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Executive Summary 

This report documents and summarizes the results of the investigation for aerially 
deposited lead (ADL) that CH2M HILL conducted within the Right-of-Way (ROW) 
associated with the State Route 57 (SR– 57) Northbound Widening Project (hereby referred 
to as the Site) (Figure 1-1).  Soil sampling for the investigation was conducted from 
September 16 through September 18, 2008. 

The California Department of Transportation – District 12 (Department) in cooperation with 
the Orange County Transportation Authority (OCTA), proposes to widen northbound SR-
57, in general by adding one northbound through lane from Yorba Linda Boulevard (Post 
Mile [PM] 18.4) to Lambert Road (PM 20.9).  This project would reduce traffic congestion 
and maximize mainline mobility.  The project passes through the cities of Fullerton, and 
Brea in Orange County, California. 

Construction activities for the proposed improvements will require handling, transportation 
and disposal of soil potentially contaminated with hazardous levels of ADL located within 
the ROW. 

Typically, per California hazardous waste regulations, soil contaminated with hazardous 
levels of ADL are required to be transported and disposed at a Class I disposal facility. 
However, the Department was granted a variance (under specific conditions) by the 
California Department of Toxic Substances Control (DTSC) to excavate, collect and reuse 
contaminated soils within existing, specified highway corridor rights-of-way.   

To comply with this variance, OCTA and the Department are required to determine ADL 
concentration levels within the Site. Therefore, OCTA and the Department have requested 
that CH2M HILL conduct a soil investigation at the Site to evaluate the presence of ADL 
and to determine if concentrations exceed regulatory limits.  Data from the investigation 
will be used to determine soil-handling options for surplus soil that might be generated at 
the Site, and to inform the OCTA and the Department of potential health and safety issues 
for workers during the proposed construction. 

The investigation consisted of collecting soil samples from 26 locations along SR-57 and 
analyzing for total and soluble lead and total metals according to the United States 
Environmental Protection Agency (EPA) SW-846 methods. The soil samples were collected 
from depths ranging from approximately 0.5 foot to a maximum 4 feet below ground 
surface (bgs).  

Based on the results of the investigation, the following conclusions and recommendations 
are made. 

Conclusions

 Analytical results for soil samples collected from the 0.5 feet depth along SR-57 (both 
freeway shoulder and retaining wall locations) indicate soluble lead concentrations 
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EXECUTIVE SUMMARY 

above 5 milligrams per liter (mg/L).  Therefore, soil at this depth is considered 
hazardous waste per the California Code of Regulations (CCR) Title 22 regulations.  
However, the soil can be reused at the Site since the lead concentrations are within the 
parameters of the California Environmental Protection Agency (Cal/EPA) DTSC 
variance for lead-contaminated soil.   

The following is a summary of the average lead concentrations (90 percent and 
95 percent upper confidence level [UCL]) for the various soil depths per segment 
(according to proposed construction staging) and combination thereof.  Typically, 90 
percent UCL value is used if excavated soil is reused at the site and the 95 percent UCL 
value is used if there is surplus soil that will be disposed off-site at a regulated facility. 

Summary of ADL Concentrations 

UCL
Depth 

(ft)

Total 
Lead 

 (mg/kg) 

Soluble
Lead  

(WET)
 (mg/L) 

Soluble Lead 
(WET-DI)

(mg/L)

Soluble
Lead 

(TCLP)
 (mg/L) 

Caltrans
Soil Type 

(a)

SR-57 FWY Shoulder

90% UCL 0.5, 1.5, 3, 4 135.06 8.83 <0.5 mg/L <5 mg/L Y-1

0.5 419.92 23.04 <0.5 mg/L <5 mg/L Y-1

1.5, 3, 4 18.98 <5 <0.5 mg/L <5 mg/L X

95% UCL 0.5, 1.5, 3, 4 148.92 9.51 <0.5 mg/L <5 mg/L Z-2 

0.5 465.41 25.24 <0.5 mg/L <5 mg/L Z-2 

1.5, 3, 4 20.24 <5 <0.5 mg/L <5 mg/L X

SR-57 Retaining Walls

90% UCL 0.5, 1.5, 3, 4 185.25 9.41 <0.5 mg/L <5 mg/L Y-1

0.5 578.95 41.17 <0.5 mg/L <5 mg/L Y-1

1.5, 3, 4 58.23 <5 <0.5 mg/L <5 mg/L X

95% UCL 0.5, 1.5, 3, 4 202.05 10.76 <0.5 mg/L <5 mg/L Z-2 

0.5 624.45 44.87 <0.5 mg/L <5 mg/L Z-2 

1.5, 3, 4 64.61 <5 <0.5 mg/L <5 mg/L X

Notes:

ft = feet   

mg/kg = milligrams per kilogram   

mg/L = milligrams per liter    

UCL = upper confidence level 

(a) Soil classification as per Caltrans guidelines. 

 As per the Department’s  ADL soil management guidelines, soil from the 0.5 feet depth 
is classified as Type Y-1.  If the excavated soil from the 0.5 feet depth is reused at the 
Site, it should be placed a minimum of 5 feet above the maximum water table elevation 
and covered with at least 1 foot of non-hazardous soil. If there is surplus material, then 
the soil is classified as Type Z-2 and will have to be disposed at a regulated Class I 
landfill. 

 Soils from the remaining depth layers (1.5, 3, and 4) are considered non-hazardous 
(Type X) and can be reused at the Site without any restrictions. 
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Recommendations

 Earthwork involving material containing ADL shall be handled according to 
Department specifications.  ADL contaminated soil that will be reused at the Site will 
follow the DTSC variance guidelines. 

 If surplus material (hazardous waste) is generated at the Site, the soil will require 
disposal at a Class I Disposal site.  Hazardous waste soils must be packaged, labeled, 
placarded, and transported in accordance with all applicable DTSC, Department, and 
California Highway Patrol requirements, including the use of registered hazardous 
waste transporters. Vehicles may not be loaded in excess of the legal gross weight limit 
set in the California Vehicle Code.  Soil generated from Department ROW will require 
manifest documents (including EPA identification numbers). 

 During construction, workers should be notified about the hazards of working in a lead 
contaminated environment. 

 If future construction or modifications entail deeper excavations, then soil investigation 
should be conducted to that depth according to Caltrans requirements. 
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1.0 Introduction

This report documents and summarizes the results of the investigation for aerially 
deposited lead (ADL) that CH2M HILL conducted within the Right-of-Way (ROW) 
associated with the State Route 57 (SR– 57) Northbound Widening Project (hereby referred 
to as the Site) (Figure 1-1).  Soil sampling for the investigation was conducted from 
September 16 through September 18, 2008. 

1.1 Background

The California Department of Transportation – District 12 (Department) in cooperation with 
the Orange County Transportation Authority (OCTA), proposes to widen northbound SR-
57, in general by adding one northbound through lane from Yorba Linda Boulevard (Post 
Mile [PM] 18.4) to Lambert Road (PM 20.9) (Figure 1-1).  This project would reduce traffic 
congestion and maximize mainline mobility.  The project passes through the cities of 
Fullerton, and Brea in Orange County, California. 

Construction activities for the proposed improvements will require handling, transportation 
and disposal of soil potentially contaminated with hazardous levels of ADL located within 
the ROW. 

Typically, per California hazardous waste regulations, soil contaminated with hazardous 
levels of ADL are required to be transported and disposed at a Class I disposal facility. 
However, the Department was granted a variance (under specific conditions) by the 
California Department of Toxic Substances Control (DTSC) to excavate, collect and reuse 
contaminated soils within existing, specified highway corridor rights-of-way.   

To comply with this variance, OCTA and the Department are required to determine ADL 
concentration levels within the Site. Therefore, OCTA and the Department have requested 
that CH2M HILL conduct a soil investigation at the Site to evaluate the presence of ADL 
and to determine if concentrations exceed regulatory limits.  Data from the investigation 
will be used to determine soil-handling options for surplus soil that might be generated at 
the Site, and to inform the OCTA and Department of potential health and safety issues for 
workers during the proposed construction. 

1.2 Objective

The objective of this investigation is to determine if there is any potential ADL contamination 
at the Site.   
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1.0  INTRODUCTION 

1.3 Scope of Work 

The following activities were performed to meet the objective stated above: 

 Work Plan and Health and Safety Plan—Prepared a work plan for the ADL 
investigation based on Caltrans guidelines. In addition, a health and safety plan specific 
to the investigation was also prepared. 

 Site Reconnaissance—Performed a site inspection to evaluate access and logistics for 
conducting this investigation and to mark the soil sampling locations 

 Soil Sampling and Analysis—Collected soil samples for total and soluble lead, pH, and 
California Code of Regulations (CCR) Title 22 metals analysis.  

 Data Consolidation and Validation—Tabulated and validated analytical data from the 
laboratory according to the EPA guidelines. Following that, statistical evaluation of the 
sample data (only for total and soluble lead) was conducted according to EPA SW-846 
guidelines (Chapter 9, Section 9.1, page 10). This included calculating the mean 
concentration of total lead (90 and 95 percent upper confidence level [UCL]). The mean 
concentration value was used to determine if the soil is hazardous or not. 

 Investigation Report—Prepared an investigation report summarizing the field activities 
and results of the soil sampling analyses. 

1.4 Previous Investigation 

A Phase I Initial Site Assessment (ISA) of the Site was conducted in July 2007 by RBF 
Consulting for the Department per the requirements of the American Society of Testing 
Materials (ASTM) Standard Practice E 1527-00.  Following is a summary of the conclusion 
and recommendations made in the ISA report prepared by RBF Consulting. 

 Areas of exposed soil within the Site, which will be disturbed during excavation, should 
be tested for ADL. 

 Power lines with transformers were noted along the boundaries of the Site. No staining 
or leaking was observed by RBF Consulting.  However, RBF Consulting noted that 
polychlorinated biphenyls (PCBs) may be present within the transformers associated 
with the power lines. 

 Lead-based paint (LBP) may be present on some of the on-site structures such as bridge 
structures.  The LBP must be disposed at a permitted facility as per regulatory 
requirements. 

 Should construction require dewatering activities or groundwater is expected to be 
encountered on-site, a review of the files for the adjacent properties (Site No. 1 through 
Site No. 8) including the regional groundwater condition (volatile organic compound 
[VOC] contamination of groundwater in Forebay of the Orange County Groundwater 
Basin) should be conducted. 
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 During construction, removal of yellow paint may be required, which are known to 
contain elevated levels of lead and chromium.   Should yellow paint be removed, then 
the waste must be disposed at a permitted facility per regulatory requirements. 
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2.0 Field Activities 

This section describes the field activities associated with the site investigation conducted 
from September 16 through 18, 2008. Activities included site reconnaissance, determination 
of sampling locations, sample collection and handling, equipment decontamination, and 
waste management. The field investigation was conducted in general accordance with the 
Work Plan and Health and Safety Plan prepared for this investigation. A summary and 
explanation of the field investigation activities that were conducted are presented in 
Table 2-1.  

TABLE 2-1 

Summary of Field Investigation Activities 

Field Investigation 
Activity 

Number of 
Locations Comments

Site Reconnaissance Site wide Reviewed site access and logistics for traffic control. 

Mark Sampling Locations 26 Located soil sampling locations using a global positioning 
system (GPS) unit.  

Soil Boring and Sampling 26 Conducted soil borings and sampling using hand auger. 

2.1 Mark Sampling Locations 

Prior to sampling, a site reconnaissance was conducted to review current site conditions and 
mark the sampling locations.  The number and locations of sampling locations were selected 
based on Department guidelines and future planned construction activities. For this site 
investigation, 26 soil sample locations (Figure 2-1) were selected. A summary of the soil 
sampling locations and the sampling depths is provided in Table 2-2. 

TABLE 2-2 

Summary of Soil Sampling Locations and Sampling Depths 

Location 

No. of 
Sampling 
Locations 

Sample Depths  
(feet below ground surface) 

Freeway Shoulder 

Northbound SR-57 17 0.5, 1.5, 3, 4 

Retaining Walls and Sound Walls 

Northbound SR-57 3 0.5, 1.5, 3, 4 

Southbound SR-57 6 0.5, 1.5, 3, 4 
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2.0  FIELD ACTIVITIES 

The sample locations were recorded using a hand-held global positioning system (GPS) unit 
(North American Datum [NAD] 83 datum). A summary of the soil samples collected, 
including the GPS coordinates, is provided in Appendix A.  

2.2 Soil Sampling 

Soil samples were collected throughout the Site to determine the nature and levels of ADL. 
The following sub-sections provides the approach and field procedures for sampling. 

2.2.1 Approach

Twenty-six borings were advanced at the Site. Borings along the freeway and on-/off-ramps 
(SB-01 through SB-17) were drilled at 300-foot intervals and within approximately 10 feet 
from the edge of the pavement. These boring locations were selected in areas where soil 
excavations are planned during the construction phase of the project.  In addition, soil 
borings were also advanced at select retaining wall and sound wall locations (SB-18 through 
SB-26).   

2.2.2 Field Procedures 

Soil samples were collected using a hand-auger.  Field procedure for soil borings and 
sample collection using hand-auger is summarized briefly below. 

Hand Auger 

The hand-auger equipment was advanced approximately 6 inches past the desired sampling 
depth.  Using this procedure, soil samples were collected from 0.5 foot, 1.5 feet, 3 feet, and 4 
feet below ground surface (bgs).  Prior to surface sample collection, the soil sample location 
was cleared of debris and/or vegetation.  Soil samples from each depth were collected from 
the tip of the hand auger (not top) and transferred into an 8-ounce (oz) glass jar supplied by 
the analytical laboratory.  Once samples were collected, all cuttings were returned to their 
corresponding borehole.   

Decontamination 

Equipment used for soil sampling was decontaminated prior to use at each sampling 
location. Equipment included samplers, hand auger, trowels, and miscellaneous field 
equipment. The following decontamination procedures were followed: 

 Wash with tap water, using a brush if necessary. 

 Wash with Alconox TM, or a phosphate-free detergent, and tap water solution, using a 
brush if necessary. 

 Rinse with tap water. 

 Rinse with distilled or deionized water. 

 Air dry. 

Drilling equipment was decontaminated prior to advancement of each soil boring. 
Decontamination water was managed as described in Section 2.3. 
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2.2.3 Laboratory Analyses 

Soil samples collected during the investigation were analyzed by a laboratory certified by 
the California Department of Health Services Environmental Laboratory Accreditation 
Program (DHS-ELAP) for the analytical methods listed below in Table 2-3. For this site 
investigation, laboratory analytical services were provided by Calscience Environmental 
Laboratories (Calscience) located at 7440 Lincoln Way, Garden Grove, California. The soil 
samples were analyzed according to EPA SW-846 methods.  

TABLE 2-3 

Summary of Laboratory Analyses for Soil Samples 

Chemical Parameters 
No. of Soil 
Samples

Extraction
Method 

Analytical  
Method 

Lead (total) 115 EPA 3050B EPA 6010 

Lead (soluble) (WET) 34 Cal WET EPA 6010 

Lead (soluble) (WET DI) 22 Cal WET EPA 6010 

Lead (soluble) (TCLP) 24 EPA 1311 EPA 6010 

pH 25 EPA 3550B EPA 9045A 

CCR Title 22 metals 9 EPA 3050B EPA Method 6010 

Notes:

WET – waste extraction test 

TCLP – toxicity characteristic leaching procedure  

DI – deionized 

EPA – United States Environmental Protection Agency 
CCR – California Code of Regulations 

2.2.4 Sample Handling, Packaging, and Shipping 

Each of the sample glass jars were capped with plastic end caps. After attaching sample 
labels (boring number, and sample depth), the glass jars were sealed in separate zip-lock 
plastic bags and packed in insulated coolers maintained at 4 degrees Celsius (°C). Soil 
sample information including sample description and location information were logged in 
the daily field logbook.    

At the end of the day, the insulated coolers were sent to the analytical laboratory for 
analysis under chain-of-custody (COC) protocol. The purpose of the COC procedure is to 
document the possession of the samples from collection through storage and analysis to 
reporting. The field team leader was responsible for the care and custody of the samples 
until the samples where transferred to the laboratory for analysis. The COC was placed in a 
zip-lock plastic bag and taped to the inside of the cooler lid. Once all samples were stored 
inside the cooler, the cooler was sealed with strapping tape. Coolers were shipped to the 
laboratory at the end of the fieldwork. 
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2.0  FIELD ACTIVITIES 

2.2.5 Field Quality Control Requirements 

Field quality control (QC) samples were collected to aid in evaluating the quality of 
sampling results. The field QC samples aid in assessing contamination derived from 
shipping or sample handling, site-specific matrix interferences, sample heterogeneity, and 
uncertainty introduced in the collection process. The types of field QC samples that were 
collected are described below. 

Equipment Blanks 

Equipment rinsate blanks were collected to evaluate field sampling and decontamination 
procedures. Equipment rinsate blanks were obtained by passing ASTM Type II reagent 
water or equivalent, through or over the decontaminated sampling devices. A total of three 
equipment blanks (one per day) were collected for this soil investigation.  

Field Duplicates 

Field duplicate samples were collected simultaneously from the same source under identical 
conditions into separate sample containers. Eleven duplicate samples were collected for this 
soil investigation. A duplicate sample is treated independently of its parent sample and is 
sent blind to the laboratory. An acceptance criterion (the Relative Percent Difference [RPD]) 
for field duplicates is 50 percent for soil samples.  

Matrix Spikes/Matrix Spike Duplicates 

A matrix spike (MS) is a solution of method analytes, or a subset of method analytes for 
multi-analyte methods at known concentrations, that is spiked into a field sample before 
sample preparation and analysis. The MS is subjected to the same preparation and analytical 
procedures as the field sample. Spiked samples are used to indicate the appropriateness of 
the method for the matrix by measuring recovery. Another aliquot of the sample is spiked 
as above for the matrix spike duplicate (MSD) analysis. For this project, MS/MSD analysis 
was performed on six samples.   

2.3 Investigative-Derived Waste Management 

Three types of investigation-derived waste (IDW) were generated during the field activities. 
These wastes include: (1) household garbage and discarded personal protective equipment 
(PPE), (2) soil cuttings, and (3) decontamination water.   

The waste generated during the field activities were managed in accordance with 
procedures listed below.   

 Disposable materials include: (1) household garbage such as paper towels and cups and 
(2) personnel protective equipment (PPE) such as gloves. These wastes were contained 
in trash bags and disposed as municipal solid waste.   

 Minimal soil cuttings were generated during hand-auger boring.  These cuttings were 
used to backfill the borings upon completion of soil sampling.   

 Minimal amount of decontamination water was generated during the field activities. 
These were used to hydrate the boreholes at the completion of soil sampling at the Site.    
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3.0 Results

This section provides a summary of field observations and the laboratory analytical results. 
The analytical results were evaluated to determine whether hazardous waste criteria were 
triggered, as outlined below. 

3.1 Field Observations 

The Site consists of a high-volume traffic freeway, on-/off-ramps, and roads that run 
through areas that range from urban to light-commercial businesses.  Areas sampled were 
on unpaved sections of the freeway shoulder.   

3.2 Hazardous Waste Criteria 

Regulatory criteria for classifying waste as “California hazardous” are listed in CCR Title 22, 
Section 66261.24, “Characteristics of Toxicity for Waste Classification.” Criteria for 
classifying waste as “Resource, Conservation, and Recovery Act (RCRA) hazardous” are 
listed in Code of Federal Regulations (CFR) Title 40, Part 261.   

Waste containing metals is classified as “California hazardous” when: (1) the total metal 
concentration exceeds the Total Threshold Limit Concentration (TTLC) or (2) the soluble 
metal concentration exceeds the Soluble Threshold Limit Concentration (STLC) based on a 
waste extraction test (WET) analysis. A material is classified as “RCRA hazardous” when 
the soluble metal concentration exceeds the Federal Regulatory Level based on toxicity 
characteristics leaching procedure (TCLP) testing. The regulatory limits for “California 
hazardous” and “RCRA hazardous” are listed below in Table 3-1: 

TABLE 3-1 

Hazardous Waste Criteria 

California-hazardous RCRA-hazardous 

Parameter 
TTLC

(mg/kg)
WET

(mg/L)
TCLP
(mg/L)

Lead 1,000 5 5

Notes:
TTLC = total threshold limit concentration 

WET = waste extraction test 

TCLP = toxicity characteristics leaching procedure  

mg/kg = milligrams per kilograms  

mg/L = milligrams per liter 

 
Waste that is classified as either “California hazardous” or Federal “RCRA hazardous” 
requires management as hazardous waste and disposal at an approved disposal facility.   
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3.0 RESULTS 

3.3 Data Validation 

Prior to submitting the soil samples to the laboratory, the COC documentation was 
reviewed for accuracy and completeness. In addition, once the laboratory received the 
samples, a sample receipt form was generated and faxed to CH2M HILL. CH2M HILL then 
compared the sample receipt forms to the COC forms for accuracy and to make sure that the 
samples were logged properly in the laboratory.  

Once the laboratory reports were generated, it was than reviewed for accuracy and 
consistency with COC documentation. The results of the QC samples were reviewed for 
adherence to established laboratory control limits. Percent recoveries of the laboratory 
continuation standards (LCS) and MS/MSD were observed to be within acceptable 
laboratory control limits (i.e., percent recoveries) of 80 to 120 percent. The LCS is the criteria 
that would indicate the need to reject a sample batch for reanalysis. Because the samples fall 
within 80 to 120 percent for the LCS, the laboratory results were determined to be adequate 
for the purpose of this evaluation. 

3.4 Analytical Results 

A summary of the analytical laboratory results is presented in the Tables 3-2 and 3-3. 
Reproductions of the laboratory reports and COC documentation for soil samples are 
presented in Appendix B. Soil samples were analyzed for lead (total and soluble), pH, and 
CCR Title 22 metals.  Figure 3-1 shows the soil sampling locations along with the total and 
soluble lead results. 

3.4.1 Total Lead 

A total of 115 soil samples were collected for total lead analysis from the Site to evaluate the 
presence of ADL.  Soil samples were collected from two different areas; freeway shoulder 
and retaining wall locations.   

The total lead concentrations for samples from the freeway shoulder locations ranged from 
0.5 to 1,700 mg/kg. Only one soil sample, SR57-14-0.5, exhibit total lead concentrations 
(1,700 mg/kg) greater than the hazardous waste criterion TTLC of 1,000 mg/kg.   

The total lead concentrations for samples from the retaining wall locations ranged from 
1.2 to 899 mg/kg. None of the soil samples from the retaining wall locations exceeded the 
hazardous waste criterion TTLC of 1,000 mg/kg.   

Soil samples with total lead results that were greater than 50 mg/kg (10 times STLC) were 
further analyzed for soluble lead using the California WET method.    
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3.0 RESULTS 

TABLE 3-2 

Summary of Total and Soluble Lead Analytical Results 

Soil Boring 
Locations 

Sample ID 
Depth  

(ft)
Sampling 

Date
Total Lead

(mg/kg)

Soluble
Lead  

(WET)
(mg/L)

Soluble
Lead  

(WET-DI)
(mg/L)

Soluble
Lead  

(TCLP)
(mg/L)

Freeway Shoulder Locations 

SR57-01 SR57-01-0.5 0.5 9/16/2008 270 20.8 0.1 0.152

SR57-01-1.5 1.5 9/16/2008 21.3

SR57-01-3 3 9/16/2008 11.4

SR57-01-4 4 9/16/2008 4.41

SR57-02 SR57-02-0.5 0.5 9/16/2008 355 26 0.262 0.856

SR57-51-0.5 0.5 9/16/2008 116 3.89   0.1

SR57-02-1.5 1.5 9/16/2008 44.8

SR57-02-3 3 9/16/2008 4.36

SR57-02-4 4 9/16/2008 15.2

SR57-03 SR57-03-0.5 0.5 9/16/2008 227 18.3 0.18 0.453

SR57-03-1.5 1.5 9/16/2008 49.7

SR57-03-3 3 9/16/2008 0.5

SR57-03-4 4 9/16/2008 0.902

SR57-04 SR57-04-0.5 0.5 9/16/2008 110 2.92   0.1

SR57-04-1.5 1.5 9/16/2008 37.2

SR57-04-3 3 9/16/2008 10.1

SR57-52-3 3 9/16/2008 8.95

SR57-04-4 4 9/16/2008 5.04

SR57-05 SR57-05-0.5 0.5 9/16/2008 79.6 5.22 0.1

SR57-05-1.5 1.5 9/16/2008 73.8 1.95

SR57-05-3 3 9/16/2008 17.7

SR57-05-4 4 9/16/2008 15.6

SR57-06 SR57-06-0.5 0.5 9/16/2008 149 7.13 0.1 0.1

SR57-06-1.5 1.5 9/16/2008 101 3.98   0.103

SR57-06-3 3 9/16/2008 17.3

SR57-06-4 4 9/17/2008 3.22

SR57-53-4 4 9/17/2008 3.2

SR57-07 SR57-07-0.5 0.5 9/16/2008 179 8.48 0.1 0.152

SR57-07-1.5 1.5 9/16/2008 7.3

SR57-07-3 3 9/16/2008 3.95

SR57-07-4 4 9/16/2008 5.99

SR57-08 SR57-08-0.5 0.5 9/16/2008 2.67

SR57-08-1.5 1.5 9/16/2008 0.5

SR57-54-1.5 1.5 9/16/2008 0.5

SR57-08-3 3 9/16/2008 1.49

SR57-08-4 4 9/16/2008 13.5
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3.0 RESULTS 

TABLE 3-2        

Summary of Total and Soluble Lead Analytical Results    

Soil Boring 
Locations 

Sample ID 
Depth  

(ft)
Sampling 

Date
Total Lead

(mg/kg)

Soluble
Lead  

(WET)
(mg/L)

Soluble
Lead  

(WET-DI)
(mg/L)

Soluble
Lead  

(TCLP)
(mg/L)

SR57-09 SR57-09-0.5 0.5 12/23/2008 99.8 8.04 0.123 1.13

SR57-09-1.5 1.5 9/16/2008 6.64

SR57-09-3 3 9/16/2008 4.54

SR57-09-4 4 9/16/2008 17.7

SR57-10 SR57-10-0.5 0.5 9/16/2008 59.8 3.5

SR57-10-1.5 1.5 9/16/2008 7.22

SR57-10-3 3 9/16/2008 6.9

SR57-10-4 4 9/16/2008 13.8

SR57-11 SR57-11-0.5 0.5 9/16/2008 640 49.6 0.143 0.494

SR57-55-0.5 0.5 9/16/2008 30.7

SR57-11-1.5 1.5 9/16/2008 18.1

SR57-11-3 3 9/16/2008 26.4

SR57-11-4 4 9/17/2008 16.9

SR57-12 SR57-12-0.5 0.5 9/16/2008 193 2.53   0.1

SR57-12-1.5 1.5 9/16/2008 9.79

SR57-12-3 3 9/16/2008 6.82

SR57-12-4 4 9/16/2008 7.97

SR57-13 SR57-13-0.5 0.5 9/16/2008 248 19.5 0.1 0.253

SR57-13-1.5 1.5 9/16/2008 17.5

SR57-13-3 3 9/16/2008 5.37

SR57-13-4 4 9/16/2008 1.79

SR57-14 SR57-14-0.5 0.5 12/23/2008 1,700 78.3 0.89 2.08

SR57-14-1.5 1.5 9/16/2008 5.17

SR57-14-3 3 9/16/2008 0.861

SR57-14-4 4 9/16/2008 2.29

SR57-15 SR57-15-0.5 0.5 9/19/2008 6.24

SR57-56-0.5 0.5 9/19/2008 16.7

SR57-15-1.5 1.5 9/19/2008 2.89

SR57-15-3 3 9/19/2008 3.53

SR57-15-4 4 9/19/2008 3.17

SR57-16 SR57-16-0.5 0.5 9/16/2008 70.7 6.86 0.1

SR57-16-1.5 1.5 9/16/2008 9.04

SR57-16-3 3 9/16/2008 39.3

SR57-16-4 4 9/16/2008 2.02

SR57-17 SR57-17-0.5 0.5 9/16/2008 170 7.84 0.1 0.1

SR57-17-1.5 1.5 9/16/2008 1.23

SR57-17-3 3 9/16/2008 1.04

SR57-17-4 4 9/16/2008 1.47
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3.0 RESULTS 

TABLE 3-2        

Summary of Total and Soluble Lead Analytical Results    

Soil Boring 
Locations 

Sample ID 
Depth  

(ft)
Sampling 

Date
Total Lead

(mg/kg)

Soluble
Lead  

(WET)
(mg/L)

Soluble
Lead  

(WET-DI)
(mg/L)

Soluble
Lead  

(TCLP)
(mg/L)

Minimum Value 0.5 1.95 0.1 0.1

Maximum Value 1,700 78.3 0.89 2.08

Retaining Wall Locations 

SR57-18 SR57-18-0.5 0.5 9/17/2008 90.2 3.69

SR57-57-0.5 0.5 9/17/2008 78.1 5.21 0.1

SR57-18-1.5 1.5 9/17/2008 81.4 3.47

SR57-18-3 3 9/17/2008 9.9

SR57-18-4 4 9/17/2008 54.4 4.27

SR57-19 SR57-19-0.5 0.5 9/17/2008 130 15.3 0.1 0.1

SR57-19-1.5 1.5 9/17/2008 1.2

SR57-19-3 3 9/17/2008 3.55

SR57-19-4 4 9/17/2008 12.1

SR57-20 SR57-20-0.5 0.5 9/17/2008 899 82.5 0.436 0.622

SR57-20-1.5 1.5 9/17/2008 1.61

SR57-20-3 3 9/17/2008 1.72

SR57-58-3 3 9/17/2008 1.35

SR57-20-4 4 9/17/2008 2.74

SR57-21 SR57-21-0.5 0.5 9/17/2008 80.2 3.3

SR57-21-1.5 1.5 9/17/2008 9.73

SR57-21-3 3 9/17/2008 4.64

SR57-21-4 4 9/17/2008 31.8

SR57-22 SR57-22-0.5 0.5 9/17/2008 345 35.4 0.449 0.355

SR57-22-1.5 1.5 9/17/2008 7.35

SR57-22-3 3 9/17/2008 2.91

SR57-22-4 4 9/17/2008 14.4

SR57-59-4 4 9/17/2008 2.86

SR57-23 SR57-23-0.5 0.5 12/23/2008 561 17.7 0.157 0.574

SR57-23-1.5 1.5 9/16/2008 54.4 1.39

SR57-23-3 3 9/16/2008 6.8

SR57-60-3 3 9/16/2008 5.93

SR57-23-4 4 9/16/2008 13.6

SR57-24 SR57-24-0.5 0.5 9/17/2008 403 28.7 0.1 0.146

SR57-24-1.5 1.5 9/17/2008 4.78

SR57-24-3 3 9/17/2008 6.68

SR57-24-4 4 9/17/2008 2.45
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3.0 RESULTS 

TABLE 3-2        

Summary of Total and Soluble Lead Analytical Results    

Soil Boring 
Locations 

Sample ID 
Depth  

(ft)
Sampling 

Date
Total Lead

(mg/kg)

Soluble
Lead  

(WET)
(mg/L)

Soluble
Lead  

(WET-DI)
(mg/L)

Soluble
Lead  

(TCLP)
(mg/L)

SR57-25 SR57-25-0.5 0.5 9/16/2008 384 7.06 0.1 0.1

SR57-25-1.5 1.5 9/16/2008 147 1.05   0.1

SR57-25-3 3 9/16/2008 4.36

SR57-25-4 4 9/16/2008 5.51

SR57-26 SR57-26-0.5 0.5 9/16/2008 377 21 0.136 0.1

SR57-61-0.5 0.5 9/16/2008 208 15.2 0.1 0.589

SR57-26-1.5 1.5 9/16/2008 247 13.8 0.1 0.28

SR57-26-3 3 9/16/2008 7.61

SR57-26-4 4 9/17/2008 2.47

Minimum Value 1.2 1.05 0.1 0.1

Maximum Value 899 82.5 0.449 0.622

Note:
Lead results that are bold and shaded value indicate criteria exceedance as shown in Table 3-1. 

 

3.4.2 Soluble Lead (WET) 

Thirty-four soil samples (total lead concentrations greater than 50 mg/kg) were analyzed for 
soluble lead using citric acid as the extractant via the WET.  A summary of the WET results 
is shown in the Table 3-2.   

Eighteen of the soil samples were from the freeway shoulder locations and concentrations 
ranged from 1.95 milligrams per liter (mg/L) to 78.3 mg/L. Of the 18 soil samples, 12 soil 
samples exhibited soluble lead concentrations greater than the hazardous waste criterion 
STLC of 5 mg/L.  

Sixteen of the soil samples were from the retaining wall locations and concentrations ranged 
from 1.05 mg/L to 82.5 mg/L.  Of the 16 samples, 12 soil samples exhibited soluble lead 
concentrations greater than the hazardous criterion STLC of 5 mg/L.  

3.4.3 Soluble Lead (WET DI) 

Twenty-two soil samples that exceeded the STLC criterion of 5 mg/L were further analyzed 
for soluble lead using DI water as extractant via the WET.  A summary of the WET DI 
results is shown in Table 3-2.   

Twelve of the soil samples were from the freeway shoulder locations and concentrations 
ranged from 0.1 to 0.89 mg/L. 

Ten of the soil samples were from the retaining wall locations and concentrations ranged 
from 0.1 to 0.449 mg/L.   
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3.4.4 Soluble Lead (TCLP) 

Twenty-four soil samples were analyzed for soluble lead using the TCLP procedure. A 
summary of the TCLP results is shown in Table 3-2. 

Fourteen of these samples were collected from the freeway locations and the detected 
concentrations ranged from 0.1 to 2.08 mg/L. All soluble lead concentrations were less than 
the hazardous waste criterion TCLP of 5 mg/L. 

Ten samples were collected from the retaining wall locations and the detected 
concentrations ranged from 0.1 to 0.622 mg/L.  All soluble lead concentrations were less 
than the hazardous waste criterion TCLP of 5 mg/L. 

3.4.5 pH

Sixteen samples were analyzed for pH. The pH values ranged from 7.24 to 8.74. A summary 
of the pH results is shown in Table 3-3. 

TABLE 3-3 

Summary of pH Analytical Results 

Sample ID 
Depth  

(ft)
Sampling  

Date
pH

(pH Unit) 

SR57-01-0.5 0.5 9/16/2008 7.48

SR57-02-1.5 1.5 9/16/2008 7.24

SR57-03-0.5 0.5 9/16/2008 7.34

SR57-04-1.5 1.5 9/16/2008 7.52

SR57-05-0.5 0.5 9/16/2008 7.29

SR57-06-1.5 1.5 9/16/2008 7.60

SR57-07-0.5 0.5 9/16/2008 7.42

SR57-08-1.5 1.5 9/16/2008 8.35

SR57-09-0.5 0.5 9/16/2008 7.75

SR57-10-1.5 1.5 9/16/2008 8.17

SR57-11-3 3 9/16/2008 8.13

SR57-12-3 3 9/16/2008 7.69

SR57-13-3 3 9/16/2008 8.09

SR57-14-4 4 9/16/2008 7.94

SR57-15-3 3 9/19/2008 8.36

SR57-16-3 3 9/16/2008 7.84

SR57-17-4 4 9/16/2008 7.89

SR57-19-4 4 9/17/2008 8.25

SR57-20-4 4 9/17/2008 8.05

SR57-21-4 4 9/17/2008 7.42

SR57-22-4 4 9/17/2008 7.86

SR57-23-4 4 9/16/2008 8.74

SR57-24-4 4 9/17/2008 7.97
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TABLE 3-3    

Summary of pH Analytical Results 

Sample ID 
Depth  

(ft)
Sampling  

Date
pH

(pH Unit) 

SR57-25-4 4 9/16/2008 7.82

SR57-26-4 4 9/17/2008 8.02

Minimum Value 7.24

Maximum Value 8.74

 

3.4.6 CCR Title 22 Metals 
Nine samples were analyzed for CCR Title 22 metals. Low levels of metals were detected in 
all samples except for antimony, mercury, selenium, silver, and thallium.  However, none of 
the metal concentrations exceed the California hazardous waste criteria TTLC.  A summary 
of the metal concentrations is provided in Table 3-4. 
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TABLE 3-4 

Summary of CCR Title 22 Metals Analytical Results

CCR Title 22 Metals 
(mg/kg)

Sample ID 
Depth 

(ft)
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SR57-01-1.5 1.5 <0.75 5.04 99.6 0.427 0.711 13.1 6.31 10.7 21.3 <0.0835 1.3 13 <0.75 <0.25 <0.75 28.8 41.5

SR57-05-0.5 0.5 <0.75 7.49 228 0.264 7.83 29.3 7.35 127 79.6 <0.0835 5.65 22.3 <0.75 <0.25 <0.75 21.2 550

SR57-10-0.5 0.5 <0.75 17.2 168 0.724 0.616 18.6 14.2 41.2 59.8 <0.0835 0.689 25.5 <0.75 <0.25 <0.75 32 102

SR57-15-0.5 0.5 <0.75 3.24 129 0.541 0.627 14.1 7.02 11.7 6.24 <0.0835 1.48 17.4 <0.75 <0.25 <0.75 35.2 38.8

SR57-56-0.5 0.5 <0.75 3.28 96.6 0.456 0.769 13.2 6.77 12.3 16.7 <0.0835 2.23 17 <0.75 <0.25 <0.75 31.2 40

SR57-21-0.5 0.5 <0.75 3.86 104 0.263 0.5 12.9 4.5 35.2 80.2 <0.0835 1.56 9.11 <0.75 <0.25 <0.75 26.2 97.6

SR57-23-1.5 1.5 <0.75 10.6 187 0.605 1.72 19.1 10.2 24.4 54.4 <0.0835 4.41 28.7 <0.75 <0.25 <0.75 35.7 65

SR57-25-0.5 0.5 <0.75 8.46 185 0.553 1.49 24.7 8.2 56.9 384.0 <0.0835 2.84 22.4 <0.75 <0.25 <0.75 34.3 247

SR57-26-3 3 <0.75 6.23 161 0.39 1 14.7 6.39 14.6 7.61 <0.0835 1.82 19.3 <0.75 <0.25 <0.75 30.3 39.1

Maximum Value <0.75 17.2 228 0.724 7.83 29.3 14.2 127 384 <0.0835 5.65 28.7 <0.75 <0.25 <0.75 35.7 550

TTLC (mg/kg) 500 500 10,000 75 100 2,500 8,000 2,500 1,000 20 3,500 2,000 100 500 700 2,400 5,000

STLC (mg/L) 15 5 100 0.75 1 5 80 25 5 0.2 350 20 1 5 7 24 250

10xSTLC 150 50 1000 7.5 10 50 800 250 50 2 3500 200 10 50 70 240 2500 

Notes: 

mg/kg - milligram per kilogram 

mg/L - milligram per liter 

<0.75 - indicates less than the stated reporting limit 

TTLC - Total Threshold Limit Concentration 

STLC - Soluble Threshold Limit Concentration 

SR57-56-0.5 Sample ID in Italics indicates a duplicate of the preceding sample 
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3.5 Statistical Data Evaluation 

A statistical data evaluation was conducted on the total lead and soluble lead analytical 
results generated from soil sampling along SR-57.  This statistical analysis was conducted 
for one-tailed 90 percent and 95 percent UCL in accordance with EPA SW-846 Guidance.  
The 90 percent and 95 percent UCL concentration of the mean for total lead and soluble lead 
was calculated.  The soil sample results were divided into two groups; freeway shoulder 
and retaining wall locations.  The results are summarized in the table provided below and 
the detailed calculations are provided in Appendix C.  

Table 3-5

Summary Of ADL Concentrations

UCL
Depth 

(ft)

Total 
Lead 

 (mg/kg) 

Soluble Lead 
(WET)
 (mg/L) 

Soluble Lead 
(WET-DI)

(mg/L)

Soluble Lead 
(TCLP)
 (mg/L) 

SR-57 FWY Shoulder

90% UCL 0.5, 1.5, 3, 4 135.06 8.83 <0.5 mg/L <5 mg/L 

0.5 419.92 23.04 <0.5 mg/L <5 mg/L 

1.5, 3, 4 18.98 <5 <0.5 mg/L <5 mg/L 

95% UCL 0.5, 1.5, 3, 4 148.92 9.51 <0.5 mg/L <5 mg/L 

0.5 465.41 25.24 <0.5 mg/L <5 mg/L 

1.5, 3, 4 20.24 <5 <0.5 mg/L <5 mg/L 

SR-57 Retaining Walls

90% UCL 0.5, 1.5, 3, 4 185.25 9.41 <0.5 mg/L <5 mg/L 

0.5 578.95 41.17 <0.5 mg/L <5 mg/L 

1.5, 3, 4 58.23 <5 <0.5 mg/L <5 mg/L 

95% UCL 0.5, 1.5, 3, 4 202.05 10.76 <0.5 mg/L <5 mg/L 

0.5 624.45 44.87 <0.5 mg/L <5 mg/L 

1.5, 3, 4 64.61 <5 <0.5 mg/L <5 mg/L 

Notes:

ft = feet   

mg/kg = milligrams per kilogram   

mg/L = milligrams per liter    

UCL = upper confidence level 
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4.0 Conclusions and Recommendations 

CH2M HILL conducted an ADL investigation at the Site from September 16 through 
September 18, 2008. This investigation was conducted to provide the Department with site 
characterization data that will enable them to determine whether the Site has been impacted 
by ADL. Based on the results of the investigation, the following conclusions and 
recommendations are made. 

4.1 Conclusions

The following conclusions are made based on the results of the analysis of the soil samples, 
the guidelines in CCR Title 22, Section 66261.24, “Characteristics of Toxicity for Waste 
Classification,” a statistical data evaluation (90 and 95 percent UCL): 

 Analytical results for soil samples collected from the 0.5 feet depth along SR-57 (both 
freeway shoulder and retaining wall locations) indicate soluble lead concentrations 
above 5 mg/L.  Therefore, soil at this depth is considered hazardous waste per the 
California Code of Regulations (CCR) Title 22 regulations.  However, the soil can be 
reused at the Site since the lead concentrations are within the parameters of the 
California Environmental Protection Agency (Cal/EPA) DTSC variance for lead-
contaminated soils.   

 As per The Department ADL soil management guidelines, soil from the 0.5 feet depth is 
classified as Type Y-1.  If the excavated soil from the 0.5 feet depth is reused at the Site, it 
should be placed a minimum of 5 feet above the maximum water table elevation and 
covered with at least 1 foot of non-hazardous soil. If there is surplus material, then the 
soil is classified as Type Z-2 and will have to be disposed at a regulated Class I landfill. 

 Soils from the remaining depth layers (1.5, 3, and 4) are considered non-hazardous 
(Type X) and can be reused at the Site without any restrictions. 

4.2 Recommendations

Based on the above conclusions, CH2M HILL makes the following recommendations: 

 Earthwork involving material containing ADL shall be handled according to The 
Department specifications.  ADL contaminated soil that will be reused at the Site will 
follow the DTSC variance guidelines. 

 If surplus material (hazardous waste) is generated at the Site, the soil will require 
disposal at a Class I Disposal site.  Hazardous waste soils must be packaged, labeled, 
placarded, and transported in accordance with all applicable DTSC, Department, and 
California Highway Patrol requirements, including the use of registered hazardous 
waste transporters. Vehicles may not be loaded in excess of the legal gross weight limit 
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4.0  CONCLUSIONS AND RECOMMENDATIONS 

set in the California Vehicle Code.  Soil generated from the Department ROW will 
require manifest documents (including EPA identification numbers). 

 During construction, workers should be notified about the hazards of working in a lead 
contaminated environment. 

 If future construction or modifications entail deeper excavations, then soil investigation 
should be conducted to that depth according to the Department requirements. 
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Appendix C 
UCL Calculations
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Calculated 90 and 95 Percent UCL Results - (0.5, 1.5, 3, and 4 feet)

ADL Investigation

SR-57 Northbound Widening Project (EA #12-0F0321)

Normalize

by

1700

1 SR57-01-0.5 SR57-01 0.5 270 0.159 0.159

2 SR57-01-1.5 SR57-01 1.5 21.3 0.013 0.013

3 SR57-01-3 SR57-01 3 11.4 0.007 0.007

4 SR57-01-4 SR57-01 4 4.41 0.003 0.003

5 SR57-02-0.5 SR57-02 0.5 355 0.209 0.210

6 SR57-51-0.5 SR57-02 0.5 116 0.068 0.068

7 SR57-02-1.5 SR57-02 1.5 44.8 0.026 0.026

8 SR57-02-3 SR57-02 3 4.36 0.003 0.003

9 SR57-02-4 SR57-02 4 15.2 0.009 0.009

10 SR57-03-0.5 SR57-03 0.5 227 0.134 0.134

11 SR57-03-1.5 SR57-03 1.5 49.7 0.029 0.029

12 SR57-03-3 SR57-03 3 0.5 0.000 0.000

13 SR57-03-4 SR57-03 4 0.902 0.001 0.001

14 SR57-04-0.5 SR57-04 0.5 110 0.065 0.065

15 SR57-04-1.5 SR57-04 1.5 37.2 0.022 0.022

16 SR57-04-3 SR57-04 3 10.1 0.006 0.006

17 SR57-52-3 SR57-04 3 8.95 0.005 0.005

18 SR57-04-4 SR57-04 4 5.04 0.003 0.003

19 SR57-05-0.5 SR57-05 0.5 79.6 0.047 0.047

20 SR57-05-1.5 SR57-05 1.5 73.8 0.043 0.043

21 SR57-05-3 SR57-05 3 17.7 0.010 0.010

22 SR57-05-4 SR57-05 4 15.6 0.009 0.009

23 SR57-06-0.5 SR57-06 0.5 149 0.088 0.088

24 SR57-06-1.5 SR57-06 1.5 101 0.059 0.059

25 SR57-06-3 SR57-06 3 17.3 0.010 0.010

26 SR57-06-4 SR57-06 4 3.22 0.002 0.002

27 SR57-53-4 SR57-04 4 3.2 0.002 0.002

28 SR57-07-0.5 SR57-07 0.5 179 0.105 0.105

29 SR57-07-1.5 SR57-07 1.5 7.3 0.004 0.004

30 SR57-07-3 SR57-07 3 3.95 0.002 0.002

31 SR57-07-4 SR57-07 4 5.99 0.004 0.004

32 SR57-08-0.5 SR57-08 0.5 2.67 0.002 0.002

33 SR57-08-1.5 SR57-08 1.5 0.5 0.000 0.000

34 SR57-54-1.5 SR57-08 1.5 0.5 0.000 0.000

35 SR57-08-3 SR57-08 3 1.49 0.001 0.001

36 SR57-08-4 SR57-08 4 13.5 0.008 0.008

37 SR57-09-0.5 SR57-09 0.5 99.8 0.059 0.059

38 SR57-09-1.5 SR57-09 1.5 6.64 0.004 0.004

39 SR57-09-3 SR57-09 3 4.54 0.003 0.003

40 SR57-09-4 SR57-09 4 17.7 0.010 0.010

41 SR57-10-0.5 SR57-10 0.5 59.8 0.035 0.035

42 SR57-10-1.5 SR57-10 1.5 7.22 0.004 0.004

Tranformed
(1)

(Arcsine)
Sample Number Location

Sample

Depth

ft.

