Factor Calculations 
Station Line Length - L Slope - S L x S Length - L Slope - S L x S Length - L Slope - S L x S Length - L Slope - S L x S Length - L Slope - S L x S Length - L Slope - S L x S Length - L Slope - S L x S Total L Avg S

(ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft)
227+00 A1 4.24 0.16 0.67 2.45 0.06 0.14 1.58 0.57 0.91 4.86 0.41 2.00 9.60 0.21 2.00 22.73 0.25
237+00 A1 24.85 0.07 1.62 30.04 0.45 13.50 13.87 0.04 0.62 14.24 0.08 1.08 83.00 0.20
247+00 A1 46.79 0.32 14.88 10.06 0.03 0.27 40.85 0.07 2.95 97.70 0.19
257+00 A1 25.56 0.39 10.00 14.25 0.10 1.43 56.50 0.02 1.30 9.70 0.03 0.33 34.14 0.39 13.20 14.05 0.04 0.50 154.19 0.17
267+00 A1 8.80 0.23 2.04 12.83 0.02 0.25 22.85 0.04 1.01 44.47 0.07
277+00 A1 3.98 0.00 0.01 33.17 0.04 1.44 4.54 0.33 1.51 41.69 0.07
287+00 A1 4.46 0.04 0.19 4.59 0.30 1.38 4.22 0.28 1.18 16.65 0.01 0.09 21.51 0.01 0.24 4.34 0.04 0.17 3.17 0.19 0.60 58.94 0.07
297+00 A1 3.83 0.01 0.03 6.09 0.08 0.46 11.00 0.01 0.13 30.02 0.02 0.69 50.94 0.03
307+00 A1 7.56 0.02 0.14 12.23 0.09 1.12 4.24 0.07 0.28 8.46 0.18 1.51 31.05 0.02 0.65 63.54 0.06
317+00 A1 10.19 0.37 3.80 18.80 0.21 3.89 8.20 0.47 3.87 18.39 0.03 0.60 55.58 0.22
327+00 A1 28.59 0.00 0.00 14.12 0.23 3.19 15.41 0.25 3.86 41.33 0.00 0.14 99.45 0.07
337+00 A1 30.54 0.01 0.32 13.03 0.16 2.10 17.31 0.60 10.33 16.44 0.02 0.25 4.43 0.09 0.40 6.15 0.27 1.64 6.75 0.08 0.51 94.65 0.16
345+00 A1 49.26 0.08 3.75 33.33 0.02 0.60 82.59 0.05

364+00 A2_A 7.65 0.00 0.00 11.21 0.03 0.33 0.00 0.00 18.86 0.02
374+00 A2_A 13.40 0.00 0.00 2.89 0.17 0.49 1.75 0.00 0.00 2.77 0.24 0.66 20.81 0.06
384+00 A2_A 17.61 0.03 0.61 17.61 0.03
392+00 A2_A 36.30 0.20 7.26 18.31 -0.01 -0.22 54.61 0.13
393+00 A2_A 5.75 0.02 0.12 4.15 0.21 0.89 9.90 0.10

346+00 A2_B 8.51 0.00 0.01 4.16 0.06 0.25 12.67 0.02
356+00 A2_B 6.52 0.02 0.10 6.79 0.20 1.39 8.96 0.08 0.69 22.27 0.10
366+00 A2_B 4.40 0.09 0.40 14.20 0.01 0.08 18.60 0.03

395+00 A3_A 6.58 0.60 3.97 23.55 0.42 9.87 24.41 0.11 2.74 33.05 0.02 0.69 87.59 0.20
405+00 A3_A 13.82 0.03 0.47 10.39 0.04 0.46 0.00 0.00 24.21 0.04
413+50 A3_A 29.10 0.00 0.03 12.73 0.21 2.70 40.48 0.01 0.25 3.06 0.04 0.12 8.14 0.03 0.25 93.51 0.04
423+00 A3_A 5.29 0.06 0.32 13.25 0.01 0.11 18.54 0.02
433+00 A3_A 21.89 0.01 0.13 21.89 0.01
443+00 A3_A 20.80 0.02 0.48 20.80 0.02

122+00 AC1_A 15.69 0.00 0.07 15.69 0.00
133+00 AC1_A 3.99 0.03 0.13 24.49 0.12 3.06 5.43 0.29 1.57 11.55 0.46 5.31 45.46 0.22
143+00 AC1_A 29.75 0.02 0.48 10.36 0.30 3.15 6.39 0.55 3.53 46.50 0.15
153+00 AC1_A 9.24 0.02 0.16 16.71 0.32 5.35 17.56 0.65 11.49 26.56 0.49 12.99 14.39 0.02 0.27 84.46 0.36
162+00 AC1_A 10.87 0.02 0.17 7.15 0.23 1.68 16.12 0.47 7.58 0.00 34.14 0.28

95+00 ST_A 50.51 0.01 0.41 16.48 0.08 1.35 7.95 0.33 2.62 14.57 0.49 7.14 10.62 0.48 5.05 4.51 0.22 1.00 40.41 0.02 0.64 145.05 0.13

103+00 V_B 18.64 0.22 4.06 8.28 0.27 2.24 26.92 0.23
113+00 V_B 4.10 0.40 1.64 9.75 0.07 0.64 13.85 0.16

53+30 VEX_B 72.36 0.04 2.72 66.76 0.07 4.73 139.12 0.05

18+70 VIN_B 34.70 0.00 0.09 3.08 0.06 0.17 1.85 0.06 0.12 0.00 39.63 0.01

AVERAGE 73.04 0.12  
 
Table 4. LS Factor Table 

L / Slope 12%
50 1.15
73 1.5088
75 1.54
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3.1.2 Receiving Water Body Risk 
The receiving water risk is classified as Low because none of the receiving water bodies is on 
the 303(d) List as impaired for sediment; additionally, none of the receiving water bodies has the 
beneficial uses of SPWN, COLD and MIGR. 
 

1

2

3

4

5

6

7

8

9

10

11

12

13
14

15

16
17
18
19
20

A B C

Entry

79.68

0.2

1.51

Watershed Erosion Estimate (=RxKxLS) in tons/acre

Site Sediment Risk Factor
Low Sediment Risk: < 15 tons/acre

Medium Sediment Risk:  >=15 and <75 tons/acre
High Sediment Risk:  >= 75 tons/acre

Sediment Risk Factor Worksheet

A) R Factor

R Factor Value

B) K Factor (weighted average, by area, for all site soils)

Analyses of data indicated that when factors other than rainfall are held constant, soil loss is directly proportional to a 
rainfall factor composed of total storm kinetic energy (E) times the maximum 30-min intensity (I30) (Wischmeier and 
Smith, 1958). The numerical value of R is the average annual sum of EI30 for storm events during a rainfall record of at 
least 22 years. "Isoerodent" maps were developed based on R values calculated for more than 1000 locations in the 
Western U.S. Refer to the link below to determine the R factor for the project site.

http://cfpub.epa.gov/npdes/stormwater/LEW/lewCalculator.cfm

K Factor Value

LS Factor Value

Medium

C) LS Factor (weighted average, by area, for all slopes)

The soil-erodibility factor K represents: (1) susceptibility of soil or surface material to erosion, (2) transportability of the 
sediment, and (3) the amount and rate of runoff given a particular rainfall input, as measured under a standard 
condition. Fine-textured soils that are high in clay have low K values (about 0.05 to 0.15) because the particles are 
resistant to detachment. Coarse-textured soils, such as sandy soils, also have low K values (about 0.05 to 0.2) because 
of high infiltration resulting in low runoff even though these particles are easily detached. Medium-textured soils, such 
as a silt loam, have moderate K values (about 0.25 to 0.45) because they are moderately susceptible to particle 
detachment and they produce runoff at moderate rates. Soils having a high silt content are especially susceptible to 
erosion and have high K values, which can exceed 0.45 and can be as large as 0.65. Silt-size particles are easily 
detached and tend to crust, producing high rates and large volumes of runoff. Use Site-specific data must be submitted.