Total Lead

 mg/kg
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Calculated 90 and 95 Percent UCL Results - (0.5, 1.5, 3, and 4 feet)

ADL Investigation

SR-57 Northbound Widening Project (EA #12-0F0321)

43 SR57-10-3 SR57-10 3 6.9 0.004 0.004

44 SR57-10-4 SR57-10 4 13.8 0.008 0.008

45 SR57-11-0.5 SR57-11 0.5 640 0.376 0.386

46 SR57-55-0.5 SR57-11 0.5 30.7 0.018 0.018

47 SR57-11-1.5 SR57-11 1.5 18.1 0.011 0.011

48 SR57-11-3 SR57-11 3 26.4 0.016 0.016

49 SR57-11-4 SR57-11 4 16.9 0.010 0.010

50 SR57-12-0.5 SR57-12 0.5 193 0.114 0.114

51 SR57-12-1.5 SR57-12 1.5 9.79 0.006 0.006

52 SR57-12-3 SR57-12 3 6.82 0.004 0.004

53 SR57-12-4 SR57-12 4 7.97 0.005 0.005

54 SR57-13-0.5 SR57-13 0.5 248 0.146 0.146

55 SR57-13-1.5 SR57-13 1.5 17.5 0.010 0.010

56 SR57-13-3 SR57-13 3 5.37 0.003 0.003

57 SR57-13-4 SR57-13 4 1.79 0.001 0.001

58 SR57-14-0.5 SR57-14 0.5 1700 1.000 1.571

59 SR57-14-1.5 SR57-14 1.5 5.17 0.003 0.003

60 SR57-14-3 SR57-14 3 0.861 0.001 0.001

61 SR57-14-4 SR57-14 4 2.29 0.001 0.001

62 SR57-15-0.5 SR57-15 0.5 6.24 0.004 0.004

63 SR57-56-0.5 SR57-15 0.5 16.7 0.010 0.010

64 SR57-15-1.5 SR57-15 1.5 2.89 0.002 0.002

65 SR57-15-3 SR57-15 3 3.53 0.002 0.002

66 SR57-15-4 SR57-16 4 3.17 0.002 0.002

67 SR57-16-0.5 SR57-16 0.5 70.7 0.042 0.042

68 SR57-16-1.5 SR57-16 1.5 9.04 0.005 0.005

69 SR57-16-3 SR57-16 3 39.3 0.023 0.023

70 SR57-16-4 SR57-16 4 2.02 0.001 0.001

71 SR57-17-0.5 SR57-17 0.5 170 0.100 0.100

72 SR57-17-1.5 SR57-17 1.5 1.23 0.001 0.001

73 SR57-17-3 SR57-17 3 1.04 0.001 0.001

74 SR57-17-4 SR57-17 4 1.47 0.001 0.001

Minimum 0.50

Maximum 1700

Number of samples (n) 74

Variance (s
2
) 46,732.27

Mean 73.53 0.051

Notes:

1

NBD

The mean of the data is < then the variance, therefore the data set is considered a negative 

bionomial distribution. To normalize the data we use arsine transformation 

(Based on SW846 guidelines, Section 9.1).

x
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Calculated 90 and 95 Percent UCL Results - (0.5, 1.5, 3, and 4 feet)

ADL Investigation

SR-57 Northbound Widening Project (EA #12-0F0321)

Calculation for UCL ( 90 and 95 Percent)

0.189

0.022

73

t-value
(1)

 for 90% and (n-1) degree of freedom 1.293

90% UCL 
(2)

 of the mean (transformed data) 0.080

90% UCL (mg/kg) 
(3) 135.06

t-value
(1)

 for 95% and (n-1) degrees of freedom 1.666

95% UCL 
(2)

 of the mean (transformed data) 0.088

95% UCL (mg/kg) 
(3) 148.92

Notes:

(1) T values corresponding to one-tail probabilities

(2) UCL = Mean+t-value*Sx

(3) The UCL of the transformed data was reverse transformed

90% UCL

95% UCL

Standard Deviation of mean (sx)

Standard Deviation (s)

Degree of freedom (n-1)

UCL Calculation_SR 57 FWY Shoulder_All Depths.xls-UCL Total Lead 6/8 1/20/2009



Predicted Soluble Lead (WET) Results - (0.5, 1.5, 3, and 4 feet)

ADL Investigation

SR-57 Northbound Widening Project (EA #12-0F0321)

Sampling

Location

Sample

Depth

Total Lead

 mg/kg

Soluble Lead

(WET)

mg/L

1 SR57-01-0.5 SR57-01 0.5 270 20.8

2 SR57-02-0.5 SR57-02 0.5 355 26

3 SR57-51-0.5 SR57-02 0.5 116 3.89

4 SR57-03-0.5 SR57-03 0.5 227 18.3

5 SR57-04-0.5 SR57-04 0.5 110 2.92

6 SR57-05-0.5 SR57-05 0.5 79.6 5.22

7 SR57-05-1.5 SR57-05 1.5 73.8 1.95

8 SR57-06-0.5 SR57-06 0.5 149 7.13

9 SR57-06-1.5 SR57-06 1.5 101 3.98

10 SR57-07-0.5 SR57-07 0.5 179 8.48

11 SR57-09-0.5 SR57-09 0.5 99.8 8.04

12 SR57-10-0.5 SR57-10 0.5 59.8 3.5

13 SR57-11-0.5 SR57-11 0.5 640 49.6

14 SR57-12-0.5 SR57-12 0.5 193 2.53

15 SR57-13-0.5 SR57-13 0.5 248 19.5

16 SR57-14-0.5 SR57-14 0.5 1700 78.3

17 SR57-16-0.5 SR57-16 0.5 70.7 6.86

18 SR57-17-0.5 SR57-17 0.5 170 9.84

1 59.80 1.95

2 1700.00 78.30

3 268.98 15.38

4 383.15 19.67

5 146805.09 386.91

6 Correlation Coefficient 0.95

Standard Deviation (s)

Sample ID

Minimum

Maximum

Mean

Variance (s
2
)

Total lead to soluble lead
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Predicted Soluble Lead (WET) Results - (0.5, 1.5, 3, and 4 feet)

ADL Investigation

SR-57 Northbound Widening Project (EA #12-0F0321)

Notes:

1 AX+C

Y = Expected soluble lead value that can be calculated for a given value of X

X = Total lead value

A = Intercept of the line 0.049 use the equation from the combined data

C = Constant value 2.2097 Y = 0.0515x-1.3356

2

X Y

90 % UCL 135.06 8.83

95 % UCL 148.92 9.51

3 The slope of the line is not the coefficient of correlation when raw data is used.

This regression line is used to approximate the expected solubility concentration from total lead 

concentration. Following are expected solubility values:

Equation of a regression line is Y =

Correlation of Total Lead to Soluble Lead

y = 0.049x + 2.2097
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Calculated 90 and 95 Percent UCL Results - (0.5 feet)

ADL Investigation

SR-57 Northbound Widening Project (EA #12-0F0321)

Normalize

by

1700

1 SR57-01-0.5 SR57-01 0.5 270 0.159 0.159

2 SR57-02-0.5 SR57-02 0.5 355 0.209 0.210

3 SR57-51-0.5 SR57-02 0.5 116 0.068 0.068

4 SR57-03-0.5 SR57-03 0.5 227 0.134 0.134

5 SR57-04-0.5 SR57-04 0.5 110 0.065 0.065

6 SR57-05-0.5 SR57-05 0.5 79.6 0.047 0.047

7 SR57-06-0.5 SR57-06 0.5 149 0.088 0.088

8 SR57-07-0.5 SR57-07 0.5 179 0.105 0.105

9 SR57-08-0.5 SR57-08 0.5 2.67 0.002 0.002

10 SR57-09-0.5 SR57-09 0.5 99.8 0.059 0.059

11 SR57-10-0.5 SR57-10 0.5 59.8 0.035 0.035

12 SR57-11-0.5 SR57-11 0.5 640 0.376 0.386

13 SR57-55-0.5 SR57-11 0.5 30.7 0.018 0.018

14 SR57-12-0.5 SR57-12 0.5 193 0.114 0.114

15 SR57-13-0.5 SR57-13 0.5 248 0.146 0.146

16 SR57-14-0.5 SR57-15 0.5 1700 1.000 1.571

17 SR57-15-0.5 SR57-15 0.5 6.24 0.004 0.004

18 SR57-56-0.5 SR57-15 0.5 16.7 0.010 0.010

19 SR57-16-0.5 SR57-16 0.5 70.7 0.042 0.042

20 SR57-17-0.5 SR57-17 0.5 170 0.100 0.100

21 SR57-18-0.5 SR57-18 0.5 90.2 0.053 0.053

22 SR57-57-0.5 SR57-18 0.5 78.1 0.046 0.046

Minimum 2.67

Maximum 1700

Number of samples (n) 22

Variance (s
2
) 129,061.61

Mean 222.34 0.157

Notes:

1

NBD

Tranformed
(1)

(Arcsine)

The mean of the data is < then the variance, therefore the data set is considered a negative bionomial 

distribution. To normalize the data we use arsine transformation 

(Based on SW846 guidelines, Section 9.1).

Sample Number Location

Sample

Depth

ft.

Total Lead

 mg/kg

x
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Calculated 90 and 95 Percent UCL Results - (0.5 feet)

ADL Investigation

SR-57 Northbound Widening Project (EA #12-0F0321)

Calculation for UCL ( 90 and 95 Percent)

0.327

0.070

21

t-value
(1)

 for 90% and (n-1) degree of freedom 1.323

90% UCL 
(2)

 of the mean (transformed data) 0.250

90% UCL (mg/kg) 
(3) 419.92

t-value
(1)

 for 95% and (n-1) degrees of freedom 1.721

95% UCL 
(2)

 of the mean (transformed data) 0.277

95% UCL (mg/kg) 
(3) 465.41

Notes:

(1) T values corresponding to one-tail probabilities

(2) UCL = Mean+t-value*Sx

(3) The UCL of the transformed data was reverse transformed

90% UCL

95% UCL

Standard Deviation of mean (sx)

Standard Deviation (s)

Degree of freedom (n-1)
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Predicted Soluble Lead (WET) Results

ADL Investigation - (0.5 feet)

SR-57 Northbound Widening Project (EA #12-0F0321)

Sampling

Location

Sample

Depth

Total Lead

 mg/kg

Soluble Lead

(WET)

mg/L

1 SR57-01-0.5 SR57-01 0.5 270 20.8

2 SR57-02-0.5 SR57-02 0.5 355 26

3 SR57-51-0.5 SR57-02 0.5 116 3.89

4 SR57-03-0.5 SR57-03 0.5 227 18.3

5 SR57-04-0.5 SR57-04 0.5 110 2.92

6 SR57-05-0.5 SR57-05 0.5 79.6 5.22

7 SR57-06-0.5 SR57-06 0.5 149 7.13

8 SR57-07-0.5 SR57-07 0.5 179 8.48

9 SR57-09-0.5 SR57-09 0.5 99.8 8.04

10 SR57-10-0.5 SR57-10 0.5 59.8 3.5

11 SR57-11-0.5 SR57-11 0.5 640 49.6

12 SR57-12-0.5 SR57-12 0.5 193 2.53

13 SR57-13-0.5 SR57-13 0.5 248 19.5

14 SR57-14-0.5 SR57-15 0.5 1700 78.3

15 SR57-16-0.5 SR57-16 0.5 70.7 6.86

16 SR57-17-0.5 SR57-17 0.5 170 7.84

1 59.80 2.53

2 1700.00 78.30

3 268.62 15.43

4 383.31 19.60

5 146927.60 384.32

6 Correlation Coefficient 0.95

Standard Deviation (s)

Sample ID

Minimum

Maximum

Mean

Variance (s
2
)

Total lead to soluble lead
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Predicted Soluble Lead (WET) Results

ADL Investigation - (0.5 feet)

SR-57 Northbound Widening Project (EA #12-0F0321)

Notes:

1 AX+C

Y = Expected soluble lead value that can be calculated for a given value of X

X = Total lead value

A = Intercept of the line 0.0485 use the equation from the combined data

C = Constant value 2.6705 Y = 0.0515x-1.3356

2

X Y

90 % UCL 419.92 23.04

95 % UCL 465.41 25.24

3 The slope of the line is not the coefficient of correlation when raw data is used.

This regression line is used to approximate the expected solubility concentration from total lead 

concentration. Following are expected solubility values:

Equation of a regression line is Y =

Correlation of Total Lead to Soluble Lead

y = 0.0485x + 2.6705
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Calculated 90 and 95 Percent UCL Results - (1.5, 3, and 4 feet)

ADL Investigation

SR-57 Northbound Widening Project (EA #12-0F0321)

Normalize

by

101

1 SR57-01-1.5 SR57-01 1.5 21.3 0.211 0.212

2 SR57-01-3 SR57-01 3 11.4 0.113 0.113

3 SR57-01-4 SR57-01 4 4.41 0.044 0.044

4 SR57-02-1.5 SR57-02 1.5 44.8 0.444 0.460

5 SR57-02-3 SR57-02 3 4.36 0.043 0.043

6 SR57-02-4 SR57-02 4 15.2 0.150 0.151

7 SR57-03-1.5 SR57-03 1.5 49.7 0.492 0.514

8 SR57-03-3 SR57-03 3 0.5 0.005 0.005

9 SR57-03-4 SR57-03 4 0.902 0.009 0.009

10 SR57-04-1.5 SR57-04 1.5 37.2 0.368 0.377

11 SR57-04-3 SR57-04 3 10.1 0.100 0.100

12 SR57-52-3 SR57-04 3 8.95 0.089 0.089

13 SR57-04-4 SR57-04 4 5.04 0.050 0.050

14 SR57-05-1.5 SR57-05 1.5 73.8 0.731 0.819

15 SR57-05-3 SR57-05 3 17.7 0.175 0.176

16 SR57-05-4 SR57-05 4 15.6 0.154 0.155

17 SR57-06-1.5 SR57-06 1.5 101 1.000 1.571

18 SR57-06-3 SR57-06 3 17.3 0.171 0.172

19 SR57-06-4 SR57-06 4 3.22 0.032 0.032

20 SR57-53-4 SR57-06 4 3.2 0.032 0.032

21 SR57-07-1.5 SR57-07 1.5 7.3 0.072 0.072

22 SR57-07-3 SR57-07 3 3.95 0.039 0.039

23 SR57-07-4 SR57-07 4 5.99 0.059 0.059

24 SR57-08-1.5 SR57-08 1.5 0.5 0.005 0.005

25 SR57-54-1.5 SR57-08 1.5 0.5 0.005 0.005

26 SR57-08-3 SR57-08 3 1.49 0.015 0.015

27 SR57-08-4 SR57-08 4 13.5 0.134 0.134

28 SR57-09-1.5 SR57-09 1.5 6.64 0.066 0.066

29 SR57-09-3 SR57-09 3 4.54 0.045 0.045

30 SR57-09-4 SR57-09 4 17.7 0.175 0.176

31 SR57-10-1.5 SR57-10 1.5 7.22 0.071 0.072

32 SR57-10-3 SR57-10 3 6.9 0.068 0.068

33 SR57-10-4 SR57-10 4 13.8 0.137 0.137

34 SR57-11-1.5 SR57-11 1.5 18.1 0.179 0.180

35 SR57-11-3 SR57-11 3 26.4 0.261 0.264

36 SR57-11-4 SR57-11 4 16.9 0.167 0.168

37 SR57-12-1.5 SR57-12 1.5 9.79 0.097 0.097

Tranformed
(1)

(Arcsine)
Sample Number Location

Sample

Depth

ft.

Total Lead

 mg/kg
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Calculated 90 and 95 Percent UCL Results - (1.5, 3, and 4 feet)

ADL Investigation

SR-57 Northbound Widening Project (EA #12-0F0321)

38 SR57-12-3 SR57-12 3 6.82 0.068 0.068

39 SR57-12-4 SR57-12 4 7.97 0.079 0.079

40 SR57-13-1.5 SR57-13 1.5 17.5 0.173 0.174

41 SR57-13-3 SR57-13 3 5.37 0.053 0.053

42 SR57-13-4 SR57-13 4 1.79 0.018 0.018

43 SR57-14-1.5 SR57-14 1.5 5.17 0.051 0.051

44 SR57-14-3 SR57-14 3 0.861 0.009 0.009

45 SR57-14-4 SR57-14 4 2.29 0.023 0.023

46 SR57-15-1.5 SR57-15 1.5 2.89 0.029 0.029

47 SR57-15-3 SR57-15 3 3.53 0.035 0.035

48 SR57-15-4 SR57-15 4 3.17 0.031 0.031

49 SR57-16-1.5 SR57-16 1.5 9.04 0.090 0.090

50 SR57-16-3 SR57-16 3 39.3 0.389 0.400

51 SR57-16-4 SR57-16 4 2.02 0.020 0.020

52 SR57-17-1.5 SR57-17 1.5 1.23 0.012 0.012

53 SR57-17-3 SR57-17 3 1.04 0.010 0.010

54 SR57-17-4 SR57-17 4 1.47 0.015 0.015

Minimum 0.50

Maximum 101

Number of samples (n) 54

Variance (s
2
) 347.19

Mean 13.30 0.145

Notes:

1

NBD

The mean of the data is < then the variance, therefore the data set is considered a negative bionomial 

distribution. To normalize the data we use arsine transformation 

(Based on SW846 guidelines, Section 9.1).

x
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Calculated 90 and 95 Percent UCL Results - (1.5, 3, and 4 feet)

ADL Investigation

SR-57 Northbound Widening Project (EA #12-0F0321)

Calculation for UCL ( 90 and 95 Percent)

0.248

0.034

53

t-value
(1)

 for 90% and (n-1) degree of freedom 1.298

90% UCL 
(2)

 of the mean (transformed data) 0.189

90% UCL (mg/kg) 
(3) 18.98

t-value
(1)

 for 95% and (n-1) degrees of freedom 1.674

95% UCL 
(2)

 of the mean (transformed data) 0.202

95% UCL (mg/kg) 
(3) 20.24

Notes:

(1) T values corresponding to one-tail probabilities

(2) UCL = Mean+t-value*Sx

(3) The UCL of the transformed data was reverse transformed

90% UCL

95% UCL

Standard Deviation of mean (sx)

Standard Deviation (s)

Degree of freedom (n-1)

UCL Calculation_SR 57 FWY Shoulder_1.5_3_4.xls-UCL Total Lead 5/7 1/20/2009



Predicted Soluble Lead (WET) Results - (1.5, 3, and 4 feet)

ADL Investigation

SR-57 Northbound Widening Project (EA #12-0F0321)

Sampling

Location

Sample

Depth

Total Lead

 mg/kg

Soluble Lead

(WET)

mg/L

1 SR57-05-1.5 SR57-05 1.5 73.8 1.95

2 SR57-06-1.5 SR57-06 1.5 101 3.98

3

1 73.80 1.95

2 101.00 3.98

3 87.40 2.97

4 19.23 1.44

5 369.92 2.06

6 Correlation Coefficient 1.00

Standard Deviation (s)

Sample ID

Minimum

Maximum

Mean

Variance (s
2
)

Total lead to soluble lead

UCL Calculation_SR 57 FWY Shoulder_1.5_3_4.xls-Correlation Lead_WET Page 6 of 7 1/20/2009



Predicted Soluble Lead (WET) Results - (1.5, 3, and 4 feet)

ADL Investigation

SR-57 Northbound Widening Project (EA #12-0F0321)

Notes:

1 AX+C

Y = Expected soluble lead value that can be calculated for a given value of X

X = Total lead value

A = Intercept of the line 0.0746 use the equation from the combined data

C = Constant value -3.5579 Y = 0.0515x-1.3356

2

X Y

90 % UCL 18.98 -2.14

95 % UCL 20.24 -2.05

3 The slope of the line is not the coefficient of correlation when raw data is used.

This regression line is used to approximate the expected solubility concentration from total lead 

concentration. Following are expected solubility values:

Equation of a regression line is Y =

Correlation of Total Lead to Soluble Lead

y = 0.0746x - 3.5579
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Calculated 90 and 95 Percent UCL Results - (0.5, 1.5, 3, and 4 feet)

ADL Investigation

SR-57 Northbound Widening Project (EA #12-0F0321)

Normalize

by

899

1 SR57-19-0.5 SR57-19 0.5 130 0.145 0.145

2 SR57-19-1.5 SR57-19 1.5 1.2 0.001 0.001

3 SR57-19-3 SR57-19 3 3.55 0.004 0.004

4 SR57-19-4 SR57-19 4 12.1 0.013 0.013

5 SR57-20-0.5 SR57-20 0.5 899 1.000 1.571

6 SR57-20-1.5 SR57-20 1.5 1.61 0.002 0.002

7 SR57-20-3 SR57-20 3 1.72 0.002 0.002

8 SR57-58-3 SR57-58 3 1.35 0.002 0.002

9 SR57-20-4 SR57-20 4 2.74 0.003 0.003

10 SR57-21-0.5 SR57-21 0.5 80.2 0.089 0.089

11 SR57-21-1.5 SR57-21 1.5 9.73 0.011 0.011

12 SR57-21-3 SR57-21 3 4.64 0.005 0.005

13 SR57-21-4 SR57-21 4 31.8 0.035 0.035

14 SR57-22-0.5 SR57-22 0.5 345 0.384 0.394

15 SR57-22-1.5 SR57-22 1.2 7.35 0.008 0.008

16 SR57-22-3 SR57-22 3 2.91 0.003 0.003

17 SR57-22-4 SR57-22 4 14.4 0.016 0.016

18 SR57-59-4 SR57-59 4 2.86 0.003 0.003

19 SR57-23-0.5 SR57-23 0.5 561 0.624 0.674

20 SR57-23-1.5 SR57-23 1.5 54.4 0.061 0.061

21 SR57-23-3 SR57-23 3 6.8 0.008 0.008

22 SR57-60-3 SR57-60 3 5.93 0.007 0.007

23 SR57-23-4 SR57-23 4 13.6 0.015 0.015

24 SR57-24-0.5 SR57-24 0.5 403 0.448 0.465

25 SR57-24-1.5 SR57-24 1.5 4.78 0.005 0.005

26 SR57-24-3 SR57-24 3 6.68 0.007 0.007

27 SR57-24-4 SR57-24 4 2.45 0.003 0.003

28 SR57-25-0.5 SR57-25 0.5 384 0.427 0.441

29 SR57-25-1.5 SR57-25 1.5 147 0.164 0.164

30 SR57-25-3 SR57-25 3 4.36 0.005 0.005

31 SR57-25-4 SR57-25 4 5.51 0.006 0.006

32 SR57-26-0.5 SR57-26 0.5 377 0.419 0.433

33 SR57-61-0.5 SR57-61 0.5 208 0.231 0.233

34 SR57-26-1.5 SR57-26 1.5 247 0.275 0.278

35 SR57-26-3 SR57-26 3 7.61 0.008 0.008

36 SR57-26-4 SR57-26 4 2.47 0.003 0.003

Tranformed
(1)

(Arcsine)
Sample Number Location

Sample

Depth

ft.

Total Lead

 mg/kg

UCL Calculation_SR 57 RW_All Depths.xls-UCL Total Lead 3/6 1/20/2009
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Calculated 90 and 95 Percent UCL Results - (0.5, 1.5, 3, and 4 feet)

ADL Investigation

SR-57 Northbound Widening Project (EA #12-0F0321)

Normalize

by

899

Tranformed
(1)

(Arcsine)
Sample Number Location

Sample

Depth

ft.

Total Lead

 mg/kg

Minimum 1.20

Maximum 899

Number of samples (n) 36

Variance (s
2
) 40,145.48

Mean 110.94 0.142

Notes:

1

NBD

Calculation for UCL ( 90 and 95 Percent)

0.299

0.050

35

t-value
(1)

 for 90% and (n-1) degree of freedom 1.306

90% UCL 
(2)

 of the mean (transformed data) 0.208

90% UCL (mg/kg) 
(3) 185.25

t-value
(1)

 for 95% and (n-1) degrees of freedom 1.690

95% UCL 
(2)

 of the mean (transformed data) 0.227

95% UCL (mg/kg) 
(3) 202.05

Notes:

(1) T values corresponding to one-tail probabilities

(2) UCL = Mean+t-value*Sx

(3) The UCL of the transformed data was reverse transformed

The mean of the data is < then the variance, therefore the data set is considered a negative 

bionomial distribution. To normalize the data we use arsine transformation 

(Based on SW846 guidelines, Section 9.1).

90% UCL

95% UCL

Standard Deviation of mean (sx)

Standard Deviation (s)

Degree of freedom (n-1)

x
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Predicted Soluble Lead (WET) Results - (0.5, 1.5, 3, and 4 feet)

ADL Investigation

SR-57 Northbound Widening Project (EA #12-0F0321)

Sampling

Location

Sample

Depth

Total Lead

 mg/kg

Soluble Lead

(WET)

mg/L

1 SR57-19-0.5 SR57-19 0.5 130 15.3

2 SR57-20-0.5 SR57-20 0.5 899 82.5

3 SR57-21-0.5 SR57-21 0.5 80.2 3.3

4 SR57-22-0.5 SR57-22 0.5 345 35.4

5 SR57-23-0.5 SR57-23 0.5 561 17.7

6 SR57-23-1.5 SR57-23 1.5 54.4 1.39

7 SR57-24-0.5 SR57-24 0.5 403 28.7

8 SR57-25-0.5 SR57-25 0.5 384 7.06

9 SR57-25-1.5 SR57-25 1.5 147 1.05

10 SR57-26-0.5 SR57-26 0.5 377 21

11 SR57-61-0.5 SR57-61 0.5 208 15.2

1 54.40 1.05

2 899.00 82.50

3 319.63 20.20

4 237.43 22.28

5 56375.34 496.39

6 Correlation Coefficient 0.86

Standard Deviation (s)

Sample ID

Minimum

Maximum

Mean

Variance (s
2
)

Total lead to soluble lead

UCL Calculation_SR 57 RW_All Depths.xls-Correlation Lead_WET Page 5 of 6 1/20/2009



Predicted Soluble Lead (WET) Results - (0.5, 1.5, 3, and 4 feet)

ADL Investigation

SR-57 Northbound Widening Project (EA #12-0F0321)

Notes:

1 AX+C

Y = Expected soluble lead value that can be calculated for a given value of X

X = Total lead value

A = Intercept of the line 0.0807 use the equation from the combined data

C = Constant value -5.5412 Y = 0.0515x-1.3356

2

X Y

90 % UCL 185.25 9.41

95 % UCL 202.05 10.76

3 The slope of the line is not the coefficient of correlation when raw data is used.

This regression line is used to approximate the expected solubility concentration from total lead 

concentration. Following are expected solubility values:

Equation of a regression line is Y =

Correlation of Total Lead to Soluble Lead

y = 0.0807x - 5.5412
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Calculated 90 and 95 Percent UCL Results - (0.5 feet)

ADL Investigation

SR-57 Northbound Widening Project (EA #12-0F0321)

Normalize

by

899

1 SR57-19-0.5 SR57-19 0.5 130 0.145 0.145

2 SR57-20-0.5 SR57-20 0.5 899 1.000 1.571

3 SR57-21-0.5 SR57-21 0.5 80.2 0.089 0.089

4 SR57-22-0.5 SR57-22 0.5 345 0.384 0.394

5 SR57-23-0.5 SR57-23 0.5 561 0.624 0.674

6 SR57-24-0.5 SR57-24 0.5 403 0.448 0.465

7 SR57-25-0.5 SR57-25 0.5 384 0.427 0.441

8 SR57-26-0.5 SR57-26 0.5 377 0.419 0.433

9 SR57-61-0.5 SR57-61 0.5 208 0.231 0.233

10

Minimum 80.20

Maximum 899

Number of samples (n) 9

Variance (s
2
) 60,718.19

Mean 376.36 0.494

Notes:

1

NBD

Calculation for UCL ( 90 and 95 Percent)

0.442

0.147

8

t-value
(1)

 for 90% and (n-1) degree of freedom 1.397

90% UCL 
(2)

 of the mean (transformed data) 0.700

90% UCL (mg/kg) 
(3) 578.95

t-value
(1)

 for 95% and (n-1) degrees of freedom 1.860

95% UCL 
(2)

 of the mean (transformed data) 0.768

95% UCL (mg/kg) 
(3) 624.45

Notes:

(1) T values corresponding to one-tail probabilities

(2) UCL = Mean+t-value*Sx

(3) The UCL of the transformed data was reverse transformed

90% UCL

95% UCL

Standard Deviation of mean (sx)

Standard Deviation (s)

Degree of freedom (n-1)

Tranformed
(1)

(Arcsine)

The mean of the data is < then the variance, therefore the data set is considered a negative bionomial 

distribution. To normalize the data we use arsine transformation 

(Based on SW846 guidelines, Section 9.1).

Sample Number Location

Sample

Depth

ft.

Total Lead

 mg/kg

x

UCL Calculation_SR 57 RW_0.5.xls-UCL Total Lead 2/4 1/20/2009



Predicted Soluble Lead (WET) Results - (0.5 feet)

ADL Investigation

SR-57 Northbound Widening Project (EA #12-0F0321)

Sampling

Location

Sample

Depth

Total Lead

 mg/kg

Soluble Lead

(WET)

mg/L

1 SR57-19-0.5 SR57-19 0.5 130 15.3

2 SR57-20-0.5 SR57-20 0.5 899 82.5

3 SR57-21-0.5 SR57-21 0.5 80.2 3.3

4 SR57-22-0.5 SR57-22 0.5 345 35.4

5 SR57-23-0.5 SR57-23 0.5 561 17.7

6 SR57-24-0.5 SR57-24 0.5 403 28.7

7 SR57-25-0.5 SR57-25 0.5 384 7.06

8 SR57-26-0.5 SR57-26 0.5 377 21

1 80.20 3.30

2 899.00 82.50

3 376.36 25.13

4 246.41 23.66

5 60718.19 560.01

6 Correlation Coefficient 0.83

Variance (s
2
)

Total lead to soluble lead

Standard Deviation (s)

Sample ID

Minimum

Maximum

Mean

UCL Calculation_SR 57 RW_0.5.xls-Correlation Lead_WET Page 3 of 4 1/20/2009



Predicted Soluble Lead (WET) Results - (0.5 feet)

ADL Investigation

SR-57 Northbound Widening Project (EA #12-0F0321)

Notes:

1 AX+C

Y = Expected soluble lead value that can be calculated for a given value of X

X = Total lead value

A = Intercept of the line 0.0814 use the equation from the combined data

C = Constant value -5.9594 Y = 0.0515x-1.3356

2

X Y

90 % UCL 578.95 41.17

95 % UCL 624.45 44.87

3 The slope of the line is not the coefficient of correlation when raw data is used.

This regression line is used to approximate the expected solubility concentration from total lead 

concentration. Following are expected solubility values:

Equation of a regression line is Y =

Correlation of Total Lead to Soluble Lead

y = 0.0814x - 5.9594
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Calculated 90 and 95 Percent UCL Results - (1.5, 3, and 4 feet)

ADL Investigation

SR-57 Northbound Widening Project (EA #12-0F0321)

Normalize

by

247

1 SR57-19-1.5 SR57-19 1.5 1.2 0.005 0.005

2 SR57-19-3 SR57-19 3 3.55 0.014 0.014

3 SR57-19-4 SR57-19 4 12.1 0.049 0.049

4 SR57-20-1.5 SR57-20 1.5 1.61 0.007 0.007

5 SR57-20-3 SR57-20 3 1.72 0.007 0.007

6 SR57-58-3 SR57-20 3 1.35 0.005 0.005

7 SR57-20-4 SR57-20 4 2.74 0.011 0.011

8 SR57-21-1.5 SR57-21 1.5 9.73 0.039 0.039

9 SR57-21-3 SR57-21 3 4.64 0.019 0.019

10 SR57-21-4 SR57-21 4 31.8 0.129 0.129

11 SR57-22-1.5 SR57-22 1.5 7.35 0.030 0.030

12 SR57-22-3 SR57-22 3 2.91 0.012 0.012

13 SR57-22-4 SR57-22 4 14.4 0.058 0.058

14 SR57-59-4 SR57-22 4 2.86 0.012 0.012

15 SR57-23-1.5 SR57-23 1.5 54.4 0.220 0.222

16 SR57-23-3 SR57-23 3 6.8 0.028 0.028

17 SR57-60-3 SR57-23 3 5.93 0.024 0.024

18 SR57-23-4 SR57-23 4 13.6 0.055 0.055

19 SR57-24-1.5 SR57-24 1.5 4.78 0.019 0.019

20 SR57-24-3 SR57-24 3 6.68 0.027 0.027

21 SR57-24-4 SR57-24 4 2.45 0.010 0.010

22 SR57-25-1.5 SR57-25 1.5 147 0.595 0.637

23 SR57-25-3 SR57-25 3 4.36 0.018 0.018

24 SR57-25-4 SR57-25 4 5.51 0.022 0.022

25 SR57-26-1.5 SR57-26 1.5 247 1.000 1.571

26 SR57-26-3 SR57-26 3 7.61 0.031 0.031

27 SR57-26-4 SR57-26 4 2.47 0.010 0.010

Minimum 1.20

Maximum 247

Number of samples (n) 32

Variance (s
2
) 4,028.71

Mean 27.30 0.148

Notes:

1

NBD

Tranformed
(1)

(Arcsine)

The mean of the data is < then the variance, therefore the data set is considered a negative bionomial 

distribution. To normalize the data we use arsine transformation 

(Based on SW846 guidelines, Section 9.1).

Sample Number Location

Sample

Depth

ft.

Total Lead

 mg/kg

x
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Calculated 90 and 95 Percent UCL Results - (1.5, 3, and 4 feet)

ADL Investigation

SR-57 Northbound Widening Project (EA #12-0F0321)

Calculation for UCL ( 90 and 95 Percent)

0.391

0.069

31

t-value
(1)

 for 90% and (n-1) degree of freedom 1.309

90% UCL 
(2)

 of the mean (transformed data) 0.238

90% UCL (mg/kg) 
(3) 58.23

t-value
(1)

 for 95% and (n-1) degrees of freedom 1.696

95% UCL 
(2)

 of the mean (transformed data) 0.265

95% UCL (mg/kg) 
(3) 64.61

Notes:

(1) T values corresponding to one-tail probabilities

(2) UCL = Mean+t-value*Sx

(3) The UCL of the transformed data was reverse transformed

90% UCL

95% UCL

Standard Deviation of mean (sx)

Standard Deviation (s)

Degree of freedom (n-1)

UCL Calculation_SR 57 RW_1.5_3_4.xls-UCL Total Lead 3/5 1/20/2009



Predicted Soluble Lead (WET) Results - (1.5, 3, and 4 feet)

ADL Investigation

SR-57 Northbound Widening Project (EA #12-0F0321)

Sampling

Location

Sample

Depth

Total Lead

 mg/kg

Soluble Lead

(WET)

mg/L

1 SR57-23-1.5 SR57-23 1.5 54.4 1.39

2 SR57-25-1.5 SR57-25 1.5 147 1.05

3 SR57-26-1.5 SR57-26 1.5 247 13.8

4 SR57-26-1.5 1.5 247 27.6

1 54.40 1.05

2 247.00 27.60

3 173.85 10.96

4 92.54 12.58

5 8563.69 158.25

6 Correlation Coefficient 0.81

Standard Deviation (s)

Sample ID

Minimum

Maximum

Mean

Variance (s
2
)

Total lead to soluble lead

UCL Calculation_SR 57 RW_1.5_3_4.xls-Correlation Lead_WET Page 4 of 5 1/20/2009



Predicted Soluble Lead (WET) Results - (1.5, 3, and 4 feet)

ADL Investigation

SR-57 Northbound Widening Project (EA #12-0F0321)

Notes:

1 AX+C

Y = Expected soluble lead value that can be calculated for a given value of X

X = Total lead value

A = Intercept of the line 0.1103 use the equation from the combined data

C = Constant value -8.2187 Y = 0.0515x-1.3356

2

X Y

90 % UCL 58.23 -1.80

95 % UCL 64.61 -1.09

3 The slope of the line is not the coefficient of correlation when raw data is used.

This regression line is used to approximate the expected solubility concentration from total lead 

concentration. Following are expected solubility values:

Equation of a regression line is Y =

Correlation of Total Lead to Soluble Lead

y = 0.1103x - 8.2187
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SECTION 1 

1.Introduction 

1.1 General 

The Orange County Transportation Authority (OCTA) has retained CH2M HILL to provide 
the final design for the widening of the traveled way on the northbound State Route 57 
(SR-57) in Orange County, California. The widening of the northbound lanes is proposed to 
address the congestion and improve the traffic capacity for a total of 4.7 miles along SR-57 
between south of Orangethorpe Avenue at post mile (PM) 16.2 and south of Lambert Road 
at PM 20.9. Within the project limits, the alignment is divided into the northern segment 
(EA 12-0F0321) and the southern segment (EA-0F0311). The northern segment begins at 
PM 18.4 immediately to the north of Yorba Linda Boulevard and ends at PM 20.9 
immediately south of Lambert Road. The improvements to the north segment involve the 
widening of five bridge structures, the pavement of new exterior and auxiliary lanes, 
realignment of ramps, and the addition of several retaining and sound walls. The bridge 
structures include Bastanchury Road Undercrossing (UC), Rolling Hills Drive UC, 
Associated Road UC, Birch Street UC, and Brea Overhead (OH). 

This foundation report is prepared as part of the Plans, Specifications & Estimate (PS&E) 
Phase of the project. It includes the geotechnical recommendations to aid in the foundation 
design of the proposed widening at Brea OH (Bridge No. 55-482). The report also addresses 
the California Department of Transportation (Caltrans) review comments dated May 19, 
2009, for the final foundation report prepared by CH2M HILL for Brea OH. A copy of the 
review comments and the responses to the comments is provided in Attachment 1. Separate 
foundation reports are prepared to address the remaining bridges within the northern 
segment of the project alignment. 

1.2 Project Location and Description 

The existing Brea Overhead is located approximately 0.76 mile north of the Route 90 
(Imperial Highway) at PM 20.63 on SR-57 in the city of Brea in Orange County, California. 
The site coordinates are 33.921511° N, 117.879964° W. The location of the site is shown in the 
Site Location Map, Figure 1-1. 

The proposed northbound widening at the Brea OH will add a T-beam reinforced concrete 
structure approximately 32.5-foot (ft) wide to the east side of the existing bridge. The new 
structure will be three-span supported by diaphragm-type abutments and by two-column 
bents. The general plan and foundation plan for the proposed widening are provided in the 
Attachments 2 and 3. 
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1.3 Purpose and Scope 

The purpose of the investigation is to review the available information pertinent to the 
existing bridge structure, perform site investigation to confirm the subsurface conditions, 
and provide geotechnical recommendations for the proposed widening at the bridge site. 
The scope of work for the current study includes the following: 

• Review the as-built bridge drawings, log of test borings (LOTBs) sheet, and geologic 
maps 

• Perform drilling, sampling, and logging of two hollow-stem auger (HSA) borings 

• Conduct laboratory testing of selected samples to characterize the subsurface material 

• Provide recommendations for seismic parameters and acceleration response spectra, 
evaluation of the potential for liquefaction and lateral spread, and development of 
geotechnical recommendations for foundation design 

• Prepare this foundation report according to the Guidelines for Structures Foundation 
Reports (2006a) by Caltrans 

1.4 Site Description and Existing Structure 

The bridge site is located at the northern part of the Peninsular Ranges Geomorphic 
Province of Southern California within the northeastern portion of the Los Angeles Basin. 
The area near the bridge site is heavily urbanized by recreational, commercial, and 
residential developments. The terrain surrounding the bridge site is relatively flat. 
According to the as-built plans, the original ground surface at the bridge site was relatively 
flat, and was raised to the current roadway profile by about 43 feet at the north end, and by 
46 feet at the south end. Brea OH crosses over an abandoned Union Pacific Railroad (UPRR) 
bed, which is currently inactive and without tracks.  The average ground surface elevation 
at the site varies from approximately 371.6 feet at the abandoned UPRR bed to about 
419.4 feet at the roadway of SR-57. The existing slopes at Abutments 1 (south) and 4 (north) 
are sloped at 1.5:1 horizontal-to-vertical (H:V) toward the UPRR bed with no slope 
pavement. The sides of the roadway embankment are sloped at 2:1 (H:V) or flatter. 

The existing bridge crosses the SR-57 alignment along the “B” Line at Station 694+27.19 at 
the south end and Station 696+00.19 at the north end. The elevation of the bridge at the 
roadway of SR-57 ranges between 414.33 and 418.78 feet. The bridge is a three-span 
reinforced concrete structure, built in 1971 with a total length of about 173 feet and a width 
of 148 feet (and varies). Brea Overhead is a continuous T-beam bridge supported by 
open-end diaphragm-type abutments, and two five-column bents. The abutments are 
supported by shallow foundation, while the bents are supported by cast-in drilled holes 
(CIDH) concrete pile foundations. A summary of the as-built foundation data for the 
existing bridge is presented in Tables 1-1 and 1-2. 



SECTION 1 INTRODUCTION 

TB042009001SCO/SR57_NBWIDENING_LW3097.DOC/091130005 1-3 

TABLE 1-1 

Summary of As-Built Spread Footing Data 

Soil Pressure (tsf) 
Support 
Location 

Footing Size
1 

(ft) 
Bottom Elevation

2 

(ft) Allowable Design 

Abutment 1 (South) 3 x 164.67 
404 (East) 

402 (West) 
2 2 

Abutment 4  (North) 3 x 169.35 
408.5 (East) 

406.5 (West) 
2 2 

1 
Footing thickness is 1.5 feet. 

2 
Elevation is referenced to the 1929 National Geodetic Vertical Datum (NGVD). A 1.6 feet should be added to 

the 1929 NGVD as-built elevations to convert as-built elevations referenced to North American Vertical Datum of 
1988 (NAVD 88). 

tsf= ton(s) per square foot 

 

TABLE 1-2 

Summary of As-Built Pile Foundation Data 

Support 
Location 

Pile 
Type 

Estimated Pile 
Cut-off Elevation

1,2 

(ft) 

Design Load 
(Service Load) 

(tons) 

Specified Tip 
Elevation

2  

(ft) 

Bent 2  
16-inch 
CIDH 

371 45 336.6 

Bent 3 
16-inch 
CIDH 

372 45 338.6 

1 
Cut-off elevation is at the bottom of the pile cap. 

2 
Elevation is referenced to the 1929 National Geodetic Vertical Datum (NGVD). A 1.6 feet should be added to 

the 1929 NGVD as-built elevations to convert as-built elevations referenced to North American Vertical Datum of 
1988 (NAVD 88). 

1.5 Pertinent Reports and Investigations 

As part of the study, CH2M HILL reviewed a previous geotechnical investigation 
performed at the project site. The most pertinent documents included:  

• As-built Plans and Log of Test Borings, Brea Overhead (Bridge No. 55-0482), State 
Route 57, Orange County, California, August 30, 1971 (Caltrans, 1971). 

• As-built Project Plans for Construction on State Highway, Orange County in and near 
Fullerton and Brea between 0.1-mile north of Imperial Highway and 0.3-mile south of 
Los Angles County Line, California, December 12, 1972 (Caltrans, 1972). 

• CH2M HILL. Preliminary Foundation Report, SR-57 Northbound Widening (Northern 
Segment), Brea Overhead, Bridge No. 55-0482. Prepared for Orange County Transportation 
Authority. August 2008 (CH2M HILL, 2008). 

• Updated Preliminary Foundation Reports and Preliminary Pavement Structural Sections, 
SR-57: NB Widening Project. March 2007 (Earth Mechanics Inc., 2007). 
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1.6 Limitations 

This foundation report has been prepared for the exclusive use by Caltrans, OCTA, and 
CH2M HILL design engineers for the PS&E of SR-57 northbound widening project. It has 
been prepared in accordance with generally accepted geotechnical engineering practices. No 
other warranty, expressed or implied, is made. 

The analyses and recommendations contained in this report are based on the data obtained 
from the review of available pertinent documents and two borings drilled by CH2M HILL. 
The borings presented in the as-built plans and the LOTB sheet prepared in this 
investigation indicate subsurface conditions only at specific locations at the time of 
explorations, and only within the depths penetrated. They do not necessarily reflect 
subsurface variations that could exist between such locations or between samples, or 
changes that could take place with time. If variations in subsurface conditions from those 
described in this report are noted during construction, the recommendations in this report 
should be re-evaluated. 

In the event that any change in the nature, design, or location of the proposed structure 
occurs, the conclusions and recommendations of this report should not be considered valid 
unless such changes are reviewed and the conclusions of this report are verified in writing 
by CH2M HILL. CH2M HILL is not responsible for any claims, damages, or liability 
associated with the reinterpretation or reuse of the subsurface data in this report by others. 

The geotechnical recommendations presented in this report are based on the as-built 
drawings for the existing bridge and the structural plans for the proposed improvements at 
the bridge site. 
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SECTION 2 

2.Geotechnical Investigation 

2.1 General 

The geotechnical investigation considered in the current study included the borings drilled 
by Caltrans for the existing bridge structure and two borings drilled by CH2M HILL for the 
widening. The locations of the borings are presented on the LOTB sheet of the existing 
bridge and on the LOTB sheet for the proposed widening. For reference purposes, the LOTB 
sheets are provided in Attachment 4. 

2.2 Field Exploration 

2.2.1 Review of Existing Information 

According to the as-built drawings, the most recent subsurface investigation was performed 
prior to the construction of the existing bridge. At that time, the subsurface information was 
obtained from five penetration borings (B-3 through B-7), and two rotary borings (B-1 and 
B-2) drilled in November 1967. The borings were advanced to a depth ranging from 17 to 
47 feet below the ground surface (bgs). As indicated on the LOTB sheet, a standard 
penetration test (SPT) was performed in the rotary borings (B-1 and B-2). A summary of the 
subsurface investigation is presented in Table 2-1, and the LOTB sheet is provided in 
Attachment 4.  