The effect of topography on erosion is accounted for by the LS factor, which combines the effects of a hillslope-length 
factor, L, and a hillslope-gradient factor, S. Generally speaking, as hillslope length and/or hillslope gradient increase, 
soil loss increases. As hillslope length increases, total soil loss and soil loss per unit area increase due to the 
progressive accumulation of runoff in the downslope direction. As the hillslope gradient increases, the velocity and 
erosivity of runoff increases. Use the LS table located in separate tab of this spreadsheet to determine LS factors. 
Estimate the weighted LS for the site prior to construction. 

24.06336

Site-specific K factor guidance

LS Table

 
Figure 9. Sediment Risk Factor Worksheet 
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Receiving Water (RW) Risk Factor Worksheet Entry Score

A. Watershed Characteristics yes/no

A.1. Does the disturbed area discharge (either directly or indirectly) to a 303(d)-listed 
waterbody impaired by sediment?  For help with impaired waterbodies please check the 
attached worksheet or visit the link below:

2006 Approved Sediment-impared WBs Worksheet

http://www.waterboards.ca.gov/water_issues/programs/tmdl/303d_lists2006_epa.shtml

OR
A.2. Does the disturbed area discharge to a waterbody with designated beneficial uses of 
SPAWN & COLD & MIGRATORY?

http://www.ice.ucdavis.edu/geowbs/asp/wbquse.asp 

No Low

 
Figure 10. Receiving Water Risk Worksheet 
 
 

Low Medium High

Low Level 1

High Level 3

Project Sediment Risk: Medium 2

Project RW Risk: Low 1

Project Combined Risk: Level 2

Combined Risk Level Matrix

Sediment Risk

R
e
ce

iv
in

g 
W

at
er

 
R

is
k Level 2

Level 2

 
Figure 11. Combined Risk Level Matrix 

3.2 Notice of Termination (NOT) 
The CGP provides both revised and new requirements for completion and approval of the NOT. 
The NOT requirements are presented in Section II.D of the new CGP permit “Order.”  These 
requirements include demonstrating through photos, computational proof or other “custom 
methods,” such as results of testing and analysis, that the terms of the NOT have been satisfied. 
 
While these methods of demonstrating compliance are at the option of the contractor, should the 
RWQCB determine that the visual photos do not adequately show compliance, further 
computational efforts may be required. This computational proof is obtained through the use of 
the Revised Universal Soil Loss Equation 2 (RUSLE2) program.  
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4 RUN-ON DISCHARGES 
The calculations are based on a rainfall intensity for a 2-year, 24-hour event. The calculations 
use the watershed delineations created with Microstation software. Off-site watershed plans are 
included in Appendix H. These discharge calculations are used to design storm water BMPs 
during construction. Figure 10 shows the calculations based on the equation below. 
 
Equation 1. Run-on Discharge Equation 

Q = CiA 
Where: 

C = Area Runoff Coefficient 
i = Area Rainfall Intensity (in/hr) 
A = Drainage Area (ac) 

And: 
Q = Site Area Run-on Discharge (cfs) 
i = 1.471 in/hr 

 
Table 5. Run-On Discharge Calculations 
Watershed 1: 2.535 ac

Area C Intensity C*A Weighted C Q=CiA
(ac) (in/hr) (cfs)

0.14 0.60 0.084 0.087
0.15 0.60 0.084 0.090
0.32 0.60 0.084 0.191
0.04 0.60 0.084 0.026
0.04 0.60 0.084 0.025
0.02 0.60 0.084 0.011
0.05 0.60 0.084 0.028
0.20 0.60 0.084 0.120
0.02 0.60 0.084 0.012
0.03 0.60 0.084 0.018
0.05 0.60 0.084 0.031
0.13 0.60 0.084 0.080
0.04 0.60 0.084 0.027
0.02 0.60 0.084 0.010
0.05 0.60 0.084 0.028
0.02 0.60 0.084 0.014
0.06 0.60 0.084 0.035
0.06 0.60 0.084 0.038
0.35 0.60 0.084 0.212
0.03 0.60 0.084 0.017
0.06 0.60 0.084 0.034
0.38 0.60 0.084 0.226
0.27 0.60 0.084 0.162
0.00 0.60 0.084 0.000
0.00 0.60 0.084 0.000
0.00 0.60 0.084 0.000
2.54 1.521 0.60 0.127782  
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Watershed 2: 5.090 ac