TABLE 2-1 

Summary of Exploratory Borings from Previous Field Investigation 

Test 
Boring 

Number 
Station

1 
 

(ft) 
Offset  

(ft) 
Date 

Performed 

Approximate 
Penetration 

Depth 
(ft) 

Test Boring 
Top 

Elevation
2
 

(ft) 

Groundwater 
Elevation

2
 

(ft) 

B-1 695+14 64 RT November 15, 1967 47 370.9 NE 

B-2 695+12 70 LT November 16, 1967 47 370.6 NE 

B-3 694+74 76 LT November 15, 1967 47 368.6 NE 

B-4 694+24 59 RT November 15, 1967 17 367.8 NE 

B-5 694+22 65 RT November 15, 1967 34 367.9 NE 

B-6 695+73 59 RT November 15, 1967 35 373.8 NE 

B-7 696+18 75 LT November 15, 1967 31 374.5 NE 
1 

Station is referenced to the center line of SR-57 shown on the as-built plans. 
2 

Elevation is referenced to the 1929 National Geodetic Vertical Datum (NGVD). A 1.6 feet should be added to 
the 1929 NGVD as-built elevations to convert as-built elevations referenced to North American Vertical Datum of 
1988 (NAVD 88). 

LT = left  
NE = not encountered  
RT = right 



SECTION 2 GEOTECHNICAL INVESTIGATION 

TB042009001SCO/SR57_NBWIDENING_LW3097.DOC/091130005 2-2 

2.2.2 Current Investigation 

CH2M HILL conducted a field investigation in July and September 2008 to confirm the 
subsurface interpretations from the earlier field investigation at the bridge site. The field 
investigation included drilling and sampling two HSA borings, A-08-025 and A-08-026. 
Boring A-08-025 was drilled from the northbound SR-57 near Abutment 1 (south), and 
boring A-08-026 was drilled under the bridge near Bent 3. Boring A-08-025 was advanced 
and terminated at a depth of 77 feet bgs due to rig refusal, while boring A-08-026 was 
advanced to the target depth of 81.5 feet. Table 2-2 summarizes the information and the 
approximate location of these borings.  

TABLE 2-2 

Summary of Exploratory Borings from Current Field Investigation 

Test Boring 
Number 

“B” Line 
Station

1
 

(ft) 

Offset 
from “B” 

Line  
(ft) 

Date 
Performed 

Approximate 
Penetration 

Depth 
(ft) 

Test 
Boring Top 
Elevation

2
 

(ft) 

Groundwater 
Elevation

2
 

(ft) 

A-08-025 693+47.72 68.65 RT July 12, 2008 77 413.10 NE 

A-08-026 694+81.60 89.85 RT Sept 2, 2008 81.5 371.58 360.6 

1 
Station is referenced to the general plan “B” Line. 

2 
Elevation is referenced to North American Vertical Datum of 1988 (NAVD 88). 

LT = left 
NE = not encountered 
RT = right 

The borings were drilled by 2R-Drilling Inc., of Chino, California, using a truck-mounted 
drill rig (CME 55) equipped with 8-inch-diameter HSAs and a 140-pound (lb) automatic 
hammer falling freely for 30 inches. The automatic hammer was estimated to have an 
equivalent efficiency of about 78 percent. Soil samples were collected every 5 feet using SPT 
split-spoon sampler or modified California ring sampler. The sampling procedures 
generally followed SPT and split-barrel sampling of soils (American Society for Testing and 
Materials [ASTM] D1586). Each soil sample collected was described using the Unified Soil 
Classification System (USCS) in accordance with the ASTM D2487 and D2488, and the 
guidelines in the Soil and Rock Logging, Classification, and Presentation Manual (Caltrans, 2007). 
Following the drilling, sampling, and logging, the borings were backfilled with the soil 
cuttings. The HSA boring logs for the current investigation are presented in Appendix A.  

2.3 Laboratory Tests 

Laboratory testing was performed on selected soil samples of the subsurface material to aid 
in the field classification of the samples collected and to evaluate the geotechnical 
engineering properties of subsurface materials. Leighton and Associates, Inc. performed the 
laboratory tests under a subcontract to CH2M HILL. Tests included moisture content, 
in-place density, gradation analysis, Atterberg limits, consolidation, direct shear, 
unconsolidated undrained triaxial shear, and corrosion tests. Testing was completed in 
accordance with applicable ASTM standards (ASTM, 2007) or California Test Methods 
(CTMs) (Caltrans, 1990a). The laboratory tests performed on the samples are summarized in 
Table 2-3, and the results of the tests are presented in Appendix B. 
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TABLE 2-3 

Summary of Laboratory Test Methods 

Laboratory Test Test Method 

Moisture Content ASTM D2216 

In-place Density ASTM D2937 

Particle-size Analysis ASTM D422 

Atterberg Limits ASTM D4318 

Consolidation ASTM D2435 

Direct Shear (Consolidated Drained) ASTM D3080 

Unconsolidated Undrained Triaxial Shear ASTM D2850 

Corrosion Suite CTM 417, 422 and 532/643 
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SECTION 3 

3.Site Characterization and Geologic Hazards 

3.1 Regional Geology 

The project site is located in the Yorba Linda-La Habra valley lowland situated south of the 
Puente Hills and immediately east of the East Coyote Hills. The Puente Hills are the result 
of uplifting between the Whittier and the Chino faults and the continuation to the northwest 
of the Santa Ana Mountains. The hills and the mountains are part of the Peninsular Ranges 
Geomorphic Province of Southern California (California Geologic Survey [CGS], 2002). The 
Puente Hills present an irregular topography and contain several peaks above 1,000 feet in 
elevation, whereas Coyote Hills are smoother and significantly lower in elevation. The 
lowlands between both hills generally consist of gentle to moderately sloping alluviated 
surfaces that, for the most part, have been heavily urbanized. The intervening lowland areas 
are part of the Los Angeles Basin. 

According to Morton (2004) and the California Division of Mines and Geology (CDMG) 
(1997), the Puente Hills are underlain by the late Miocene of the Puente Formation and the 
Pliocene age marine rock of the Fernando Formation. These bedrock units consist of 
claystone, siltstone, sandstone, and a conglomerate of marine origin and represent the oldest 
bedrock units exposed in this area. The bedrock underlying the Coyote Hills consists of late 
Pleistocene La Habra Formation, Pleistocene Coyote Hills Formation, and early Pleistocene 
San Pedro Formation rocks. The bedrock units exposed in the Coyote Hills consist of 
nonmarine mudstones and pebbly sandstone. As shown in Figure 3-1, the geology of the 
project alignment is generally comprised of the very old alluvial fan deposits (Qvof) 
underlain by the La Habra Formation. 

3.2 Subsurface Conditions 

Review of the LOTB sheet indicates that the geologic units encountered at the bridge site 
during the previous and the current field investigation consist of artificial fill (Af), and the 
Qvof. The as-built plans indicate that Af was placed at Abutments 1 and 4 during the initial 
grading for the construction of the SR-57 roadway embankment at the Brea OH. It is not 
known if these materials were placed as an engineered fill based on the available 
documentation.  

The artificial fills near the location of the south abutment predominantly consisted of stiff to 
hard sandy lean clay, lean clay with sand, and lean clay. The Qvof consisted of stiff to hard 
lean clay with occasional layers of dense to very dense silty and clayey sand to the 
maximum depth explored at the site. While the subsurface information from boring A-08-026 
from the current investigation and the as-built plans boring B-1 from the previous 
investigation are generally similar in the upper 20 feet, boring A-08-026 encountered 
predominantly very stiff to hard clayey layers with occasional dense to very dense sandy 
layers between depth ranging from 20 to 81.5 feet bgs.   
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3.3 Groundwater 

The as-built LOTB indicate groundwater was not encountered at the borings from the earlier 
investigation. In the current investigation, groundwater was encountered at boring A-08-026 
and was not encountered at boring A-08-025. At the location of boring A-08-026, the 
groundwater was encountered at a depth of about 11 feet bgs at the UPRR bed, and 
corresponds to an elevation of 360.6 feet. Because the groundwater was not encountered at 
boring A-08-025 and the borings from the previous investigation, it is likely that the 
groundwater encountered in boring A-08-026 is in a confined and perched condition. 
Review of the published data (CDMG, 1997) indicates no information is reported for the 
historic high groundwater at the bridge site. Therefore, in the current investigation, the 
historic high groundwater at the Brea OH is conservatively assumed to exist at elevation 361 
feet. The groundwater level could fluctuate as a result of seasonal variations, nearby 
construction, irrigation, and other constructed and natural influences. 

3.4 Geologic Hazards 

3.4.1 Ground Rupture 

According to the official maps of earthquake fault zones in Orange County area (CGS, 2007), 
the bridge site is not located within a State of California-designated Alquist-Priolo (AP) 
Earthquake Fault Zone (EFZ). Ground surface rupture associated with known active faults 
does not pose a significant hazard. 

3.4.2 Liquefaction 

Liquefaction is a seismic phenomenon in which loose, saturated, fine-grained granular soils 
behave like a fluid when subjected to high-intensity ground shaking. Liquefaction occurs 
when three general conditions exist: (1) shallow groundwater, (2) low-density sandy soils, 
and (3) high-intensity ground motion. Studies indicate that saturated, loose and 
medium-dense, near-surface, cohesionless soils exhibit the highest liquefaction potential; 
whereas, dry, dense, cohesionless soils and cohesive soils exhibit low to negligible 
liquefaction potential. Effects of liquefaction on level ground include sand boils, settlement, 
and failures of bearing capacity below structural foundations.  

The result of the geotechnical investigation indicates the bridge site is underlain 
predominantly by very stiff to hard clayey deposits, and dense to very dense sandy deposits 
below the design groundwater level. Therefore, because of the nature of the material 
encountered in the current and the previous field investigations, the liquefaction potential at 
the site is considered low. 

3.4.3 Seismically Induced Settlement 

Seismically induced settlement at the site is expected to be negligible due to the presence of 
predominately stiff to hard clayey material. Therefore, the hazards associated with 
seismically induced settlement are considered low.  
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3.4.4 Lateral Spreading 

Lateral spreading is defined as the finite lateral displacement of gently sloping ground as a 
result of pore water pressure built up or liquefaction in a shallow underlying deposit during 
an earthquake Therefore, due to the low liquefaction potential at the site, lateral spreading 
displacement is considered low.  

3.4.5 Landslide and Slope Instability 

Landslides could be generated in soil or rock when pre-existing conditions inherent within 
the soil or the rock mass can initiate the sliding failure mechanism. In addition, landslides 
could be activated from natural events such as earthquakes, rainfall, and erosion, or from 
manmade activities such as removal of lateral supports near the base of unstable hillside 
areas.  

Based on the field reconnaissance and on the review of the available geologic maps, there 
are no known landslides mapped near or at the bridge site. Therefore, the potential for 
landsliding is considered low. 

3.4.6 Expansive and Compressible Soil 

The results of the field investigation indicate that the subsurface conditions at the bridge site 
are fairly uniform and predominantly consist of low to medium plasticity clayey material of 
low compressibility. Therefore, the potential hazards from expansive material at the site are 
considered low to medium. 

3.5 Engineering Profiles and Parameters 

3.5.1 Engineering Profiles 

A generalized engineering profile was developed using the information presented on the 
1967 borings (B-1, B-4 through B-6) and the subsurface conditions encountered at borings 
(A-08-025 and A-08-026) in the current investigation. As shown in Figure 3-2, the interpreted 
profile consisted of the Af and Qvof. A description of the interpreted profiles at the bridge 
supports is presented in Tables 3-1 through 3-4. 
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TABLE 3-1 

Generalized Engineering Profile – Abutment 1 

Approximate Elevation
  

(ft) 

Location From To Soil Type Soil Description 

Groundwater 
Elevation 

(ft) 

GSE
1
 369 Fill (Af) 

Olive-gray to olive-brown Lean 
Clay, dark brown Sandy Lean 

Clay, olive Lean Clay with 
Sand 

369 356 
Very Old 
Alluvium 

(Qvof) – 1 

Gray well-graded Sand with 
silt, Brown Lean Clay, dark 

olive sandy Lean Clay  

Abutment 1 

356 330 
Very Old 
Alluvium 

(Qvof) – 2 
Dark olive sandy Lean Clay 

361 

1 
GSE = Ground Surface Elevation at SR-57 

 

TABLE 3-2 

Generalized Engineering Profile – Bent 2 

Approximate Elevation
  

(ft) 

Location From To Soil Type Soil Description 

Groundwater 
Elevation 

(ft) 

GSE
2
 370.5 Fill (Af) 

Olive-gray to olive-brown Lean 
Clay, dark brown Sandy Lean 

Clay, olive Lean Clay with 
Sand 

370.5 355  
Very Old 
Alluvium 

(Qvof) – 1 

Gray well-graded Sand with 
silt, Brown Lean Clay, dark 

olive sandy Lean Clay 

Bent 2 

355 330 
Very Old 
Alluvium 

(Qvof) – 2 
Dark olive sandy Lean Clay 

361 

2 
GSE = Ground Surface Elevation on Abutment 1 slope at the location of Bent 2  
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TABLE 3-3 

Generalized Engineering Profile – Bent 3 

Approximate Elevation
  

(ft) 

Location From To Soil Type Soil Description 

Groundwater 
Elevation 

(ft) 

GSE
1
 373 Fill (Af) 

Olive-gray to olive-brown Lean 
Clay, dark brown Sandy Lean 

Clay, olive Lean Clay with 
Sand 

373 360 
Very Old 
Alluvium 

(Qvof) – 1 

Gray clayey Sand, yellowish-
brown sandy lean Clay 

Bent 3 

360  330 
Very Old 
Alluvium 

(Qvof) – 2 

Light olive-brown silty Sand 
with gravel, dark brown lean 
Clay, light olive-brown sandy 

lean Clay 

361 

1 
GSE = Ground Surface Elevation on Abutment 4 slope at the location of Bent 3  

 

TABLE 3-4 

Generalized Engineering Profile – Abutment 4 

Approximate Elevation
  

(ft) 

Location From To Soil Type Soil Description 

Groundwater 
Elevation 

(ft) 

GSE
1
 376 Fill (Af) 

Olive-gray to olive-brown Lean 
Clay, dark brown Sandy Lean 

Clay, olive Lean Clay with 
Sand 

376 358 
Very Old 
Alluvium 

(Qvof) – 1 

Gray clayey Sand, yellowish- 
brown sandy lean Clay 

Abutment 4 

358 330 
Very Old 
Alluvium 

(Qvof) – 2 

Light olive-brown silty Sand 
with gravel, dark brown lean 
Clay, light olive-brown sandy 

lean Clay 

361 

1 
GSE = Ground Surface Elevation at SR-57 

3.5.2 Engineering Parameters 

The geotechnical engineering parameters used for the design of the foundation in the 
current investigation were developed from the results of the laboratory testing. As 
mentioned in Section 2.3, the laboratory testing included direct shear (DS) and 
unconsolidated undrained (UU) triaxial shear tests to evaluate both the drained and the 
undrained shear strength of the foundation soil. The drained shear strength was estimated 

in terms of the effective friction angle (φ’) and the effective cohesion (c’) obtained from DS 
tests.  

Prior to the shear strength data analysis, different materials encountered at the site were 
classified into geologic units. The geologic units at the site were Af and Qvof. In the 
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selection of the design shear strength parameters based on the results from the DS tests, a 
single plot was generated from all the DS tests results for each geologic unit at the bridge 
site. For the undrained shear strength, the correlation from the SPTs and the results from the 
UU triaxial shear tests were used to estimate the undrained shear strength profile. The 
ultimate shear strength parameters for some of the geologic units were adjusted based on 
the engineering judgment and the test results of similar material. A summary of the selected 
engineering parameters for the foundation design is presented in Table 3-5.  

TABLE 3-5 

Summary of Site-Specific Shear Strength Parameters 

Effective Shear Strength Parameters
1
 

Peak Ultimate 

Soil Type 

Total 
Unit 

Weight 
(pcf) 

Cohesion c' 
(psf) 

Friction 
Angle φφφφ' 
(degree) 

Cohesion c' 
(psf) 

Friction 
Angle φφφφ' 
(degree) 

Average 
Undrained 

Shear 
Strength 

 
  

Su (psf) 

Fill (Af) 130 800 33 350 31 3000 - 6200 

Very Old 
Alluvium 

(Qvof) – 1 
120 1400 14 900 15 1500 

Very Old 
Alluvium 

(Qvof) – 2 
130 950 30 180 28 4000 

1 
Effective shear strength parameters are based on the direct shear test results. 

pcf = pounds per cubic foot 

psf = pounds per square foot 
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SECTION 4 

4.Discussion and Recommendations 

The results of the current study were used to develop the geotechnical recommendations for 
the foundation design of the proposed improvements at the Brea OH. The recommendations 
are based on data provided in the previous LOTB sheet and the conditions encountered in 
the field investigation.  

4.1 Seismic Evaluation 

The seismic design methodology adopted for the current study is based on the following 
Caltrans guidelines: 

1. Seismic Design Criteria (Caltrans, 2006b) 
2. Guidelines for Structures Foundation Reports (Caltrans, 2006a) 
3. California Seismic Hazard Map (CSHM 1996) (Caltrans, 1996a) 

4.1.1 Peak Bedrock Acceleration 

The bridge site is located within a seismically active area in Southern California. Several 
active faults have been mapped within the general vicinity of the site. Based on the CSHM 
(Caltrans, 1996a), significant faults close to the bridge site include the Whittier-Elsinore 
(WEE), El Modeno-Peralta Hills (EMP), San Jose (SJE), and Chino (CNO). Another fault 
close to the site that is not recognized on CSHM and is known to be an active fault includes 
the Puente Hills (PTH) blind thrust fault (Bilodeau, et al, 2007). This fault was formerly 
known as the Lower Elysian Park blind thrust (Shaw and Shearer, 1999). The maximum 
credible earthquake (MCE) magnitude and the fault-to-site distance are presented in 
Table 4-1. The location of the bridge site relative to the nearby faults is shown in Figure 4-1. 

TABLE 4-1 

Summary of Nearby Faults 

Fault 
Maximum Credible Earthquake 

(Mw) Style 

Whittier-Elsinore (WEE) 7.5 Strike-Slip 

Puente-Hills (PTH) 7.25
1
 Blind Thrust 

El-Modeno-Peralta Hills (EMP) 6.5 Not Known
2
 

San Jose (SJE) 6.75 Reverse 

Chino (CNO) 6.5 Strike-Slip 

1 
Magnitude 7.25 is assigned to the maximum credible earthquake.  

2 
Reverse style is assumed for not known/published style of faulting. 

MW = moment magnitude 

The peak bedrock acceleration (PBA) values were determined based on CSHM and were 
verified with the Sadigh attenuation relationship (Sadigh, et al., 1997). In accordance with 
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Caltrans practice, the PBA values estimated from CSHM and Sadigh attenuation 
relationship for the controlling fault should be rounded. The estimated PBA value obtained 
from CSHM should be rounded to the nearest highest contour value, while the value 
obtained from Sadigh attenuation relationship should be rounded to the nearest tenth of 
acceleration due to gravity using standard arithmetic procedures. The design PBA at the site 
is the rounded PBA value obtained from CSHM or Sadigh attenuation relationship, 
whichever is greater. Therefore, a PBA value of 0.7 acceleration due to gravity (g) and MCE 
magnitude of 7.5 are recommended. A summary of the seismic parameters for the 
controlling fault is presented in Table 4-2. 

TABLE 4-2 

Summary of Seismic Parameters for the Controlling Faults 

Rounded Peak Bedrock 
Acceleration

1 

 
(g) 

Fault 

Maximum Credible 
Earthquake 

(Mw) 

Estimated 
Closest 

Distance 
(miles) Style 

CSHM 
(1996) 

Sadigh 
(1997) 

Puente-Hills (PTH) 7.25
2
 3.1

3
 

Blind 
Thrust 

- 0.7 

1 
Peak Bedrock Acceleration for strike-slip style of faulting.  

2 
Magnitude 7.25 is assigned to the maximum credible earthquake. 

3 
Distance is based on EQFAULT CGS fault parameters table. 

Mw = moment magnitude 

4.1.2 Site Soil Profile 

The SPT was performed at the bridge site up to a depth of 81.5 feet bgs. As discussed in 
Section 3.2, roughly 30 feet of fill soil overlie dense to very dense sand, and very stiff to hard 
clay deposits. The estimated average SPT N-value for the upper 100 feet is expected to be 
less than 50 blows per foot. Therefore, the site is classified as a stiff soil site or Soil Profile 
Type D. 

4.1.3 Controlling Fault Parameters 

The Puente Hills fault is considered as the controlling fault at the bridge site. Recent studies 
of the Puente Hills blind thrust fault suggest a slip rate estimate of 0.2 – 1.1 millimeters per 
year (mm/yr) (Shaw and Shearer, 1999), and could generate maximum earthquake with 
Mw of 7.1 (Tianqing Cao et. al., 2002). In the current investigation, the Puente Hills blind 
thrust fault is assigned Mw of 7.25 for the MCE event (Caltrans Personal Communication). 
Because the bridge site is located at a distance less than 10 miles (15 kilometers) from an 
active fault, the spectral acceleration is modified for the near source effects as follows: 

1. No increase in the spectral acceleration for periods less than 0.5 second 

2. Increase the spectral acceleration by 20 percent for periods greater than 1 second 

3. Increase the spectral acceleration (determined by interpolation) linearly between periods 
0.5 and 1.0 second 
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4.1.4 Response Spectra 

The recommended 5 percent damping acceleration response spectra (ARS) curve is shown 
in Figure 4-2 and can be generated using the following information: 

1. Soil Profile Type D. 

2. MCE magnitude of 7.25 ± 0.25. The ARS curves for the soil profile type and the MCE 
magnitude are shown in Figure B-8 in Appendix B of the Seismic Design Criteria 
(Caltrans, 2006b). 

3. PBA of 0.7g. 

4. Increase the spectral acceleration for the near source effects, as described in Section 4.1.3. 

4.2 Scour Evaluation 

The bridge is not located in a river or creek; therefore, scour is not a design consideration at 
the bridge site. 

4.3 Corrosivity Evaluation 

A representative soil sample was collected to evaluate the corrosivity of the soil at the 
bridge site. The soil sample was tested for minimum resistivity, pH, soluble chloride 
content, and soluble sulfate content. A summary of the test result is presented in Table 4-3.  

TABLE 4-3 

Summary of Corrosion Test Results 

Boring No. 

Sample 
Depth 

(ft) USCS 
Moisture 

Content (%) pH 

Minimum 
Resistivity 
(ohm-cm) 

Sulfate 
Content 
(ppm) 

Chloride 
Content 
(ppm) 

A-08-025 20-25 CL 8.3 7.79 742 148 76 

A-08-025 25-30 (CL)s 16.1 7.96 980 83 83 

A-08-026 5-10 s(CL) 12.7 7.87 780 127 57 

ohm-cm = ohm-centimeter  

ppm = parts per million  

According to the corrosion guidelines (Caltrans, 2003a), the site is considered corrosive to 
structural elements if one or more of the following conditions exist for the representative 
soil and/or water samples collected from the site: 

• Chloride concentration is 500 parts per million (ppm) or greater. 

• Sulfate concentration is 2,000 ppm or greater. 

• The pH level is 5.5 or less. 

A comparison between the test results and the corrosion criteria indicates the soil at the site 
is not corrosive to structural elements; therefore, corrosion mitigation is not recommended. 
The bridge site is not located within 1,000 feet of salt or brackish water.   
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4.4 Slope Stability 

The global stability of the proposed permanent slopes at the bridge abutments was 
evaluated using the SLIDE (version 5.0) computer software (Rocscience, 2006). The modified 
Bishop’s Method was used to compute the static and the pseudo-static factor of safety for 
the most critical circular failure surfaces.  In the current evaluation, the global stability for 
the abutment slopes of the existing bridge and the proposed widening were evaluated 
considering the foundation loads from the bridge abutments. The global stability analyses 
were performed at Station 1150+00 (“UP” Line) for the existing north abutment slopes; and 
at Stations 1150+76 and 1151+23 for the north and south abutment slopes of the proposed 
widening. In all the global stability analyses, the soil properties presented in Table 3-3 were 
used; and a surcharge load of 240 pounds per square foot (psf) was applied at the top of the 
backfill behind the bridge abutments. Both ultimate and peak shear strength were used in 
the static and pseudo-static stability analyses, respectively. In the pseudo-static analyses, a 
seismic force was applied to the soil mass based on a horizontal seismic acceleration 
coefficient kh equal to 0.23g, which corresponds to one-third of the peak ground acceleration 
(PGA) produced by the MCE event. The computed factors of safety for the static and 
pseudo-static cases for the existing and the proposed widening were greater than 1.5 and 
1.1, respectively. Therefore, the proposed abutment slopes are considered globally stable at 
static and seismic loading conditions. 

4.5 Slope Paving 

As discussed in Section 1.4, the existing surface of the abutment slopes is not paved. 
According to Caltrans practice, slopes steeper than 2:1 (H:V) usually require concrete 
pavement at the surface.  The abutment slopes for the existing bridge and the proposed 
widening are sloped steeper than 2:1 (H:V). Slope paving for the proposed widening, 
however, is not recommended at this time, and will be considered at a later time in the 
improvement program for the slope protection by Caltrans.   

4.6 Foundation Recommendations 

4.6.1 Design Criteria 

According to current Caltrans practice, both the abutments and the foundation for the 
abutments are designed using the Working Stress Design (WSD). Therefore, geotechnical 
nominal resistance of the foundation should be at least equal to two times the Loads and 
Resistance Factors Design (LRFD) Service-I loading. While the abutments of multi-span 
bridge structure are designed using the WSD, the LRFD will be used for the design of the 
bent supports (Caltrans, 2008). For the design of the bent piles using the LRFD, the 
resistance of the foundation at the strength limit state will be limited by the structural or the 
geotechnical limit state, whichever controls. In this report, only the geotechnical strength 
limit state is evaluated. The total tolerable support settlement under the LRFD Service-I 
loading should be limited to 1.0-inch (Caltrans, 2008).  
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4.6.2 Foundation Types 

The foundation soil at the bridge abutments consists of stiff to hard clayey embankment fills 
and should provide sufficient bearing capacity to meet the structural demand of the 
proposed widening. Furthermore, the existing bridge abutments are supported on shallow 
foundations; and it is a common practice to match the foundation type of the proposed 
widening with the existing foundation type. Therefore, shallow foundations are 
recommended for the support of the bridge abutments of the proposed widening. The 
results of the field investigation in the current study indicate the presence of clayey deposits 
at the location of the column bents. These deposits may undergo a significant amount of 
settlement when subjected to the foundation loads of the proposed widening. As such, 
shallow foundation is not considered a feasible foundation system for the support of the 
column bents of the proposed widening. Both CIDH concrete piles and driven piles, 
however, are considered feasible foundation types for the proposed bridge widening. To 
match the foundation type for the proposed widening with the foundation type for the 
existing bridge, CIDH concrete piles are recommended for the support of the column bents. 

4.6.3 Foundation Design 

The foundation information and the design loads for the shallow and the pile foundations of 
the proposed northbound widening are summarized in Tables 4-4 and 4-5, respectively. 

TABLE 4-4 

Summary of Foundation Information 

Support 
No. 

Design 
Method 

Bottom 
Footing 

Elevation 
(ft) 

Finished 
Grade 

Elevation 
(ft) 

Footing 
Size

1 

(ft) 

Permissible 
Settlement 

Under Service 
Load

 

(inch) 

Number of 
Piles per 
Support 

Abutment 1 WSD 405.60 407.60 7.5 x 34.4 x 2 1.0 N/A 

Bent 2 LRFD 372.60 376.00 16.5 x 16.5 x 4 1.0 8 

Bent 3 LRFD 373.60 379.00 16.5 x 16.5 x 4 1.0 8 

Abutment 4 WSD 410.10 412.10 7.5 x 34.4 x 2 1.0 N/A 

1 
Footing size is width (B) x length (L) x thickness. 

 

TABLE 4-5 

Summary of Foundation Design Loads 

Service-I Limit State  
(Kips) 

Strength Limit State 
(Kips) 

Extreme Event Limit 
State (Kips) 

Total 
Load 

Permanent 
Load Compression Compression 

Support 
No. 

Per 
Support 

Maximum 
Per Pile 

Per 
Support 

Per 
Pile 

Per 
Support 

Maximum 
Per Pile 

Per 
Support 

Maximum 
Per Pile 

Abutment 
1 

576 N/A 409 N/A 734 N/A N/A N/A 

Bent 2 1093 137 N/A 87 1590 199 - - 

Bent 3 1073 134 N/A 84 1538 192 - - 

Abutment 
4 

576 N/A 409 N/A 734 N/A N/A N/A 

1 
N/A = Not Applicable 

Kips = kilo pounds 
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It is recommended to use 24-inch CIDH concrete piles for the support of the column bents of 
the proposed widening. Procedures used to develop the geotechnical recommendations for 
the foundation design are described next. 

4.6.3.1 Bearing Capacity 

The allowable gross contact stress for the spread footings recommended for the support of 
the bridge abutments was estimated using Meyerhof method (Meyerhof, 1957) for spread 
footings adjacent to sloping ground (Caltrans, 2003b). The spread footings for the abutments 
of the proposed widening should be established at a minimum depth of embedment of at 
least 3.5 feet below the finished grade. The permissible gross bearing capacity was estimated 
for the foundation materials to verify the tolerable settlement for the bridge structure was 
not exceeded. The result of the analyses indicates the design bearing limits of the spread 
footings at the bridge site are controlled by the bearing capacity considerations. Therefore, 
the bearing pressure for abutments 1 and 4 should be limited to 3.0 kilo pounds [Kips] per 
square foot (ksf). Table 4-6 summarizes the recommended bearing pressures for the spread 
footings proposed for the northbound widening. 

TABLE 4-6 

Summary of Foundation Design Recommendations for Spread Footings  

LRFD Service-I Limit State Load Combination 

Support 
Location 

Footing Size
1
  

(ft) 

Bottom of 
Footing 

Elevation 
(ft) 

Minimum 
Footing 

Embedment 
(ft) 

Permissible Bearing 
Capacity (ksf) 

Allowable Gross Bearing 
Capacity

2
 (ksf) 

Abutment 1 7.5 x 34.4 x 2 405.60 3.5 3.2 3.0 

Abutment 4 7.5 x 34.4 x 2 410.10 3.5 3.2 3.0 

1 
Footing size is width (B) x length (L) x thickness. 

2 
A factor-of-safety of 3 is used to calculate the allowable gross bearing capacity. 

4.6.3.2 Axial Capacity 

The geotechnical axial capacity of the recommended column bent piles was estimated using 
the SHAFT version 5.0 software (Ensoft, 2003). The recommended piles were designed to 
mobilize the side resistance to establish the axial capacity of the foundation. Table 4-7 
presents the geotechnical recommendations for the foundation design of the column bent 
CIDH concrete piles.  

TABLE 4-7 

Northbound Column Bent Foundations Design Recommendations 

Required Factored Nominal 
Resistance (Kips) 

Strength Limit Extreme Event 

Support Pile Type 

Pile Cut-off 
Elevation 

(ft) 

LRFD Service-
I Limit State 

Load Per 
Support (Kips)

Total 
Permissible 

Support 
Settlement 

(inches) 
Compression

1 

(φ=0.φ=0.φ=0.φ=0.7777) 

Compression
1 

(φ=1.0φ=1.0φ=1.0φ=1.0) 

Design 
Pile Tip 

Elevation
2 

(ft) 

Specified 
Pile Tip 

Elevation
3 

(ft) 

Bent 2 
 24-inch 

CIDH 
372.85 1093 1 199 - 

330.00 (a)   
348.85 (c) 
354.60 (d) 

330 

Bent 3 
24-inch 
CIDH 

373.85 1073 1 192 - 
330.00 (a)  
351.85 (c) 
355.60 (d) 

330 

1 
φ = resistance factor (assuming redundancy in the foundation system) 

2 
Design pile tip elevations are controlled by: (a) Compression, (c) Settlement and (d) Lateral Load. 

3 
The specified pile tip elevation shall not be raised above the design tip elevations for lateral capacity and tolerable settlement. 
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The design loads and the interpreted soil profile for Bent 3 piles were slightly different from 
those at Bent 2 piles; as a result, the length of Bent 3 piles are expected to be slightly shorter 
than Bent 2 piles. To simplify the final recommendations for the length of the column bent 
piles, the length of Bent 3 piles was increased to match the length of Bent 2 piles. The 
estimated total settlements of the piles at the LRFD Service-I Limit State loads are expected 
to be less than 1.0-inch, and the differential settlement between the bent piles and the 
abutment footings is expected to be less than 0.5-inch. The anticipated settlement of the 
bridge supports is primarily long term due to the consolidation of the foundation soil. 

4.6.3.3 Lateral Capacity 

The geotechnical lateral capacity of the CIDH concrete piles were estimated using the p-y 
method assuming the structural section of the pile remains elastic when subjected to lateral 
loads. The LPILE Plus version 5.0 software (Ensoft, 2005) was used in all the analyses to 
estimate the lateral capacity of the piles. The p-y curves for stiff clay (Reese, 1975) were 
selected to model the lateral response of the soil. The geotechnical lateral capacity of the 
piles was evaluated at an increment of 0.25 inch to a maximum of 1.0-inch top pile or cap 
displacement. Table 4-8 shows the shear force and maximum bending moment for the 
24-inch CIDH concrete piles assuming pin head condition at the top of the pile. 

TABLE 4-8 

Summary of Lateral Pile Capacities 

Support 
No. 

Pile Head 
Deflection (inch) 

Maximum Shear 
Force 
(Kips) 

Maximum Bending 
Moment 
(Kip-ft) 

Depth to Maximum 
Bending Moment

1
 

(ft) 

0.25 22 70 6.5 

0.5 30 111 7.3 

0.75 36 145 8.0 
Bents 2 and 3 

1.0 42 175 8.4 

1 
Depth is measured from the top of the pile. 

The resistance of the pile group may be estimated using group efficiency factor η as follows: 

• η = 0.7, for pile spacing of 3 times pile diameter. 

• η = 0.9, for pile spacing of 5 times pile diameter. 

• η = 1.0, for pile spacing of 8 times pile diameter. 

The above group efficiency applies for loading in the longitudinal and the transverse 
direction. According to Caltrans practice, the allowable horizontal resistance of the piles 
should be considered as the lateral load evaluated at 0.25-inch pile top or cap displacement 
(Caltrans, 2008). Therefore, the horizontal load on the pile from the LRFD Service-I Limit 
State loads should be less than the allowable horizontal resistance. 

4.7 Abutment Walls 

The abutment walls for the proposed widening should be backfilled with structural backfill 
in accordance with the Caltrans Standard Specifications (Caltrans, 2006c). The abutment walls 
can be designed to resist an active lateral earth pressure of 34 pounds per square foot per 
foot (psf/ft) for level backfill behind the abutments.  For the seismic conditions, the 
abutments may be designed to resist an additional active earth pressure of 26 psf/ft applied 
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as an inverted triangle along the abutment height with the resultant acting at a distance of 
0.4 times the abutment height measured from the top of the abutment. 

For the longitudinal resistance of the bridge abutments, the contribution from the passive 
resistance of the backfill material behind the backwall may be mobilized. The properties of 
the effective spring stiffness of the backfill material can be derived using the ultimate 
passive resistance of the soil equal to 5 ksf for a backwall of 5.5 feet high (Caltrans, 2006b). 
For backwall height exceeding 5.5 feet, the ultimate passive pressure of the soil is equal to 
0.9 times the backwall height (H) up to a maximum of 7.7 ksf. The initial secant stiffness of 
the effective spring may be obtained by assuming the maximum passive resistance will be 
mobilized at a horizontal displacement of 0.02H. If the backwall displacement is less than 
0.02H, linear interpolation may be used to estimate the passive resistance mobilized. 

The abutment walls should be designed and constructed with proper drainage behind the 
abutments to allow for drained conditions throughout the backfill soil, and to prevent 
buildup of excess hydrostatic pressure. 

4.8 Wing Walls 

Structure wing walls are planned at the exterior edge of the bridge abutments. The wing 
walls for the existing bridge will be removed and new wing walls will be constructed at the 
end of the northbound widening. The new structure wing walls will terminate at the back 
edge of the abutment footing and will use the same foundation recommended for the 
abutments; therefore, separate recommendations for the wing walls are not required. 

4.9 Approach Fill 

The proposed widening will place on the northbound embankment about 10 feet of 
additional fill behind the north and the south abutments to approach the bridge structure. 
The new fill will be placed on the slopes of the existing embankment to provide widening of 
about 32.5 feet to the northbound of SR-57. The new embankment fills will be retained by 
mechanically stabilized earth (MSE) walls RW684 and RW698 on the sides. These MSE walls 
will be addressed in a separate foundation report for the retaining structures along the 
project alignment. Except for the MSE walls backfill material, the new embankment fill 
should be placed and compacted according to Caltrans Standard Specifications Section 19-6 to 
a minimum of 95 percent relative compaction within 150 feet from the bridge abutments 
and Section 19-3 for the structural backfill of the bridge abutment.  

4.10 Settlement Period 

Relatively small compressible fine-grained layer was encountered below the Brea OH; as 
such, some consolidation settlement is anticipated due to the fill placement for the proposed 
widening. The estimated ultimate settlement of the approach fill is less than 1 inch. A 
settlement waiting period of 90 days is recommended before the construction of the piles at 
the site. After the waiting period, the remaining total settlement of the approach fill is 
estimated to be less than 0.5-inch. In addition, a settlement monitoring program is 
recommended to observe the rate and the magnitude of settlement for the widened 
embankments.  
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4.11 Structure Approach Slab 

The structure approach slabs generally provide a smooth transition between the pavement 
of the roadway and the bridge structure, and are usually required if the pavement of the 
roadway is expected to settle. As indicated on the as-built plans, structure approach slabs 
exist at the bridge site. For the proposed widening, it is common practice to match the 
existing condition of the structure approaches by adding the approach slab to the proposed 
widening. Therefore, construction of the structure approach slab is recommended for the 
northbound widening at Brea OH bridge site. 

 



FIGURE 4-1

California Seismic Hazard Map
Brea OH

State Route 57 Northbound Widening Project
Orange County, California

WEE (7.50)



FIGURE 4-2

Acceleration Response Spectra Curve

State Route 57

Brea Overhead  

Orange County, California
Source: Caltrans Seismic Design Criteria, Version 1.4, June 2006
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SECTION 5 

5.Construction Consideration 

5.1 Site Preparation 

Site preparation for the abutments of the proposed northbound widening will include the 
removal of surface vegetation, organic soil, and any trash or debris in the areas where 
structure foundations will be located. Loose, soft, or wet material should also be removed 
and replaced with competent backfill. Removed material should not be used as structure 
backfill and should be disposed of offsite. The subgrade within the footprint of the proposed 
abutments should be graded level, proof rolled, and compacted as described in Section 5.4. 
Existing utilities, drainage structures, and other existing structures may also need to be 
removed or protected prior to construction of the abutments. 

Site preparation shall be performed in accordance with Sections 16 and 19 of the Caltrans 
Standard Specifications (Caltrans, 2006c). 

5.2 Temporary Cuts  

Excavation of the temporary cut slopes greater than 5 feet in height should be no steeper 
than a gradient of 1:1 (H:V) or as the field conditions dictate to provide safe and stable 
slopes. All temporary excavations should be performed in accordance with the safety 
requirements of California Occupational Safety and Health Administration (Cal-OSHA). 
Shoring, if required, may be designed in accordance with methods presented in the Caltrans 
Trenching and Shoring Manual (Caltrans, 1990b). It is the responsibility of the contractor to 
provide stable excavation for the temporary cuts at the bridge site. 

5.3 Structural Backfill  

Specifications for the structural backfill material should conform to Section 19-3.06 of 
Caltrans Standard Specifications (Caltrans, 2006c).  

5.4 Compaction 

Structural backfill for the bridge abutments and the wing walls should be compacted to a 
relative compaction of not less than 95 percent in accordance with ASTM D1557. In addition, 
the structural backfill for any retaining walls within 150 feet from the bridge abutments 
should be compacted to a relative compaction of not less than 95 percent.  
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5.5 Cast-in-Drilled Hole Piles Constructability 

Generally, the construction for the bent piles should consider the possibility of encountering 
groundwater during the installation process. Therefore, a wet construction method is 
recommended for the construction of the bent piles.  

5.6 Geotechnical Observation 

Preparations for subgrade and backfill selection and placement should be observed by a 
geotechnical specialist or a technician under the supervision of a geotechnical specialist. 
Variations in soil and geologic conditions may be encountered during construction. To 
permit correlation between the exploration data and the actual conditions encountered 
during construction, a qualified geotechnical specialist should perform onsite review during 
construction. 

5.7 Review of Construction Plans and Specifications 

The geotechnical recommendations in this report are based on the as-built plans, the 
structure, and the roadway plans available at the time of preparing this report. The 
geotechnical designer should review construction plans and specifications to verify that the 
geotechnical recommendations have been incorporated into the bridge design. If the nature, 
design, or location of the proposed improvement at the bridge site varies from those used to 
develop the recommendations provided in this report, the recommendations should be 
re-evaluated.  
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ATTACHMENT 1  

Response to Caltrans Review Comments 



 
                                6 Hutton Centre Drive

          Suite 700 

          Santa Ana, CA 92707 

          Tel : 714-435-6098 

          Fax: 714-429-2050 

 

 

May 21, 2009 
 
 

Mr. Jon Hamaguchi, PE 

Structure Liaison District 12 

California Department of Transportation 

Division of Engineering Services 

Structure Design Services and Earthquake Engineering 

Office of Special Funded Projects 

 

EA-0F0321 
 

Re: Final Foundation Review Comments  

Brea Overhead (Bridge No. 55-0482)  

 SR-57 Northbound Widening Project – North Segment 

 12-ORA-57-PM 20.63 - Orange County, California 
 

Dear Jon, 

This letter present the response to final foundation report review comments dated May 19, 

2009 for the SR-57 Northbound Widening Project, Orange County, California. The 

comments were based on Caltrans review of the final foundation report for the Brea 

Overhead (Bridge No. 55-0482).   For reference, a copy of the review comments is attached 
at the end of this letter. The response to the review comments will be addressed in the final 
foundation report as discussed below. 
 

1. Final PS&E Plans: 

Comment  Bent Layout including pile group spacing should be included. 

Response Will be included. 

Comment  General Notes: Specified Tip Elevations in Pile Data Table are different 
from Specified Tip Elevation given in table 4-7 in the final FR. The values 
in the Spread Footing Data Table are different from the values given in 
Table 4-6 in the final FR. 

Response Will reconcile the differences. 

Comment  General Notes: Nominal Load at Bent 2 should be 290 instead of 280. 



Response The nominal load at Bent 2 will be rounded to 290 kips. 

Comment  General Notes: Letters should be used instead of numbers (MTD 3-1). 

Response Will be modified as suggested above. 

Comment  General Notes: Delete (2) Tension in the Pile Data Table footnote. 

Response Will be deleted. 

Comment  General Notes: Round down the design tip elevations. 

Response The design tip elevation will be rounded down. 

Comment  LOTBs: Include the recent and As Built LOTB sheets. 

Response Will include. 

2. Table 2-1: 

Comment  The superscript “b” in the column heading should be changed to “2”. 

Response The superscript “b” in the column heading is corrected. 

3. Section 3.4.6: 

Comment  If clayey soil has medium expansion potential, remedial measures should 
be proposed. 

Response Additional remedial measures for expansive soil at the bridge abutments 
are not required. The abutment foundation soil will have 4 feet of 
overexcavation for the structure backfill, this material is low expansion 
material. For the Bent foundation, the location of groundwater 
encountered during the field investigation at A-08-026 is relatively 
shallow, and the soil is already below water. Therefore, remedial 
measures for the bent foundation are not required. 

4. Section 3-5: 

Comment  How can the ultimate effective friction angle be higher than the peak 
effective friction angle? 

Response For the effective confining pressure range of interest, the shear strength of 
the soil using the peak strength parameters is higher than the ultimate 
strength when the ultimate strength parameters are used, even with peak 
friction angle smaller than the ultimate friction angle. The ultimate and 
peak shear strength parameters are based on the direct shear tests results.  

5. Table 4-4: 

Comment  Number of piles for Bents 2 and 3 from Draft GDR has changed from 9 to 
8. Bent Details No. 2 in Unchecked Details plan shows 9 piles. Please 
verify. Our office did not receive the corresponding plan sheet in Final 



PS&E Plans. 

Response The number of piles for the bent has been modified from 9 piles per bent 
to 8, as provided by the structure engineer. 

6. Table 4.6.1: 

Comment  Use safety factor of 3.0 for spread footing. Revise the second sentence of 
the first paragraph accordingly. The allowable Gross Bearing Capacity 
given in the Table 4-6 is based on a Factor of Safety 2.0 (Appendix C). Re-
evaluate the Allowable Gross Bearing Capacity. 

Response The allowable gross bearing capacity for the abutment foundations will be 
re-evaluated using a factor of safety of 3, as suggested above. 

7. Table 4-6: 

Comment  Allowable Gross Bearing Capacity of 3.4 ksf seems excessive for fill 
material. 

Response The gross allowable bearing capacity will be reduced to 3.0 ksf. 

Comment  In column headings, Allowable Gross Contact Stress should be changed to 
Allowable Gross Bearing Capacity. 

Response The column headings will be modified as suggested above. 

8. Table 4-7: 

Comment  Settlement design tip is not provided. 

Response The pile length for settlement does not control the design tip elevation for 
the pile. Settlement was verified at the service loads and the estimated 
differential settlement was less than 1.0-inch. The pile tip elevation for 
settlement will be provided following Caltrans procedure (per. comm.) by 
shorting the pile length until the settlement is 1-inch or the pile length is 
10 feet. 

Comment  At the end of footnote 3, add “and tolerable settlement”. 

Response The footnote 3 will be modified as suggested above. 

Comment  Round down the design tip elevations. 

Response The design tip elevation will be rounded down to a whole number. 

 
9. Comment  Is the existing foundation being analyzed for retrofitting 

Response Evaluating the existing bridge foundation for retrofitting is not part of the 
scope for the current investigation. 