Area C Intensity C*A Weighted C Q=CiA
(ac) (in/hr) (cfs)

0.44 0.60 0.084 0.261
0.44 0.60 0.084 0.265
0.23 0.60 0.084 0.138
0.30 0.60 0.084 0.180
0.30 0.60 0.084 0.181
0.58 0.60 0.084 0.345
0.08 0.60 0.084 0.049
0.08 0.60 0.084 0.050
0.13 0.60 0.084 0.076
0.78 0.60 0.084 0.469
0.03 0.60 0.084 0.015
0.12 0.60 0.084 0.074
0.11 0.60 0.084 0.064
0.38 0.60 0.084 0.230
0.38 0.60 0.084 0.226
0.44 0.60 0.084 0.263
0.26 0.60 0.084 0.157
0.02 0.60 0.084 0.009
0.00 0.60 0.084 0.000
0.00 0.60 0.084 0.000
0.00 0.60 0.084 0.000
5.09 3.054 0.60 0.256517  
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Watershed 3: 1.257 ac
Area C Intensity C*A Weighted C Q=CiA
(ac) (in/hr) (cfs)

0.13 0.60 0.084 0.079
0.06 0.60 0.084 0.038
0.04 0.60 0.084 0.023
0.03 0.60 0.084 0.017
0.02 0.60 0.084 0.012
0.01 0.60 0.084 0.007
0.10 0.60 0.084 0.058
0.04 0.60 0.084 0.023
0.02 0.60 0.084 0.011
0.02 0.60 0.084 0.013
0.09 0.60 0.084 0.052
0.07 0.60 0.084 0.044
0.03 0.60 0.084 0.019
0.04 0.60 0.084 0.021
0.03 0.60 0.084 0.017
0.13 0.60 0.084 0.080
0.09 0.60 0.084 0.052
0.08 0.60 0.084 0.051
0.07 0.60 0.084 0.043
0.12 0.60 0.084 0.069
0.04 0.60 0.084 0.024
0.00 0.60 0.084 0.000
1.26 0.754 0.60 0.063337  

 
Watershed 4: 4.959 ac

Area C Intensity C*A Weighted C Q=CiA
(ac) (in/hr) (cfs)

0.00 0.60 0.084 0.002
0.01 0.60 0.084 0.005
0.00 0.60 0.084 0.001
0.00 0.60 0.084 0.003
0.18 0.60 0.084 0.109
3.41 0.60 0.084 2.047
0.02 0.60 0.084 0.009
0.02 0.60 0.084 0.015
0.06 0.60 0.084 0.037
0.18 0.60 0.084 0.108
0.25 0.60 0.084 0.152
0.18 0.60 0.084 0.108
0.21 0.60 0.084 0.128
0.04 0.60 0.084 0.027
0.13 0.60 0.084 0.081
0.03 0.60 0.084 0.019
0.08 0.60 0.084 0.051
0.12 0.60 0.084 0.074
0.00 0.60 0.084 0.000
4.96 2.976 0.60 0.249943  
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Watershed 5: 2.112 ac
Area C Intensity C*A Weighted C Q=CiA
(ac) (in/hr) (cfs)

0.54 0.60 0.084 0.326
0.10 0.60 0.084 0.058
0.28 0.60 0.084 0.167
0.19 0.60 0.084 0.112
0.02 0.60 0.084 0.011
0.27 0.60 0.084 0.162
0.08 0.60 0.084 0.048
0.07 0.60 0.084 0.039
0.18 0.60 0.084 0.109
0.37 0.60 0.084 0.221
0.03 0.60 0.084 0.016
0.00 0.60 0.084 0.000
0.00 0.60 0.084 0.000
2.11 1.267 0.60 0.106451  

 
Watershed 6: 1.915 ac

Area C Intensity C*A Weighted C Q=CiA
(ac) (in/hr) (cfs)

0.27 0.60 0.084 0.162
0.08 0.60 0.084 0.048
0.07 0.60 0.084 0.039
0.18 0.60 0.084 0.109
0.37 0.60 0.084 0.221
0.03 0.60 0.084 0.016
0.22 0.60 0.084 0.132
0.15 0.60 0.084 0.093
0.07 0.60 0.084 0.042
0.12 0.60 0.084 0.071
0.07 0.60 0.084 0.042
0.02 0.60 0.084 0.014
0.13 0.60 0.084 0.078
0.08 0.60 0.084 0.047
0.02 0.60 0.084 0.010
0.01 0.60 0.084 0.007
0.02 0.60 0.084 0.010
0.00 0.60 0.084 0.002
0.01 0.60 0.084 0.007
0.00 0.60 0.084 0.000
1.91 1.149 0.60 0.096505  

 
Total Watershed Area (ac) 17.868
Total Flow (cfs) 0.901  
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5 PROJECT REGISTRATION DOCUMENTS 
To obtain permit coverage under the CGP, all dischargers must electronically file PRDs, NOTs, 
changes of information, sampling and monitoring information, annual reporting, and other 
compliance documents required by this CGP through the SWRCB’s SMARTS.  The contractor 
will have to coordinate these submittals with Caltrans within the timeframe allotted in the 
contract special provisions and as specified in the permit.   SMARTS is found under the 
following website:   
 
https://smarts.waterboards.ca.gov/smarts/faces/SwSmartsLogin.jsp  
 
PRDs include the following information: 
 

1. Notice of Intent (NOI) 
2. Site Map(s) Includes: 

a. The project’s surrounding area (vicinity) 
b. Site layout 
c. Construction site boundaries 
d. Drainage areas 
e. Discharge locations 
f. Sampling locations 
g. Areas of soil disturbance (temporary or permanent) 
h. Active areas of soil disturbance (cut or fill) 
i. Locations of all runoff BMPs 
j. Locations of all erosion control BMPs 
k. Locations of all sediment control BMPs 
l. Active Treatment System (ATS) location (if applicable) 
m. Locations of sensitive habitats, watercourses, or other features which are not to be 

disturbed 
n. Locations of all post-construction BMPs 
o. Locations of storage areas for waste, vehicles, service, loading/unloading of 

materials, access (entrance/exits) points to construction site, fueling and water 
storage, water transfer for dust control and compaction practices 

 
3. SWPPPs 
 
4. Risk Assessment 

a. The Standard Risk Assessment includes utilization of the following: 
i. Receiving water Risk Assessment interactive map 
ii.  EPA Rainfall Erosivity Factor Calculator Website 
iii.  Sediment Risk interactive map 
iv. Sediment sensitive water bodies list 

b. The Site-Specific Risk Assessment includes the completion of the hand 
calculated R value Risk Calculator 
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5. ATS Design Document and Certification 
a. All dischargers using ATS must submit electronically their system design (as well 

as any supporting documentation) and proof that the system was designed by a 
qualified ATS design professional (See Attachment F) 

5.1 General Information Included  
The following is a list of information included in this Storm Water Information Handout that can 
be used for the PRDs: 

• Vicinity Map 
• Risk Assessment   

 

5.2 Storm Water Pollution Prevention Plan 
The contractor for the Project is required to prepare a SWPPP because the Project involves 
disturbing more than 1 ac of soil.  The SWPPP must include the following information: 
 

o Active areas of cut and fill  
o Areas of soil disturbance (temporary and permanent)  
o Locations of storage areas for waste, vehicles, access, etc. 
o Locations of all runoff BMPs 
o Locations of all erosion control BMPs 
o Locations of all sediment control BMPs 

 
The SWPPP should be submitted with the PRDs and will be forthcoming from the Contractor. 

5.3 Notice of Intent (NOI) 
The NOI must be submitted once the contractor submits the SWPPP.  A draft of the NOI is 
included in Appendix A.   
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5.4 Site Maps 
Registration requirements can be met by the inclusion of the following plans, which can be found 
in the appendices. 
 