10. Section 4.6.3.2: 

Comment  Axial Capacity: Please provide Axial Capacity analyses of the pile groups 
for bents in the Appendix C. 

Response Axial Capacity for the pile groups will be provided. 

11. Appendix C: 

Comment  Axial Pile analysis and Lateral Pile analysis: It seems to be that analyses 
have used only clayey material whereas Boring A-08-026 shows a 
considerable amount of sand layers. Both Bents 2 and 3 are closer to 
Boring A-08-026 should be used for the analyses. 

Response Generally assuming the clayey profile will control the axial and the lateral 
pile capacity for the range of the undrained shear strength used in the 
analyses compared to the shear strength of the very dense sand layers. 
Due to the possible variation in the soil profile, the clayey profile is used 
for both bents. 

 
 
 
Please feel free to call the undersigned at (714) 435-6098 should you have any questions. 
 
 
 
Sincerely, 
 
 
 
 
Hisham M. Nofal, Ph.D., G.E. 
Geotechnical Task Lead 
 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Attachment : Caltrans Review Comments 

 



State of California 

M e m o r a n d u m  

To: MR. JON HAMAGUCHI 
Ofice of Special Funded Projects 

From: DEPARTMENT OF TRANSPORTATION 
DIVISION OF ENGINEERING SERVICES ' 

Geotechnical Services 
Office of Geotechnical Design-South 1, Branch C 

Business, Transportation and Housing Agency 

Flex your power! 
Be energy eficient! 

Date: May 19,2009 
File: 12-ORA-57-PM20.63 

12-OF032 1 

Brea Overhead (widen) 
Bridge No. 55-0482 
SR-57 Northbound Widening 
(Northern Segment) 

Subject: Review of the Final Foundation Report and Plans 

On May 6,2009, the Office of Geotechnical Design-South 1 (OGDSI), Branch C received 
the Final Foundation Report (FR), dated April 2009, and seven sheets of Final PS&E Plans, 
prepared by CH2M HILL, Inc., for the Northbound widening of Brea Overhead, Bridge 
No. 55-0482. We reviewed the report and plan sheets, and our comments are as follows. 

1. Final PS&E Plans 

., Bent Layouts including pile group spacing should be included. 

General Notes: 

Specified Tip Elevations in Pile Data Table are different from Specified Tip 
Elevations given in the table 4-7 in the final FR. The values in the Spread Footing 
Data Table are different ,from the values given in the table 4-6 in the final FR. 

Nominal Load at Bent 2 should be 290 instead of 280. 

Letters should be used instead of numbers (MTD 3-1). 

Delete (2) Tension in the Pile Data Table footnote. 

Round down the design tip elevations. 

LOTBs: 

Include the recent and As Built LOTB sheets. 

2. Table 2-1 - The superscript "b" in the column heading should be changed to "2'. 

3. Section 3.4.6 - If clayey soil has medium expansion potential, remedial measures 
should be proposed. 

4. Table 3-5 - How can the ultimate effective friction angle be higher than the peak 
effective friction angle? 

"Caltrans imprwes mobilify across CaliJornia " 



Mr. Jon Hamaguchi 
May 19,2009 
Page 2 

Review of the Final Foundation Report 
SR-57 Northbound Widening 

5. Table 4-4 - Number of piles for Bents 2 and 3 from Draft GDR has changed from 9 
to 8. Bent Details No. 2 in Unchecked Details plan shows 9 piles. Please verifj. Our 
office did not receive the corresponding plan sheet in Final PS&E Plans. 

6. Section 4.6.1 - Use safety factor of 3.0 for spread footing. Revise the second sentence 
of the first paragraph accordingly. The .Allowable Gross Bearing Capacity given in 
the Table 4-6 is based on a Factor of Safety 2.0 (Appendix C). Re-evaluate the 
Allowable Gross Bearing Capacity. 

7. Table 4-6 

Allowable Gross Bearing Capacity of 3.4 ksf seems excessive for fill material. 

In column headings, Allowable Gross Contact Stress should be changed to 
Allowable Gross Bearing Capacity. 

8. Table 4-7 

Settlement design tip is not provided. 

At the end of footnote 3, add "and tolerable settlement". 

Round down the design tip elevations. 

9. Is the existing foundations being analyzed for retrofitting? 

10. Section 4.6.3.2 - Axial Capacity: Please provide Axial Capacity analyses of the pile 
groups for bents in the Appendix C. 

11. Appendix C - Axial Pile Analysis and Lateral Pile Analysis: It seems to be that 
analyses have used only clayey material whereas Boring A-08-026 shows a 
considerable amount of sand layers. Both Bents 2 and 3 are closer to Boring A-08-026 
than to A-08-025. Therefore, soil properties obtained fiom Boring A-08-026 should 
be used for the analyses, 

" C a l m  improves mobiliw across Cali$ornia " 
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ATTACHMENT 2  

General Plan 
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medium plastic fines, 21% fine to coarse sand,

trace fine gravel

7/12/08

Elev 336.10’

Hammer Energy Ratio (ERi)=78%

Groundwater Not Encountered

During July, 2008 Field Investigation

695

CORRECTION FACTOR:

SAMPLER TYPES:

California modified ring sampler

standard penetration test sampler

HAMMER TYPE:

Automatic hammer
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CHECKED BY

FIELD INVESTIGATION BY:

DATE

Ayman Salama

To convert from California modified ring

sampler blow count to equivalent standard

penetration test sampler blow count, for

granular and cohesive soil, multiply by 0.67.

HISHAM M. NOFAL

2765

09/30/09

PI

very stiff

very stiff, olive-brown, trace gravel

hard, olive

SANDY LEAN CLAY (CL): hard, dark brown,

moist, medium plastic fines, fine sand

very stiff, dark brown, mottling

LEAN CLAY with SAND (CL):  hard, moist, brown,

medium plastic fines, fine sand

SANDY LEAN CLAY (CL): hard, dark olive, moist, 

medium plastic fines, fine sand

stiff

hard, brown, 53% medium plastic fines 44% 

fine to coarse sand, trace fine gravel

dark brown, moist, medium plastic

fines, fine sand

06/08/09

06/08/09
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340 340

350 350

8"

8"

To Santa Ana

To Pomona

Horizontal coordinates are CCS NAD-83, Zone 6.

Vertical control based on North American Vertical Datum 1988.

Pt 1079: N2282339.808, E6067144.835, Elev 407.210

Pt 1081: N2282931.290, E6067198.604, Elev 422.355

689 691 692 693 694 696 697 698 699 701 702 703 704

04/07/09 04/17/09

UW

CLAYEY SAND (SC):  dense, yellowish-brown, wet,

plastic fines, some fine sand

medium plastic fines, fine sand

LEAN CLAY (CL):  hard, brown, wet, medium plastic

fines, some fine sand

POORLY GRADED SAND with SILT (SP-SM):  very

dense, yellowish-brown, wet, 89% medium to fine,

11% non plastic fines
LEAN CLAY (CL):  hard, brown, wet, medium plastic

fines, trace fine to medium sand

medium plastic fines, fine sand

LEAN CLAY (CL):  hard, light brown, wet, medium

plastic fines

trace fine gravel

9/02/08

Elev 290.08’

Hammer Energy Ratio (ERi)=78%
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2.4

1.4

2.4

1.4
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UU

CN

PA DS

UW

Elev 371.58’
A-08-026

Very Old Alluvium Fan Deposits (Qvof) :

1
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13.1122.4
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40
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28
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35

PA CR PI
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GWS

9/2/08

Elev 360.58’

DS

8"
CLAYEY SAND (SC):  gray, moist, fine to coarse

sand, medium plastic fines

LEAN CLAY (CL):  hard, dark brown, wet, medium

plastic fines, trace fine sand

LEAN CLAY (CL):  hard, yellowish-brown, wet,

medium plastic fines, some fine sand, trace fine 

gravel

PA

PI

PA

PI

BULK
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SANDY LEAN CLAY (CL):  stiff, yellowish-brown,

moist, 67% medium plastic fines, 31% fine

to coarse sand and trace fine gravel
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CORRECTION FACTOR:

SAMPLER TYPES:

California modified ring sampler

standard penetration test sampler

HAMMER TYPE:

Automatic hammer
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DESIGN OVERSIGHT
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CHECKED BY

FIELD INVESTIGATION BY:
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Ayman Salama

To convert from California modified ring

sampler blow count to equivalent standard

penetration test sampler blow count, for

granular and cohesive soil, multiply by 0.67.

HISHAM M. NOFAL

2765

09/30/09

SILTY SAND with GRAVEL (SM):  dense, light

olive-brown, moist, 51% fine to coarse sand 22%

low plastic fines, 27% fine to coarse gravel

very dense, wet

SANDY LEAN CLAY (CL):  hard, light 

olive-brown,wet, 55% medium plastic fines, 

45% fine to coarse sand

54% fine sand, 42% medium plastic fines,

LEAN CLAY (CL):  very stiff, light brown, wet, medium

hard, yellowish-brown

LEAN CLAY with SAND (CL):  very stiff, brown, wet,

LEAN CLAY with SAND (CL):  hard, brown, wet,

06/08/09

06/08/09



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
i
z
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
t
i
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
t
i
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
t
i
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
t
i
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

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)

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"

Weak

Hollow Stem Auger Boring (HSA)B

SOIL LEGEND

20.61

55-0482
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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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Geotechnical Boring Logs 



Size

Size

S
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UUM UW

3"

16 1.4

Elev.       GWS

P

60

500

(S)

(S)

30

P

GWS Elev. 

1"

Refusal

GWS

NC

P

2

4

4

6

10

37

17

56

91

58

65

60

43

113

154

Elev.

100

180/
0-
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BORING LOG LEGEND

GW

GP

GW-GM

GW-GC

GP-GM

GP-GC

GM

GC

GC-GM

SW

SP

CL

CL-ML

ML

OL

OL

CH

MH

SW-SM

SW-SC

SP-SM

SP-SC

SM

SC

SC-SM

PT

OL/OH

OH

OH

Graphic/Symbol

Well-graded GRAVEL

Well-graded GRAVEL with SAND

Group Names

Poorly graded GRAVEL

Poorly graded GRAVEL with SAND

Well-graded GRAVEL with SILT

Well-graded GRAVEL with SILT and SAND

Well-graded GRAVEL with CLAY (or SILTY CLAY)

Well-graded GRAVEL with CLAY and SAND

(or SILTY CLAY and SAND)

Poorly graded GRAVEL with SILT

Poorly graded GRAVEL with SILT and SAND

Poorly graded GRAVEL with CLAY(or SILTY CLAY)

Poorly graded GRAVEL with CLAY and

SAND (or SILTY CLAY and SAND)

SILTY GRAVEL

SILTY GRAVEL with SAND

CLAYEY GRAVEL

CLAYEY GRAVEL with SAND

SILTY, CLAYEY GRAVEL

SILTY, CLAYEY GRAVEL with SAND

Well-graded SAND

Well-graded SAND with GRAVEL

Poorly graded SAND

Poorly graded SAND with GRAVEL

Well-graded SAND with SILT and GRAVEL

Well-graded SAND with SILT

Well-graded SAND with CLAY (or SILTY CLAY)

Well-graded SAND with CLAY and GRAVEL

(or SILTY CLAY and GRAVEL)

Poorly graded SAND with SILT

Poorly graded SAND with SILT and GRAVEL

Poorly graded SAND with CLAY (or SILTY CLAY)

Poorly graded SAND with CLAY and

GRAVEL (or SILTY CLAY and GRAVEL)

SILTY SAND

SILTY SAND with GRAVEL

CLAYEY SAND

CLAYEY SAND with GRAVEL

SILTY, CLAYEY SAND

SILTY, CLAYEY SAND with GRAVEL

PEAT

COBBLES

COBBLES and BOULDERS

BOULDERS

Lean CLAY

Lean CLAY with SAND

Lean CLAY with GRAVEL

SANDY lean CLAY

SANDY lean CLAY with GRAVEL

GRAVELLY lean CLAY

GRAVELLY lean CLAY 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

SILT with SAND

SILT with GRAVEL

SANDY SILT

SANDY SILT with GRAVEL

GRAVELLY SILT with SAND

GRAVELLY SILT

ORGANIC lean CLAY

ORGANIC lean CLAY with SAND

ORGANIC lean CLAY with GRAVEL

SANDY ORGANIC lean CLAY

SANDY ORGANIC lean CLAY with GRAVEL

GRAVELLY ORGANIC lean CLAY

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

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

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

Fat CLAY

Fat CLAY with SAND

Fat CLAY with GRAVEL

Elastic SILT with SAND

Elastic SILT with GRAVEL

Elastic SILT

Graphic/Symbol Group Names

Pocket Penetrometer

Pressure Meter

Pocket Torvane

Consolidation (ASTM D 2435)

Collapse Potential (ASTM D 5333)

Compaction Curve (CTM 216)

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) 

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)

Unit Weight (ASTM D 4767)

Vane Shear (AASHTO T 223)

CP

C

UU

CU

CR

EI

UC

PI

PP

TV

M

OC

SE

UW

VS

DS

SG

PL

SL

CL

R

SW

PA

P

PM

Corrosivity Testing (CTM 643, CTM 422, CTM 417)

Consolidated Undrained Triaxial (ASTM D 4767)

Unconfined Compression-Rock (ASTM D 2938)

Unconfined Compression-Soil (ASTM D 2166)

Unconsolidated Undrained Triaxial (ASTM D 2850)

Plasticity Index (AASHTO T 90)

Liquid Limit (AASHTO T 89)

FIELD AND LABORATORY TESTINGGROUP SYMBOLS AND NAMES

DYNAMIC CONE PENETRATION BORING CONE PENETRATION TEST (CPT) SOUNDING

HAND BORINGROTARY BORING

GRAVELLY ORGANIC lean CLAY with SAND

BOREHOLE IDENTIFICATION

SAMPLER TYPES

CORRECTION FACTOR

Description
Hole

TypeSymbol

A 

R 

P

R

HD 

HA

D

B

CPT

O Other

Cone Penetration Test (ASTM D 5778-95)

Hollow Stem Auger Boring (HSA)

Dynamic Cone Penetration Boring

Hand driven (1-inch soil tube)

Hand Auger

Rotary drilled diamond core

Rotary drilled boring 

Rotary percussion boring (air)

Auger Boring

Note: Size in inches.

Standard Split-spoon Drive Sampler, 2.0-

inch Outside Diameter, 1.4 inch Inside

Diameter (Without liners)

Modified California Split-spoon Drive

Sampler 3.0-inch Outside Diameter, 2.4-

inch Inside Diameter (With Liners)

Bulk Sample Collected From Drill Cuttings

(S)

(D)

(B)

To convert from California modified ring

sampler blow count to equivalent standard

penetration test sampler blow count, for

granular and cohesive soil, multiply by 0.67.

Blows per 12"

(Using 28 lb hand 

hammer with a 12"

drop or as noted)

Top Hole El.

L
o

c
a
ti

o
n

 

Hole I.D.

Ground water surface

Pulled Pipe

Boring Date

Terminated at Elev

taken
Sample

materials
Description of 
Date measured

L
o

c
a
ti

o
n

 

Hole I.D.
Top Hole El.

Casing driven

Size of Sampler 

(inches)

SPT N-Value

(per ASTM 1586-99),

P = push sample,

or as noted

Description of material

Field & Lab Tests

Date measured
Material change

Estimated material change

Soil/Rock boundary

Boring Date

Hammer Energy Ratio (ER ) =   %
Terminated at Elev

i

L
o

c
a
ti

o
n

 

Hole I.D.
Top Hole El.

No count recorded

Pushed

Driving rate in

seconds per 12"

(using a Stanley

MB 156 percussion

hammer and a 2.2"

cone, or as noted)

Date measured

Boring Date

L
o

c
a
ti

o
n

 

Hole I.D.

Top Hole El.

Pressure measured

along sleeve friction

element (34.88 in

area) divided by 

pressure measured

on tip element.

2
on tip element

(2.33 in  area)

Friction Ratio (%)

Boring Date

Tip Bearing (MPa)

2

Pressure measured

SR-57 NORTHBOUND WIDENING

PROJECT
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Absence of moisture, dusty, dry to the 

touch

Damp but no visible water

Visible free water, usually soil is 

below water table

Dry

Moist

Wet

Description SPT N   (Blows / 12 inches)
60

0 - 4

5 - 10

11 - 30

31 - 50

   > 50

Very loose

Loose

Medium Dense

Dense

Very Dense

> 4.0Hard

Very Stiff 2 to 4 2 to 4 1.0 to 2.0 Readily indented by thumbnail

> 2.0

0.50 to 1.01 to 21 to 2Stiff

Medium Stiff

Field ApproximationTorvane

Measurement (tsf)

< 0.12

0.12 to 0.25

0.25 to 0.500.50 to 1.0

0.25 to 0.50

< 0.25< 0.25

0.25 to 0.50Soft

Very Soft

0.50 to 1.0

Description Unconfined Compressive

Strength (tsf)

Pocket Penetrometer

Measurement (tsf)

Easily penetrated several inches by fist

Easily penetrated several inches by thumb

Penetrated several inches by thumb

with moderate effort

Readily indented by thumb but penetrated

only with great effort

Indented by thumbnail with difficulty> 4.0

CONSISTENCY OF COHESIVE SOILS

APPARENT DENSITY OF COHESIONLESS SOILS MOISTURE

Description Criteria

A 1/8-inch thread cannot be rolled at any water content.Nonplastic

Description

Low

Medium

High

Description Criteria

Crumbles or breaks with handling or 

little finger pressure.
Weak

Moderate Crumbles or breaks with considerable 

finger pressure.

Will not crumble or break with finger 

pressure.
Strong

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.

Criteria

CEMENTATION

PLASTICITY OF FINE-GRAINED SOILS

Description

Trace

Few

Little

Some

Mostly 50 to 100%

30 to 45%

15 to 25%

5 to 10%

Particles are present but estimated to 

be less than 5%

Criteria Description Size

> 12"

3" to 12"

3/4" to 3"

No. 4 to 3/4"

No. 10 to No. 4

No. 40 to No. 10

No. 200 to No. 40Fine

Medium

Coarse

Fine

Coarse
Gravel

Sand

Cobble

Boulder

PARTICLE SIZEPERCENT OR PROPORTION OF SOILS

NOTE: This legend sheet provides descriptors and

associated criteria for required soil description components

only.  refer to Caltrns Soil and Rock Logging, classification,

and Presentation Manual (July 2007), section 2, for tables of

aditional soil description components and discussion of soil

description and identification.
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18.7

hard, olive

very stiff, olive-brown, trace gravel

LEAN CLAY (CL): hard, olive-gray, moist, medium
plastic fines, some fine to medium sand

very stiff

LEAN CLAY with SAND (CL):  hard, olive, moist,
78% medium plastic fines, 21% fine to coarse sand,
trace fine gravel

Artificial Fill (Af):

5" Asphalt concrete layer over 9" base course layer

16.1

18.2

15

15.4

S
A
M
P
L
E

14.8

PI, CR

PI, DS

PI, CR

PI, M

UW

PA,
UW, PI

51

20

COMMENTS

8.3

410

405

400

395

390

385

B
L
O
W
S
/F
T

(F
E
E
T
)

DROP (IN)

D
E
P
T
H

OFFSET (FT)2R Drilling

78

111.3

2

5

1

4

3

2

62

109.0

118.2

1

B

D

B

S

D

S

D

ROCK CORE

TESTS

CONTACT

BORING DESIG.

LOGGED BY

DATE FINISHED

TYPE OF DRILL RIG

GROUND WATER ELEV

L
O
G

G
R
A
P
H
IC

BTUBE SAMPLE

CME 55
413.10

30

C

SHEET 1 OF 3

GSE (FT)

SOIL DESCRIPTION

F

370900.03.GE.FR
SR-57 Northbound Widening

140- lb. Auto Hammer

CB

PROJECT NAME

BULK SAMPLE GW   HRS.

T

A-08-025

RB
7/12/08

SAMPLE TYPES:

FAULT

DRIVE SAMPLED

SPLIT SPOON

68.65 RT

S

JOINTING

GEOTECHNICAL BORING LOG

R
E
C
/R
Q
D

O
R

S
A
M
P
L
E

T
Y
P
E

S

LAB

(P
C
F
)

STATION (FT)

BEDDING PLANE

5

10

15

20

25

NE

DRIVE WT (LBS)

GW DEPTH (FT)

E
L
E
V

GW  WHILE DRILLING

P J

DRILLER

DATE STARTED

PROJECT NO

C
O
N
T
E
N
T
%

M
O
IS
T
U
R
E

693+47.72

SHEAR

7/12/08

PITCHER TUBE



very stiff, dark brown, mottling

S
A
M
P
L
E

D
E
P
T
H

SANDY LEAN CLAY (CL): hard, dark olive,
moist, medium plastic fines, fine sand

36

Very Old Alluvium Fan Deposits (Qvof):
WELL GRADED SAND with SILT and GRAVEL
(SW-SM): very dense, gray, moist, 49% fine to
coarse sand, 7% non-plastic fines, 44% fine gravel

LEAN CLAY (CL): hard, olive-brown, moist, silty
sand interbeds, some mottling, medium plastic fines,
fine sand

SANDY LEAN CLAY (CL): hard, dark brown,
moist, medium plastic fines, fine sand

11.1

2.0

18.2

16.6

PI, UU

PA, DS

M

LEAN CLAY with SAND (CL): hard, moist, brown,
medium plastic fines, fine sand

COMMENTS

ROCK CORE

B
L
O
W
S
/F
T

(F
E
E
T
)

380

375

370

365

360

355

OFFSET (FT)2R Drilling

21

DROP (IN)

109.4

11

10

9

8

7

6

PI, UU

123.9

118.6

50/6"

15

65

26

D

S

D

S

D

S

SOIL DESCRIPTION

BULK SAMPLE CONTACT

BORING DESIG.

LOGGED BY

DATE FINISHED

TYPE OF DRILL RIG

GROUND WATER ELEV

L
O
G

G
R
A
P
H
IC

S

TESTS

CME 55
413.10

B

C

(P
C
F
)

F

370900.03.GE.FR
SR-57 Northbound Widening

140- lb. Auto Hammer

CB

PROJECT NAME

T

GW   HRS.

TUBE SAMPLE

A-08-025

RB
7/12/08

SAMPLE TYPES:

FAULT

DRIVE SAMPLED

SPLIT SPOON

68.65 RT

SHEET 2 OF 3GEOTECHNICAL BORING LOG

S

30

R
E
C
/R
Q
D

O
R

GSE (FT)

T
Y
P
E

7/12/08

LAB

S
A
M
P
L
E

GW  WHILE DRILLING

JOINTINGJ

BEDDING PLANE

35

40

45

50

55

NE

DRIVE WT (LBS)

GW DEPTH (FT)

E
L
E
V

SHEAR

PROJECT NO
693+47.72

M
O
IS
T
U
R
E

C
O
N
T
E
N
T
%

PITCHER TUBE

DATE STARTED

DRILLER

STATION (FT)

P



B
L
O
W
S
/F
T

(F
E
E
T
)

DROP (IN)

O
R

ROCK CORE

350

345

340

OFFSET (FT)2R Drilling

T
Y
P
E

S

LAB

(P
C
F
)

B

14

15

S

13

12

115.4

123.4

PI, UU

R
E
C
/R
Q
D

S
A
M
P
L
E

D
E
P
T
H

Borehole terminated at depth of 77 feet below ground
surface due to rig refusal.
No groundwater encountered.
Borehole backfilled with soil cuttings and cold patch
asphalt at the surface.

dark brown, moist, medium plastic fines, fine sand

hard, brown, 53% medium plastic fines, 44% fine to
coarse sand, trace fine gravel

stiff

10.5 PA, DS

50/4"

22

50/6"

8

D

S

D

13.6

TYPE OF DRILL RIG

68.65 RT

S TUBE SAMPLET

BULK SAMPLE CONTACT

BORING DESIG.

DATE FINISHED

DRIVE SAMPLE

GROUND WATER ELEV

L
O
G

G
R
A
P
H
IC

SOIL DESCRIPTION
S
A
M
P
L
E

LOGGED BY

GEOTECHNICAL BORING LOG

370900.03.GE.FR
SR-57 Northbound Widening

140- lb. Auto Hammer

C

SPLIT SPOON

PROJECT NAME

D

GW   HRS.

F

A-08-025

RB
7/12/08

SAMPLE TYPES:

FAULT

B

SHEAR

TESTS

DRILLER

DATE STARTED

PROJECT NO

C
O
N
T
E
N
T
%

M
O
IS
T
U
R
E

P

693+47.72

PITCHER TUBE

7/12/08

J

CME 55
413.10

30

C

SHEET 3 OF 3

STATION (FT)

JOINTING

COMMENTS

BEDDING PLANE

65

70

75

NE

DRIVE WT (LBS)

GW DEPTH (FT)

E
L
E
V

GW  WHILE DRILLING

GSE (FT)



(P
C
F
)

S
A
M
P
L
E

D
E
P
T
H

SANDY LEAN CLAY (CL):  hard, light
olive-brown, wet, 55% medium plastic fines, 45%
fine to coarse sand

LEAN CLAY (CL): hard, dark brown, wet, medium
plastic fines, trace fine sand

very dense, wet

SILTY SAND with GRAVEL (SM):  dense, light
olive-brown, moist, 51% fine to coarse sand, 22%
low plastic fines, 27% fine to coarse gravel

SANDY LEAN CLAY (CL): stiff, yellowish-brown,
moist, 67% medium plastic fines, 31% fine to coarse
sand and trace fine gravel

Very Old Alluvium Fan Deposits (Qvof):
CLAYEY SAND (SC): gray, moist, fine to coarse
sand, medium plastic fines

12.7

PA

PI

PA

DROP (IN)

COMMENTS

B

ROCK CORE

(F
E
E
T
)

62

370

365

360

355

350

345

OFFSET (FT)2R Drilling

B
L
O
W
S
/F
T

5

4

3

2

PA, CR,
PI

1

1

92/11"

40

9

S

D

S

D

B

S

28

SOIL DESCRIPTION

BULK SAMPLE CONTACT

BORING DESIG.

LOGGED BY

DATE FINISHED

TYPE OF DRILL RIG

GROUND WATER ELEV

L
O
G

G
R
A
P
H
IC

S

TESTS

CME 55
371.58

C

LAB

F

370900.03.GE.FR
SR-57 Northbound Widening

140- lb. Auto Hammer

CB

PROJECT NAME

T

GW   HRS.

TUBE SAMPLE

A-08-026

HMN
9/2/08

SAMPLE TYPES:

FAULT

DRIVE SAMPLED

SPLIT SPOON

86.0 RT

SHEET 1 OF 3GEOTECHNICAL BORING LOG

T
Y
P
E

GSE (FT)
30

R
E
C
/R
Q
D

360.6

S
A
M
P
L
E

9/2/08

S

O
R

P

5

10

15

20

25

BEDDING PLANE

DRIVE WT (LBS)

J

GW DEPTH (FT)

JOINTING SHEAR

11

PITCHER TUBE

E
L
E
V

STATION (FT)

DRILLER

DATE STARTED

PROJECT NO

C
O
N
T
E
N
T
%

M
O
IS
T
U
R
E

695+00

GW  WHILE DRILLING



LEAN CLAY with SAND (CL):  very stiff, brown,
wet, medium plastic fines, fine sand

LAB
S
A
M
P
L
E

D
E
P
T
H

hard, yellowish-brown

LEAN CLAY (CL):  very stiff, light brown, wet,
medium plastic fines, some fine sand

CLAYEY SAND (SC): dense, yellowish-brown,
wet, 54% fine sand, 42% medium plastic fines, trace
fine gravel

LEAN CLAY (CL): hard, yellowish-brown, wet,
medium plastic fines, some fine sand, trace fine
gravel

32.2

16.9

13.1

PI, UU

PA, DS

PI, DS

(F
E
E
T
)

COMMENTS

B

ROCK CORE

B
L
O
W
S
/F
T

15

DROP (IN)

340

335

330

325

320

315

OFFSET (FT)2R Drilling

122.4

11

10

9

8

7

6

14

111.8

90.4

(P
C
F
)

45

35

50/4"

S

D

S

D

S

D

36

BULK SAMPLE CONTACT

BORING DESIG.

LOGGED BY

DATE FINISHED

TYPE OF DRILL RIG

GROUND WATER ELEV

L
O
G

TUBE SAMPLES

SOIL DESCRIPTION
TESTS

CME 55
371.58

C

G
R
A
P
H
IC

GW   HRS.

370900.03.GE.FR
SR-57 Northbound Widening

140- lb. Auto Hammer

CB

T

GEOTECHNICAL BORING LOG SHEET 2 OF 3

F

A-08-026

HMN
9/2/08

SAMPLE TYPES:

FAULT

DRIVE SAMPLED

SPLIT SPOON

86.0 RT

PROJECT NAME

S
A
M
P
L
E

360.6
30

O
R

SHEAR

T
Y
P
E

S

R
E
C
/R
Q
D

E
L
E
V

GSE (FT)

JOINTINGJ

BEDDING PLANE

35

40

45

50

55

11

DRIVE WT (LBS)

9/2/08

GW DEPTH (FT)

695+00DATE STARTED

M
O
IS
T
U
R
E

C
O
N
T
E
N
T
%

PROJECT NO

GW  WHILE DRILLING

DRILLER

STATION (FT)

P PITCHER TUBE



S
A
M
P
L
E

D
E
P
T
H

20.0

OFFSET (FT)

Boring completed to a depth of 81.5 feet below
ground surface (bgs).
Goundwater measured at 11 feet bgs after completing
drilling.
Borehole backfilled with bentonite and soil cuttings
mix.

LEAN CLAY (CL): hard, light brown, wet, medium
plastic fines

LEAN CLAY with SAND (CL):  hard, brown, wet,
medium plastic fines, fine sand

LEAN CLAY (CL): hard, brown, wet, medium
plastic fines, trace fine to medium sand

POORLY GRADED SAND with SILT (SP-SM):
very dense, yellowish-brown, wet, 89% medium to
fine, 11% non plastic fines

LEAN CLAY (CL): hard, brown, wet, medium
plastic fines, some fine sand
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Laboratory Test Results 



      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 08/19/08

Project No. : Data Input By: LF Date: 08/21/08

Exploration No.:

Sample No.: Depth (feet) :     5.0

% Gravel 1 Soil Type

% Sand 21

% Fines 78

2.70 0.00 0.00

0.99 0.00 0.00 91.81

320.03 1.00 1.00 77.16

38.80 0.00 0.00

281.23 14.65

3" 0.00 100.0 0.00 100.0 97.5

1½" 0.00 100.0 0.52 99.2 96.7

3/4" 0.00 100.0 1.84 97.1 94.7

3/8" 2.93 99.0 4.12 93.5 91.2

No. 4 3.51 98.8 7.64 87.9 85.7

No. 10 6.97 97.5 12.92 79.5 77.6

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 63.16             Wt. of Dry Soil (g) 63.16

Deflocculant  125 cc of 4% Solution

19-Aug-08 10:26 0

10:28 2 21.8 44.0 55.1 0.0283

10:31 5 21.9 39.0 47.5 0.0187

10:41 15 22.0 35.0 41.4 0.0110

10:56 30 21.9 32.0 36.8 0.0081

11:26 60 22.0 30.0 33.7 0.0057

12:26 120 22.4 28.0 30.6 0.0041

14:36 250 22.9 26.0 27.6 0.0029

20-Aug-08 10:26 1440 21.6 22.5 22.2 0.0012

After 
Hydrometer & 

Wet Sieve ret. in 
#200 Sieve

8.0

8.0

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

8.0

8.0

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

(CL)s

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

8.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

8.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

8.0

8.0

8.0

Elapsed Time 
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

 Correction for Specific Gravity

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

SR-57 Widening

370900.02.GE.0S

A-08-025

D-1

Olive lean clay with sand (CL)s

SA & Hyd A-08-025, D-1



1 : 21 : 78

D-1

Aug-08

Depth (feet) :  5.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive lean clay with sand (CL)s

370900.02.GE.0S
Exploration No.:

(CL)s

GR:SA:FI : (%)

Project No.:
A-08-025 Sample No.:

SR-57 Widening

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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Project Name: Tested By: S. Felter Date: 08/25/08

Project No.: 370900.02.GE.0S Checked By: LF Date: 08/26/08

Exploration No.: A-08-025 Depth (feet): 45.0

Sample No.: D-9

Soil Identification: Gray well-graded sand with silt and gravel (SW-SM)g

VO 0.00

970.00 0.00

234.80 1.00

735.20 0.00

VO

920.40

234.80

685.60

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 44 %
SAND: 49 %
FINES: 7 %
GROUP SYMBOL: (SW-SM)g 36.00

2.78

Remarks:

79.9

56.0

26.8

38.8450.30

17.20

100.0

18.4599.70

538.30

6.9

664.40 9.6

684.80

13.5

PAN

636.30

97.7

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

0.00

147.50

323.80

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

PARTICLE-SIZE ANALYSIS of SOILS
ASTM D 422

Container No.:

SR-57 Widening



GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

Project No.:
A-08-025 Sample No.:

370900.02.GE.0S

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Gray well-graded sand with silt and gravel (SW-SM)g

(SW-SM)g

GR:SA:FI : (%)

SR-57 Widening
Exploration No.:

Depth (feet): 45.0 Soil Type :

Project Name:

44 : 49 : 7

D-9

Aug-08
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 09/01/08

Project No. : Data Input By: LF Date: 09/04/08

Exploration No.:

Sample No.: Depth (feet) :     65.0

% Gravel 3 Soil Type

% Sand 44

% Fines 53

2.70 0.00 0.00

0.99 0.00 0.00 105.38

731.18 1.00 1.00 76.36

139.98 0.00 0.00

591.20 29.02

3" 0.00 100.0 0.00 100.0 95.0

1½" 0.00 100.0 1.66 97.4 92.5

3/4" 0.00 100.0 5.19 91.9 87.3

3/8" 4.98 99.2 10.59 83.5 79.3

No. 4 17.00 97.1 19.37 69.8 66.3

No. 10 29.68 95.0 28.59 55.5 52.7

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 64.18             Wt. of Dry Soil (g) 64.18

Deflocculant  125 cc of 4% Solution

01-Sep-08 10:10 0

10:12 2 21.9 34.5 38.9 0.0306

10:15 5 21.9 31.0 33.8 0.0199

10:25 15 21.9 29.0 30.8 0.0116

10:40 30 22.0 27.5 28.6 0.0082

11:10 60 22.3 26.0 26.4 0.0059

12:10 120 22.7 25.0 25.0 0.0042

14:20 250 23.4 24.0 23.5 0.0029

02-Sep-08 10:10 1440 21.9 21.0 19.1 0.0013

Soil Identification:

SR-57 Widening

370900.02.GE.0S

A-08-025

D-13

Brown sandy lean clay s(CL)

 Correction for Specific Gravity

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing% PassingU.S. Sieve U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Wt. of Container   Moisture Content (%)

8.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

8.0

8.0

8.0

Elapsed Time 
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)

8.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

s(CL)

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

After 
Hydrometer & 

Wet Sieve ret. in 
#200 Sieve

8.0

8.0

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

8.0

8.0

SA & Hyd A-08-025, D-13



GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

Project No.:
A-08-025 Sample No.:

SR-57 Widening

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Brown sandy lean clay s(CL)

370900.02.GE.0S
Exploration No.:

s(CL)

GR:SA:FI : (%)

Depth (feet) :  65.0 Soil Type :

Project Name:

3 : 44 : 53

D-13

Sep-08
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 09/19/08

Project No. : Data Input By: LF Date: 09/25/08

Exploration No.:

Sample No.: Depth (feet) :     5-10

% Gravel 2 Soil Type

% Sand 31

% Fines 67

2.70 0.00 0.00

0.99 0.00 0.00 96.21

1336.90 1.00 1.00 76.37

223.59 0.00 0.00

1113.31 19.84

3" 0.00 100.0 0.00 100.0 95.3

1½" 0.00 100.0 0.80 98.8 94.1

3/4" 0.00 100.0 3.29 95.0 90.5

3/8" 8.54 99.2 6.75 89.7 85.4

No. 4 26.44 97.6 12.17 81.4 77.6

No. 10 52.70 95.3 19.19 70.7 67.3

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 65.45             Wt. of Dry Soil (g) 65.45

Deflocculant  125 cc of 4% Solution

19-Sep-08 8:50 0

8:52 2 21.5 45.0 54.1 0.0280

8:55 5 21.5 41.0 48.4 0.0184

9:05 15 21.6 37.0 42.6 0.0110

9:20 30 21.6 35.0 39.7 0.0079

9:50 60 21.7 33.0 36.8 0.0057

10:50 120 21.9 31.0 33.9 0.0041

13:00 250 22.5 29.0 31.0 0.0028

20-Sep-08 8:50 1440 20.8 26.0 26.7 0.0012

Soil Identification:

SR-57 Widening

370900.02.GE.0S

A-08-026

Bag-1

Yellowish brown sandy lean clay s(CL)

 Correction for Specific Gravity

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing% PassingU.S. Sieve U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Wt. of Container   Moisture Content (%)

7.5

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.5

7.5

7.5

Elapsed Time 
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)

7.5

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

s(CL)

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

After 
Hydrometer & 

Wet Sieve ret. in 
#200 Sieve

7.5

7.5

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

7.5

7.5

SA & Hyd A-08-026, Bag-1



GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

Project No.:
A-08-026 Sample No.:

SR-57 Widening

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Yellowish brown sandy lean clay s(CL)

370900.02.GE.0S
Exploration No.:

s(CL)

GR:SA:FI : (%)

Depth (feet) :  5-10 Soil Type :

Project Name:

2 : 31 : 67

Bag-1

Sep-08
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 09/19/08

Project No. : Data Input By: LF Date: 09/25/08

Exploration No.:

Sample No.: Depth (feet) :     15.0

% Gravel 27 Soil Type

% Sand 51

% Fines 22

2.70 0.00 0.00

0.99 0.00 0.00 145.17

509.94 1.00 1.00 73.66

79.39 0.00 0.00

430.55 71.51

3" 0.00 100.0 0.00 100.0 60.7

1½" 0.00 100.0 7.92 92.8 56.4

3/4" 40.74 90.5 23.56 78.7 47.8

3/8" 64.16 85.1 40.08 63.7 38.7

No. 4 117.53 72.7 56.85 48.5 29.4

No. 10 169.16 60.7 69.50 37.0 22.5

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 110.36             Wt. of Dry Soil (g) 110.36

Deflocculant  125 cc of 4% Solution

19-Sep-08 8:46 0

8:48 2 21.5 39.0 17.2 0.0295

8:51 5 21.4 34.0 14.5 0.0194

9:01 15 21.5 29.0 11.7 0.0116

9:16 30 21.5 26.5 10.4 0.0084

9:46 60 21.6 24.0 9.0 0.0060

10:46 120 21.9 22.0 7.9 0.0043

12:56 250 22.5 20.0 6.8 0.0030

20-Sep-08 8:46 1440 20.8 17.0 5.2 0.0013

Soil Identification:

SR-57 Widening

370900.02.GE.0S

A-08-026

S-3

Light olive brown silty sand with gravel (SM)g

 Correction for Specific Gravity

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing% PassingU.S. Sieve U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Wt. of Container   Moisture Content (%)

7.5

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.5

7.5

7.5

Elapsed Time 
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)

7.5

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

(SM)g

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

After 
Hydrometer & 

Wet Sieve ret. in 
#200 Sieve

7.5

7.5

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

7.5

7.5

SA & Hyd A-08-026, S-3



GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

Project No.:
A-08-026 Sample No.:

SR-57 Widening

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Light olive brown silty sand with gravel (SM)g

370900.02.GE.0S
Exploration No.:

(SM)g

GR:SA:FI : (%)

Depth (feet) :  15.0 Soil Type :

Project Name:

27 : 51 : 22

S-3

Sep-08
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 09/19/08

Project No. : Data Input By: LF Date: 09/25/08

Exploration No.:

Sample No.: Depth (feet) :     25.0

% Gravel 0 Soil Type

% Sand 45

% Fines 55

2.70 0.00 0.00

0.99 0.00 0.00 104.82

278.43 1.00 1.00 76.56

204.16 0.00 0.00

74.27 28.26

3" 0.00 100.0 0.00 100.0 96.4

1½" 0.00 100.0 0.90 98.6 95.1

3/4" 0.00 100.0 4.54 93.1 89.7

3/8" 0.00 100.0 12.06 81.6 78.7

No. 4 0.00 100.0 20.72 68.5 66.0

No. 10 2.68 96.4 28.23 57.0 55.0

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 65.72             Wt. of Dry Soil (g) 65.72

Deflocculant  125 cc of 4% Solution

19-Sep-08 8:42 0

8:44 2 21.5 39.0 45.8 0.0295

8:47 5 21.5 36.0 41.5 0.0192

8:57 15 21.5 33.0 37.1 0.0113

9:12 30 21.5 32.0 35.6 0.0081

9:42 60 21.6 30.0 32.7 0.0058

10:42 120 21.9 29.0 31.3 0.0041

12:52 250 22.5 27.5 29.1 0.0029

20-Sep-08 8:42 1440 20.8 25.0 25.5 0.0012

Soil Identification:

SR-57 Widening

370900.02.GE.0S

A-08-026

S-5

Light olive brown sandy lean clay s(CL)

 Correction for Specific Gravity

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing% PassingU.S. Sieve U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Wt. of Container   Moisture Content (%)

7.5

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.5

7.5

7.5

Elapsed Time 
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)

7.5

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

s(CL)

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

After 
Hydrometer & 

Wet Sieve ret. in 
#200 Sieve

7.5

7.5

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

7.5

7.5

SA & Hyd A-08-026, S-5



GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

Project No.:
A-08-026 Sample No.:

SR-57 Widening

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Light olive brown sandy lean clay s(CL)

370900.02.GE.0S
Exploration No.:

s(CL)

GR:SA:FI : (%)

Depth (feet) :  25.0 Soil Type :

Project Name:

0 : 45 : 55

S-5

Sep-08
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 09/26/08

Project No. : Data Input By: J. Ward Date: 09/30/08

Exploration No.:

Sample No.: Depth (feet) :     N/A

% Gravel 4 Soil Type

% Sand 54

% Fines 42

2.70 0.00 0.00

0.99 0.00 0.00 130.08

326.22 1.00 1.00 77.38

39.90 0.00 0.00

286.32 52.70

3" 0.00 100.0 0.00 100.0 95.5

1½" 0.00 100.0 0.46 99.5 95.0

3/4" 0.00 100.0 1.30 98.5 94.1

3/8" 5.98 97.9 4.86 94.4 90.2

No. 4 10.72 96.3 23.94 72.3 69.0

No. 10 12.80 95.5 48.27 44.1 42.1

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 86.31             Wt. of Dry Soil (g) 86.31

Deflocculant  125 cc of 4% Solution

26-Sep-08 10:22 0

10:24 2 21.7 30.5 24.7 0.0316

10:27 5 21.7 27.0 20.9 0.0205

10:37 15 21.7 25.0 18.7 0.0120

10:52 30 21.8 23.5 17.0 0.0086

11:22 60 22.0 22.0 15.4 0.0060

12:22 120 22.2 21.0 14.3 0.0043

14:32 250 22.8 19.5 12.6 0.0030

27-Sep-08 12:22 1560 21.3 16.0 8.8 0.0012

After 
Hydrometer & 

Wet Sieve ret. in 
#200 Sieve

8.0

8.0

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

8.0

8.0

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

SC

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

8.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

8.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

8.0

8.0

8.0

Elapsed Time 
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

 Correction for Specific Gravity

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

SR-57 Widening

370900.02.GE.0S

A-08-026

D-8

Yellowish brown clayey sand (SC)

SA & Hyd A-08-026, D-8



4 : 54 : 42

D-8

Sep-08

Depth (feet) :  N/A Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Yellowish brown clayey sand (SC)

370900.02.GE.0S
Exploration No.:

SC

GR:SA:FI : (%)

Project No.:
A-08-026 Sample No.:

SR-57 Widening

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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Project Name: Tested By: S. Felter Date: 09/18/08

Project No.: 370900.02.GE.0S Checked By: LF Date: 09/25/08

Exploration No.: A-08-026 Depth (feet): 65.0

Sample No.: S-13

Soil Identification: Yellowish brown poorly graded sand with silt (SP-SM)

989 0.00

670.10 0.00

110.50 1.00

559.60 0.00

989

609.70

110.50

499.20

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 0 %
SAND: 89 %
FINES: 11 %
GROUP SYMBOL: SP-SM 4.00

1.71

Remarks:

100.0

99.6

98.9

99.33.80

0.00

94.928.30

6.40

11.2

425.20 24.0

496.90

67.3

PAN

183.20

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

0.00

2.10

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

PARTICLE-SIZE ANALYSIS of SOILS
ASTM D 422

Container No.:

SR-57 Widening



GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

Project No.:
Sample No.:

370900.02.GE.0S

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Yellowish brown poorly graded sand with silt (SP-SM)

SP-SM

GR:SA:FI : (%)

SR-57 Widening
Exploration No.:

Depth (feet): 65.0 Soil Type :

A-08-026
Project Name:

0 : 89 : 11

S-13

Sep-08
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Project Name: Tested By: A. Santos Date: 09/03/08

Project No. : Input By: LF Date: 09/04/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

30 22 15

9.37 9.27 21.72 21.04 20.22

8.08 8.00 16.06 15.43 14.71

1.04 1.10 1.02 1.05 1.11

18.32 18.41 37.63 39.01 40.51

38
18
20
CL

PI at "A" - Line  =  0.73(LL-20)  13.14

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Olive brown lean clay (CL)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-025

S-4 20.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

0
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0 10 20 30 40 50 60 70 80 90 100

Liquid Limit (LL)
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0.12

CL or OL

ML or OL
MH or OH

For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
4

CH or OH

CL- ML

37

38

39

40

41

10 100

Number of Blows
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oi
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)

       20            25          30                 40             50          60       70     80     90 



Project Name: Tested By: G. Bathala Date: 09/09/08

Project No. : Input By: LF Date: 09/10/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

34 28 23 15

13.15 12.89 12.38 14.62 12.88 14.64

11.21 10.99 9.00 10.55 9.22 10.26

1.07 1.04 1.01 1.08 1.04 1.06

19.13 19.10 42.30 42.98 44.74 47.61

44
19
25
CL

PI at "A" - Line  =  0.73(LL-20)  17.52

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Olive lean clay (CL)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-025

Bag-1 20-25

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

0
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0 10 20 30 40 50 60 70 80 90 100

Liquid Limit (LL)
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CL or OL
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MH or OH