• Layout Plans (Appendix B) 
o Site layout with construction boundaries  
o ESA locations 
 

• Drainage Plans (Appendix C) 
o Drainage areas 
 

• Sampling Plan (Appendix D) 
o Discharge Locations (Subject to changes by the Contractor and approved by 

the Engineer) 
o Sampling locations (Subject to changes by the Contractor and approved by the 

Engineer) 
 

• Off-site Watershed Map (Appendix E) 
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Appendix A Notice of Intent (NOI) 
 



 

Page 1 

Attachment 2 
State Water Resources Control Board 

NOTICE OF INTENT 
TO COMPLY WITH THE TERMS OF THE 

GENERAL PERMIT TO DISCHARGE STORM WATER 
  ASSOCIATED WITH CONSTRUCTION ACTIVITY (WQ ORDER No. 99-08-DWQ) 

 
  I.  NOI STATUS (SEE INSTRUCTIONS) 

   
MARK ONLY ONE ITEM 1.         New Construction         2.      Change of Information for WDID# 

 
  III.  DEVELOPER/CONTRACTOR INFORMATION 

Developer/Contractor Contact Person 
 
 

Mailing Address Title 
 
 

City State
 
 

Zip 
 
 

Phone 
 
 

 
  IV.  CONSTRUCTION PROJECT INFORMATION 

Site/Project Name 
 
 

Site Contact Person 
 

Physical Address/Location 
 
 

Latitude 
 
_________o 

Longitude 
 
________o 

County 
 

City (or nearest City) 
 
 

Zip Site Phone Number 
 

Emergency Phone Number 
 

A.  Total size of construction site area: 
         Acres 
 
B.  Total area to be disturbed: 
         Acres  (% of total ______) 
 

C.  Percent of site imperviousness (including rooftops): 
 
 Before Construction:                       % 
 
 After Construction:                          % 

 
D.  Tract Number(s):       __________,  __________ 
 
 
E.  Mile Post Marker:      _____________ 

F.  Is the construction site part of a larger common plan of development or sale? 
   
  YES  NO 

G.  Name of plan or development: 

 
H.  Construction commencement date:   _____/_____/_____ 
 
I.   % of site to be mass graded:  ___________ 

J. Projected construction dates: 
 
Complete grading:  _____/_____/_____          Complete project: _____/_____/_____ 

K.  Type of Construction (Check all that apply): 
 

1.   Residential               2.            Commercial               3.             Industrial               4.              Reconstruction               5.            Transportation 
 
      6.           Utility Description:                                                                       7.             Other (Please List):   __________________________________________  
 

 
  V.  BILLING INFORMATION 

SEND BILL TO:      
      OWNER  
      (as in II. above) 

Name Contact Person  

      
      DEVELOPER 
      (as in III. above) 

Mailing Address                      Phone/Fax 

   
      OTHER 
      (enter information at 
right) 

City 
 
 

State Zip  

 
 

 
 

 
  II.  PROPERTY OWNER 

Name 
 

Contact Person 
 
 

Mailing Address Title 
 
 

City  State 
 

Zip 
 
 

Phone 
 

 
Owner Type (check one)  1.[   ] Private Individual 2.[   ]Business 3.[   ]Municipal 4.[   ]State  5.[   ]Federal 6.[   ]Other 

 



 

 Page 2 
 

 VI.  REGULATORY STATUS 
 
A. Has a local agency approved a required erosion/sediment control plan?.............................................................................................................................       YES  NO 
       
 Does the erosion/sediment control plan address construction activities such as infrastructure and structures?..................................................................  YES  NO 
 
      Name of local agency:       Phone:  
 
 
B.  Is this project or any part thereof, subject to conditions imposed under a CWA Section 404 permit of 401 Water Quality Certification?..............................           YES            No

 
 If yes, provide details:                                                                                                                                                                                                                         
 

 
 VII.  RECEIVING WATER INFORMATION 

A.  Does the storm water runoff from the construction site discharge to (Check all that apply): 
 
 1.  Indirectly to waters of the U.S. 
  
 2.  Storm drain system - Enter owner’s name:________________________________________________________________ 
  
 3.  Directly to waters of U.S. (e.g. , river, lake, creek, stream, bay, ocean, etc.) 
 
 
B. Name of receiving water:  (river, lake, creek, stream, bay, ocean): ____________________________________________________________  
  

 
 VIII. IMPLEMENTATION OF NPDES PERMIT REQUIREMENTS 

A.  STORM WATER POLLUTION PREVENTION PLAN (SWPPP) (check one) 
   
             A SWPPP has been prepared for this facility and is available for review:   Date Prepared: _____/_____/_____ Date Amended: _____/_____/_____    
   
             A SWPPP will be prepared and ready for review by (enter date):   _____/_____/_____ 
   
         A  tentative schedule has been included in the SWPPP for activities such as grading, street construction, home construction, etc. 
B.  MONITORING PROGRAM 
  
 A monitoring and maintenance schedule has been developed that includes inspection of the construction BMPs before  
 anticipated storm events and after actual storm events and is available for review. 
 