For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
4

CH or OH

CL- ML
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Project Name: Tested By: V. Juliano Date: 09/02/08

Project No. : Input By: LF Date: 09/03/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 28 21

10.38 11.01 13.33 12.91 15.21

8.73 9.25 9.36 9.02 10.49

1.02 1.08 1.02 1.06 1.12

21.40 21.54 47.60 48.87 50.37

49
21
28
CL

PI at "A" - Line  =  0.73(LL-20)  21.17

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Olive lean clay (CL)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-025

D-5 25.0

0

10

20

30

40

50

60

0 10 20 30 40 50 60 70 80 90 100

Liquid Limit (LL)

P
la

st
ic

ity
 In

de
x 

(P
I)

0.12

CL or OL

ML or OL
MH or OH

For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils
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Project Name: Tested By: A. Santos Date: 09/09/08

Project No. : Input By: LF Date: 09/10/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

36 26 16

9.58 9.89 21.64 20.66 21.18

8.34 8.59 15.50 14.65 14.79

1.02 1.02 1.05 1.01 1.05

16.94 17.17 42.49 44.06 46.51

44
17
27
CL

PI at "A" - Line  =  0.73(LL-20)  17.52

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Olive brown lean clay with sand (CL)s

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-025

Bag-2 25-30

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
4

CH or OH

CL- ML
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Project Name: Tested By: A. Santos Date: 08/25/08

Project No. : Input By: LF Date: 08/26/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 24 20

9.49 9.32 19.94 20.10 22.31

8.11 7.97 14.06 14.03 15.41

1.02 1.05 1.08 1.07 1.03

19.46 19.51 45.30 46.84 47.98

47
19
28
CL

PI at "A" - Line  =  0.73(LL-20)  19.71

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Olive brown lean clay (CL)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-025

D-7 35.0
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
4

CH or OH

CL- ML
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Project Name: Tested By: A. Santos Date: 08/25/08

Project No. : Input By: LF Date: 08/26/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

36 24 17

10.10 9.67 21.09 20.51 21.48

8.74 8.35 16.80 16.23 16.87

1.07 1.11 1.07 1.04 1.07

17.73 18.23 27.27 28.18 29.18

28
18
10
CL

PI at "A" - Line  =  0.73(LL-20)  5.84

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dark olive clayey sand (SC)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-025

D-11 55.0
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
4

CH or OH

CL- ML

27
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Project Name: Tested By: A. Santos Date: 08/26/08

Project No. : Input By: LF Date: 08/27/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

34 29 25 20

9.08 9.09 19.86 21.49 20.59 19.96

7.99 8.00 15.39 16.54 15.80 15.23

1.07 1.07 1.03 1.07 1.08 1.02

15.75 15.73 31.13 32.00 32.54 33.29

32
16
16
CL

PI at "A" - Line  =  0.73(LL-20)  8.76

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dark olive brown clayey sand (SC)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-025

D-15 75.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
4

CH or OH

CL- ML
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Project Name: Tested By: G. Bathala Date: 09/23/08

Project No. : Input By: LF Date: 09/25/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

32 24 16

12.51 13.30 15.13 14.45 15.20

10.56 11.22 11.07 10.52 10.92

1.04 1.07 1.04 1.05 1.08

20.48 20.49 40.48 41.50 43.50

41
20
21
CL

PI at "A" - Line  =  0.73(LL-20)  15.33

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Yellowish brown sandy lean clay s(CL)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-026

Bag-1 5-10

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
4

CH or OH

CL- ML
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Project Name: Tested By: A. Santos Date: 10/01/08

Project No. : Input By: J. Ward Date: 10/02/08

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

28 22 17

10.65 11.23 19.85 19.99 20.03

9.19 9.67 14.41 14.46 14.41

1.02 1.03 1.02 1.09 1.07

17.87 18.06 40.63 41.36 42.13

41
18
23
CL

PI at "A" - Line  =  0.73(LL-20)  15.33

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dark brown lean clay (CL)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-026

D-4 20.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils
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Project Name: Tested By: G. Bathala Date: 09/24/08

Project No. : Input By: LF Date: 09/25/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

31 24 17

13.82 13.04 15.18 14.24 16.40

11.85 11.18 11.79 10.98 12.54

1.07 1.04 1.09 1.03 1.04

18.27 18.34 31.68 32.76 33.57

33
18
15
CL

PI at "A" - Line  =  0.73(LL-20)  9.49

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Yellowish brown lean clay (CL)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-026

D-6 30.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
4

CH or OH

CL- ML
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Project Name: Tested By: A. Santos Date: 09/30/08

Project No. : Input By: J. Ward Date: 10/01/08

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

34 26 19

9.74 9.18 21.29 20.43 20.09

8.12 7.66 15.90 15.24 14.94

1.10 1.06 1.04 1.05 1.06

23.08 23.03 36.27 36.58 37.10

37
23
14
CL

PI at "A" - Line  =  0.73(LL-20)  12.41

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Yellowish brown lean clay (CL)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-026

D-10 50.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line
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Project Name: Tested By: G. Bathala Date: 09/23/08

Project No. : Input By: LF Date: 09/25/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 26 18

11.46 11.97 13.08 15.28 15.00

9.87 10.33 10.13 11.66 11.31

1.06 1.10 1.07 1.05 1.04

18.05 17.77 32.56 34.12 35.93

34
18
16
CL

PI at "A" - Line  =  0.73(LL-20)  10.22

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Yellowish brown lean clay with sand (CL)s

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-026

S-15 75.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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grained soils and fine-
grained fraction of coarse-
grained soils
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Project Name: Tested By: F. Tabibkhoei Date: 09/17/08
Project No.: Checked By: J. Ward Date: 09/30/08
Boring No.: Depth (ft.):

Sample No.: Sample Type: Drive
Soil Identification:

2.416
1.000
195.34
43.00
0.9044

112.50
97.83
38.21
24.6
101.6
101

0.2182

227.62
203.17
38.81
20.15
111.5
106

0.1196
2.70
62.43

0.10 0.2144 0.9962 0.00 0.38 0.653 0.38 9/22/08 9:00:00 0.0 0.0 0.1811
0.10 0.2151 0.9969 0.00 0.31 0.654 0.31 9/22/08 9:00:06 0.1 0.3 0.1779
0.25 0.2133 0.9951 0.03 0.49 0.652 0.46 9/22/08 9:00:15 0.2 0.5 0.1773
0.50 0.2072 0.9890 0.06 1.10 0.642 1.04 9/22/08 9:00:30 0.5 0.7 0.1767
1.00 0.1977 0.9795 0.11 2.05 0.627 1.94 9/22/08 9:01:00 1.0 1.0 0.1760
2.00 0.1811 0.9629 0.17 3.71 0.600 3.54 9/22/08 9:02:00 2.0 1.4 0.1748
4.00 0.1570 0.9388 0.29 6.12 0.562 5.83 9/22/08 9:04:00 4.0 2.0 0.1732
8.00 0.1285 0.9103 0.46 8.97 0.518 8.51 9/22/08 9:08:00 8.0 2.8 0.1709
16.00 0.0935 0.8753 0.71 12.47 0.464 11.76 9/22/08 9:15:00 15.0 3.9 0.1683
4.00 0.1001 0.8819 0.49 11.81 0.471 11.32 9/22/08 9:30:00 30.0 5.5 0.1648
1.00 0.1114 0.8932 0.36 10.69 0.488 10.33 9/22/08 10:00:00 60.0 7.7 0.1619
0.25 0.1196 0.9014 0.30 9.86 0.501 9.56 9/22/08 11:00:00 120.0 11.0 0.1601

9/22/08 13:00:00 240.0 15.5 0.1591
9/22/08 17:00:00 480.0 21.9 0.1583
9/23/08 9:00:00 1440.0 37.9 0.1576
9/24/08 9:00:00 2880.0 53.7 0.1572
9/24/08 12:30:00 3090.0 55.6 0.1570

ONE-DIMENSIONAL CONSOLIDATION
PROPERTIES of SOILS

(ASTM D 2435)

Brown lean clay (CL)

60.0
D-12

SR-57 Widening
370900.02.GE.0S
A-08-026

 Water Density (pcf)

 Final  Dry Density (pcf)
 Final Saturation (%)
 Final Vertical Reading (in.)
 Specific Gravity (assumed)

 Wt.of Wet Sample+Cont. (g)
 Wt. of Dry Sample+Cont. (g)
 Weight of Container (g)
 Final Moisture Content (%) 

After Test

 Height after consol. (in.)

 Wt.Wet Sample+Cont. (g)
 Wt.of Dry Sample+Cont. (g)
 Weight of Container (g)

Before Test

 Initial Moisture Content (%)
 Initial Dry Density (pcf)
 Initial Saturation (%)
 Initial Vertical Reading (in.)

 Sample Diameter (in.)
 Sample Thickness (in.)
 Wt. of Sample + Ring (g)
 Weight of Ring (g)

Deformation 
% of Sample 

Thickness

Void      
Ratio

Corrected 
Deforma-
tion (%)

Time Readings @ 4.0 ksf

Date Time
Elapsed  

Time (min)
Square Root 

of Time
Dial Rdgs. 
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Pressure   
(p)       

(ksf)
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Apparent 
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(in.)
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Compliance 

(%)
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Inundate with  
Tap water



Initial Final Initial Final Initial Final Initial Final

ONE-DIMENSIONAL CONSOLIDATION  
PROPERTIES of SOILS                     

(ASTM D 2435)       

20.1 111.5A-08-026 D-12 24.6

Soil Identification: Brown lean clay (CL)

Boring      
No.

Sample     
No.

Depth      
(ft.)

Moisture 
Content (%) 

Project No.:

SR-57 Widening

09-08

370900.02.GE.0S

Time Readings @ 4.0 ksf

0.501 100 100101.6
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Saturation (%)Dry Density (pcf) 
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Project Name: SR-57 Widening Tested By: F. Tabibkhoei Date: 08/25/08
Project No.: 370900.02.GE.0S Checked By: LF Date: 09/02/08
Boring No.: Sample Type: Drive
Sample No.: Depth (ft.): 25.0
Soil Identification: Olive lean clay (CL)

2.415 2.415 2.415
1.000 1.000 1.000
196.88 197.07 200.26
43.18 43.28 43.10

Before Shearing
218.95 218.95 218.95
191.34 191.34 191.34
39.28 39.28 39.28
0.1183 0.1287 0.1281
0.1195 0.1394 0.1450

After Shearing
194.90 195.11 197.14
161.76 163.87 169.32
38.86 39.67 39.27
2.70 2.70 2.70
62.43 62.43 62.43

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

D-5
A-08-025

Sample Diameter(in):

DS A-08-025, D-5



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

Boring No.
Sample No.
Depth (ft)

A-08-025
D-5
25

110.6

1.000
2.415
18.16

88.0
0.9893
25.2

Soil Identification: 18.16
108.2

18.16
108.2

8.000
5.675
4.172
0.0017

4.000
3.606
2.320
0.0017

1.000
2.415

1.000
2.415

2.000
2.286
1.097
0.0017

87.8
0.9988
27.0

SR-57 Widening
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

93.6
0.9831
21.4

08-08

Project No.: 370900.02.GE.0S

Sample Type:

Drive

Olive lean clay (CL)
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DS A-08-025, D-5



Project Name: SR-57 Widening Tested By: F. Tabibkhoei Date: 08/21/08
Project No.: 370900.02.GE.0S Checked By: LF Date: 09/16/08
Boring No.: Sample Type: Drive
Sample No.: Depth (ft.): 45.0
Soil Identification: Gray well-graded sand with silt and gravel (SW-SM)g

2.415 2.415 2.415
1.000 1.000 1.000
193.77 195.17 196.40
43.12 43.10 43.19

Before Shearing
348.92 348.92 348.92
342.82 342.82 342.82
39.16 39.16 39.16
0.2571 0.3076 0.3284
0.2690 0.3250 0.3620

After Shearing
198.70 218.68 201.07
182.02 203.60 185.50
39.59 61.03 39.67
2.70 2.70 2.70
62.43 62.43 62.43

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

D-9
A-08-025

Sample Diameter(in):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

DS A-08-025, D-9



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

08-08

Project No.: 370900.02.GE.0S

Sample Type:

Drive

Gray well-graded sand with 
silt and gravel (SW-SM)g 14.6

0.9881
11.7

SR-57 Widening
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

15.5
0.9664
10.7

2.000
2.603
1.811
0.0050

1.000
2.415

1.000
2.415

4.000
6.379
5.932
0.0050

8.000
11.252
11.195
0.0050

15.1
0.9826
10.6

Soil Identification: 2.01
124.0

2.01
122.8 124.9

1.000
2.415
2.01

Boring No.
Sample No.
Depth (ft)

A-08-025
D-9
45
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DS A-08-025, D-9



Project Name: SR-57 Widening Tested By: F. Tabibkhoei Date: 08/25/08
Project No.: 370900.02.GE.0S Checked By: LF Date: 09/04/08
Boring No.: Sample Type: Drive
Sample No.: Depth (ft.): 65.0
Soil Identification: Brown sandy lean clay s(CL)

2.415 2.415 2.415
1.000 1.000 1.000
197.36 211.72 212.48
43.04 43.36 43.19

Before Shearing
215.24 215.24 215.24
198.55 198.55 198.55
39.80 39.80 39.80
0.3118 0.2978 0.3059
0.3280 0.3175 0.3398

After Shearing
197.33 209.00 211.00
174.72 186.51 188.05
38.50 39.24 39.29
2.70 2.70 2.70
62.43 62.43 62.43

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

D-13
A-08-025

Sample Diameter(in):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

DS A-08-025, D-13



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

08-08

Project No.: 370900.02.GE.0S

Sample Type:

Drive

Brown sandy lean clay s(CL)

62.9
0.9838
16.6

SR-57 Widening
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

87.9
0.9661
15.4

3.000
2.153
2.021
0.0017

1.000
2.415

1.000
2.415

6.000
5.241
4.351
0.0017

12.000
9.287
8.454
0.0017

85.9
0.9803
15.3

Soil Identification: 10.51
126.7

10.51
116.1 127.4

1.000
2.415
10.51

Boring No.
Sample No.
Depth (ft)

A-08-025
D-13
65
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DS A-08-025, D-13



Project Name: SR-57 Widening Tested By: F. Tabibkhoei Date: 09/22/08
Project No.: 370900.02.GE.0S Checked By: LF Date: 09/25/08
Boring No.: Sample Type: Drive
Sample No.: Depth (ft.): 30.0
Soil Identification:

2.415 2.415 2.415
1.000 1.000 1.000
209.63 213.32 214.34
46.46 46.15 44.96

Before Shearing
207.98 207.98 207.98
188.31 188.31 188.31
38.60 38.60 38.60
0.2882 0.2713 0.3337
0.2993 0.2840 0.3571

After Shearing
204.51 209.31 210.74
177.97 185.66 188.26
39.04 39.69 39.63
2.70 2.70 2.70
62.43 62.43 62.43

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

D-6
A-08-026

Yellowish brown lean clay (CL)
Sample Diameter(in):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

DS A-08-026, D-6



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

09-08

Project No.: 370900.02.GE.0S

Sample Type:

Drive

Yellowish brown lean clay 
(CL) 87.5

0.9889
19.1

SR-57 Widening
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

100.3
0.9766
15.1

2.000
1.490
1.298
0.0017

1.000
2.415

1.000
2.415

4.000
3.898
2.666
0.0017

8.000
6.850
4.961
0.0017

95.4
0.9873
16.2

Soil Identification: 13.14
122.9

13.14
119.9 124.5

1.000
2.415
13.14

Boring No.
Sample No.
Depth (ft)

A-08-026
D-6
30.0
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DS A-08-026, D-6



Project Name: SR-57 Widening Tested By: F. Tabibkhoei Date: 09/22/08
Project No.: 370900.02.GE.0S Checked By: LF Date: 09/30/08
Boring No.: Sample Type: Drive
Sample No.: Depth (ft.): 40.0
Soil Identification:

2.415 2.415 2.415
1.000 1.000 1.000
196.21 203.21 204.54
45.45 43.58 43.45

Before Shearing
215.48 215.48 215.48
190.12 190.12 190.12
39.90 39.90 39.90
0.2419 0.3153 0.2623
0.2630 0.3445 0.2969

After Shearing
192.22 196.77 197.83
165.42 171.22 173.75
39.40 39.54 39.17
2.70 2.70 2.70
62.43 62.43 62.43

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

D-8
A-08-026

Yellowish brown clayey sand (SC)
Sample Diameter(in):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

DS A-08-026, D-8



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

09-08

Project No.: 370900.02.GE.0S

Sample Type:

Drive

Yellowish brown clayey sand 
(SC) 79.8

0.9789
21.3

SR-57 Widening
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

96.9
0.9654
17.9

2.000
1.132
0.987
0.0025

1.000
2.415

1.000
2.415

4.000
2.716
2.330
0.0025

8.000
5.873
5.074
0.0025

94.2
0.9708
19.4

Soil Identification: 16.88
113.6

16.88
107.3 114.6

1.000
2.415
16.88

Boring No.
Sample No.
Depth (ft)

A-08-026
D-8
40.0

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

0 0.1 0.2 0.3
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DS A-08-026, D-8



Project Name: SR-57 Widening Tested By: F. Tabibkhoei Date: 09/17/08
Project No.: 370900.02.GE.0S Checked By: LF Date: 09/25/08
Boring No.: Sample Type: Drive
Sample No.: Depth (ft.): 60.0
Soil Identification:

2.415 2.415 2.415
1.000 1.000 1.000
193.77 196.80 197.40
43.19 43.40 42.87

Before Shearing
112.50 112.50 112.50
97.83 97.83 97.83
38.21 38.21 38.21
0.0000 0.2592 0.2791
-0.0561 0.3301 0.3730

After Shearing
182.49 185.17 185.32
155.28 160.16 162.06
38.47 38.62 39.21
2.70 2.70 2.70
62.43 62.43 62.43

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

D-12
A-08-026

Brown lean clay (CL)
Sample Diameter(in):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

DS A-08-026, D-12



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

09-08

Project No.: 370900.02.GE.0S

Sample Type:

Drive

Brown lean clay (CL)

98.1
0.9439
23.3

SR-57 Widening
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

104.7
0.9061
18.9

3.000
1.751
1.739
0.0017

1.000
2.415

1.000
2.415

6.000
3.354
3.213
0.0017

12.000
6.313
6.313
0.0017

102.8
0.9291
20.6

Soil Identification: 24.61
102.4

24.61
100.5 103.1

1.000
2.415
24.61

Boring No.
Sample No.
Depth (ft)

A-08-026
D-12
60.0

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

0 0.1 0.2 0.3

Horizontal Deformation (in.)
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DS A-08-026, D-12



Project Name: Tested by: A. Santos Date: 08/20/08
Project No: 370900.02.GE.0S Checked by: LF Date: 08/21/08
Boring No.: A-08-025 Sample Type:
Sample No.: D-7 Depth(ft): 35
Sample Description:

1 2.425
2 2.418
3 2.416

Average 2.420
1 5.444
2 5.442
3 5.441

Average 5.442

837.70
0.00

947.30
828.20
110.78
2.70
13.9
0.045

16.60 86.46
109.4 13.90
0.541 100.36
82.9 10.47

* Stress values have been corrected for membrane effects

Minor principal total stress (psi) 
Major principal total stress (psi) 
Axial strain (%) 

Moisture Content (%)
Dry  Density (pcf)
Void Ratio
% Saturation

Specific Gravity  (assumed)
Confining Pressure (psi)
Rate of Deformation (in/min)

Deviator stress (psi)

Diameter (in)

Height (in)

Sample Properties At Failure*

Weight of Container (g)

SR-57 Widening

Weight of Sample + Tube / Rings (g)
Weight of Tube / Rings (g)
Weight of Wet Sample + Container (g)
Weight of Dry Sample + Container (g)

Unconsolidated-Undrained Triaxial
Compression Test on Cohesive Soils

ASTM D 2850

Olive brown lean clay (CL) / some silty sand in the middle

Drive

Stress - Strain Curve
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Project Name: Tested by: A. Santos Date: 08/20/08
Project No: 370900.02.GE.0S Checked by: LF Date: 08/21/08
Boring No.: A-08-025 Sample Type:
Sample No.: D-11 Depth(ft): 55
Sample Description:

1 2.423
2 2.422
3 2.420

Average 2.422
1 5.480
2 5.477
3 5.478

Average 5.478

872.40
0.00

977.80
890.80
107.00
2.70
22.9
0.045

11.10 123.09
118.6 22.90
0.421 145.99
71.2 6.02

* Stress values have been corrected for membrane effects

Unconsolidated-Undrained Triaxial
Compression Test on Cohesive Soils

ASTM D 2850

Dark olive sandy lean clay s(CL)

Drive

Weight of Container (g)

SR-57 Widening

Weight of Sample + Tube / Rings (g)
Weight of Tube / Rings (g)
Weight of Wet Sample + Container (g)
Weight of Dry Sample + Container (g)

Specific Gravity  (assumed)
Confining Pressure (psi)
Rate of Deformation (in/min)

Deviator stress (psi)

Diameter (in)

Height (in)

Sample Properties At Failure*

Minor principal total stress (psi) 
Major principal total stress (psi) 
Axial strain (%) 

Moisture Content (%)
Dry  Density (pcf)
Void Ratio
% Saturation

Stress - Strain Curve
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Project Name: Tested by: A. Santos Date: 08/20/08
Project No: 370900.02.GE.0S Checked by: LF Date: 08/21/08
Boring No.: A-08-025 Sample Type:
Sample No.: D-15 Depth(ft): 75
Sample Description:

1 2.423
2 2.425
3 2.426

Average 2.425
1 5.544
2 5.547
3 5.545

Average 5.545

881.30
0.00

989.80
884.20
109.30
2.70
31.3
0.045

13.63 150.34
115.4 31.25
0.460 181.59
80.0 6.13

* Stress values have been corrected for membrane effects

Unconsolidated-Undrained Triaxial
Compression Test on Cohesive Soils

ASTM D 2850

Dark olive brown sandy lean clay s(CL)

Drive

Weight of Container (g)

SR-57 Widening

Weight of Sample + Tube / Rings (g)
Weight of Tube / Rings (g)
Weight of Wet Sample + Container (g)
Weight of Dry Sample + Container (g)

Specific Gravity  (assumed)
Confining Pressure (psi)
Rate of Deformation (in/min)

Deviator stress (psi)

Diameter (in)

Height (in)

Sample Properties At Failure*

Minor principal total stress (psi) 
Major principal total stress (psi) 
Axial strain (%) 

Moisture Content (%)
Dry  Density (pcf)
Void Ratio
% Saturation

Stress - Strain Curve
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Project Name: Tested by: A. Santos Date: 09/29/08
Project No: 370900.02.GE.0S Checked by: J. Ward Date: 09/30/08
Boring No.: A-08-026 Sample Type: Drive
Sample No.: D-10 Depth(ft): 50
Sample Description:

1 2.413
2 2.408
3 2.416

Average 2.412
1 5.253
2 5.254
3 5.253

Average 5.253

753.20
0.00

855.90
673.50
106.78
2.70
38.2
0.045

32.19 11.20
90.4 38.20
0.864 49.40
100.6 15.04

* Stress values have been corrected for membrane effects

Unconsolidated-Undrained Triaxial
Compression Test on Cohesive Soils

ASTM D 2850

Yellowish brown lean clay (CL)

Weight of Container (g)

SR-57 Widening

Weight of Sample + Tube / Rings (g)
Weight of Tube / Rings (g)
Weight of Wet Sample + Container (g)
Weight of Dry Sample + Container (g)

Specific Gravity  (assumed)
Confining Pressure (psi)
Rate of Deformation (in/min)

Deviator stress (psi)

Diameter (in)

Height (in)

Sample Properties At Failure*

Minor principal total stress (psi) 
Major principal total stress (psi) 
Axial strain (%) 

Moisture Content (%)
Dry  Density (pcf)
Void Ratio
% Saturation

Stress - Strain Curve
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Project Name: SR-57 Widening Tested By : V. Juliano Date: 08/12/08

Project No. : 370900.02.GE.0S Data Input By: LF Date: 08/15/08

Boring No. A-08-025 A-08-025

Sample No. Bag-1 Bag-2

Sample Depth (ft) 20-25 25-30

196.43 162.42

185.96 149.49

58.98 69.15

8.25 16.09

100.18 100.43

17 18

31 32

830 830

7:15 / 8:00 7:15 / 8:00

45 45

18.9770 19.1625

18.9737 19.1608

0.0033 0.0017

135.79 69.96

148 83

ml of Chloride Soln. For Titration      (B) 30 30

ml of AgNO3 Soln. Used in Titration (C) 0.9 0.9

PPM of Chloride (C -0.2) * 100 * 30 / B 70 70

PPM of Chloride, Dry Wt. Basis 76 83

7.79 7.96

21.6 21.5

PPM of Sulfate, Dry Weight Basis

Duration of Combustion (min)

Wt. of Crucible + Residue (g)      

Wt. of Crucible (g)      

Wt. of  Residue (g)                     (A)      

Moisture Content (%)

Weight of Soaked Soil (g)

Beaker No.

Crucible No.

Furnace Temperature (°C)

Time In / Time Out

PPM of Sulfate                 (A) x 41150

(CL)s

Wet Weight of Soil + Container (g)

Dry Weight of Soil + Container (g)

Weight of Container (g)

CL

pH TEST, DOT California Test  532/643

CHLORIDE CONTENT, DOT California Test 422

Temperature  °C

pH Value

TESTS for SULFATE CONTENT
CHLORIDE CONTENT and pH of SOILS

SULFATE CONTENT, DOT California Test 417, Part II

Soil Identification:



Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: LF Date:

Boring No.: Depth (ft.) :     

Sample No. : Bag-1

CL

SR-57 Widening 08/12/08

08/15/08

20-25

370900.02.GE.0S

A-08-025

810

742 1300.00

148 76 7.79 21.6742 33.2

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

8.25

196.43

185.96

58.98Wt. of Container     (g)

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant 6.746

16.57

33.23

1079

3 110

12041.55

DOT CA Test 532 / 643DOT CA Test 417 Part II DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

160

120

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

100

200

300

400

24.90

Dry Wt. of Soil + Cont. (g)

810

DOT CA Test 532 / 643

4

5

Specimen 
No.

1

2

Soil Identification:
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Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: LF Date:

Boring No.: Depth (ft.) :     

Sample No. :

DOT CA Test 532 / 643

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

100

200

300

4

DOT CA Test             
532 / 643

DOT CA Test 417           
Part II

DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

260

150

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

5

Specimen 
No.

1

2

3 170

33.95

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant 6.746

42.89 1300.00

980 35.7

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

83 83 7.96 21.5

1754

1012

1147

25.02

Bag-2

SR-57 Widening 08/12/08

08/15/08

25-30

370900.02.GE.0S

A-08-025

Soil Identification: (CL)s

Dry Wt. of Soil + Cont. (g)

Wt. of Container     (g)

16.09

162.42

149.49

69.15

900

1000

1100

1200
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1500

1600

1700

1800

25.0 30.0 35.0 40.0 45.0
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Project Name: SR-57 Widening Tested By : V. Juliano Date: 09/22/08

Project No. : 370900.02.GE.0S Data Input By: J. Ward Date: 09/30/08

Boring No. A-08-026

Sample No. Bag-1

Sample Depth (ft) 5-10

161.08

149.78

60.69

12.68

100.57

8

18

840

7:25 / 8:10

45

19.7369

19.7342

0.0027

111.10

127

ml of Chloride Soln. For Titration      (B) 30

ml of AgNO3 Soln. Used in Titration (C) 0.7

PPM of Chloride (C -0.2) * 100 * 30 / B 50

PPM of Chloride, Dry Wt. Basis 57

7.87

20.9

PPM of Sulfate, Dry Weight Basis

Duration of Combustion (min)

Wt. of Crucible + Residue (g)      

Wt. of Crucible (g)      

Wt. of  Residue (g)                     (A)      

Moisture Content (%)

Weight of Soaked Soil (g)

Beaker No.

Crucible No.

Furnace Temperature (°C)

Time In / Time Out

PPM of Sulfate                 (A) x 41150

Wet Weight of Soil + Container (g)

Dry Weight of Soil + Container (g)

Weight of Container (g)

s(CL)

pH TEST, DOT California Test  532/643

CHLORIDE CONTENT, DOT California Test 422

Temperature  °C

pH Value

TESTS for SULFATE CONTENT
CHLORIDE CONTENT and pH of SOILS

SULFATE CONTENT, DOT California Test 417, Part II

Soil Identification:



Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: J. Ward Date:

Boring No.: Depth (ft.) :     

Sample No. : Bag-1

s(CL)

SR-57 Widening 09/26/08

09/30/08

5-10

370900.02.GE.0S

A-08-026

877

810 1300.00

127 57 7.87 20.9780 34.4

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

12.68

161.08

149.78

60.69Wt. of Container     (g)

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant 6.746

21.35

38.69

1687

3 120

14047.36

DOT CA Test 532 / 643DOT CA Test 417 Part II DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

250

130

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

100

200

300

400

30.02

Dry Wt. of Soil + Cont. (g)

944

DOT CA Test 532 / 643

4

5

Specimen 
No.

1

2

Soil Identification:
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APPENDIX C  

Engineering Calculations 



Seismic Parameters and ARS Curve 
 

   

 

 



SR-57 Northbound Widening Project

ARS Curve Plot Sheet

Bridge Structure Brea Overhead 

Latitude 33.921511

Longitude 117.87996

Controlling Fault PTH - Puente Hills (RE)

Estimated Distance (km) 5 (PTH)

Soil Type D

Magnitude 7.25 (PTH)

PBA (g) 0.7

Period (sec.) Sa (g)

0.01 0.700

0.02 0.700

0.03 0.700

0.05 0.700

0.08 1.012

0.10 1.289

0.12 1.422

0.15 1.561

0.17 1.641

0.20 1.713

0.24 1.773

0.30 1.808

0.40 1.816

0.50 1.800

0.75 1.783

1.00 1.649

1.50 1.077

2.00 0.768

3.00 0.439

4.00 0.276
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Recommended ARS Curve

PTH

Soil Type ...........................: D

Peak Bedrock Acceleration : 0.7g

Damping Ratio ...................: 5%



SR-57 Northbound Widening Project

by HMN

Description Estimate of the Peak Bedrock Acceleration (PBA) at Brea Overhead

Sadigh et al (1997) Attenuation Relationship for Rock Sites

No. Fault Name Distance Moment Type Period C1 C2 C3 C4 C5 C6 C7 Acceleration (g)

(km) Magnitude (sec) Median

1 Whittier-Elsinore (WEE) 1.80 7.5 SS 0 -1.274 1.1 0 -2.1 -0.48451 0.524 0 0.69

0.07 -0.54 1.1 0.006 -2.128 -0.48451 0.524 -0.082 1.17

0.1 -0.375 1.1 0.006 -2.148 -0.48451 0.524 -0.041 1.36

0.2 -0.497 1.1 -0.004 -2.08 -0.48451 0.524 0 1.59

0.3 -0.707 1.1 -0.017 -2.028 -0.48451 0.524 0 1.53

0.4 -0.948 1.1 -0.028 -1.99 -0.48451 0.524 0 1.36

0.5 -1.238 1.1 -0.04 -1.945 -0.48451 0.524 0 1.18

0.75 -1.858 1.1 -0.05 -1.865 -0.48451 0.524 0 0.83

1 -2.355 1.1 -0.055 -1.8 -0.48451 0.524 0 0.63

1.5 -3.057 1.1 -0.065 -1.725 -0.48451 0.524 0 0.40

2 -3.595 1.1 -0.07 -1.67 -0.48451 0.524 0 0.28

3 -4.35 1.1 -0.08 -1.61 -0.48451 0.524 0 0.16

4 -4.88 1.1 -0.1 -1.57 -0.48451 0.524 0 0.11

2 Puente-Hills (PTH) 5.00 7.25 R 0 -1.274 1.1 0 -2.1 -0.48451 0.524 0 0.65

0.07 -0.54 1.1 0.006 -2.128 -0.48451 0.524 -0.082 1.06

0.1 -0.375 1.1 0.006 -2.148 -0.48451 0.524 -0.041 1.26

0.2 -0.497 1.1 -0.004 -2.08 -0.48451 0.524 0 1.51

0.3 -0.707 1.1 -0.017 -2.028 -0.48451 0.524 0 1.43

0.4 -0.948 1.1 -0.028 -1.99 -0.48451 0.524 0 1.26

0.5 -1.238 1.1 -0.04 -1.945 -0.48451 0.524 0 1.08

0.75 -1.858 1.1 -0.05 -1.865 -0.48451 0.524 0 0.76

1 -2.355 1.1 -0.055 -1.8 -0.48451 0.524 0 0.57

1.5 -3.057 1.1 -0.065 -1.725 -0.48451 0.524 0 0.36

2 -3.595 1.1 -0.07 -1.67 -0.48451 0.524 0 0.25

3 -4.35 1.1 -0.08 -1.61 -0.48451 0.524 0 0.14

4 -4.88 1.1 -0.1 -1.57 -0.48451 0.524 0 0.09

PEAK BEDROCK ACCELERATION



Slope Stability Analysis 

− North Abutment – Widening - Static 

− North Abutment – Widening – Pseudo-Static 

− South Abutment – Widening - Static 

− South Abutment – Widening – Pseudo-Static 
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Existing Fill (Af)

Old Alluvium (Qvof-1)

Old Alluvium (Qvof-2)

BREA OVERHEAD - NORTH ABUTMENT (ABUT4)
UPRR C/L ST 1150+76
STATIC ANALYSIS

Analysis Methods
Analysis Methods used: 
Bishop simplified
Janbu corrected
Spencer
Number of slices: 25
Tolerance: 0.005
Maximum number of iterations: 50

Material Properties
Material: Existing Fill (Af)
Strength Type: Undrained
Unit Weight: 130 lb/ft3
Cohesion Type: Function of Depth
Cohesion (Top): 3000 psf
Cohesion Change: 66.67 psf/ft
Cutoff: 6000 psf
Water Surface: None

Material: Old Alluvium (Qvof-2)
Strength Type: Mohr-Coulomb
Unit Weight: 130 lb/ft3
Cohesion: 180 psf
Friction Angle: 28 degrees
Water Surface: None

Material: Old Alluvium (Qvof-1)
Strength Type: Mohr-Coulomb
Unit Weight: 120 lb/ft3
Cohesion: 900 psf
Friction Angle: 15 degrees
Water Surface: None

Material: New Fill (Af)
Strength Type: Mohr-Coulomb
Unit Weight: 130 lb/ft3
Cohesion: 200 psf
Friction Angle: 31 degrees
Water Surface: None

Material: CONCRETE
Strength Type: Infinite strength
Unit Weight: 0.001 lb/ft3

New Fill (Af)
1.490
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    Slide Analysis Information 
     

    Document Name 
     
    File Name: BREAOH_ST1150+76_ABUT4_STATIC_Undrained.sli 
     

    Project Settings 
     
    Project Title: BREA OVERHEAD - NORTH ABUTMENT (ABUT 4) - UPRR C/L ST1150+76 - 
STATIC ANALYSIS 
    Failure Direction: Left to Right 
    Units of Measurement: Imperial Units 
    Pore Fluid Unit Weight: 62.4 lb/ft3 
    Groundwater Method: Water Surfaces 
    Data Output: Standard 
    Calculate Excess Pore Pressure: Off 
    Allow Ru with Water Surfaces or Grids: Off 
    Random Numbers: Pseudo-random Seed 
    Random Number Seed: 10116 
    Random Number Generation Method: Park and Miller v.3 
     

    Analysis Methods 
     
    Analysis Methods used:  
    Bishop simplified 
    Janbu corrected 
    Spencer 
     
    Number of slices: 25 
    Tolerance: 0.005 
    Maximum number of iterations: 50 
     

    Surface Options 
     
    Surface Type: Circular 
    Search Method: Grid Search 
    Radius increment: 10 
    Composite Surfaces: Disabled 
    Reverse Curvature: Create Tension Crack 
    Minimum Elevation: Not Defined 
    Minimum Depth: Not Defined 
     

    Loading 
     
    2 Distributed Loads present: 
    Distributed Load #1 Constant Distribution, Orientation:  Normal to boundary, Magnitude:  2233 
lb/ft2 
    Distributed Load #2 Constant Distribution, Orientation:  Normal to boundary, Magnitude:  240 
lb/ft2 
     

    Material Properties 
     
    Material: Existing Fill (Af) 
    Strength Type: Undrained 
    Unit Weight: 130 lb/ft3 



    Cohesion Type: Function of Depth 
    Cohesion (Top): 3000 psf 
    Cohesion Change: 66.67 psf/ft 
    Cutoff: 6000 psf 
    Water Surface: None 
     
    Material: Old Alluvium (Qvof-2) 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 180 psf 
    Friction Angle: 28 degrees 
    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Material: Old Alluvium (Qvof-1) 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 120 lb/ft3 
    Cohesion: 900 psf 
    Friction Angle: 15 degrees 
    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Material: New Fill (Af) 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 200 psf 
    Friction Angle: 31 degrees 
    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Material: CONCRETE 
    Strength Type: Infinite strength 
    Unit Weight: 0.001 lb/ft3 
     

    Global Minimums 
     
    Method: bishop simplified 
    FS: 1.944850 
    Center: -67.455, 457.261 
    Radius: 51.214 
    Left Slip Surface Endpoint: -102.872, 420.268 
    Right Slip Surface Endpoint: -72.949, 406.342 
    Resisting Moment=1.33811e+006 lb-ft 
    Driving Moment=688029 lb-ft 
     
    Method: janbu corrected 
    FS: 1.987160 
    Center: -67.455, 457.261 
    Radius: 51.214 
    Left Slip Surface Endpoint: -102.872, 420.268 
    Right Slip Surface Endpoint: -72.949, 406.342 
    Resisting Horizontal Force=24521.8 lb 
    Driving Horizontal Force=12340.1 lb 
     
    Method: spencer 
    FS: 1.944010 
    Center: -67.455, 457.261 



    Radius: 51.214 
    Left Slip Surface Endpoint: -102.872, 420.268 
    Right Slip Surface Endpoint: -72.949, 406.342 
    Resisting Moment=1.33753e+006 lb-ft 
    Driving Moment=688029 lb-ft 
    Resisting Horizontal Force=23725.6 lb 
    Driving Horizontal Force=12204.5 lb 
     

    Valid / Invalid Surfaces 
     
    Method: bishop simplified 
    Number of Valid Surfaces: 15188 
    Number of Invalid Surfaces: 13423 
    Error Codes:  
    Error Code -99 reported for 5488 surfaces 
    Error Code -100 reported for 1 surface 
    Error Code -102 reported for 5 surfaces 
    Error Code -103 reported for 69 surfaces 
    Error Code -106 reported for 249 surfaces 
    Error Code -107 reported for 16 surfaces 
    Error Code -108 reported for 655 surfaces 
    Error Code -109 reported for 2527 surfaces 
    Error Code -112 reported for 992 surfaces 
    Error Code -1000 reported for 3421 surfaces 
     
    Method: janbu corrected 
    Number of Valid Surfaces: 13348 
    Number of Invalid Surfaces: 15263 
    Error Codes:  
    Error Code -99 reported for 5488 surfaces 
    Error Code -100 reported for 1 surface 
    Error Code -102 reported for 5 surfaces 
    Error Code -103 reported for 69 surfaces 
    Error Code -106 reported for 249 surfaces 
    Error Code -107 reported for 16 surfaces 
    Error Code -108 reported for 2179 surfaces 
    Error Code -109 reported for 2527 surfaces 
    Error Code -111 reported for 338 surfaces 
    Error Code -112 reported for 970 surfaces 
    Error Code -1000 reported for 3421 surfaces 
     
    Method: spencer 
    Number of Valid Surfaces: 11407 
    Number of Invalid Surfaces: 17204 
    Error Codes:  
    Error Code -99 reported for 5488 surfaces 
    Error Code -100 reported for 1 surface 
    Error Code -102 reported for 5 surfaces 
    Error Code -103 reported for 69 surfaces 
    Error Code -106 reported for 249 surfaces 
    Error Code -107 reported for 16 surfaces 
    Error Code -108 reported for 2410 surfaces 
    Error Code -109 reported for 2527 surfaces 
    Error Code -111 reported for 2025 surfaces 
    Error Code -112 reported for 993 surfaces 
    Error Code -1000 reported for 3421 surfaces 
     



    Error Codes 
     
    The following errors were encountered during the computation: 
     
    -99 = Slip surface intersects an infinite 
    strength material. If infinite strength regions 
    are defined for a model, a large number of 
    potential slip surfaces may show this error code. 
    This is Normal. 
     
    -100 = Both surface / slope intersections 
    are on the same horizontal surface. In general, this 
    will give a very high or infinite factor of safety (zero 
    driving force), if calculated. 
     
    -102 = Two surface / slope intersections, 
    but resulting arc is actually outside soil region. 
     
    -103 = Two surface / slope intersections, 
    but one or more surface / nonslope external polygon 
    intersections lie between them. This usually occurs 
    when the slip surface extends past the bottom of the 
    soil region, but may also occur on a benched 
    slope model with two sets of Slope Limits. 
     
    -106 = Average slice width is less than 
    0.0001 * (maximum horizontal extent of soil region). 
    This limitation is imposed to avoid numerical errors 
    which may result from too many slices, or too 
    small a slip region. 
     
    -107 = Total driving moment or 
    total driving force is negative. This will occur 
    if the wrong failure direction is specified, 
    or if high external or anchor loads are applied 
    against the failure direction. 
     
    -108 = Total driving moment 
    or total driving force < 0.1. This is to 
    limit the calculation of extremely high safety 
    factors if the driving force is very small 
    (0.1 is an arbitrary number). 
     
    -109 = Soiltype for slice base not 
    located. This error should occur very rarely, 
    if at all. It may occur if a very low number of 
    slices is combined with certain soil geometries, 
    such that the midpoint of a slice base is 
    actually outside the soil region,even though 
    the slip surface is wholly within the soil region. 
     
    -111 = safety factor equation did not converge 
     
    -112 = The coefficient M-Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) 
    < 0.2 for the final iteration of the safety factor calculation. This screens out 
    some slip surfaces which may not be valid in the context of the analysis, in 
    particular, deep seated slip surfaces with many high negative base angle 



    slices in the passive zone. 
     
    -1000 = No valid slip surfaces are generated 
    at a grid center. Unable to draw a surface. 
     
     

    List of All Coordinates 
     
    Search Grid 
       -98.622 403.905 
       31.240 403.905 
       31.240 530.943 
       -98.622 530.943 
     
    Material Boundary 
       -87.080 410.100 
       -83.330 410.100 
       -79.580 410.100 
     
    Material Boundary 
       -87.080 410.100 
       -87.080 419.664 
     
    Material Boundary 
       -83.330 410.100 
       -83.330 419.664 
     
    Material Boundary 
       -150.000 377.000 
       -129.180 377.000 
       -77.680 376.070 
       -42.330 373.441 
       -26.330 372.251 
       -19.656 371.950 
     
    Material Boundary 
       -150.000 358.243 
       -129.180 359.000 
       -77.680 358.000 
       -16.900 360.000 
       10.158 360.771 
     
    Material Boundary 
       -87.580 406.100 
       -72.574 406.100 
     
    Material Boundary 
       -102.300 420.250 
       -91.741 410.100 
       -87.580 406.100 
     
    Material Boundary 
       -150.000 410.100 
       -91.741 410.100 
     
    External Boundary 
       -150.000 420.360 



       -150.000 410.100 
       -150.000 409.213 
       -150.000 377.000 
       -150.000 371.890 
       -150.000 358.243 
       -150.000 337.766 
       10.158 337.766 
       10.158 360.771 
       10.158 371.550 
       -19.656 371.950 
       -72.574 406.100 
       -78.772 410.100 
       -79.580 410.100 
       -79.580 419.664 
       -83.330 419.664 
       -87.080 419.664 
       -98.790 420.140 
       -102.300 420.250 
       -105.840 420.360 
     
    Water Table 
       -150.000 361.000 
       10.158 361.000 
     
    Distributed Load 
       -79.580 410.100 
       -83.330 410.100 
       -87.080 410.100 
     
    Distributed Load 
       -87.080 419.664 
       -98.790 420.140 
       -102.300 420.250 
       -105.840 420.360 
       -150.000 420.360 
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Old Alluvium (Qvof-1)
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BREA OVERHEAD - NORTH ABUTMENT (ABUT4)
UPRR C/L ST 1150+76
PSEUDO-STATIC ANALYSIS

Analysis Methods
Analysis Methods used: 
Bishop simplified
Janbu corrected
Spencer
Number of slices: 25
Tolerance: 0.005
Maximum number of iterations: 50

Material Properties
Material: Existing Fill (Af)
Strength Type: Undrained
Unit Weight: 130 lb/ft3
Cohesion Type: Function of Depth
Cohesion (Top): 3000 psf
Cohesion Change: 66.67 psf/ft
Cutoff: 6000 psf
Water Surface: None

Material: Old Alluvium (Qvof-2)
Strength Type: Mohr-Coulomb
Unit Weight: 130 lb/ft3
Cohesion: 950 psf
Friction Angle: 30 degrees
Water Surface: Water Table
Custom Hu value: 1

Material: Old Alluvium (Qvof-1)
Strength Type: Mohr-Coulomb
Unit Weight: 120 lb/ft3
Cohesion: 1400 psf
Friction Angle: 14 degrees
Water Surface: Water Table
Custom Hu value: 1

Material: New Fill (Af)
Strength Type: Mohr-Coulomb
Unit Weight: 130 lb/ft3
Cohesion: 800 psf
Friction Angle: 33 degrees
Water Surface: Water Table
Custom Hu value: 1

Material: CONCRETE
Strength Type: Infinite strength
Unit Weight: 0.001 lb/ft3
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    Slide Analysis Information 
     

    Document Name 
     
    File Name: BREAOH_ST1150+76_ABUT4_PSTATIC_Undrained.sli 
     

    Project Settings 
     
    Project Title: BREA OVERHEAD - NORTH ABUTMENT (ABUT 4) - UPRR C/L ST1150+76 - 
STATIC ANALYSIS 
    Failure Direction: Left to Right 
    Units of Measurement: Imperial Units 
    Pore Fluid Unit Weight: 62.4 lb/ft3 
    Groundwater Method: Water Surfaces 
    Data Output: Standard 
    Calculate Excess Pore Pressure: Off 
    Allow Ru with Water Surfaces or Grids: Off 
    Random Numbers: Pseudo-random Seed 
    Random Number Seed: 10116 
    Random Number Generation Method: Park and Miller v.3 
     

    Analysis Methods 
     
    Analysis Methods used:  
    Bishop simplified 
    Janbu corrected 
    Spencer 
     
    Number of slices: 25 
    Tolerance: 0.005 
    Maximum number of iterations: 50 
     

    Surface Options 
     
    Surface Type: Circular 
    Search Method: Grid Search 
    Radius increment: 10 
    Composite Surfaces: Disabled 
    Reverse Curvature: Create Tension Crack 
    Minimum Elevation: Not Defined 
    Minimum Depth: Not Defined 
     

    Loading 
     
    Seismic Load Coefficient (Horizontal): 0.23 
    2 Distributed Loads present: 
    Distributed Load #1 Constant Distribution, Orientation:  Normal to boundary, Magnitude:  2233 
lb/ft2 
    Distributed Load #2 Constant Distribution, Orientation:  Normal to boundary, Magnitude:  240 
lb/ft2 
     

    Material Properties 
     
    Material: Existing Fill (Af) 
    Strength Type: Undrained 



    Unit Weight: 130 lb/ft3 
    Cohesion Type: Function of Depth 
    Cohesion (Top): 3000 psf 
    Cohesion Change: 66.67 psf/ft 
    Cutoff: 6000 psf 
    Water Surface: None 
     
    Material: Old Alluvium (Qvof-2) 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 950 psf 
    Friction Angle: 30 degrees 
    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Material: Old Alluvium (Qvof-1) 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 120 lb/ft3 
    Cohesion: 1400 psf 
    Friction Angle: 14 degrees 
    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Material: New Fill (Af) 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 800 psf 
    Friction Angle: 33 degrees 
    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Material: CONCRETE 
    Strength Type: Infinite strength 
    Unit Weight: 0.001 lb/ft3 
     

    Global Minimums 
     
    Method: bishop simplified 
    FS: 1.734370 
    Center: -49.274, 467.424 
    Radius: 108.448 
    Left Slip Surface Endpoint: -146.978, 420.360 
    Right Slip Surface Endpoint: 1.629, 371.664 
    Resisting Moment=5.22252e+007 lb-ft 
    Driving Moment=3.01119e+007 lb-ft 
     
    Method: janbu corrected 
    FS: 1.751370 
    Center: -49.274, 467.424 
    Radius: 108.448 
    Left Slip Surface Endpoint: -146.978, 420.360 
    Right Slip Surface Endpoint: 1.629, 371.664 
    Resisting Horizontal Force=435353 lb 
    Driving Horizontal Force=248579 lb 
     
    Method: spencer 
    FS: 1.736990 



    Center: -49.274, 467.424 
    Radius: 108.448 
    Left Slip Surface Endpoint: -146.978, 420.360 
    Right Slip Surface Endpoint: 1.629, 371.664 
    Resisting Moment=5.23042e+007 lb-ft 
    Driving Moment=3.01119e+007 lb-ft 
    Resisting Horizontal Force=405903 lb 
    Driving Horizontal Force=233681 lb 
     

    Valid / Invalid Surfaces 
     
    Method: bishop simplified 
    Number of Valid Surfaces: 15460 
    Number of Invalid Surfaces: 13151 
    Error Codes:  
    Error Code -99 reported for 5488 surfaces 
    Error Code -100 reported for 1 surface 
    Error Code -102 reported for 5 surfaces 
    Error Code -103 reported for 69 surfaces 
    Error Code -106 reported for 249 surfaces 
    Error Code -107 reported for 9 surfaces 
    Error Code -108 reported for 452 surfaces 
    Error Code -109 reported for 2618 surfaces 
    Error Code -112 reported for 839 surfaces 
    Error Code -1000 reported for 3421 surfaces 
     
    Method: janbu corrected 
    Number of Valid Surfaces: 13767 
    Number of Invalid Surfaces: 14844 
    Error Codes:  
    Error Code -99 reported for 5488 surfaces 
    Error Code -100 reported for 1 surface 
    Error Code -102 reported for 5 surfaces 
    Error Code -103 reported for 69 surfaces 
    Error Code -106 reported for 249 surfaces 
    Error Code -107 reported for 9 surfaces 
    Error Code -108 reported for 1813 surfaces 
    Error Code -109 reported for 2618 surfaces 
    Error Code -111 reported for 334 surfaces 
    Error Code -112 reported for 837 surfaces 
    Error Code -1000 reported for 3421 surfaces 
     
    Method: spencer 
    Number of Valid Surfaces: 11984 
    Number of Invalid Surfaces: 16627 
    Error Codes:  
    Error Code -99 reported for 5488 surfaces 
    Error Code -100 reported for 1 surface 
    Error Code -102 reported for 5 surfaces 
    Error Code -103 reported for 69 surfaces 
    Error Code -106 reported for 249 surfaces 
    Error Code -107 reported for 9 surfaces 
    Error Code -108 reported for 2042 surfaces 
    Error Code -109 reported for 2618 surfaces 
    Error Code -111 reported for 1886 surfaces 
    Error Code -112 reported for 839 surfaces 
    Error Code -1000 reported for 3421 surfaces 



     

    Error Codes 
     
    The following errors were encountered during the computation: 
     
    -99 = Slip surface intersects an infinite 
    strength material. If infinite strength regions 
    are defined for a model, a large number of 
    potential slip surfaces may show this error code. 
    This is Normal. 
     
    -100 = Both surface / slope intersections 
    are on the same horizontal surface. In general, this 
    will give a very high or infinite factor of safety (zero 
    driving force), if calculated. 
     
    -102 = Two surface / slope intersections, 
    but resulting arc is actually outside soil region. 
     
    -103 = Two surface / slope intersections, 
    but one or more surface / nonslope external polygon 
    intersections lie between them. This usually occurs 
    when the slip surface extends past the bottom of the 
    soil region, but may also occur on a benched 
    slope model with two sets of Slope Limits. 
     
    -106 = Average slice width is less than 
    0.0001 * (maximum horizontal extent of soil region). 
    This limitation is imposed to avoid numerical errors 
    which may result from too many slices, or too 
    small a slip region. 
     
    -107 = Total driving moment or 
    total driving force is negative. This will occur 
    if the wrong failure direction is specified, 
    or if high external or anchor loads are applied 
    against the failure direction. 
     
    -108 = Total driving moment 
    or total driving force < 0.1. This is to 
    limit the calculation of extremely high safety 
    factors if the driving force is very small 
    (0.1 is an arbitrary number). 
     
    -109 = Soiltype for slice base not 
    located. This error should occur very rarely, 
    if at all. It may occur if a very low number of 
    slices is combined with certain soil geometries, 
    such that the midpoint of a slice base is 
    actually outside the soil region,even though 
    the slip surface is wholly within the soil region. 
     
    -111 = safety factor equation did not converge 
     
    -112 = The coefficient M-Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) 
    < 0.2 for the final iteration of the safety factor calculation. This screens out 
    some slip surfaces which may not be valid in the context of the analysis, in 



    particular, deep seated slip surfaces with many high negative base angle 
    slices in the passive zone. 
     
    -1000 = No valid slip surfaces are generated 
    at a grid center. Unable to draw a surface. 
     
     

    List of All Coordinates 
     
    Search Grid 
       -98.622 403.905 
       31.240 403.905 
       31.240 530.943 
       -98.622 530.943 
     
    Material Boundary 
       -87.080 410.100 
       -83.330 410.100 
       -79.580 410.100 
     
    Material Boundary 
       -87.080 410.100 
       -87.080 419.664 
     
    Material Boundary 
       -83.330 410.100 
       -83.330 419.664 
     
    Material Boundary 
       -150.000 377.000 
       -129.180 377.000 
       -77.680 376.070 
       -42.330 373.441 
       -26.330 372.251 
       -19.656 371.950 
     
    Material Boundary 
       -150.000 358.243 
       -129.180 359.000 
       -77.680 358.000 
       -16.900 360.000 
       10.158 360.771 
     
    Material Boundary 
       -87.580 406.100 
       -72.574 406.100 
     
    Material Boundary 
       -102.300 420.250 
       -91.741 410.100 
       -87.580 406.100 
     
    Material Boundary 
       -150.000 410.100 
       -91.741 410.100 
     
    External Boundary 



       -150.000 420.360 
       -150.000 410.100 
       -150.000 409.213 
       -150.000 377.000 
       -150.000 371.890 
       -150.000 358.243 
       -150.000 337.766 
       10.158 337.766 
       10.158 360.771 
       10.158 371.550 
       -19.656 371.950 
       -72.574 406.100 
       -78.772 410.100 
       -79.580 410.100 
       -79.580 419.664 
       -83.330 419.664 
       -87.080 419.664 
       -98.790 420.140 
       -102.300 420.250 
       -105.840 420.360 
     
    Water Table 
       -150.000 361.000 
       10.158 361.000 
     
    Distributed Load 
       -79.580 410.100 
       -83.330 410.100 
       -87.080 410.100 
     
    Distributed Load 
       -87.080 419.664 
       -98.790 420.140 
       -102.300 420.250 
       -105.840 420.360 
       -150.000 420.360 
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BREA OVERHEAD - SOUTH ABUTMENT (ABUT 1)
UPRR C/L ST1151+23
STATIC ANALYSIS

Analysis Methods
Analysis Methods used: 
Bishop simplified
Spencer
Number of slices: 25
Tolerance: 0.005
Maximum number of iterations: 50

Material Properties
Material: FILL (Af)
Strength Type: Undrained
Unit Weight: 130 lb/ft3
Cohesion Type: Function of Depth
Cohesion (Top): 3000 psf
Cohesion Change: 82.64 psf/ft

Material: CLAY 2 (Qvof)
Strength Type: Mohr-Coulomb
Unit Weight: 130 lb/ft3
Cohesion: 180 psf
Friction Angle: 28 degrees

Material: CLAY 1 (Qvof)
Strength Type: Mohr-Coulomb
Unit Weight: 120 lb/ft3
Cohesion: 900 psf
Friction Angle: 15 degrees

Material: New Fill (Af)
Strength Type: Mohr-Coulomb
Unit Weight: 130 lb/ft3
Cohesion: 200 psf
Friction Angle: 31 degrees
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    Slide Analysis Information 
     

    Document Name 
     
    File Name: BREAOH_ST1151+23_ABUT1_STATIC_Undrained 04-30-2009.sli 
     

    Project Settings 
     
    Project Title: BREA OVERHEAD - SOUTH ABUTMENT (ABUT 1) - UPRR C/L ST1151+23 - 
STATIC ANALYSIS 
    Failure Direction: Right to Left 
    Units of Measurement: Imperial Units 
    Pore Fluid Unit Weight: 62.4 lb/ft3 
    Groundwater Method: Water Surfaces 
    Data Output: Standard 
    Calculate Excess Pore Pressure: Off 
    Allow Ru with Water Surfaces or Grids: Off 
    Random Numbers: Pseudo-random Seed 
    Random Number Seed: 10116 
    Random Number Generation Method: Park and Miller v.3 
     

    Analysis Methods 
     
    Analysis Methods used:  
    Bishop simplified 
    Spencer 
     
    Number of slices: 25 
    Tolerance: 0.005 
    Maximum number of iterations: 50 
     

    Surface Options 
     
    Surface Type: Circular 
    Search Method: Grid Search 
    Radius increment: 10 
    Composite Surfaces: Disabled 
    Reverse Curvature: Create Tension Crack 
    Minimum Elevation: Not Defined 
    Minimum Depth: Not Defined 
     

    Loading 
     
    2 Distributed Loads present: 
    Distributed Load #1 Constant Distribution, Orientation:  Normal to boundary, Magnitude:  2232.5 
lb/ft2 
    Distributed Load #2 Constant Distribution, Orientation:  Vertical, Magnitude:  240 lb/ft2 
     

    Material Properties 
     
    Material: FILL (Af) 
    Strength Type: Undrained 
    Unit Weight: 130 lb/ft3 
    Cohesion Type: Function of Depth 
    Cohesion (Top): 3000 psf 



    Cohesion Change: 82.64 psf/ft 
    Water Surface: None 
     
    Material: CLAY 2 (Qvof) 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 180 psf 
    Friction Angle: 28 degrees 
    Water Surface: None 
     
    Material: CONCRETE 
    Strength Type: Infinite strength 
    Unit Weight: 0.001 lb/ft3 
     
    Material: CLAY 1 (Qvof) 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 120 lb/ft3 
    Cohesion: 900 psf 
    Friction Angle: 15 degrees 
    Water Surface: None 
     
    Material: New Fill (Af) 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 200 psf 
    Friction Angle: 31 degrees 
    Water Surface: None 
     

    Global Minimums 
     
    Method: bishop simplified 
    FS: 1.900020 
    Center: 66.497, 431.664 
    Radius: 28.985 
    Left Slip Surface Endpoint: 65.232, 402.707 
    Right Slip Surface Endpoint: 90.006, 414.709 
    Resisting Moment=669240 lb-ft 
    Driving Moment=352229 lb-ft 
     
    Method: spencer 
    FS: 1.898190 
    Center: 66.497, 431.664 
    Radius: 28.985 
    Left Slip Surface Endpoint: 65.232, 402.707 
    Right Slip Surface Endpoint: 90.006, 414.709 
    Resisting Moment=668598 lb-ft 
    Driving Moment=352229 lb-ft 
    Resisting Horizontal Force=20694.1 lb 
    Driving Horizontal Force=10902 lb 
     

    Valid / Invalid Surfaces 
     
    Method: bishop simplified 
    Number of Valid Surfaces: 16911 
    Number of Invalid Surfaces: 11700 
    Error Codes:  
    Error Code -99 reported for 6171 surfaces 



    Error Code -102 reported for 11 surfaces 
    Error Code -103 reported for 162 surfaces 
    Error Code -106 reported for 193 surfaces 
    Error Code -107 reported for 209 surfaces 
    Error Code -108 reported for 863 surfaces 
    Error Code -109 reported for 2138 surfaces 
    Error Code -112 reported for 1612 surfaces 
    Error Code -1000 reported for 341 surfaces 
     
    Method: spencer 
    Number of Valid Surfaces: 12638 
    Number of Invalid Surfaces: 15973 
    Error Codes:  
    Error Code -99 reported for 6171 surfaces 
    Error Code -102 reported for 11 surfaces 
    Error Code -103 reported for 162 surfaces 
    Error Code -106 reported for 193 surfaces 
    Error Code -107 reported for 209 surfaces 
    Error Code -108 reported for 2210 surfaces 
    Error Code -109 reported for 2138 surfaces 
    Error Code -111 reported for 2926 surfaces 
    Error Code -112 reported for 1612 surfaces 
    Error Code -1000 reported for 341 surfaces 
     

    Error Codes 
     
    The following errors were encountered during the computation: 
     
    -99 = Slip surface intersects an infinite 
    strength material. If infinite strength regions 
    are defined for a model, a large number of 
    potential slip surfaces may show this error code. 
    This is Normal. 
     
    -102 = Two surface / slope intersections, 
    but resulting arc is actually outside soil region. 
     
    -103 = Two surface / slope intersections, 
    but one or more surface / nonslope external polygon 
    intersections lie between them. This usually occurs 
    when the slip surface extends past the bottom of the 
    soil region, but may also occur on a benched 
    slope model with two sets of Slope Limits. 
     
    -106 = Average slice width is less than 
    0.0001 * (maximum horizontal extent of soil region). 
    This limitation is imposed to avoid numerical errors 
    which may result from too many slices, or too 
    small a slip region. 
     
    -107 = Total driving moment or 
    total driving force is negative. This will occur 
    if the wrong failure direction is specified, 
    or if high external or anchor loads are applied 
    against the failure direction. 
     
    -108 = Total driving moment 



    or total driving force < 0.1. This is to 
    limit the calculation of extremely high safety 
    factors if the driving force is very small 
    (0.1 is an arbitrary number). 
     
    -109 = Soiltype for slice base not 
    located. This error should occur very rarely, 
    if at all. It may occur if a very low number of 
    slices is combined with certain soil geometries, 
    such that the midpoint of a slice base is 
    actually outside the soil region,even though 
    the slip surface is wholly within the soil region. 
     
    -111 = safety factor equation did not converge 
     
    -112 = The coefficient M-Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) 
    < 0.2 for the final iteration of the safety factor calculation. This screens out 
    some slip surfaces which may not be valid in the context of the analysis, in 
    particular, deep seated slip surfaces with many high negative base angle 
    slices in the passive zone. 
     
    -1000 = No valid slip surfaces are generated 
    at a grid center. Unable to draw a surface. 
     
     

    List of All Coordinates 
     
    Search Grid 
       -3.340 401.054 
       88.551 401.054 
       88.551 491.083 
       -3.340 491.083 
     
    Material Boundary 
       11.890 371.220 
       32.500 369.660 
       65.000 368.100 
       118.776 368.100 
       130.000 368.100 
     
    Material Boundary 
       0.000 366.810 
       32.500 364.660 
       65.000 363.100 
       112.447 363.100 
       130.000 363.100 
     
    Material Boundary 
       0.000 361.810 
       32.500 359.660 
       65.000 358.100 
       103.326 358.100 
       130.000 358.100 
     
    Material Boundary 
       71.900 406.400 
       80.400 406.400 



       80.400 414.580 
     
    Material Boundary 
       73.570 350.000 
       103.326 358.100 
       112.447 363.100 
       118.776 368.100 
     
    Material Boundary 
       85.451 406.400 
       130.000 406.400 
     
    Material Boundary 
       81.400 402.400 
       85.451 406.400 
     
    Material Boundary 
       64.705 402.400 
       81.400 402.400 
     
    External Boundary 
       130.000 350.000 
       130.000 358.100 
       130.000 363.100 
       130.000 368.100 
       130.000 373.400 
       130.000 384.900 
       130.000 394.900 
       130.000 396.400 
       130.000 399.011 
       130.000 404.400 
       130.000 406.400 
       130.000 413.550 
       125.620 413.670 
       122.640 413.760 
       108.080 414.160 
       101.030 414.380 
       99.331 414.431 
       90.970 414.680 
       89.620 414.720 
       88.160 414.580 
       80.400 414.580 
       71.900 414.580 
       71.900 406.400 
       68.140 404.400 
       64.705 402.400 
       64.190 402.100 
       59.017 399.011 
       58.999 399.000 
       55.700 397.030 
       54.688 396.400 
       52.278 394.900 
       45.450 390.650 
       42.920 389.070 
       34.954 384.900 
       33.980 384.390 
       32.060 383.370 



       31.460 382.950 
       20.450 374.850 
       17.770 373.570 
       15.530 372.120 
       13.960 371.780 
       11.890 371.220 
       6.680 371.660 
       5.140 371.750 
       0.080 371.810 
       0.000 371.810 
       0.000 366.810 
       0.000 361.810 
       0.000 350.000 
       73.570 350.000 
     
    Distributed Load 
       80.400 406.400 
       71.900 406.400 
     
    Distributed Load 
       130.000 413.550 
       125.620 413.670 
       122.640 413.760 
       108.080 414.160 
       101.030 414.380 
       99.331 414.431 
       90.970 414.680 
       89.620 414.720 
       88.160 414.580 
       80.400 414.580 



1.6291.629

2232.50 lb/ft2

240.00 lb/ft2240.00 lb/ft2240.00 lb/ft2240.00 lb/ft2

1.6291.629

BREA OVERHEAD - SOUTH ABUTMENT (ABUT 1)
UPRR C/L ST1151+23
PSEUDO-STATIC ANALYSIS

Analysis Methods
Analysis Methods used: 
Bishop simplified
Spencer
Number of slices: 25
Tolerance: 0.005
Maximum number of iterations: 50

Material Properties
Material: FILL (Af)
Strength Type: Undrained
Unit Weight: 130 lb/ft3
Cohesion Type: Function of Depth
Cohesion (Top): 3000 psf
Cohesion Change: 82.64 psf/ft

Material: CLAY 2 (Qvof)
Strength Type: Mohr-Coulomb
Unit Weight: 130 lb/ft3
Cohesion: 180 psf
Friction Angle: 28 degrees

Material: CLAY 1 (Qvof)
Strength Type: Mohr-Coulomb
Unit Weight: 120 lb/ft3
Cohesion: 900 psf
Friction Angle: 15 degrees

Material: New Fill (Af)
Strength Type: Mohr-Coulomb
Unit Weight: 130 lb/ft3
Cohesion: 200 psf
Friction Angle: 31 degrees
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    Slide Analysis Information 
     

    Document Name 
     
    File Name: BREAOH_ST1151+23_ABUT1_PSTATIC_Undrained 04-30-2009.sli 
     

    Project Settings 
     
    Project Title: BREA OVERHEAD - SOUTH ABUTMENT (ABUT 1) - UPRR C/L ST1151+23 - 
STATIC ANALYSIS 
    Failure Direction: Right to Left 
    Units of Measurement: Imperial Units 
    Pore Fluid Unit Weight: 62.4 lb/ft3 
    Groundwater Method: Water Surfaces 
    Data Output: Standard 
    Calculate Excess Pore Pressure: Off 
    Allow Ru with Water Surfaces or Grids: Off 
    Random Numbers: Pseudo-random Seed 
    Random Number Seed: 10116 
    Random Number Generation Method: Park and Miller v.3 
     

    Analysis Methods 
     
    Analysis Methods used:  
    Bishop simplified 
    Spencer 
     
    Number of slices: 25 
    Tolerance: 0.005 
    Maximum number of iterations: 50 
     

    Surface Options 
     
    Surface Type: Circular 
    Search Method: Grid Search 
    Radius increment: 10 
    Composite Surfaces: Disabled 
    Reverse Curvature: Create Tension Crack 
    Minimum Elevation: Not Defined 
    Minimum Depth: Not Defined 
     

    Loading 
     
    Seismic Load Coefficient (Horizontal): 0.23 
    2 Distributed Loads present: 
    Distributed Load #1 Constant Distribution, Orientation:  Normal to boundary, Magnitude:  2232.5 
lb/ft2 
    Distributed Load #2 Constant Distribution, Orientation:  Vertical, Magnitude:  240 lb/ft2 
     

    Material Properties 
     
    Material: FILL (Af) 
    Strength Type: Undrained 
    Unit Weight: 130 lb/ft3 
    Cohesion Type: Function of Depth 



    Cohesion (Top): 3000 psf 
    Cohesion Change: 82.64 psf/ft 
    Water Surface: None 
     
    Material: CLAY 2 (Qvof) 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 180 psf 
    Friction Angle: 28 degrees 
    Water Surface: None 
     
    Material: CONCRETE 
    Strength Type: Infinite strength 
    Unit Weight: 0.001 lb/ft3 
     
    Material: CLAY 1 (Qvof) 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 120 lb/ft3 
    Cohesion: 900 psf 
    Friction Angle: 15 degrees 
    Water Surface: None 
     
    Material: New Fill (Af) 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 200 psf 
    Friction Angle: 31 degrees 
    Water Surface: None 
     

    Global Minimums 
     
    Method: bishop simplified 
    FS: 1.629040 
    Center: 66.497, 431.664 
    Radius: 28.985 
    Left Slip Surface Endpoint: 65.232, 402.707 
    Right Slip Surface Endpoint: 90.006, 414.709 
    Resisting Moment=655605 lb-ft 
    Driving Moment=402448 lb-ft 
     
    Method: spencer 
    FS: 1.627910 
    Center: 66.497, 431.664 
    Radius: 28.985 
    Left Slip Surface Endpoint: 65.232, 402.707 
    Right Slip Surface Endpoint: 90.006, 414.709 
    Resisting Moment=655147 lb-ft 
    Driving Moment=402448 lb-ft 
    Resisting Horizontal Force=20360.8 lb 
    Driving Horizontal Force=12507.4 lb 
     

    Valid / Invalid Surfaces 
     
    Method: bishop simplified 
    Number of Valid Surfaces: 17347 
    Number of Invalid Surfaces: 11264 
    Error Codes:  



    Error Code -99 reported for 6171 surfaces 
    Error Code -102 reported for 11 surfaces 
    Error Code -103 reported for 162 surfaces 
    Error Code -106 reported for 193 surfaces 
    Error Code -107 reported for 18 surfaces 
    Error Code -108 reported for 544 surfaces 
    Error Code -109 reported for 2447 surfaces 
    Error Code -112 reported for 1377 surfaces 
    Error Code -1000 reported for 341 surfaces 
     
    Method: spencer 
    Number of Valid Surfaces: 12674 
    Number of Invalid Surfaces: 15937 
    Error Codes:  
    Error Code -99 reported for 6171 surfaces 
    Error Code -102 reported for 11 surfaces 
    Error Code -103 reported for 162 surfaces 
    Error Code -106 reported for 193 surfaces 
    Error Code -107 reported for 18 surfaces 
    Error Code -108 reported for 2127 surfaces 
    Error Code -109 reported for 2447 surfaces 
    Error Code -111 reported for 3089 surfaces 
    Error Code -112 reported for 1378 surfaces 
    Error Code -1000 reported for 341 surfaces 
     

    Error Codes 
     
    The following errors were encountered during the computation: 
     
    -99 = Slip surface intersects an infinite 
    strength material. If infinite strength regions 
    are defined for a model, a large number of 
    potential slip surfaces may show this error code. 
    This is Normal. 
     
    -102 = Two surface / slope intersections, 
    but resulting arc is actually outside soil region. 
     
    -103 = Two surface / slope intersections, 
    but one or more surface / nonslope external polygon 
    intersections lie between them. This usually occurs 
    when the slip surface extends past the bottom of the 
    soil region, but may also occur on a benched 
    slope model with two sets of Slope Limits. 
     
    -106 = Average slice width is less than 
    0.0001 * (maximum horizontal extent of soil region). 
    This limitation is imposed to avoid numerical errors 
    which may result from too many slices, or too 
    small a slip region. 
     
    -107 = Total driving moment or 
    total driving force is negative. This will occur 
    if the wrong failure direction is specified, 
    or if high external or anchor loads are applied 
    against the failure direction. 
     



    -108 = Total driving moment 
    or total driving force < 0.1. This is to 
    limit the calculation of extremely high safety 
    factors if the driving force is very small 
    (0.1 is an arbitrary number). 
     
    -109 = Soiltype for slice base not 
    located. This error should occur very rarely, 
    if at all. It may occur if a very low number of 
    slices is combined with certain soil geometries, 
    such that the midpoint of a slice base is 
    actually outside the soil region,even though 
    the slip surface is wholly within the soil region. 
     
    -111 = safety factor equation did not converge 
     
    -112 = The coefficient M-Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) 
    < 0.2 for the final iteration of the safety factor calculation. This screens out 
    some slip surfaces which may not be valid in the context of the analysis, in 
    particular, deep seated slip surfaces with many high negative base angle 
    slices in the passive zone. 
     
    -1000 = No valid slip surfaces are generated 
    at a grid center. Unable to draw a surface. 
     
     

    List of All Coordinates 
     
    Search Grid 
       -3.340 401.054 
       88.551 401.054 
       88.551 491.083 
       -3.340 491.083 
     
    Material Boundary 
       11.890 371.220 
       32.500 369.660 
       65.000 368.100 
       118.776 368.100 
       130.000 368.100 
     
    Material Boundary 
       0.000 366.810 
       32.500 364.660 
       65.000 363.100 
       112.447 363.100 
       130.000 363.100 
     
    Material Boundary 
       0.000 361.810 
       32.500 359.660 
       65.000 358.100 
       103.326 358.100 
       130.000 358.100 
     
    Material Boundary 
       71.900 406.400 



       80.400 406.400 
       80.400 414.580 
     
    Material Boundary 
       73.570 350.000 
       103.326 358.100 
       112.447 363.100 
       118.776 368.100 
     
    Material Boundary 
       85.451 406.400 
       130.000 406.400 
     
    Material Boundary 
       81.400 402.400 
       85.451 406.400 
     
    Material Boundary 
       64.705 402.400 
       81.400 402.400 
     
    External Boundary 
       130.000 350.000 
       130.000 358.100 
       130.000 363.100 
       130.000 368.100 
       130.000 373.400 
       130.000 384.900 
       130.000 394.900 
       130.000 396.400 
       130.000 399.011 
       130.000 404.400 
       130.000 406.400 
       130.000 413.550 
       125.620 413.670 
       122.640 413.760 
       108.080 414.160 
       101.030 414.380 
       99.331 414.431 
       90.970 414.680 
       89.620 414.720 
       88.160 414.580 
       80.400 414.580 
       71.900 414.580 
       71.900 406.400 
       68.140 404.400 
       64.705 402.400 
       64.190 402.100 
       59.017 399.011 
       58.999 399.000 
       55.700 397.030 
       54.688 396.400 
       52.278 394.900 
       45.450 390.650 
       42.920 389.070 
       34.954 384.900 
       33.980 384.390 



       32.060 383.370 
       31.460 382.950 
       20.450 374.850 
       17.770 373.570 
       15.530 372.120 
       13.960 371.780 
       11.890 371.220 
       6.680 371.660 
       5.140 371.750 
       0.080 371.810 
       0.000 371.810 
       0.000 366.810 
       0.000 361.810 
       0.000 350.000 
       73.570 350.000 
     
    Distributed Load 
       80.400 406.400 
       71.900 406.400 
     
    Distributed Load 
       130.000 413.550 
       125.620 413.670 
       122.640 413.760 
       108.080 414.160 
       101.030 414.380 
       99.331 414.431 
       90.970 414.680 
       89.620 414.720 
       88.160 414.580 
       80.400 414.580 



Foundation Design 

− Bents 

− Axial Pile Analysis 

− Lateral Pile Analysis 

 

− Abutments 

− Bearing Capacity 

− Permissible Settlement 

 

 

   

 

 



Bearing Capacity and Permissible Settlement 

 

 

 

 

 

 

   

 

 



Axial Pile Analysis 

− SHAFT Analysis for Bents (NB) 

 

   

 

 



SR-57 Northbound Widening Project - Northern Segment

Pile Group Calculations - Axial Compression

Description : Pile group calculations for the LRFD Strength Limit State Loads - bent 2

By : 15-Jun-09

Date : HMN

Required Group Factored Nominal Resistance (per support) 1590 kips

Resistance Factor 0.7

Required Group Nominal Resistance (per support) 2271.4 kips

Available Nominal Resistance (per pile) 307 kips

Number of Piles in Group 8

Pile center-to-center Spacing ( x D) 3.125 x Diameter

Estimated Group Efficiency 0.80 AASHTO LRFD Bridge Design Specification, 2007

Availabe Nominal Resistance (per support) 1954.57 kips Group Effect Control

Required Nominal Resistance (per pile) 356.8 kips

Notes:

1. Geotechnical pile group resistance is calculated as the lesser of

   I. Sum of the nominal axial resistance of each pile

  II. Nominal axial resistance of equivalent pier (does not control for this case)



Project Name: SR-57 Northbound Widening Project

Project Number: 370900.03.GE.FR

Structure: Brea OverHead - (Bridge No. 55-0465)

Description: Axial Pile Analysis - Bent 2 Widening

Pile Diameter 24 inch

Depth to Groundwater 11 ft

Unit weight of Water 62.4 pcf

Pile Preimeter 6.28 ft

Unit Lateral Earth Friction Adhesion Shear Total Pore Effective Ultimate

Layer Weight Pressure Angle ( δ ) Factor ( α ) Strength (Su) Stress Water Pressure Resistance

No. From To Middle (pcf) Cofficient (K) (degree) (psf) (psf) (psf) (psf) (kips)

1 0 8.4 4.2 120 0 0 0 0 504.00 0.00 504.00 0.00

2 8.4 21 14.7 120 0 0 0.55 1500 1764.00 230.88 1533.12 65.31

3 21 46 33.5 120 0 0 0.47 4000 4020.00 1404.00 2616.00 360.62

**** Estimated Pile Length 1 42.6 ft

The contribution to the ultimate resistance from the upper 5 feet is ignored.

AXIAL PILE ANALYSIS

Version 1.0 - HMN

Depth (ft)



SR-57 Northbound Widening Project - Northern Segment

Pile Group Calculations - Axial Compression

Description : Pile group calculations for the LRFD Strength Limit State Loads - bent 3

By : 1-Jun-09

Date : HMN

Required Group Factored Nominal Resistance (per support) 1538 kips

Resistance Factor 0.7

Required Group Nominal Resistance (per support) 2197.1 kips

Available Nominal Resistance (per pile) 311 kips

Number of Piles in Group 8

Pile center-to-center Spacing ( x D) 3.125 x Diameter

Estimated Group Efficiency 0.80 AASHTO LRFD Bridge Design Specification, 2007

Availabe Nominal Resistance (per support) 1980.03 kips Group Effect Control

Required Nominal Resistance (per pile) 345.1 kips

Notes:

1. Geotechnical pile group resistance is calculated as the lesser of

   I. Sum of the nominal axial resistance of each pile

  II. Nominal axial resistance of equivalent pier (does not control for this case)



Project Name: SR-57 Northbound Widening Project

Project Number: 370900.03.GE.FR

Structure: Brea OverHead - (Bridge No. 55-0465)

Description: Axial Pile Analysis - Bent 3 Widening

Pile Diameter 24 inch

Depth to Groundwater 11 ft

Unit weight of Water 62.4 pcf

Pile Preimeter 6.28 ft

Unit Lateral Earth Friction Adhesion Shear Total Pore Effective Ultimate

Layer Weight Pressure Angle ( δ ) Factor ( α ) Strength (Su) Stress Water Pressure Resistance

No. From To Middle (pcf) Cofficient (K) (degree) (psf) (psf) (psf) (psf) (kips)

1 0 8.4 4.2 120 0 0 0 0 504.00 0.00 504.00 0.00

2 8.4 16 12.2 120 0 0 0.55 1500 1464.00 74.88 1389.12 39.40

3 16 42 29 120 0 0 0.47 4000 3480.00 1123.20 2356.80 346.52

**** Estimated Pile Length 1 38.6 ft

The contribution to the ultimate resistance from the upper 5 feet is ignored.

AXIAL PILE ANALYSIS

Version 1.0 - HMN

Depth (ft)



Lateral Pile Analysis 

 

 

 

 

 

 

   

 

 



Project Name: SR-57 Northbound Widening Project Ground Surface Elevation 376 ft

Project Number: 370900.03.GE.FR Pile Cut-off Elevation 372.6 ft

Description: Lateral Pile Capacity - Northbound widening - Bent 2 Elevation to bottom of Layer 1 355 ft

Boring No.: Generalized soil profile Elevation to bottom of Layer 2 310 ft

Distance to ground surface (ft): -3.4 (Negative if pile head is below the ground surface)

Depth to groundwater (ft) 15

Unit weight of groundwater (pcf) 62.4

Loading Type (1/2) 2 (1=Static, 2=Cyclic)

Depth to the Total Effective

Bottom of Layer Unit Weight S u D r φφφφ From To Unit Weight S u εεεε 50 k φφφφ k

(ft) (pcf) (psf) (%) (degree) (inches) (inches) (pci) (psi) (pci) (degree) (pci)

1 15 CL Stiff Clay w/o Free Water 120 1500 -40.8 139.20 0.069 10.42 0.0200 200

2 21 CL Stiff Clay w/o Free Water 120 1500 139.20 211.2 0.033 10.42 0.0200 200

3 50 CL Stiff Clay w/o Free Water 130 4000 211.2 559.2 0.039 27.78 0.0200 533

- Pile Section Properties - p-Multiplier for Group Effect

Pile Diameter 2 ft First Row Piles 0.80

Pile Spacing 6.25 ft Second Row Piles 0.59

fc' 4000 psi Third Row Piles or Higher 0.43

Modulus Reduction 0.5

Pile Young's Modulus 3.60E+06 psi

Pile Area 452.39 inch
2

I-xx 8143.01 inch
4

L A T E R A L L Y     L O A D E D     P I L E     A N A L Y S I S

Depth LPILE Soil Parameters

Material           Model

Soil Parameters

Layer No.
Soil     

Type



BREA_OH_Bent2.lpo
==============================================================================

                LPILE Plus for Windows, Version 5.0 (5.0.17)

               Analysis of Individual Piles and Drilled Shafts 
              Subjected to Lateral Loading Using the p-y Method

                        (c) 1985-2005 by Ensoft, Inc.          
                             All Rights Reserved               

==============================================================================

This program is licensed to: 

Hisham Nofal
CH2MHill

Path to file locations:      C:\MyFolder\Projects\SR-57\Final Reports\Brea OH Final 
Report\Laterial Analysis\
Name of input data file:     BREA_OH_Bent2.lpd
Name of output file:         BREA_OH_Bent2.lpo
Name of plot output file:    BREA_OH_Bent2.lpp
Name of runtime file:        BREA_OH_Bent2.lpr

------------------------------------------------------------------------------
                          Time and Date of Analysis
------------------------------------------------------------------------------

               Date:  April 30, 2009     Time:  13:43:18

------------------------------------------------------------------------------
                                Problem Title
------------------------------------------------------------------------------

Brea Overhead - Northbound Widening - Bent 2                                    

------------------------------------------------------------------------------
                                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 uses p-y multiplers for group action
- Analysis assumes no shear resistance at pile tip
- Analysis for fixed-length pile or shaft only
- 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            =          100

Page 1



BREA_OH_Bent2.lpo
- Maximum number of iterations allowed =         1000
- Deflection tolerance for convergence =   10.000E-12 in
- Maximum allowable deflection         =   1.0000E+01 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                               =     456.00 in
Depth of ground surface below top of pile =     -40.80 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   24.00000000    8143.0100     452.3900      3600000.
  2     456.0000   24.00000000    8143.0100     452.3900      3600000.

------------------------------------------------------------------------------
                      Soil and Rock Layering Information
------------------------------------------------------------------------------

The soil profile is modelled using  3 layers

Layer  1 is stiff clay without free water
Distance from top of pile to top of layer    =      -40.800 in
Distance from top of pile to bottom of layer =      139.200 in

Layer  2 is stiff clay without free water
Distance from top of pile to top of layer    =      139.200 in
Distance from top of pile to bottom of layer =      211.200 in

Layer  3 is stiff clay without free water
Distance from top of pile to top of layer    =      211.200 in
Distance from top of pile to bottom of layer =      559.200 in

(Depth of lowest layer extends  103.20 in below pile tip)

------------------------------------------------------------------------------
                   Effective Unit Weight of Soil vs. Depth
------------------------------------------------------------------------------

Distribution of effective unit weight of soil with depth
is defined using  6 points

Point        Depth X    Eff. Unit Weight
 No.           in          lbs/in**3
-----      ----------   ----------------
  1           -40.80         .06900
  2           139.20         .06900
  3           139.20         .03300
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  4           211.20         .03300
  5           211.20         .03900
  6           559.20         .03900

------------------------------------------------------------------------------
                           Shear Strength of Soils
------------------------------------------------------------------------------

Distribution of shear strength parameters with depth
defined using  6 points

Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD
 No.       in         lbs/in**2            Deg.            k_rm        %
-----   --------     ----------     ------------------    ------    ------
  1      -40.800       10.42000             .00           .02000        .0
  2      139.200       10.42000             .00           .02000        .0
  3      139.200       10.42000             .00           .02000        .0
  4      211.200       10.42000             .00           .02000        .0
  5      211.200       27.78000             .00           .02000        .0
  6      559.200       27.78000             .00           .02000        .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.

------------------------------------------------------------------------------
                           p-y Modification Factors
------------------------------------------------------------------------------

Distribution of p-y multipliers with depth defined using  2 points

Point      Depth X         p-mult         y-mult
 No.       in
-----     ----------     ----------     ----------
  1             .000         1.0000         1.0000
  2         1000.000         1.0000         1.0000

------------------------------------------------------------------------------
                                 Loading Type
------------------------------------------------------------------------------

Cyclic loading criteria was used for computation of p-y curves

Number of cycles of loading =        1000.