       If checked above:  A qualified person has been assigned responsibility for pre-storm and post-storm BMP inspections  
  to identify effectiveness and necessary repairs or design changes....................................................................................................       YES NO 
 
 Name:         Phone:   
 
C.  PERMIT COMPLIANCE RESPONSIBILITY 
  
 A qualified person has been assigned responsibility to ensure full compliance with the Permit, and to implement all elements of the Storm Water Pollution  
 Prevention Plan including:  
 
 1.  Preparing an annual compliance evaluation....................................................................................................................................        YES       NO  
    
      Name:        Phone:  
 
      2.  Eliminating all unauthorized discharges...........................................................................................................................................         YES          NO  

 
IX.  VICINITY MAP AND FEE (must show site location in relation to nearest named streets, intersections, etc.) 

Have you included a vicinity map with this submittal? .................................................................................................................................        YES          NO  
 
Have you included payment of the annual fee with this submittal?..............................................................................................................        YES          NO  
 

 
X. CERTIFICATIONS 

“I certify under penalty of law that this document and all attachments were prepared under my direction and supervision in accordance with a system designed to   
assure that qualified personnel properly gather and evaluate the information submitted.  Based on my inquiry of the person or persons who manage the system, or  
those persons directly responsible for gathering the information, the information submitted is, to the best of my knowledge and belief, true, accurate, and complete.  
I am aware that there are significant penalties for submitting false information, including the possibility of fine or imprisonment. In addition,  I certify that I have read the   
entire General Permit, including all attachments, and agree to comply with and be bound by all of the provisions, requirements, and prohibitions of the permit, including   
the development and implementation of a Storm Water Pollution Prevention Plan and a Monitoring Program Plan will be complied with." 
 
Printed Name:   
 
Signature:           Date: 
 
Title: 
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Appendix B Layout Plans 
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Appendix C Drainage Plans 
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Appendix D Sampling Plan 
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Appendix E Off-Site Watershed Map 

















FOR CONTRACT NO. 297614 

ROUTE: 04-Ala-84-25.5/27.1       11/17/2011 

COOPERATIVE AGREEMENTS 

 
STATE OF CALIFORNIA DEPARTMENT OF TRANSPORTATION AND CITY OF 

LIVERMORE COOPERATIVE AGREEMENT 
DATED 12/4/2003 

  

















































FOR CONTRACT NO. 297614 
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COOPERATIVE AGREEMENTS 
 

STATE OF CALIFORNIA DEPARTMENT OF TRANSPORTATION AND 

ALAMEDA COUNTY TRANSPORTATION IMPROVEMENT AUTHORITY 

COOPERATIVE AGREEMENT 
DATED 5/26/2005 
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ALAMEDA COUNTY TRANSPORTATION COMISSION COOPERATIVE AGREEMENT 
DATED 5/17/2011 

 

  

















































FOR CONTRACT NO. 297614 

ROUTE: 04-Ala-84-25.5/27.1       11/17/2011 

COOPERATIVE AGREEMENTS 
 

ADDENDUM TO THE STATE OF CALIFORNIA DEPARTMENT OF 

TRANSPORTATION AND CITY OF LIVERMORE COOPERATIVE AGREEMENT 
DATED 3/18/2010 

 















FOR CONTRACT NO. 297614 

ROUTE: 04-Ala-84-25.5/27.1       7/22/2011 

CONSTRUCTION AND MAINENANCE AGREEMENT 
 

BETWEEN THE STATE OF CALIFORNIA DEPARTMENT OF TRANSPORTATION 

AND THE UNION PACIFIC RAILROAD COMPANY 

 
CPUC No. 004-45.65-B 

DOT No. 440-494K 

DATED 3/18/2010 
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