------------------------------------------------------------------------------
              Pile-head Loading and Pile-head Fixity Conditions
------------------------------------------------------------------------------

Number of loads specified =  5
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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     =            .000 lbs

Load Case Number  2

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =            .250 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =            .000 lbs

Load Case Number  3

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     =            .000 lbs

Load Case Number  4

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =            .750 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =            .000 lbs

Load Case Number  5

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     =            .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 moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =            .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  14325.1096   -.0014724      0.0000   -213.9831
   4.560   .093286  63097.7599  13343.1807   -.0014674     92.9844   -216.6874
   9.120   .086617     121690.  12349.8613   -.0014531    179.3290   -218.9789
  13.680   .080034     175728.  11347.0646   -.0014299    258.9634   -220.8442
  18.240   .073576     225175.  10336.7654   -.0013988    331.8307   -222.2695
  22.800   .067277     270000.   9321.0025   -.0013602    397.8870   -223.2405
  27.360   .061170     310183.   8301.8810   -.0013151    457.1026   -223.7426
  31.920   .055284     345713.   7281.5749   -.0012641    509.4622   -223.7601
  36.480   .049642     376591.   6262.3309   -.0012079    554.9651   -223.2767
  41.040   .044267     402825.   5246.4734   -.0011473    593.6263   -222.2748
  45.600   .039178     424438.   4236.4099   -.0010830    625.4764   -220.7355
  50.160   .034391     441461.   3234.6387   -.0010156    650.5626   -218.6378
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  54.720   .029916     453938.   2243.7586   -.0009460    668.9491   -215.9587
  59.280   .025763     461925.   1266.4816   -.0008747    680.7181   -212.6716
  63.840   .021938     465489.    305.6500   -.0008026    685.9703   -208.7458
  68.400   .018443     464712.   -635.7406   -.0007303    684.8260   -204.1448
  72.960   .015278     459691.  -1554.5078   -.0006584    677.4261   -198.8233
  77.520   .012439     450535.  -2447.2359   -.0005876    663.9338   -192.7240
  82.080   .009919     437372.  -3310.2033   -.0005185    644.5359   -185.7704
  86.640   .007710     420346.  -4139.2708   -.0004518    619.4455   -177.8556
  91.200   .005799     399622.  -4929.6931   -.0003880    588.9051   -168.8208
  95.760   .004171     375387.  -5675.7819   -.0003278    553.1917   -158.4111
 100.320   .002810     347859.  -6370.2350   -.0002715    512.6241   -146.1736
 104.880   .001695     317291.  -7002.5780   -.0002198    467.5773   -131.1699
 109.440   .000805     283995.  -7554.3841   -.0001730    418.5112   -110.8504
 114.000   .000117     248395.  -7878.4634   -.0001316    366.0483    -31.2897
 118.560  -.000395     212143.  -7705.1910 -9.5783E-05    312.6266    107.2864
 123.120  -.000756     178123.  -7198.6551 -6.5430E-05    262.4925    114.8785
 127.680  -.000992     146492.  -6651.7891 -4.0182E-05    215.8785    124.9750
 132.240  -.001123     117459.  -6068.0816 -1.9653E-05    173.0941    131.0371
 136.800  -.001171  91150.8360  -5462.5354 -3.4281E-06    134.3250    134.5533
 141.360  -.001154  67640.5982  -4846.2095  8.9221E-06     99.6790    135.7651
 145.920  -.001089  46953.4050  -4227.3627  1.7835E-05     69.1932    135.6590
 150.480  -.000991  29087.0508  -3611.8682  2.3749E-05     42.8643    134.2947
 155.040  -.000873  14013.1666  -3005.1212  2.7101E-05     20.6506    131.8224
 159.600  -.000744   1680.3453  -2411.9387  2.8322E-05      2.4763    128.3454
 164.160  -.000615  -7983.7141  -1836.7362  2.7831E-05     11.7653    123.9364
 168.720  -.000490 -15070.6890  -1283.6461  2.6038E-05     22.2090    118.6470
 173.280  -.000377 -19690.5662   -736.2364  2.3335E-05     29.0171    121.4450
 177.840  -.000278 -21785.1646   -252.8990  2.0109E-05     32.1039     90.5451
 182.400  -.000194 -21997.0051     99.3370  1.6704E-05     32.4160     63.9444
 186.960  -.000125 -20879.2116    339.8756  1.3369E-05     30.7688     41.5550
 191.520 -7.18E-05 -18897.3401    488.8790  1.0275E-05     27.8482     23.7974
 196.080 -3.16E-05 -16420.6349    567.0410  7.5284E-06     24.1984     10.4842
 200.640 -3.11E-06 -13725.9260    593.2997  5.1837E-06     20.2273      1.0328
 205.200  1.57E-05 -11009.7416    583.8202  3.2598E-06     16.2246     -5.1905
 209.760  2.66E-05  -8401.4855    551.8664  1.7501E-06     12.3809     -8.8244
 214.320  3.16E-05  -5976.7204    488.5949  6.3180E-07      8.8076    -18.9263
 218.880  3.24E-05  -3945.5002    400.5061 -1.3991E-07      5.8143    -19.7092
 223.440  3.03E-05  -2324.1045    312.7614 -6.2754E-07      3.4249    -18.7754
 228.000  2.67E-05  -1093.1162    231.7329 -8.9332E-07      1.6109    -16.7635
 232.560  2.22E-05   -210.7005    161.1783 -9.9473E-07    .3105002    -14.1815
 237.120  1.76E-05    376.8300    102.8239 -9.8180E-07    .5553180    -11.4125
 241.680  1.32E-05    727.0536     56.9068 -8.9595E-07      1.0714     -8.7266
 246.240  9.41E-06    895.8197     22.6501 -7.6973E-07      1.3201     -6.2982
 250.800  6.22E-06    933.6228     -1.3415 -6.2744E-07      1.3758     -4.2244
 255.360  3.69E-06    883.5857    -16.7706 -4.8610E-07      1.3021     -2.5428
 259.920  1.78E-06    780.6753    -25.4148 -3.5666E-07      1.1504     -1.2486
 264.480  4.35E-07    651.8025    -28.9661 -2.4525E-07    .9605330   -.3089905
 269.040 -4.52E-07    516.5046    -28.9295 -1.5438E-07    .7611504    .3250554
 273.600 -9.73E-07    387.9658    -26.5704 -8.4038E-08    .5717284    .7096207
 278.160 -1.22E-06    274.1826    -22.8980 -3.2539E-08    .4040510    .9010910
 282.720 -1.27E-06    179.1363    -18.6737  2.7187E-09    .2639854    .9516768
 287.280 -1.19E-06    103.8788    -14.4365  2.4731E-08    .1530817    .9067392
 291.840 -1.04E-06     47.4757    -10.5370  3.6502E-08    .0699629    .8035452
 296.400 -8.60E-07      7.7812     -7.1749  4.0800E-08    .0114668    .6710782
 300.960 -6.72E-07    -17.9592     -4.4351  4.0008E-08    .0264657    .5305673
 305.520 -4.96E-07    -32.6672     -2.3215  3.6071E-08    .0481402    .3964541
 310.080 -3.43E-07    -39.1315   -.7847370  3.0487E-08    .0576664    .2775745
 314.640 -2.18E-07    -39.8240    .2548567  2.4346E-08    .0586869    .1783876
 319.200 -1.21E-07    -36.8072    .8898947  1.8386E-08    .0542412    .1001378
 323.760 -4.98E-08    -31.7082      1.2137  1.3057E-08    .0467270    .0418781
 328.320 -1.55E-09    -25.7383      1.3122  8.5889E-09    .0379295    .0013198
 332.880  2.85E-08    -19.7411      1.2593  5.0516E-09    .0290916   -.0245027
 337.440  4.45E-08    -14.2533      1.1151  2.4077E-09    .0210045   -.0387418
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 342.000  5.04E-08     -9.5711    .9255578  5.5471E-10    .0141045   -.0444028
 346.560  4.96E-08     -5.8122    .7244001 -6.4175E-10    .0085652   -.0438243
 351.120  4.46E-08     -2.9646    .5346138 -1.3244E-09    .0043688   -.0394153
 355.680  3.75E-08   -.9365340    .3691705 -1.6278E-09    .0013801   -.0331476
 360.240  2.97E-08    .4022549    .2336469 -1.6693E-09    .0005928   -.0262926
 364.800  2.23E-08      1.1943    .1288069 -1.5452E-09    .0017600   -.0196899
 369.360  1.57E-08      1.5770    .0523681 -1.3296E-09    .0023239   -.0138360
 373.920  1.01E-08      1.6719    .0003686 -1.0769E-09    .0024638   -.0089708
 378.480  5.83E-09      1.5803   -.0318360 -8.2399E-10    .0023289   -.0051540
 383.040  2.63E-09      1.3816   -.0488951 -5.9363E-10    .0020360   -.0023281
 387.600  4.17E-10      1.1344   -.0550431 -3.9794E-10    .0016717   -.0003684
 392.160 -9.96E-10    .8795860   -.0538766 -2.4130E-10    .0012962    .0008800
 396.720 -1.78E-09    .6430579   -.0482749 -1.2287E-10    .0009476    .0015769
 401.280 -2.12E-09    .4393191   -.0404146 -3.8692E-11    .0006474    .0018706
 405.840 -2.14E-09    .2744764   -.0318432  1.6825E-11    .0004045    .0018888
 410.400 -1.96E-09    .1489088   -.0235811  4.9754E-11    .0002194    .0017349
 414.960 -1.68E-09    .0594170   -.0162334  6.5957E-11  8.7560E-05    .0014877
 419.520 -1.36E-09    .0008600   -.0100981  7.0645E-11  1.2674E-06    .0012032
 424.080 -1.04E-09   -.0326776   -.0052613  6.8170E-11  4.8156E-05    .0009182
 428.640 -7.39E-10   -.0471227   -.0016774  6.1964E-11  6.9443E-05    .0006537
 433.200 -4.74E-10   -.0479758    .0007675  5.4567E-11  7.0700E-05    .0004187
 437.760 -2.42E-10   -.0401235    .0022094  4.7715E-11  5.9128E-05    .0002138
 442.320 -3.85E-11   -.0278265    .0027742  4.2430E-11  4.1007E-05  3.3999E-05
 446.880  1.45E-10   -.0148225    .0025592  3.9113E-11  2.1843E-05   -.0001283
 451.440  3.18E-10   -.0044864    .0016253  3.7612E-11  6.6114E-06   -.0002813
 456.000  4.88E-10      0.0000      0.0000  3.7263E-11      0.0000   -.0004315

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      =     -.00147235
Maximum bending moment           =   465488.59704 lbs-in
Maximum shear force              =    14325.10961 lbs
Depth of maximum bending moment  =    63.84000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             36
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   =         .250000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =            .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   .250000      0.0000  21875.0672   -.0031329      0.0000   -269.0696
   4.560   .235714  96952.8442  20638.6995   -.0031253    142.8752   -273.1970
   9.120   .221497     188225.  19384.4485   -.0031032    277.3789   -276.9131
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  13.680   .207413     273739.  18114.2185   -.0030672    403.3973   -280.2053
  18.240   .193524     353427.  16829.9721   -.0030185    520.8294   -283.0606
  22.800   .179885     427228.  15533.7314   -.0029577    629.5879   -285.4660
  27.360   .166549     495094.  14227.5788   -.0028860    729.5989   -287.4080
  31.920   .153564     556984.  12913.6589   -.0028042    820.8029   -288.8727
  36.480   .140975     612867.  11594.1807   -.0027132    903.1552   -289.8458
  41.040   .128820     662723.  10271.4197   -.0026140    976.6258   -290.3125
  45.600   .117135     706542.   8947.7211   -.0025075   1041.2005   -290.2570
  50.160   .105952     744326.   7625.5038   -.0023946   1096.8809   -289.6629
  54.720   .095296     776087.   6307.2644   -.0022764   1143.6853   -288.5123
  59.280   .085191     801848.   4995.5839   -.0021537   1181.6490   -286.7862
  63.840   .075655     821646.   3693.1339   -.0020274   1210.8247   -284.4638
  68.400   .066701     835530.   2402.6866   -.0018985   1231.2837   -281.5219
  72.960   .058340     843559.   1127.1258   -.0017679   1243.1162   -277.9346
  77.520   .050578     845809.   -130.5372   -.0016365   1246.4320   -273.6720
  82.080   .043415     842368.  -1367.1438   -.0015052   1241.3618   -268.6993
  86.640   .036850     833341.  -2579.3606   -.0013749   1228.0580   -262.9747
  91.200   .030876     818845.  -3763.6414   -.0012464   1206.6959   -256.4467
  95.760   .025483     799016.  -4916.1730   -.0011206   1177.4756   -249.0496
 100.320   .020657     774009.  -6032.7952   -.0009982   1140.6237   -240.6970
 104.880   .016380     743997.  -7108.8785   -.0008801   1096.3963   -231.2693
 109.440   .012630     709176.  -8139.1251   -.0007671   1045.0822   -220.5932
 114.000   .009383     669768.  -9117.2287   -.0006599    987.0085   -208.3995
 118.560   .006612     626027. -10035.2320   -.0005591    922.5490   -194.2335
 123.120   .004285     578247. -10882.1595   -.0004654    852.1376   -177.2259
 127.680   .002367     526782. -11640.4247   -.0003795    776.2955   -155.3465
 132.240   .000824     472086. -12271.1044   -.0003018    695.6932   -121.2674
 136.800  -.000385     414869. -12292.7959   -.0002328    611.3749    111.7536
 141.360  -.001300     359976. -11719.1262   -.0001725    530.4811    139.8559
 145.920  -.001959     307991. -11042.0932   -.0001206    453.8728    157.0884
 150.480  -.002399     259272. -10302.0288 -7.6476E-05    382.0782    167.5013
 155.040  -.002656     214036.  -9523.1576 -3.9664E-05    315.4162    174.1089
 159.600  -.002761     172421.  -8720.0716 -9.6065E-06    254.0893    178.1218
 164.160  -.002744     134509.  -7903.1987  1.4265E-05    198.2206    180.1557
 168.720  -.002631     100344.  -7080.7536  3.2531E-05    147.8723    180.5658
 173.280  -.002447  69932.8926  -6259.6376  4.5775E-05    103.0571    179.5728
 177.840  -.002214  43255.9279  -5445.9234  5.4578E-05     63.7444    177.3194
 182.400  -.001949  20266.0711  -4645.1479  5.9519E-05     29.8652    173.8980
 186.960  -.001671    892.1791  -3865.5058  6.1164E-05      1.3148    168.0503
 191.520  -.001392 -14987.3419  -3116.3183  6.0068E-05     22.0862    160.5407
 196.080  -.001123 -27528.6442  -2403.3597  5.6761E-05     40.5678    152.1605
 200.640  -.000874 -36905.9824  -1730.5888  5.1750E-05     54.3867    142.9145
 205.200  -.000651 -43311.6137  -1102.0217  4.5511E-05     63.8264    132.7728
 209.760  -.000459 -46956.4202   -452.4077  3.8490E-05     69.1976    152.1456
 214.320  -.000300 -47437.5719    303.9734  3.1149E-05     69.9067    179.6005
 218.880  -.000175 -44184.1824    956.0750  2.4023E-05     65.1123    106.4089
 223.440 -8.09E-05 -38718.1680   1312.8737  1.7575E-05     57.0573     50.0817
 228.000 -1.45E-05 -32210.7744   1447.8795  1.2058E-05     47.4676      9.1314
 232.560  2.90E-05 -25513.5065   1426.3844  7.5685E-06     37.5981    -18.5591
 237.120  5.45E-05 -19202.1485   1303.4009  4.0907E-06     28.2974    -35.3811
 241.680  6.63E-05 -13626.4900   1123.0100  1.5374E-06     20.0808    -43.7378
 246.240  6.85E-05  -8960.2973    918.7178 -2.1929E-07     13.2044    -45.8641
 250.800  6.43E-05  -5247.7837    714.4748 -1.3243E-06      7.7334    -43.7162
 255.360  5.64E-05  -2444.2875    526.0695 -1.9226E-06      3.6020    -38.9177
 259.920  4.68E-05   -450.0302    362.6737 -2.1477E-06    .6631900    -32.7471
 264.480  3.69E-05    863.2965    228.3747 -2.1156E-06      1.2722    -26.1559
 269.040  2.75E-05   1632.7470    123.5837 -1.9214E-06      2.4061    -19.8050
 273.600  1.93E-05   1990.3801     46.2550 -1.6396E-06      2.9331    -14.1111
 278.160  1.26E-05   2054.5923     -7.1154 -1.3250E-06      3.0278     -9.2970
 282.720  7.25E-06   1925.4873    -40.7141 -1.0155E-06      2.8375     -5.4393
 287.280  3.31E-06   1683.2795    -58.8445 -7.3481E-07      2.4806     -2.5126
 291.840  5.53E-07   1388.8256    -65.5440 -4.9587E-07      2.0467   -.4257726
 296.400 -1.22E-06   1085.5183    -64.3532 -3.0343E-07      1.5997    .9480695
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 300.960 -2.21E-06    801.9248    -58.2034 -1.5663E-07      1.1818      1.7492
 305.520 -2.64E-06    554.7031    -49.3925 -5.1117E-08    .8174418      2.1153
 310.080 -2.68E-06    351.4655    -39.6191  1.9361E-08    .5179394      2.1713
 314.640 -2.47E-06    193.3765    -30.0549  6.1737E-08    .2849706      2.0236
 319.200 -2.12E-06     77.3645    -21.4337  8.2794E-08    .1140086      1.7577
 323.760 -1.71E-06     -2.0990    -14.1460  8.8648E-08    .0030932      1.4387
 328.320 -1.31E-06    -51.6470     -8.3286  8.4468E-08    .0761100      1.1128
 332.880 -9.42E-07    -78.0555     -3.9437  7.4380E-08    .1150270    .8103749
 337.440 -6.31E-07    -87.6134   -.8448703  6.1495E-08    .1291120    .5487512
 342.000 -3.81E-07    -85.7607      1.1714  4.8010E-08    .1263819    .3355849
 346.560 -1.93E-07    -76.9301      2.3250  3.5357E-08    .1133685    .1703556
 351.120 -5.88E-08    -64.5571      2.8318  2.4353E-08    .0951350    .0519555
 355.680  2.94E-08    -51.1038      2.8911  1.5357E-08    .0753094   -.0259668
 360.240  8.13E-08    -38.1904      2.6681  8.4120E-09    .0562795   -.0718468
 364.800  1.06E-07    -26.7710      2.2904  3.3595E-09    .0394512   -.0937812
 369.360  1.12E-07    -17.3016      1.8511 -6.8309E-11    .0254966   -.0989299
 373.920  1.05E-07     -9.8894      1.4129 -2.1831E-09    .0145735   -.0932305
 378.480  9.20E-08     -4.4157      1.0149 -3.2957E-09    .0065072   -.0813303
 383.040  7.54E-08   -.6331756    .6775104 -3.6884E-09    .0009331   -.0666615
 387.600  5.84E-08      1.7632    .4078839 -3.6005E-09    .0025984   -.0515957
 392.160  4.26E-08      3.0867    .2044369 -3.2233E-09    .0045488   -.0376354
 396.720  2.90E-08      3.6277    .0602360 -2.7011E-09    .0053459   -.0256106
 401.280  1.79E-08      3.6361   -.0343174 -2.1361E-09    .0053583   -.0158603
 405.840  9.49E-09      3.3147   -.0896076 -1.5955E-09    .0048847   -.0083898
 410.400  3.39E-09      2.8189   -.1155711 -1.1185E-09    .0041540   -.0029977
 414.960 -7.09E-10      2.2607   -.1209762 -7.2341E-10    .0033315    .0006270
 419.520 -3.21E-09      1.7156   -.1130847 -4.1415E-10    .0025281    .0028342
 424.080 -4.49E-09      1.2294   -.0975807 -1.8511E-10    .0018116    .0039658
 428.640 -4.89E-09    .8256174   -.0786744 -2.5281E-11    .0012167    .0043265
 433.200 -4.72E-09    .5118441   -.0593033  7.8741E-11    .0007543    .0041696
 437.760 -4.18E-09    .2847711   -.0413796  1.4070E-10    .0004197    .0036917
 442.320 -3.43E-09    .1344623   -.0260420  1.7331E-10    .0001982    .0030353
 446.880 -2.60E-09    .0472683   -.0138898  1.8744E-10  6.9657E-05    .0022946
 451.440 -1.72E-09    .0077871   -.0051829  1.9172E-10  1.1475E-05    .0015242
 456.000 -8.47E-10      0.0000      0.0000  1.9233E-10      0.0000    .0007490

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  2:

Pile-head deflection             =      .25000000 in
Computed slope at pile head      =     -.00313289
Maximum bending moment           =   845809.04406 lbs-in
Maximum shear force              =    21875.06724 lbs
Depth of maximum bending moment  =    77.52000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             46
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   =         .500000 in
Specified moment at pile head       =            .000 in-lbs
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Specified axial load at pile head   =            .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  30212.7336   -.0055531      0.0000   -319.9794
   4.560   .474678     134443.  28741.1630   -.0055426    198.1233   -325.4463
   9.120   .449451     262119.  27245.6041   -.0055118    386.2740   -330.5006
  13.680   .424410     382923.  25727.9655   -.0054616    564.2973   -335.1303
  18.240   .399641     496758.  24190.2116   -.0053932    732.0513   -339.3231
  22.800   .375224     603538.  22634.3629   -.0053076    889.4076   -343.0666
  27.360   .351235     703184.  21062.4974   -.0052060   1036.2515   -346.3481
  31.920   .327745     795628.  19476.7509   -.0050894   1172.4823   -349.1547
  36.480   .304820     880812.  17879.3188   -.0049590   1298.0141   -351.4733
  41.040   .282519     958687.  16272.4577   -.0048160   1412.7758   -353.2903
  45.600   .260898    1029217.  14658.4870   -.0046614   1516.7118   -354.5916
  50.160   .240007    1092373.  13039.7913   -.0044964   1609.7822   -355.3627
  54.720   .219891    1148140.  11418.8233   -.0043221   1691.9633   -355.5882
  59.280   .200590    1196512.   9798.1070   -.0041397   1763.2483   -355.2522
  63.840   .182137    1237498.   8180.2420   -.0039504   1823.6474   -354.3377
  68.400   .164562    1271116.   6567.9083   -.0037553   1873.1887   -352.8263
  72.960   .147889    1297398.   4963.8722   -.0035555   1911.9184   -350.6983
  77.520   .132135    1316387.   3370.9944   -.0033523   1939.9019   -347.9323
  82.080   .117316    1328141.   1792.2386   -.0031466   1957.2238   -344.5044
  86.640   .103439    1332732.    230.6839   -.0029396   1963.9891   -340.3880
  91.200   .090507    1330245.  -1310.4602   -.0027325   1960.3241   -335.5524
  95.760   .078518    1320781.  -2827.8339   -.0025263   1946.3769   -329.9624
 100.320   .067467    1304455.  -4317.9012   -.0023221   1922.3187   -323.5759
 104.880   .057340    1281401.  -5776.9144   -.0021210   1888.3454   -316.3422
 109.440   .048123    1251770.  -7200.8650   -.0019240   1844.6784   -308.1976
 114.000   .039793    1215729.  -8585.4134   -.0017321   1791.5675   -299.0605
 118.560   .032326    1173471.  -9925.7862   -.0015463   1729.2926   -288.8223
 123.120   .025692    1125206. -11216.6173   -.0013675   1658.1675   -277.3317
 127.680   .019855    1071175. -12451.6918   -.0011967   1578.5441   -264.3676
 132.240   .014778    1011647. -13623.5032   -.0010347   1490.8199   -249.5847
 136.800   .010419     946929. -14722.4174   -.0008823   1395.4477   -232.3952
 141.360   .006731     877378. -15733.3219   -.0007404   1292.9543   -210.9840
 145.920   .003666     803441. -16633.2854   -.0006097   1183.9958   -183.7368
 150.480   .001171     725683. -17371.3847   -.0004908   1069.4072   -139.9909
 155.040  -.000810     645014. -17395.5809   -.0003842    950.5288    129.3785
 159.600  -.002333     567035. -16711.2346   -.0002899    835.6149    170.7734
 164.160  -.003454     492607. -15886.7922   -.0002075    725.9340    190.8241
 168.720  -.004225     422148. -14988.2662   -.0001363    622.1005    203.2662
 173.280  -.004697     355914. -14042.9033 -7.5829E-05    524.4955    211.3667
 177.840  -.004917     294076. -13067.4316 -2.5275E-05    433.3674    216.4718
 182.400  -.004928     236739. -12073.9372  1.6010E-05    348.8725    219.2713
 186.960  -.004771     183962. -11075.9288  4.8730E-05    271.0967    218.4517
 191.520  -.004483     135727. -10087.4672  7.3594E-05    200.0148    215.0841
 196.080  -.004100  91964.2301  -9117.5314  9.1303E-05    135.5237    210.3264
 200.640  -.003651  52575.0080  -8172.1485    .0001025     77.4775    204.3153
 205.200  -.003164  17434.2355  -7256.8238    .0001080     25.6921    197.1430
 209.760  -.002666 -13607.2250  -6376.7123    .0001083     20.0524    188.8708
 214.320  -.002177 -40721.3809  -5206.9897    .0001041     60.0093    324.1654
 218.880  -.001717 -61094.9707  -3759.6337  9.6143E-05     90.0330    310.6398
 223.440  -.001300 -75009.2404  -2379.7167  8.5558E-05    110.5379    294.5869
 228.000  -.000936 -82797.9872  -1079.1850  7.3284E-05    122.0158    275.8217
 232.560  -.000632 -84851.4078    128.7498  6.0245E-05    125.0418    253.9743
 237.120  -.000387 -81623.7893   1280.6637  4.7297E-05    120.2854    251.2511
 241.680  -.000200 -73171.7552   2154.6217  3.5258E-05    107.8300    132.0638
 246.240 -6.55E-05 -61973.6393   2555.7012  2.4747E-05     91.3279     43.8483
 250.800  2.53E-05 -49863.7604   2616.4117  1.6048E-05     73.4821    -17.2208
 255.360  8.08E-05 -38111.9644   2450.0706  9.2058E-06     56.1639    -55.7358
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 259.920   .000109 -27519.1170   2148.6677  4.1013E-06     40.5537    -76.4584
 264.480   .000118 -18516.1152   1783.0432  5.2081E-07     27.2864    -83.9032
 269.040   .000114 -11257.7632   1404.6100 -1.7949E-06     16.5901    -82.0763
 273.600   .000102  -5706.0722   1047.9856 -3.1143E-06      8.4088    -74.3379
 278.160  8.57E-05  -1700.1346    734.0334 -3.6903E-06      2.5054    -63.3604
 282.720  6.82E-05    988.3125    472.9448 -3.7457E-06      1.4564    -51.1522
 287.280  5.15E-05   2613.1222    267.1106 -3.4656E-06      3.8508    -39.1260
 291.840  3.66E-05   3424.3613    113.6289 -2.9960E-06      5.0463    -28.1905
 296.400  2.42E-05   3649.4182      6.3756 -2.4458E-06      5.3780    -18.8504
 300.960  1.43E-05   3482.5066    -62.3792 -1.8911E-06      5.1320    -11.3052
 305.520  6.92E-06   3080.5197   -100.7819 -1.3807E-06      4.5396     -5.5381
 310.080  1.72E-06   2563.3761   -116.5839 -9.4171E-07      3.7775     -1.3926
 314.640 -1.67E-06   2017.2745   -116.6443 -5.8544E-07      2.9728      1.3662
 319.200 -3.62E-06   1499.5803   -106.6779 -3.1192E-07      2.2099      3.0051
 323.760 -4.51E-06   1044.3722    -91.1862 -1.1406E-07      1.5390      3.7895
 328.320 -4.66E-06    667.9623    -73.5125  1.9122E-08    .9843471      3.9621
 332.880 -4.34E-06    373.9380    -55.9746  1.0016E-07    .5510561      3.7300
 337.440 -3.75E-06    157.4739    -40.0360  1.4149E-07    .2320624      3.2606
 342.000 -3.05E-06      8.8098    -26.4889  1.5442E-07    .0129826      2.6811
 346.560 -2.34E-06    -84.1048    -15.6630  1.4857E-07    .1239415      2.0671
 351.120 -1.69E-06   -134.0366     -7.5422  1.3160E-07    .1975239      1.4946
 355.680 -1.14E-06   -152.8895     -1.8402  1.0928E-07    .2253065      1.0062
 360.240 -6.94E-07   -150.8197      1.8530  8.5662E-08    .2222564    .6136364
 364.800 -3.57E-07   -135.9901      3.9717  6.3355E-08    .2004028    .3156308
 369.360 -1.16E-07   -114.5975      4.9260  4.3865E-08    .1688774    .1028919
 373.920  4.30E-08    -91.0654      5.0739  2.7869E-08    .1341992   -.0379936
 378.480  1.38E-07    -68.3234      4.7096  1.5473E-08    .1006852   -.1217806
 383.040  1.84E-07    -48.1135      4.0610  6.4165E-09    .0709028   -.1627283
 387.600  1.96E-07    -31.2874      3.2943  2.4102E-10    .0461069   -.1735085
 392.160  1.86E-07    -18.0692      2.5233 -3.5978E-09    .0266278   -.1646714
 396.720  1.63E-07     -8.2750      1.8184 -5.6467E-09    .0121946   -.1445047
 401.280  1.35E-07     -1.4857      1.2172 -6.4059E-09    .0021894   -.1191495
 405.840  1.05E-07      2.8261    .7338465 -6.3016E-09    .0041648   -.0928628
 410.400  7.73E-08      5.2070    .3662856 -5.6768E-09    .0076733   -.0683481
 414.960  5.33E-08      6.1667    .1030680 -4.7922E-09    .0090875   -.0470982
 419.520  3.36E-08      6.1470   -.0720660 -3.8345E-09    .0090585   -.0297149
 424.080  1.83E-08      5.5094   -.1767194 -2.9279E-09    .0081190   -.0161858
 428.640  6.91E-09      4.5353   -.2275561 -2.1467E-09    .0066835   -.0061110
 433.200 -1.27E-09      3.4341   -.2389357 -1.5268E-09    .0050607    .0011200
 437.760 -7.01E-09      2.3562   -.2222511 -1.0765E-09    .0034722    .0061978
 442.320 -1.11E-08      1.4072   -.1857799 -7.8379E-10    .0020737    .0097983
 446.880 -1.42E-08    .6618921   -.1349022 -6.2287E-10    .0009754    .0125165
 451.440 -1.68E-08    .1768693   -.0725759 -5.5763E-10    .0002606    .0148196
 456.000 -1.92E-08      0.0000      0.0000 -5.4387E-10      0.0000    .0170119

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  3:

Pile-head deflection             =      .50000000 in
Computed slope at pile head      =     -.00555310
Maximum bending moment           =       1332732. lbs-in
Maximum shear force              =    30212.73355 lbs
Depth of maximum bending moment  =    86.64000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             66
Number of zero deflection points =              5
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------------------------------------------------------------------------------
             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   =         .750000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =            .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   .750000      0.0000  36534.8589   -.0077649      0.0000   -354.1155
   4.560   .714592     162917.  34905.5569   -.0077523    240.0841   -360.4907
   9.120   .679299     318339.  33248.1279   -.0077148    469.1219   -366.4519
  13.680   .644232     466140.  31564.4869   -.0076538    686.9306   -371.9871
  18.240   .609496     606207.  29856.6035   -.0075704    893.3406   -377.0845
  22.800   .575190     738432.  28126.5017   -.0074658   1088.1958   -381.7320
  27.360   .541408     862720.  26376.2609   -.0073413   1271.3537   -385.9174
  31.920   .508237     978984.  24608.0168   -.0071981   1442.6861   -389.6283
  36.480   .475761    1087146.  22823.9620   -.0070374   1602.0792   -392.8519
  41.040   .444056    1187138.  21026.3476   -.0068605   1749.4344   -395.5755
  45.600   .413194    1278906.  19217.4842   -.0066687   1884.6681   -397.7857
  50.160   .383238    1362402.  17399.7442   -.0064633   2007.7125   -399.4687
  54.720   .354249    1437592.  15575.5633   -.0062455   2118.5162   -400.6106
  59.280   .326279    1504451.  13747.4437   -.0060167   2217.0442   -401.1963
  63.840   .299377    1562968.  11917.9562   -.0057781   2303.2784   -401.2105
  68.400   .273583    1613143.  10089.7445   -.0055311   2377.2185   -400.6368
  72.960   .248933    1654987.   8265.5291   -.0052769   2438.8820   -399.4577
  77.520   .225458    1688524.   6448.1124   -.0050168   2488.3051   -397.6549
  82.080   .203180    1713794.   4640.3851   -.0047522   2525.5430   -395.2080
  86.640   .182118    1730845.   2845.3341   -.0044843   2550.6707   -392.0951
  91.200   .162283    1739743.   1066.0514   -.0042144   2563.7836   -388.2920
  95.760   .143682    1740567.   -694.2535   -.0039437   2564.9982   -383.7715
 100.320   .126316    1733411.  -2432.2388   -.0036735   2554.4530   -378.5027
 104.880   .110180    1718385.  -4144.4106   -.0034050   2532.3095   -372.4499
 109.440   .095263    1695614.  -5827.0983   -.0031395   2498.7532   -365.5710
 114.000   .081548    1665242.  -7476.4198   -.0028781   2453.9948   -357.8156
 118.560   .069014    1627429.  -9088.2359   -.0026220   2398.2720   -349.1213
 123.120   .057635    1582357. -10658.0855   -.0023724   2331.8512   -339.4092
 127.680   .047378    1530228. -12181.0920   -.0021303   2255.0300   -328.5761
 132.240   .038207    1471266. -13651.8240   -.0018968   2168.1404   -316.4818
 136.800   .030079    1405723. -15064.0768   -.0016731   2071.5529   -302.9273
 141.360   .022948    1333881. -16408.4055   -.0014600   1965.6830   -286.6905
 145.920   .016764    1256078. -17674.6577   -.0012586   1851.0281   -268.6833
 150.480   .011470    1172688. -18851.9552   -.0010697   1728.1400   -247.6753
 155.040   .007008    1084149. -19922.5899   -.0008941   1597.6626   -221.9013
 159.600   .003316     990994. -20853.6556   -.0007327   1460.3855   -186.4608
 164.160   .000326     893963. -21512.1073   -.0005861   1317.3947   -102.3338
 168.720  -.002030     794804. -21359.5953   -.0004548   1171.2682    169.2250
 173.280  -.003822     699164. -20516.0687   -.0003386   1030.3271    200.7428
 177.840  -.005118     607697. -19559.8529   -.0002369    895.5374    218.6501
 182.400  -.005983     520778. -18536.5498   -.0001492    767.4476    230.1670
 186.960  -.006478     438644. -17474.1105 -7.4560E-05    646.4108    235.8152
 191.520  -.006663     361414. -16395.0069 -1.2335E-05    532.6000    237.4759
 196.080  -.006591     289122. -15313.5842  3.8261E-05    426.0661    236.8323
 200.640  -.006314     221754. -14239.3945  7.7996E-05    326.7893    234.3036
 205.200  -.005879     159258. -13180.4040    .0001076    234.6922    230.1660
 209.760  -.005332     101549. -12143.5100    .0001279    149.6480    224.6121
 214.320  -.004713  48509.5985 -10734.8633    .0001396     71.4865    393.2154
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 218.880  -.004059   3646.8037  -8960.0734    .0001436      5.3741    385.2012
 223.440  -.003403 -33206.2705  -7227.4939    .0001413     48.9346    374.7020
 228.000  -.002770 -62267.9404  -5548.4433    .0001339     91.7616    361.7237
 232.560  -.002182 -83808.0732  -3934.3253    .0001226    123.5043    346.2228
 237.120  -.001652 -98148.9868  -2396.8871    .0001084    144.6379    328.0922
 241.680  -.001193    -105668.   -948.5980  9.2551E-05    155.7179    307.1224
 246.240  -.000808    -106800.    396.6775  7.6026E-05    157.3868    282.9108
 250.800  -.000500    -102050.   1622.2353  5.9783E-05    150.3866    254.6146
 255.360  -.000263 -92005.4149   2616.3863  4.4690E-05    135.5844    181.4166
 259.920 -9.20E-05 -78188.5416   3176.7206  3.1453E-05    115.2231     64.3441
 264.480  2.37E-05 -63033.7232   3285.0711  2.0469E-05     92.8901    -16.8219
 269.040  9.47E-05 -48228.6934   3091.3546  1.1816E-05     71.0725    -68.1415
 273.600   .000131 -34840.5697   2717.2785  5.3547E-06     51.3430    -95.9270
 278.160   .000144 -23447.1136   2256.4955  8.2132E-07     34.5530   -106.1708
 282.720   .000139 -14261.3308   1776.8803 -2.1115E-06     21.0163   -104.1867
 287.280   .000124  -7241.9651   1324.0477 -3.7839E-06     10.6722    -94.4241
 291.840   .000104  -2186.0157    925.4234 -4.5172E-06      3.2214    -80.4112
 296.400  8.31E-05   1197.8962    594.3639 -4.5941E-06      1.7653    -64.7904
 300.960  6.25E-05   3234.5834    333.9843 -4.2493E-06      4.7667    -49.4112
 305.520  4.43E-05   4243.8331    140.4887 -3.6677E-06      6.2540    -35.4553
 310.080  2.91E-05   4515.8399      5.9073 -2.9864E-06      6.6548    -23.5716
 314.640  1.71E-05   4297.7079    -79.7770 -2.3009E-06      6.3333    -14.0092
 319.200  8.11E-06   3788.2732   -127.0767 -1.6720E-06      5.5826     -6.7362
 323.760  1.83E-06   3138.7682   -145.9483 -1.1333E-06      4.6255     -1.5408
 328.320 -2.22E-06   2457.2244   -145.1572 -6.9802E-07      3.6211      1.8878
 332.880 -4.53E-06   1814.9350   -131.9645 -3.6574E-07      2.6746      3.8984
 337.440 -5.56E-06   1253.7080   -112.0521 -1.2707E-07      1.8475      4.8351
 342.000 -5.69E-06    793.0198    -89.6065  3.2112E-08      1.1686      5.0095
 346.560 -5.26E-06    436.4966    -67.5774  1.2774E-07    .6432461      4.6524
 351.120 -4.53E-06    176.7137    -47.8484  1.7543E-07    .2604153      4.0007
 355.680 -3.66E-06    .1191843    -31.3439  1.8919E-07    .0001756      3.2381
 360.240 -2.80E-06   -109.1430    -18.3168  1.8071E-07    .1608393      2.4755
 364.800 -2.02E-06   -166.9303     -8.6112  1.5923E-07    .2459979      1.7813
 369.360 -1.35E-06   -187.6772     -1.8324  1.3165E-07    .2765718      1.1918
 373.920 -8.14E-07   -183.6420      2.5265  1.0277E-07    .2706253    .7199766
 378.480 -4.11E-07   -164.6359      4.9963  7.5687E-08    .2426168    .3632807
 383.040 -1.24E-07   -138.0759      6.0749  5.2143E-08    .2034765    .1098124
 387.600  6.46E-08   -109.2325      6.1952  3.2909E-08    .1609712   -.0570813
 392.160  1.76E-07    -81.5760      5.7105  1.8068E-08    .1202150   -.1554856
 396.720  2.29E-07    -57.1526      4.8938  7.2784E-09    .0842233   -.2027412
 401.280  2.42E-07    -36.9449      3.9432 -4.0141E-11    .0544441   -.2141617
 405.840  2.29E-07    -21.1905      2.9934 -4.5617E-09    .0312275   -.2024175
 410.400  2.01E-07     -9.6450      2.1275 -6.9600E-09    .0142134   -.1773868
 414.960  1.66E-07     -1.7880      1.3894 -7.8492E-09    .0026349   -.1463087
 419.520  1.29E-07      3.0267    .7956842 -7.7528E-09    .0044603   -.1141094
 424.080  9.48E-08      5.4687    .3444326 -7.0921E-09    .0080589   -.0838080
 428.640  6.44E-08      6.1679    .0235379 -6.1870E-09    .0090894   -.0569353
 433.200  3.84E-08      5.6833   -.1836353 -5.2653E-09    .0083753   -.0339301
 437.760  1.64E-08      4.4932   -.2940292 -4.4738E-09    .0066214   -.0144883
 442.320 -2.42E-09      3.0018   -.3221918 -3.8909E-09    .0044236    .0021363
 446.880 -1.91E-08      1.5548   -.2788377 -3.5365E-09    .0022912    .0168787
 451.440 -3.47E-08    .4587705   -.1704810 -3.3799E-09    .0006761    .0306462
 456.000 -4.99E-08      0.0000      0.0000 -3.3442E-09      0.0000    .0441261

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  4:

Pile-head deflection             =      .75000000 in
Computed slope at pile head      =     -.00776495
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Maximum bending moment           =       1740567. lbs-in
Maximum shear force              =    36534.85893 lbs
Depth of maximum bending moment  =    95.76000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             42
Number of zero deflection points =              5

------------------------------------------------------------------------------
             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   =        1.000000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =            .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  1.000000      0.0000  41813.0861   -.0098468      0.0000   -380.5218
   4.560   .955099     186711.  40061.7524   -.0098323    275.1486   -387.6070
   9.120   .910330     365363.  38279.0571   -.0097893    538.4198   -394.2769
  13.680   .865820     535816.  36466.9202   -.0097192    789.6094   -400.5200
  18.240   .821690     697941.  34627.3148   -.0096233   1028.5261   -406.3245
  22.800   .778056     851618.  32762.2674   -.0095028   1254.9918   -411.6787
  27.360   .735025     996733.  30873.8584   -.0093590   1468.8427   -416.5708
  31.920   .692702    1133187.  28964.2229   -.0091933   1669.9287   -420.9886
  36.480   .651182    1260887.  27035.5511   -.0090071   1858.1145   -424.9200
  41.040   .610557    1379751.  25090.0898   -.0088018   2033.2797   -428.3525
  45.600   .570910    1489709.  23130.1428   -.0085786   2195.3190   -431.2734
  50.160   .532320    1590698.  21158.0731   -.0083390   2344.1430   -433.6695
  54.720   .494858    1682670.  19176.3040   -.0080844   2479.6782   -435.5275
  59.280   .458590    1765586.  17187.3213   -.0078162   2601.8676   -436.8334
  63.840   .423575    1839419.  15193.6754   -.0075358   2710.6714   -437.5727
  68.400   .389864    1904153.  13197.9844   -.0072447   2806.0668   -437.7304
  72.960   .357503    1959784.  11202.9368   -.0069441   2888.0490   -437.2905
  77.520   .326533    2006323.   9211.2959   -.0066357   2956.6315   -436.2362
  82.080   .296986    2043791.   7225.9039   -.0063207   3011.8465   -434.5497
  86.640   .268888    2072224.   5249.6879   -.0060005   3053.7458   -432.2117
  91.200   .242261    2091668.   3285.6662   -.0056767   3082.4010   -429.2013
  95.760   .217117    2102189.   1336.9567   -.0053505   3097.9043   -425.4958
 100.320   .193464    2103862.   -593.2129   -.0050234   3100.3693   -421.0698
 104.880   .171304    2096779.  -2501.4929   -.0046967   3089.9317   -415.8951
 109.440   .150631    2081048.  -4384.3951   -.0043717   3066.7499   -409.9392
 114.000   .131434    2056793.  -6238.2725   -.0040499   3031.0065   -403.1649
 118.560   .113695    2024155.  -8059.2927   -.0037325   2982.9091   -395.5282
 123.120   .097393    1983292.  -9843.4021   -.0034208   2922.6916   -386.9760
 127.680   .082498    1934383. -11586.2776   -.0031161   2850.6162   -377.4431
 132.240   .068974    1877625. -13283.2591   -.0028196   2766.9750   -366.8470
 136.800   .056782    1813240. -14929.2522   -.0025326   2672.0926   -355.0798
 141.360   .045877    1741471. -16516.0812   -.0022561   2566.3296   -340.8978
 145.920   .036207    1662613. -18035.9707   -.0019913   2450.1206   -325.7204
 150.480   .027716    1576983. -19482.6685   -.0017394   2323.9307   -308.7962
 155.040   .020344    1484931. -20847.1071   -.0015012   2188.2785   -289.6418
 159.600   .014025    1386857. -22117.1689   -.0012779   2043.7509   -267.4028
 164.160   .008689    1283223. -23274.7968   -.0010702   1891.0293   -240.3287
 168.720   .004264    1174591. -24287.2618   -.0008790   1730.9435   -203.7349
 173.280   .000673    1061723. -25048.2150   -.0007051   1564.6146   -130.0165
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 177.840  -.002166     946151. -24942.5444   -.0005490   1394.3018    176.3633
 182.400  -.004334     834247. -24056.2929   -.0004105   1229.3931    212.3435
 186.960  -.005910     726758. -23046.6946   -.0002891   1070.9913    230.4628
 191.520  -.006970     624061. -21973.6517   -.0001840    919.6514    240.1701
 196.080  -.007588     526358. -20866.7270 -9.4533E-05    775.6709    245.3232
 200.640  -.007832     433756. -19743.6028 -1.9859E-05    639.2078    247.2751
 205.200  -.007769     346296. -18617.1704  4.0810E-05    510.3219    246.7742
 209.760  -.007460     263968. -17497.5585  8.8275E-05    388.9978    244.2837
 214.320  -.006964     186719. -15952.1314    .0001233    275.1591    433.5352
 218.880  -.006335     118484. -13982.0189    .0001471    174.6051    430.5492
 223.440  -.005623  59202.6075 -12031.7589    .0001609     87.2443    424.8280
 228.000  -.004868   8754.6385 -10113.5776    .0001662     12.9013    416.4796
 232.560  -.004107 -33033.2204  -8239.3285    .0001643     48.6796    405.5595
 237.120  -.003370 -66388.0372  -6420.7182    .0001565     97.8332    392.0766
 241.680  -.002680 -91590.1706  -4669.5244    .0001443    134.9725    375.9909
 246.240  -.002054    -108974.  -2997.8466    .0001287    160.5904    357.2011
 250.800  -.001506    -118931.  -1418.4592    .0001109    175.2628    335.5127
 255.360  -.001043    -121910.     54.5928  9.2206E-05    179.6541    310.5628
 259.920  -.000665    -118433.   1404.7924  7.3513E-05    174.5290    281.6300
 264.480  -.000372    -109099.   2648.8743  5.5816E-05    160.7741    264.0199
 269.040  -.000156 -94274.9121   3507.2248  3.9999E-05    138.9288    112.4496
 273.600 -7.31E-06 -77112.8513   3775.7634  2.6669E-05    113.6379      5.3305
 278.160  8.70E-05 -59839.9497   3641.2603  1.6017E-05     88.1835    -64.3231
 282.720   .000139 -43904.5574   3257.3766  7.9481E-06     64.7002   -104.0469
 287.280   .000159 -30132.6747   2743.9301  2.1898E-06     44.4052   -121.1489
 291.840   .000159 -18879.9148   2189.0697 -1.6223E-06     27.8225   -122.2109
 296.400   .000145 -10168.3587   1653.2139 -3.8815E-06     14.9847   -112.8136
 300.960   .000123  -3802.6040   1173.8466 -4.9681E-06      5.6037    -97.4352
 305.520  9.93E-05    537.1223    770.5010 -5.2221E-06    .7915338    -79.4708
 310.080  7.57E-05   3224.3652    449.4689 -4.9296E-06      4.7516    -61.3328
 314.640  5.44E-05   4636.2789    207.9513 -4.3182E-06      6.8323    -44.5960
 319.200  3.63E-05   5120.8807     37.5055 -3.5593E-06      7.5464    -30.1609
 323.760  2.19E-05   4978.3291    -73.2481 -2.7738E-06      7.3363    -18.4152
 328.320  1.10E-05   4452.8583   -136.6270 -2.0403E-06      6.5620     -9.3825
 332.880  3.31E-06   3732.2906   -164.5138 -1.4037E-06      5.5001     -2.8485
 337.440 -1.77E-06   2952.4924   -167.5049 -8.8377E-07      4.3510      1.5366
 342.000 -4.75E-06   2204.6462   -154.4708 -4.8267E-07      3.2489      4.1801
 346.560 -6.17E-06   1543.7184   -132.5098 -1.9114E-07      2.2749      5.4520
 351.120 -6.49E-06    996.1569   -106.9956  6.4049E-09      1.4680      5.7385
 355.680 -6.11E-06    567.9185    -81.5991  1.2805E-07    .8369168      5.4003
 360.240 -5.32E-06    251.9727    -58.5564  1.9182E-07    .3713211      4.7061
 364.800 -4.36E-06     33.8844    -39.0394  2.1405E-07    .0499340      3.8539
 369.360 -3.37E-06   -104.0664    -23.4568  2.0860E-07    .1533582      2.9805
 373.920 -2.46E-06   -180.0417    -11.7084  1.8650E-07    .2653197      2.1723
 378.480 -1.67E-06   -210.8467     -3.3879  1.5610E-07    .3107156      1.4770
 383.040 -1.03E-06   -210.9391      2.0635  1.2329E-07    .3108518    .9139221
 387.600 -5.47E-07   -192.0277      5.2487  9.1950E-08    .2829829    .4830841
 392.160 -1.95E-07   -163.0713      6.7437  6.4332E-08    .2403111    .1726487
 396.720  4.02E-08   -130.5249      7.0563  4.1497E-08    .1923489   -.0355399
 401.280  1.83E-07    -98.7176      6.6062  2.3668E-08    .1454758   -.1618886
 405.840  2.56E-07    -70.2764      5.7210  1.0524E-08    .1035633   -.2263407
 410.400  2.79E-07    -46.5417      4.6424  1.4383E-09    .0685865   -.2467290
 414.960  2.69E-07    -27.9374      3.5374 -4.3545E-09    .0411701   -.2379354
 419.520  2.39E-07    -14.2806      2.5124 -7.6380E-09    .0210447   -.2116249
 424.080  2.00E-07     -5.0243      1.6278 -9.1395E-09    .0074040   -.1763604
 428.640  1.56E-07    .5649077    .9111802 -9.4863E-09    .0008325   -.1379456
 433.200  1.13E-07      3.2857    .3689266 -9.1868E-09    .0048420   -.0998850
 437.760  7.23E-08      3.9295   -.0044679 -8.6256E-09    .0057908   -.0638845
 442.320  3.43E-08      3.2449   -.2193178 -8.0676E-09    .0047819   -.0303479
 446.880 -1.31E-09      1.9293   -.2858796 -7.6652E-09    .0028432    .0011541
 451.440 -3.56E-08    .6377278   -.2115504 -7.4656E-09    .0009398    .0314464
 456.000 -6.94E-08      0.0000      0.0000 -7.4160E-09      0.0000    .0613389
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Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  5:

Pile-head deflection             =     1.00000000 in
Computed slope at pile head      =     -.00984678
Maximum bending moment           =       2103862. lbs-in
Maximum shear force              =    41813.08614 lbs
Depth of maximum bending moment  =      100.32000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             69
Number of zero deflection points =              5

------------------------------------------------------------------------------
                        Summary of Pile-Head Response(s)
------------------------------------------------------------------------------

Definition of Symbols for Pile-Head Loading Conditions:

Type 1 = Shear and Moment,          y = pile-head displacment in
Type 2 = Shear and Slope,           M = Pile-head Moment lbs-in
Type 3 = Shear and Rot. Stiffness,  V = Pile-head Shear Force lbs
Type 4 = Deflection and Moment,     S = Pile-head Slope, radians
Type 5 = Deflection and Slope,      R = Rot. Stiffness of Pile-head in-lbs/rad

Load   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      0.0000    .1000000     465489.  14325.1096
  4  y=   .250000 M=     0.000      0.0000    .2500000     845809.  21875.0672
  4  y=   .500000 M=     0.000      0.0000    .5000000    1332732.  30212.7336
  4  y=   .750000 M=     0.000      0.0000    .7500000    1740567.  36534.8589
  4  y=  1.000000 M=     0.000      0.0000   1.0000000    2103862.  41813.0861

The analysis ended normally. 
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==============================================================================

                LPILE Plus for Windows, Version 5.0 (5.0.17)

               Analysis of Individual Piles and Drilled Shafts 
              Subjected to Lateral Loading Using the p-y Method

                        (c) 1985-2005 by Ensoft, Inc.          
                             All Rights Reserved               

==============================================================================

This program is licensed to: 

Hisham Nofal
CH2MHill

Path to file locations:      C:\MyFolder\Projects\SR-57\Final Reports\Brea OH Final 
Report\Laterial Analysis\
Name of input data file:     BREA_OH_Bent2.lpd
Name of output file:         BREA_OH_Bent2.lpo
Name of plot output file:    BREA_OH_Bent2.lpp
Name of runtime file:        BREA_OH_Bent2.lpr

------------------------------------------------------------------------------
                          Time and Date of Analysis
------------------------------------------------------------------------------

               Date:  April 30, 2009     Time:  13:43:18

------------------------------------------------------------------------------
                                Problem Title
------------------------------------------------------------------------------

Brea Overhead - Northbound Widening - Bent 2                                    

------------------------------------------------------------------------------
                                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 uses p-y multiplers for group action
- Analysis assumes no shear resistance at pile tip
- Analysis for fixed-length pile or shaft only
- 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            =          100
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- Maximum number of iterations allowed =         1000
- Deflection tolerance for convergence =   10.000E-12 in
- Maximum allowable deflection         =   1.0000E+01 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                               =     456.00 in
Depth of ground surface below top of pile =     -40.80 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   24.00000000    8143.0100     452.3900      3600000.
  2     456.0000   24.00000000    8143.0100     452.3900      3600000.

------------------------------------------------------------------------------
                      Soil and Rock Layering Information
------------------------------------------------------------------------------

The soil profile is modelled using  3 layers

Layer  1 is stiff clay without free water
Distance from top of pile to top of layer    =      -40.800 in
Distance from top of pile to bottom of layer =      139.200 in

Layer  2 is stiff clay without free water
Distance from top of pile to top of layer    =      139.200 in
Distance from top of pile to bottom of layer =      211.200 in

Layer  3 is stiff clay without free water
Distance from top of pile to top of layer    =      211.200 in
Distance from top of pile to bottom of layer =      559.200 in

(Depth of lowest layer extends  103.20 in below pile tip)

------------------------------------------------------------------------------
                   Effective Unit Weight of Soil vs. Depth
------------------------------------------------------------------------------

Distribution of effective unit weight of soil with depth
is defined using  6 points

Point        Depth X    Eff. Unit Weight
 No.           in          lbs/in**3
-----      ----------   ----------------
  1           -40.80         .06900
  2           139.20         .06900
  3           139.20         .03300
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  4           211.20         .03300
  5           211.20         .03900
  6           559.20         .03900

------------------------------------------------------------------------------
                           Shear Strength of Soils
------------------------------------------------------------------------------

Distribution of shear strength parameters with depth
defined using  6 points

Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD
 No.       in         lbs/in**2            Deg.            k_rm        %
-----   --------     ----------     ------------------    ------    ------
  1      -40.800       10.42000             .00           .02000        .0
  2      139.200       10.42000             .00           .02000        .0
  3      139.200       10.42000             .00           .02000        .0
  4      211.200       10.42000             .00           .02000        .0
  5      211.200       27.78000             .00           .02000        .0
  6      559.200       27.78000             .00           .02000        .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.

------------------------------------------------------------------------------
                           p-y Modification Factors
------------------------------------------------------------------------------

Distribution of p-y multipliers with depth defined using  2 points

Point      Depth X         p-mult         y-mult
 No.       in
-----     ----------     ----------     ----------
  1             .000         1.0000         1.0000
  2         1000.000         1.0000         1.0000

------------------------------------------------------------------------------
                                 Loading Type
------------------------------------------------------------------------------

Cyclic loading criteria was used for computation of p-y curves

Number of cycles of loading =        1000.

------------------------------------------------------------------------------
              Pile-head Loading and Pile-head Fixity Conditions
------------------------------------------------------------------------------

Number of loads specified =  5
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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     =            .000 lbs

Load Case Number  2

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =            .250 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =            .000 lbs

Load Case Number  3

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     =            .000 lbs

Load Case Number  4

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =            .750 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =            .000 lbs

Load Case Number  5

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     =            .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 moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =            .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  14325.1096   -.0014724      0.0000   -213.9831
   4.560   .093286  63097.7599  13343.1807   -.0014674     92.9844   -216.6874
   9.120   .086617     121690.  12349.8613   -.0014531    179.3290   -218.9789
  13.680   .080034     175728.  11347.0646   -.0014299    258.9634   -220.8442
  18.240   .073576     225175.  10336.7654   -.0013988    331.8307   -222.2695
  22.800   .067277     270000.   9321.0025   -.0013602    397.8870   -223.2405
  27.360   .061170     310183.   8301.8810   -.0013151    457.1026   -223.7426
  31.920   .055284     345713.   7281.5749   -.0012641    509.4622   -223.7601
  36.480   .049642     376591.   6262.3309   -.0012079    554.9651   -223.2767
  41.040   .044267     402825.   5246.4734   -.0011473    593.6263   -222.2748
  45.600   .039178     424438.   4236.4099   -.0010830    625.4764   -220.7355
  50.160   .034391     441461.   3234.6387   -.0010156    650.5626   -218.6378
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  54.720   .029916     453938.   2243.7586   -.0009460    668.9491   -215.9587
  59.280   .025763     461925.   1266.4816   -.0008747    680.7181   -212.6716
  63.840   .021938     465489.    305.6500   -.0008026    685.9703   -208.7458
  68.400   .018443     464712.   -635.7406   -.0007303    684.8260   -204.1448
  72.960   .015278     459691.  -1554.5078   -.0006584    677.4261   -198.8233
  77.520   .012439     450535.  -2447.2359   -.0005876    663.9338   -192.7240
  82.080   .009919     437372.  -3310.2033   -.0005185    644.5359   -185.7704
  86.640   .007710     420346.  -4139.2708   -.0004518    619.4455   -177.8556
  91.200   .005799     399622.  -4929.6931   -.0003880    588.9051   -168.8208
  95.760   .004171     375387.  -5675.7819   -.0003278    553.1917   -158.4111
 100.320   .002810     347859.  -6370.2350   -.0002715    512.6241   -146.1736
 104.880   .001695     317291.  -7002.5780   -.0002198    467.5773   -131.1699
 109.440   .000805     283995.  -7554.3841   -.0001730    418.5112   -110.8504
 114.000   .000117     248395.  -7878.4634   -.0001316    366.0483    -31.2897
 118.560  -.000395     212143.  -7705.1910 -9.5783E-05    312.6266    107.2864
 123.120  -.000756     178123.  -7198.6551 -6.5430E-05    262.4925    114.8785
 127.680  -.000992     146492.  -6651.7891 -4.0182E-05    215.8785    124.9750
 132.240  -.001123     117459.  -6068.0816 -1.9653E-05    173.0941    131.0371
 136.800  -.001171  91150.8360  -5462.5354 -3.4281E-06    134.3250    134.5533
 141.360  -.001154  67640.5982  -4846.2095  8.9221E-06     99.6790    135.7651
 145.920  -.001089  46953.4050  -4227.3627  1.7835E-05     69.1932    135.6590
 150.480  -.000991  29087.0508  -3611.8682  2.3749E-05     42.8643    134.2947
 155.040  -.000873  14013.1666  -3005.1212  2.7101E-05     20.6506    131.8224
 159.600  -.000744   1680.3453  -2411.9387  2.8322E-05      2.4763    128.3454
 164.160  -.000615  -7983.7141  -1836.7362  2.7831E-05     11.7653    123.9364
 168.720  -.000490 -15070.6890  -1283.6461  2.6038E-05     22.2090    118.6470
 173.280  -.000377 -19690.5662   -736.2364  2.3335E-05     29.0171    121.4450
 177.840  -.000278 -21785.1646   -252.8990  2.0109E-05     32.1039     90.5451
 182.400  -.000194 -21997.0051     99.3370  1.6704E-05     32.4160     63.9444
 186.960  -.000125 -20879.2116    339.8756  1.3369E-05     30.7688     41.5550
 191.520 -7.18E-05 -18897.3401    488.8790  1.0275E-05     27.8482     23.7974
 196.080 -3.16E-05 -16420.6349    567.0410  7.5284E-06     24.1984     10.4842
 200.640 -3.11E-06 -13725.9260    593.2997  5.1837E-06     20.2273      1.0328
 205.200  1.57E-05 -11009.7416    583.8202  3.2598E-06     16.2246     -5.1905
 209.760  2.66E-05  -8401.4855    551.8664  1.7501E-06     12.3809     -8.8244
 214.320  3.16E-05  -5976.7204    488.5949  6.3180E-07      8.8076    -18.9263
 218.880  3.24E-05  -3945.5002    400.5061 -1.3991E-07      5.8143    -19.7092
 223.440  3.03E-05  -2324.1045    312.7614 -6.2754E-07      3.4249    -18.7754
 228.000  2.67E-05  -1093.1162    231.7329 -8.9332E-07      1.6109    -16.7635
 232.560  2.22E-05   -210.7005    161.1783 -9.9473E-07    .3105002    -14.1815
 237.120  1.76E-05    376.8300    102.8239 -9.8180E-07    .5553180    -11.4125
 241.680  1.32E-05    727.0536     56.9068 -8.9595E-07      1.0714     -8.7266
 246.240  9.41E-06    895.8197     22.6501 -7.6973E-07      1.3201     -6.2982
 250.800  6.22E-06    933.6228     -1.3415 -6.2744E-07      1.3758     -4.2244
 255.360  3.69E-06    883.5857    -16.7706 -4.8610E-07      1.3021     -2.5428
 259.920  1.78E-06    780.6753    -25.4148 -3.5666E-07      1.1504     -1.2486
 264.480  4.35E-07    651.8025    -28.9661 -2.4525E-07    .9605330   -.3089905
 269.040 -4.52E-07    516.5046    -28.9295 -1.5438E-07    .7611504    .3250554
 273.600 -9.73E-07    387.9658    -26.5704 -8.4038E-08    .5717284    .7096207
 278.160 -1.22E-06    274.1826    -22.8980 -3.2539E-08    .4040510    .9010910
 282.720 -1.27E-06    179.1363    -18.6737  2.7187E-09    .2639854    .9516768
 287.280 -1.19E-06    103.8788    -14.4365  2.4731E-08    .1530817    .9067392
 291.840 -1.04E-06     47.4757    -10.5370  3.6502E-08    .0699629    .8035452
 296.400 -8.60E-07      7.7812     -7.1749  4.0800E-08    .0114668    .6710782
 300.960 -6.72E-07    -17.9592     -4.4351  4.0008E-08    .0264657    .5305673
 305.520 -4.96E-07    -32.6672     -2.3215  3.6071E-08    .0481402    .3964541
 310.080 -3.43E-07    -39.1315   -.7847370  3.0487E-08    .0576664    .2775745
 314.640 -2.18E-07    -39.8240    .2548567  2.4346E-08    .0586869    .1783876
 319.200 -1.21E-07    -36.8072    .8898947  1.8386E-08    .0542412    .1001378
 323.760 -4.98E-08    -31.7082      1.2137  1.3057E-08    .0467270    .0418781
 328.320 -1.55E-09    -25.7383      1.3122  8.5889E-09    .0379295    .0013198
 332.880  2.85E-08    -19.7411      1.2593  5.0516E-09    .0290916   -.0245027
 337.440  4.45E-08    -14.2533      1.1151  2.4077E-09    .0210045   -.0387418
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 342.000  5.04E-08     -9.5711    .9255578  5.5471E-10    .0141045   -.0444028
 346.560  4.96E-08     -5.8122    .7244001 -6.4175E-10    .0085652   -.0438243
 351.120  4.46E-08     -2.9646    .5346138 -1.3244E-09    .0043688   -.0394153
 355.680  3.75E-08   -.9365340    .3691705 -1.6278E-09    .0013801   -.0331476
 360.240  2.97E-08    .4022549    .2336469 -1.6693E-09    .0005928   -.0262926
 364.800  2.23E-08      1.1943    .1288069 -1.5452E-09    .0017600   -.0196899
 369.360  1.57E-08      1.5770    .0523681 -1.3296E-09    .0023239   -.0138360
 373.920  1.01E-08      1.6719    .0003686 -1.0769E-09    .0024638   -.0089708
 378.480  5.83E-09      1.5803   -.0318360 -8.2399E-10    .0023289   -.0051540
 383.040  2.63E-09      1.3816   -.0488951 -5.9363E-10    .0020360   -.0023281
 387.600  4.17E-10      1.1344   -.0550431 -3.9794E-10    .0016717   -.0003684
 392.160 -9.96E-10    .8795860   -.0538766 -2.4130E-10    .0012962    .0008800
 396.720 -1.78E-09    .6430579   -.0482749 -1.2287E-10    .0009476    .0015769
 401.280 -2.12E-09    .4393191   -.0404146 -3.8692E-11    .0006474    .0018706
 405.840 -2.14E-09    .2744764   -.0318432  1.6825E-11    .0004045    .0018888
 410.400 -1.96E-09    .1489088   -.0235811  4.9754E-11    .0002194    .0017349
 414.960 -1.68E-09    .0594170   -.0162334  6.5957E-11  8.7560E-05    .0014877
 419.520 -1.36E-09    .0008600   -.0100981  7.0645E-11  1.2674E-06    .0012032
 424.080 -1.04E-09   -.0326776   -.0052613  6.8170E-11  4.8156E-05    .0009182
 428.640 -7.39E-10   -.0471227   -.0016774  6.1964E-11  6.9443E-05    .0006537
 433.200 -4.74E-10   -.0479758    .0007675  5.4567E-11  7.0700E-05    .0004187
 437.760 -2.42E-10   -.0401235    .0022094  4.7715E-11  5.9128E-05    .0002138
 442.320 -3.85E-11   -.0278265    .0027742  4.2430E-11  4.1007E-05  3.3999E-05
 446.880  1.45E-10   -.0148225    .0025592  3.9113E-11  2.1843E-05   -.0001283
 451.440  3.18E-10   -.0044864    .0016253  3.7612E-11  6.6114E-06   -.0002813
 456.000  4.88E-10      0.0000      0.0000  3.7263E-11      0.0000   -.0004315

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      =     -.00147235
Maximum bending moment           =   465488.59704 lbs-in
Maximum shear force              =    14325.10961 lbs
Depth of maximum bending moment  =    63.84000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             36
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   =         .250000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =            .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   .250000      0.0000  21875.0672   -.0031329      0.0000   -269.0696
   4.560   .235714  96952.8442  20638.6995   -.0031253    142.8752   -273.1970
   9.120   .221497     188225.  19384.4485   -.0031032    277.3789   -276.9131
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  13.680   .207413     273739.  18114.2185   -.0030672    403.3973   -280.2053
  18.240   .193524     353427.  16829.9721   -.0030185    520.8294   -283.0606
  22.800   .179885     427228.  15533.7314   -.0029577    629.5879   -285.4660
  27.360   .166549     495094.  14227.5788   -.0028860    729.5989   -287.4080
  31.920   .153564     556984.  12913.6589   -.0028042    820.8029   -288.8727
  36.480   .140975     612867.  11594.1807   -.0027132    903.1552   -289.8458
  41.040   .128820     662723.  10271.4197   -.0026140    976.6258   -290.3125
  45.600   .117135     706542.   8947.7211   -.0025075   1041.2005   -290.2570
  50.160   .105952     744326.   7625.5038   -.0023946   1096.8809   -289.6629
  54.720   .095296     776087.   6307.2644   -.0022764   1143.6853   -288.5123
  59.280   .085191     801848.   4995.5839   -.0021537   1181.6490   -286.7862
  63.840   .075655     821646.   3693.1339   -.0020274   1210.8247   -284.4638
  68.400   .066701     835530.   2402.6866   -.0018985   1231.2837   -281.5219
  72.960   .058340     843559.   1127.1258   -.0017679   1243.1162   -277.9346
  77.520   .050578     845809.   -130.5372   -.0016365   1246.4320   -273.6720
  82.080   .043415     842368.  -1367.1438   -.0015052   1241.3618   -268.6993
  86.640   .036850     833341.  -2579.3606   -.0013749   1228.0580   -262.9747
  91.200   .030876     818845.  -3763.6414   -.0012464   1206.6959   -256.4467
  95.760   .025483     799016.  -4916.1730   -.0011206   1177.4756   -249.0496
 100.320   .020657     774009.  -6032.7952   -.0009982   1140.6237   -240.6970
 104.880   .016380     743997.  -7108.8785   -.0008801   1096.3963   -231.2693
 109.440   .012630     709176.  -8139.1251   -.0007671   1045.0822   -220.5932
 114.000   .009383     669768.  -9117.2287   -.0006599    987.0085   -208.3995
 118.560   .006612     626027. -10035.2320   -.0005591    922.5490   -194.2335
 123.120   .004285     578247. -10882.1595   -.0004654    852.1376   -177.2259
 127.680   .002367     526782. -11640.4247   -.0003795    776.2955   -155.3465
 132.240   .000824     472086. -12271.1044   -.0003018    695.6932   -121.2674
 136.800  -.000385     414869. -12292.7959   -.0002328    611.3749    111.7536
 141.360  -.001300     359976. -11719.1262   -.0001725    530.4811    139.8559
 145.920  -.001959     307991. -11042.0932   -.0001206    453.8728    157.0884
 150.480  -.002399     259272. -10302.0288 -7.6476E-05    382.0782    167.5013
 155.040  -.002656     214036.  -9523.1576 -3.9664E-05    315.4162    174.1089
 159.600  -.002761     172421.  -8720.0716 -9.6065E-06    254.0893    178.1218
 164.160  -.002744     134509.  -7903.1987  1.4265E-05    198.2206    180.1557
 168.720  -.002631     100344.  -7080.7536  3.2531E-05    147.8723    180.5658
 173.280  -.002447  69932.8926  -6259.6376  4.5775E-05    103.0571    179.5728
 177.840  -.002214  43255.9279  -5445.9234  5.4578E-05     63.7444    177.3194
 182.400  -.001949  20266.0711  -4645.1479  5.9519E-05     29.8652    173.8980
 186.960  -.001671    892.1791  -3865.5058  6.1164E-05      1.3148    168.0503
 191.520  -.001392 -14987.3419  -3116.3183  6.0068E-05     22.0862    160.5407
 196.080  -.001123 -27528.6442  -2403.3597  5.6761E-05     40.5678    152.1605
 200.640  -.000874 -36905.9824  -1730.5888  5.1750E-05     54.3867    142.9145
 205.200  -.000651 -43311.6137  -1102.0217  4.5511E-05     63.8264    132.7728
 209.760  -.000459 -46956.4202   -452.4077  3.8490E-05     69.1976    152.1456
 214.320  -.000300 -47437.5719    303.9734  3.1149E-05     69.9067    179.6005
 218.880  -.000175 -44184.1824    956.0750  2.4023E-05     65.1123    106.4089
 223.440 -8.09E-05 -38718.1680   1312.8737  1.7575E-05     57.0573     50.0817
 228.000 -1.45E-05 -32210.7744   1447.8795  1.2058E-05     47.4676      9.1314
 232.560  2.90E-05 -25513.5065   1426.3844  7.5685E-06     37.5981    -18.5591
 237.120  5.45E-05 -19202.1485   1303.4009  4.0907E-06     28.2974    -35.3811
 241.680  6.63E-05 -13626.4900   1123.0100  1.5374E-06     20.0808    -43.7378
 246.240  6.85E-05  -8960.2973    918.7178 -2.1929E-07     13.2044    -45.8641
 250.800  6.43E-05  -5247.7837    714.4748 -1.3243E-06      7.7334    -43.7162
 255.360  5.64E-05  -2444.2875    526.0695 -1.9226E-06      3.6020    -38.9177
 259.920  4.68E-05   -450.0302    362.6737 -2.1477E-06    .6631900    -32.7471
 264.480  3.69E-05    863.2965    228.3747 -2.1156E-06      1.2722    -26.1559
 269.040  2.75E-05   1632.7470    123.5837 -1.9214E-06      2.4061    -19.8050
 273.600  1.93E-05   1990.3801     46.2550 -1.6396E-06      2.9331    -14.1111
 278.160  1.26E-05   2054.5923     -7.1154 -1.3250E-06      3.0278     -9.2970
 282.720  7.25E-06   1925.4873    -40.7141 -1.0155E-06      2.8375     -5.4393
 287.280  3.31E-06   1683.2795    -58.8445 -7.3481E-07      2.4806     -2.5126
 291.840  5.53E-07   1388.8256    -65.5440 -4.9587E-07      2.0467   -.4257726
 296.400 -1.22E-06   1085.5183    -64.3532 -3.0343E-07      1.5997    .9480695
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 300.960 -2.21E-06    801.9248    -58.2034 -1.5663E-07      1.1818      1.7492
 305.520 -2.64E-06    554.7031    -49.3925 -5.1117E-08    .8174418      2.1153
 310.080 -2.68E-06    351.4655    -39.6191  1.9361E-08    .5179394      2.1713
 314.640 -2.47E-06    193.3765    -30.0549  6.1737E-08    .2849706      2.0236
 319.200 -2.12E-06     77.3645    -21.4337  8.2794E-08    .1140086      1.7577
 323.760 -1.71E-06     -2.0990    -14.1460  8.8648E-08    .0030932      1.4387
 328.320 -1.31E-06    -51.6470     -8.3286  8.4468E-08    .0761100      1.1128
 332.880 -9.42E-07    -78.0555     -3.9437  7.4380E-08    .1150270    .8103749
 337.440 -6.31E-07    -87.6134   -.8448703  6.1495E-08    .1291120    .5487512
 342.000 -3.81E-07    -85.7607      1.1714  4.8010E-08    .1263819    .3355849
 346.560 -1.93E-07    -76.9301      2.3250  3.5357E-08    .1133685    .1703556
 351.120 -5.88E-08    -64.5571      2.8318  2.4353E-08    .0951350    .0519555
 355.680  2.94E-08    -51.1038      2.8911  1.5357E-08    .0753094   -.0259668
 360.240  8.13E-08    -38.1904      2.6681  8.4120E-09    .0562795   -.0718468
 364.800  1.06E-07    -26.7710      2.2904  3.3595E-09    .0394512   -.0937812
 369.360  1.12E-07    -17.3016      1.8511 -6.8309E-11    .0254966   -.0989299
 373.920  1.05E-07     -9.8894      1.4129 -2.1831E-09    .0145735   -.0932305
 378.480  9.20E-08     -4.4157      1.0149 -3.2957E-09    .0065072   -.0813303
 383.040  7.54E-08   -.6331756    .6775104 -3.6884E-09    .0009331   -.0666615
 387.600  5.84E-08      1.7632    .4078839 -3.6005E-09    .0025984   -.0515957
 392.160  4.26E-08      3.0867    .2044369 -3.2233E-09    .0045488   -.0376354
 396.720  2.90E-08      3.6277    .0602360 -2.7011E-09    .0053459   -.0256106
 401.280  1.79E-08      3.6361   -.0343174 -2.1361E-09    .0053583   -.0158603
 405.840  9.49E-09      3.3147   -.0896076 -1.5955E-09    .0048847   -.0083898
 410.400  3.39E-09      2.8189   -.1155711 -1.1185E-09    .0041540   -.0029977
 414.960 -7.09E-10      2.2607   -.1209762 -7.2341E-10    .0033315    .0006270
 419.520 -3.21E-09      1.7156   -.1130847 -4.1415E-10    .0025281    .0028342
 424.080 -4.49E-09      1.2294   -.0975807 -1.8511E-10    .0018116    .0039658
 428.640 -4.89E-09    .8256174   -.0786744 -2.5281E-11    .0012167    .0043265
 433.200 -4.72E-09    .5118441   -.0593033  7.8741E-11    .0007543    .0041696
 437.760 -4.18E-09    .2847711   -.0413796  1.4070E-10    .0004197    .0036917
 442.320 -3.43E-09    .1344623   -.0260420  1.7331E-10    .0001982    .0030353
 446.880 -2.60E-09    .0472683   -.0138898  1.8744E-10  6.9657E-05    .0022946
 451.440 -1.72E-09    .0077871   -.0051829  1.9172E-10  1.1475E-05    .0015242
 456.000 -8.47E-10      0.0000      0.0000  1.9233E-10      0.0000    .0007490

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  2:

Pile-head deflection             =      .25000000 in
Computed slope at pile head      =     -.00313289
Maximum bending moment           =   845809.04406 lbs-in
Maximum shear force              =    21875.06724 lbs
Depth of maximum bending moment  =    77.52000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             46
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   =         .500000 in
Specified moment at pile head       =            .000 in-lbs
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Specified axial load at pile head   =            .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  30212.7336   -.0055531      0.0000   -319.9794
   4.560   .474678     134443.  28741.1630   -.0055426    198.1233   -325.4463
   9.120   .449451     262119.  27245.6041   -.0055118    386.2740   -330.5006
  13.680   .424410     382923.  25727.9655   -.0054616    564.2973   -335.1303
  18.240   .399641     496758.  24190.2116   -.0053932    732.0513   -339.3231
  22.800   .375224     603538.  22634.3629   -.0053076    889.4076   -343.0666
  27.360   .351235     703184.  21062.4974   -.0052060   1036.2515   -346.3481
  31.920   .327745     795628.  19476.7509   -.0050894   1172.4823   -349.1547
  36.480   .304820     880812.  17879.3188   -.0049590   1298.0141   -351.4733
  41.040   .282519     958687.  16272.4577   -.0048160   1412.7758   -353.2903
  45.600   .260898    1029217.  14658.4870   -.0046614   1516.7118   -354.5916
  50.160   .240007    1092373.  13039.7913   -.0044964   1609.7822   -355.3627
  54.720   .219891    1148140.  11418.8233   -.0043221   1691.9633   -355.5882
  59.280   .200590    1196512.   9798.1070   -.0041397   1763.2483   -355.2522
  63.840   .182137    1237498.   8180.2420   -.0039504   1823.6474   -354.3377
  68.400   .164562    1271116.   6567.9083   -.0037553   1873.1887   -352.8263
  72.960   .147889    1297398.   4963.8722   -.0035555   1911.9184   -350.6983
  77.520   .132135    1316387.   3370.9944   -.0033523   1939.9019   -347.9323
  82.080   .117316    1328141.   1792.2386   -.0031466   1957.2238   -344.5044
  86.640   .103439    1332732.    230.6839   -.0029396   1963.9891   -340.3880
  91.200   .090507    1330245.  -1310.4602   -.0027325   1960.3241   -335.5524
  95.760   .078518    1320781.  -2827.8339   -.0025263   1946.3769   -329.9624
 100.320   .067467    1304455.  -4317.9012   -.0023221   1922.3187   -323.5759
 104.880   .057340    1281401.  -5776.9144   -.0021210   1888.3454   -316.3422
 109.440   .048123    1251770.  -7200.8650   -.0019240   1844.6784   -308.1976
 114.000   .039793    1215729.  -8585.4134   -.0017321   1791.5675   -299.0605
 118.560   .032326    1173471.  -9925.7862   -.0015463   1729.2926   -288.8223
 123.120   .025692    1125206. -11216.6173   -.0013675   1658.1675   -277.3317
 127.680   .019855    1071175. -12451.6918   -.0011967   1578.5441   -264.3676
 132.240   .014778    1011647. -13623.5032   -.0010347   1490.8199   -249.5847
 136.800   .010419     946929. -14722.4174   -.0008823   1395.4477   -232.3952
 141.360   .006731     877378. -15733.3219   -.0007404   1292.9543   -210.9840
 145.920   .003666     803441. -16633.2854   -.0006097   1183.9958   -183.7368
 150.480   .001171     725683. -17371.3847   -.0004908   1069.4072   -139.9909
 155.040  -.000810     645014. -17395.5809   -.0003842    950.5288    129.3785
 159.600  -.002333     567035. -16711.2346   -.0002899    835.6149    170.7734
 164.160  -.003454     492607. -15886.7922   -.0002075    725.9340    190.8241
 168.720  -.004225     422148. -14988.2662   -.0001363    622.1005    203.2662
 173.280  -.004697     355914. -14042.9033 -7.5829E-05    524.4955    211.3667
 177.840  -.004917     294076. -13067.4316 -2.5275E-05    433.3674    216.4718
 182.400  -.004928     236739. -12073.9372  1.6010E-05    348.8725    219.2713
 186.960  -.004771     183962. -11075.9288  4.8730E-05    271.0967    218.4517
 191.520  -.004483     135727. -10087.4672  7.3594E-05    200.0148    215.0841
 196.080  -.004100  91964.2301  -9117.5314  9.1303E-05    135.5237    210.3264
 200.640  -.003651  52575.0080  -8172.1485    .0001025     77.4775    204.3153
 205.200  -.003164  17434.2355  -7256.8238    .0001080     25.6921    197.1430
 209.760  -.002666 -13607.2250  -6376.7123    .0001083     20.0524    188.8708
 214.320  -.002177 -40721.3809  -5206.9897    .0001041     60.0093    324.1654
 218.880  -.001717 -61094.9707  -3759.6337  9.6143E-05     90.0330    310.6398
 223.440  -.001300 -75009.2404  -2379.7167  8.5558E-05    110.5379    294.5869
 228.000  -.000936 -82797.9872  -1079.1850  7.3284E-05    122.0158    275.8217
 232.560  -.000632 -84851.4078    128.7498  6.0245E-05    125.0418    253.9743
 237.120  -.000387 -81623.7893   1280.6637  4.7297E-05    120.2854    251.2511
 241.680  -.000200 -73171.7552   2154.6217  3.5258E-05    107.8300    132.0638
 246.240 -6.55E-05 -61973.6393   2555.7012  2.4747E-05     91.3279     43.8483
 250.800  2.53E-05 -49863.7604   2616.4117  1.6048E-05     73.4821    -17.2208
 255.360  8.08E-05 -38111.9644   2450.0706  9.2058E-06     56.1639    -55.7358
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 259.920   .000109 -27519.1170   2148.6677  4.1013E-06     40.5537    -76.4584
 264.480   .000118 -18516.1152   1783.0432  5.2081E-07     27.2864    -83.9032
 269.040   .000114 -11257.7632   1404.6100 -1.7949E-06     16.5901    -82.0763
 273.600   .000102  -5706.0722   1047.9856 -3.1143E-06      8.4088    -74.3379
 278.160  8.57E-05  -1700.1346    734.0334 -3.6903E-06      2.5054    -63.3604
 282.720  6.82E-05    988.3125    472.9448 -3.7457E-06      1.4564    -51.1522
 287.280  5.15E-05   2613.1222    267.1106 -3.4656E-06      3.8508    -39.1260
 291.840  3.66E-05   3424.3613    113.6289 -2.9960E-06      5.0463    -28.1905
 296.400  2.42E-05   3649.4182      6.3756 -2.4458E-06      5.3780    -18.8504
 300.960  1.43E-05   3482.5066    -62.3792 -1.8911E-06      5.1320    -11.3052
 305.520  6.92E-06   3080.5197   -100.7819 -1.3807E-06      4.5396     -5.5381
 310.080  1.72E-06   2563.3761   -116.5839 -9.4171E-07      3.7775     -1.3926
 314.640 -1.67E-06   2017.2745   -116.6443 -5.8544E-07      2.9728      1.3662
 319.200 -3.62E-06   1499.5803   -106.6779 -3.1192E-07      2.2099      3.0051
 323.760 -4.51E-06   1044.3722    -91.1862 -1.1406E-07      1.5390      3.7895
 328.320 -4.66E-06    667.9623    -73.5125  1.9122E-08    .9843471      3.9621
 332.880 -4.34E-06    373.9380    -55.9746  1.0016E-07    .5510561      3.7300
 337.440 -3.75E-06    157.4739    -40.0360  1.4149E-07    .2320624      3.2606
 342.000 -3.05E-06      8.8098    -26.4889  1.5442E-07    .0129826      2.6811
 346.560 -2.34E-06    -84.1048    -15.6630  1.4857E-07    .1239415      2.0671
 351.120 -1.69E-06   -134.0366     -7.5422  1.3160E-07    .1975239      1.4946
 355.680 -1.14E-06   -152.8895     -1.8402  1.0928E-07    .2253065      1.0062
 360.240 -6.94E-07   -150.8197      1.8530  8.5662E-08    .2222564    .6136364
 364.800 -3.57E-07   -135.9901      3.9717  6.3355E-08    .2004028    .3156308
 369.360 -1.16E-07   -114.5975      4.9260  4.3865E-08    .1688774    .1028919
 373.920  4.30E-08    -91.0654      5.0739  2.7869E-08    .1341992   -.0379936
 378.480  1.38E-07    -68.3234      4.7096  1.5473E-08    .1006852   -.1217806
 383.040  1.84E-07    -48.1135      4.0610  6.4165E-09    .0709028   -.1627283
 387.600  1.96E-07    -31.2874      3.2943  2.4102E-10    .0461069   -.1735085
 392.160  1.86E-07    -18.0692      2.5233 -3.5978E-09    .0266278   -.1646714
 396.720  1.63E-07     -8.2750      1.8184 -5.6467E-09    .0121946   -.1445047
 401.280  1.35E-07     -1.4857      1.2172 -6.4059E-09    .0021894   -.1191495
 405.840  1.05E-07      2.8261    .7338465 -6.3016E-09    .0041648   -.0928628
 410.400  7.73E-08      5.2070    .3662856 -5.6768E-09    .0076733   -.0683481
 414.960  5.33E-08      6.1667    .1030680 -4.7922E-09    .0090875   -.0470982
 419.520  3.36E-08      6.1470   -.0720660 -3.8345E-09    .0090585   -.0297149
 424.080  1.83E-08      5.5094   -.1767194 -2.9279E-09    .0081190   -.0161858
 428.640  6.91E-09      4.5353   -.2275561 -2.1467E-09    .0066835   -.0061110
 433.200 -1.27E-09      3.4341   -.2389357 -1.5268E-09    .0050607    .0011200
 437.760 -7.01E-09      2.3562   -.2222511 -1.0765E-09    .0034722    .0061978
 442.320 -1.11E-08      1.4072   -.1857799 -7.8379E-10    .0020737    .0097983
 446.880 -1.42E-08    .6618921   -.1349022 -6.2287E-10    .0009754    .0125165
 451.440 -1.68E-08    .1768693   -.0725759 -5.5763E-10    .0002606    .0148196
 456.000 -1.92E-08      0.0000      0.0000 -5.4387E-10      0.0000    .0170119

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  3:

Pile-head deflection             =      .50000000 in
Computed slope at pile head      =     -.00555310
Maximum bending moment           =       1332732. lbs-in
Maximum shear force              =    30212.73355 lbs
Depth of maximum bending moment  =    86.64000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             66
Number of zero deflection points =              5
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------------------------------------------------------------------------------
             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   =         .750000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =            .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   .750000      0.0000  36534.8589   -.0077649      0.0000   -354.1155
   4.560   .714592     162917.  34905.5569   -.0077523    240.0841   -360.4907
   9.120   .679299     318339.  33248.1279   -.0077148    469.1219   -366.4519
  13.680   .644232     466140.  31564.4869   -.0076538    686.9306   -371.9871
  18.240   .609496     606207.  29856.6035   -.0075704    893.3406   -377.0845
  22.800   .575190     738432.  28126.5017   -.0074658   1088.1958   -381.7320
  27.360   .541408     862720.  26376.2609   -.0073413   1271.3537   -385.9174
  31.920   .508237     978984.  24608.0168   -.0071981   1442.6861   -389.6283
  36.480   .475761    1087146.  22823.9620   -.0070374   1602.0792   -392.8519
  41.040   .444056    1187138.  21026.3476   -.0068605   1749.4344   -395.5755
  45.600   .413194    1278906.  19217.4842   -.0066687   1884.6681   -397.7857
  50.160   .383238    1362402.  17399.7442   -.0064633   2007.7125   -399.4687
  54.720   .354249    1437592.  15575.5633   -.0062455   2118.5162   -400.6106
  59.280   .326279    1504451.  13747.4437   -.0060167   2217.0442   -401.1963
  63.840   .299377    1562968.  11917.9562   -.0057781   2303.2784   -401.2105
  68.400   .273583    1613143.  10089.7445   -.0055311   2377.2185   -400.6368
  72.960   .248933    1654987.   8265.5291   -.0052769   2438.8820   -399.4577
  77.520   .225458    1688524.   6448.1124   -.0050168   2488.3051   -397.6549
  82.080   .203180    1713794.   4640.3851   -.0047522   2525.5430   -395.2080
  86.640   .182118    1730845.   2845.3341   -.0044843   2550.6707   -392.0951
  91.200   .162283    1739743.   1066.0514   -.0042144   2563.7836   -388.2920
  95.760   .143682    1740567.   -694.2535   -.0039437   2564.9982   -383.7715
 100.320   .126316    1733411.  -2432.2388   -.0036735   2554.4530   -378.5027
 104.880   .110180    1718385.  -4144.4106   -.0034050   2532.3095   -372.4499
 109.440   .095263    1695614.  -5827.0983   -.0031395   2498.7532   -365.5710
 114.000   .081548    1665242.  -7476.4198   -.0028781   2453.9948   -357.8156
 118.560   .069014    1627429.  -9088.2359   -.0026220   2398.2720   -349.1213
 123.120   .057635    1582357. -10658.0855   -.0023724   2331.8512   -339.4092
 127.680   .047378    1530228. -12181.0920   -.0021303   2255.0300   -328.5761
 132.240   .038207    1471266. -13651.8240   -.0018968   2168.1404   -316.4818
 136.800   .030079    1405723. -15064.0768   -.0016731   2071.5529   -302.9273
 141.360   .022948    1333881. -16408.4055   -.0014600   1965.6830   -286.6905
 145.920   .016764    1256078. -17674.6577   -.0012586   1851.0281   -268.6833
 150.480   .011470    1172688. -18851.9552   -.0010697   1728.1400   -247.6753
 155.040   .007008    1084149. -19922.5899   -.0008941   1597.6626   -221.9013
 159.600   .003316     990994. -20853.6556   -.0007327   1460.3855   -186.4608
 164.160   .000326     893963. -21512.1073   -.0005861   1317.3947   -102.3338
 168.720  -.002030     794804. -21359.5953   -.0004548   1171.2682    169.2250
 173.280  -.003822     699164. -20516.0687   -.0003386   1030.3271    200.7428
 177.840  -.005118     607697. -19559.8529   -.0002369    895.5374    218.6501
 182.400  -.005983     520778. -18536.5498   -.0001492    767.4476    230.1670
 186.960  -.006478     438644. -17474.1105 -7.4560E-05    646.4108    235.8152
 191.520  -.006663     361414. -16395.0069 -1.2335E-05    532.6000    237.4759
 196.080  -.006591     289122. -15313.5842  3.8261E-05    426.0661    236.8323
 200.640  -.006314     221754. -14239.3945  7.7996E-05    326.7893    234.3036
 205.200  -.005879     159258. -13180.4040    .0001076    234.6922    230.1660
 209.760  -.005332     101549. -12143.5100    .0001279    149.6480    224.6121
 214.320  -.004713  48509.5985 -10734.8633    .0001396     71.4865    393.2154
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 218.880  -.004059   3646.8037  -8960.0734    .0001436      5.3741    385.2012
 223.440  -.003403 -33206.2705  -7227.4939    .0001413     48.9346    374.7020
 228.000  -.002770 -62267.9404  -5548.4433    .0001339     91.7616    361.7237
 232.560  -.002182 -83808.0732  -3934.3253    .0001226    123.5043    346.2228
 237.120  -.001652 -98148.9868  -2396.8871    .0001084    144.6379    328.0922
 241.680  -.001193    -105668.   -948.5980  9.2551E-05    155.7179    307.1224
 246.240  -.000808    -106800.    396.6775  7.6026E-05    157.3868    282.9108
 250.800  -.000500    -102050.   1622.2353  5.9783E-05    150.3866    254.6146
 255.360  -.000263 -92005.4149   2616.3863  4.4690E-05    135.5844    181.4166
 259.920 -9.20E-05 -78188.5416   3176.7206  3.1453E-05    115.2231     64.3441
 264.480  2.37E-05 -63033.7232   3285.0711  2.0469E-05     92.8901    -16.8219
 269.040  9.47E-05 -48228.6934   3091.3546  1.1816E-05     71.0725    -68.1415
 273.600   .000131 -34840.5697   2717.2785  5.3547E-06     51.3430    -95.9270
 278.160   .000144 -23447.1136   2256.4955  8.2132E-07     34.5530   -106.1708
 282.720   .000139 -14261.3308   1776.8803 -2.1115E-06     21.0163   -104.1867
 287.280   .000124  -7241.9651   1324.0477 -3.7839E-06     10.6722    -94.4241
 291.840   .000104  -2186.0157    925.4234 -4.5172E-06      3.2214    -80.4112
 296.400  8.31E-05   1197.8962    594.3639 -4.5941E-06      1.7653    -64.7904
 300.960  6.25E-05   3234.5834    333.9843 -4.2493E-06      4.7667    -49.4112
 305.520  4.43E-05   4243.8331    140.4887 -3.6677E-06      6.2540    -35.4553
 310.080  2.91E-05   4515.8399      5.9073 -2.9864E-06      6.6548    -23.5716
 314.640  1.71E-05   4297.7079    -79.7770 -2.3009E-06      6.3333    -14.0092
 319.200  8.11E-06   3788.2732   -127.0767 -1.6720E-06      5.5826     -6.7362
 323.760  1.83E-06   3138.7682   -145.9483 -1.1333E-06      4.6255     -1.5408
 328.320 -2.22E-06   2457.2244   -145.1572 -6.9802E-07      3.6211      1.8878
 332.880 -4.53E-06   1814.9350   -131.9645 -3.6574E-07      2.6746      3.8984
 337.440 -5.56E-06   1253.7080   -112.0521 -1.2707E-07      1.8475      4.8351
 342.000 -5.69E-06    793.0198    -89.6065  3.2112E-08      1.1686      5.0095
 346.560 -5.26E-06    436.4966    -67.5774  1.2774E-07    .6432461      4.6524
 351.120 -4.53E-06    176.7137    -47.8484  1.7543E-07    .2604153      4.0007
 355.680 -3.66E-06    .1191843    -31.3439  1.8919E-07    .0001756      3.2381
 360.240 -2.80E-06   -109.1430    -18.3168  1.8071E-07    .1608393      2.4755
 364.800 -2.02E-06   -166.9303     -8.6112  1.5923E-07    .2459979      1.7813
 369.360 -1.35E-06   -187.6772     -1.8324  1.3165E-07    .2765718      1.1918
 373.920 -8.14E-07   -183.6420      2.5265  1.0277E-07    .2706253    .7199766
 378.480 -4.11E-07   -164.6359      4.9963  7.5687E-08    .2426168    .3632807
 383.040 -1.24E-07   -138.0759      6.0749  5.2143E-08    .2034765    .1098124
 387.600  6.46E-08   -109.2325      6.1952  3.2909E-08    .1609712   -.0570813
 392.160  1.76E-07    -81.5760      5.7105  1.8068E-08    .1202150   -.1554856
 396.720  2.29E-07    -57.1526      4.8938  7.2784E-09    .0842233   -.2027412
 401.280  2.42E-07    -36.9449      3.9432 -4.0141E-11    .0544441   -.2141617
 405.840  2.29E-07    -21.1905      2.9934 -4.5617E-09    .0312275   -.2024175
 410.400  2.01E-07     -9.6450      2.1275 -6.9600E-09    .0142134   -.1773868
 414.960  1.66E-07     -1.7880      1.3894 -7.8492E-09    .0026349   -.1463087
 419.520  1.29E-07      3.0267    .7956842 -7.7528E-09    .0044603   -.1141094
 424.080  9.48E-08      5.4687    .3444326 -7.0921E-09    .0080589   -.0838080
 428.640  6.44E-08      6.1679    .0235379 -6.1870E-09    .0090894   -.0569353
 433.200  3.84E-08      5.6833   -.1836353 -5.2653E-09    .0083753   -.0339301
 437.760  1.64E-08      4.4932   -.2940292 -4.4738E-09    .0066214   -.0144883
 442.320 -2.42E-09      3.0018   -.3221918 -3.8909E-09    .0044236    .0021363
 446.880 -1.91E-08      1.5548   -.2788377 -3.5365E-09    .0022912    .0168787
 451.440 -3.47E-08    .4587705   -.1704810 -3.3799E-09    .0006761    .0306462
 456.000 -4.99E-08      0.0000      0.0000 -3.3442E-09      0.0000    .0441261

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  4:

Pile-head deflection             =      .75000000 in
Computed slope at pile head      =     -.00776495
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BREA_OH_Bent2.lpo
Maximum bending moment           =       1740567. lbs-in
Maximum shear force              =    36534.85893 lbs
Depth of maximum bending moment  =    95.76000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             42
Number of zero deflection points =              5

------------------------------------------------------------------------------
             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   =        1.000000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =            .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  1.000000      0.0000  41813.0861   -.0098468      0.0000   -380.5218
   4.560   .955099     186711.  40061.7524   -.0098323    275.1486   -387.6070
   9.120   .910330     365363.  38279.0571   -.0097893    538.4198   -394.2769
  13.680   .865820     535816.  36466.9202   -.0097192    789.6094   -400.5200
  18.240   .821690     697941.  34627.3148   -.0096233   1028.5261   -406.3245
  22.800   .778056     851618.  32762.2674   -.0095028   1254.9918   -411.6787
  27.360   .735025     996733.  30873.8584   -.0093590   1468.8427   -416.5708
  31.920   .692702    1133187.  28964.2229   -.0091933   1669.9287   -420.9886
  36.480   .651182    1260887.  27035.5511   -.0090071   1858.1145   -424.9200
  41.040   .610557    1379751.  25090.0898   -.0088018   2033.2797   -428.3525
  45.600   .570910    1489709.  23130.1428   -.0085786   2195.3190   -431.2734
  50.160   .532320    1590698.  21158.0731   -.0083390   2344.1430   -433.6695
  54.720   .494858    1682670.  19176.3040   -.0080844   2479.6782   -435.5275
  59.280   .458590    1765586.  17187.3213   -.0078162   2601.8676   -436.8334
  63.840   .423575    1839419.  15193.6754   -.0075358   2710.6714   -437.5727
  68.400   .389864    1904153.  13197.9844   -.0072447   2806.0668   -437.7304
  72.960   .357503    1959784.  11202.9368   -.0069441   2888.0490   -437.2905
  77.520   .326533    2006323.   9211.2959   -.0066357   2956.6315   -436.2362
  82.080   .296986    2043791.   7225.9039   -.0063207   3011.8465   -434.5497
  86.640   .268888    2072224.   5249.6879   -.0060005   3053.7458   -432.2117
  91.200   .242261    2091668.   3285.6662   -.0056767   3082.4010   -429.2013
  95.760   .217117    2102189.   1336.9567   -.0053505   3097.9043   -425.4958
 100.320   .193464    2103862.   -593.2129   -.0050234   3100.3693   -421.0698
 104.880   .171304    2096779.  -2501.4929   -.0046967   3089.9317   -415.8951
 109.440   .150631    2081048.  -4384.3951   -.0043717   3066.7499   -409.9392
 114.000   .131434    2056793.  -6238.2725   -.0040499   3031.0065   -403.1649
 118.560   .113695    2024155.  -8059.2927   -.0037325   2982.9091   -395.5282
 123.120   .097393    1983292.  -9843.4021   -.0034208   2922.6916   -386.9760
 127.680   .082498    1934383. -11586.2776   -.0031161   2850.6162   -377.4431
 132.240   .068974    1877625. -13283.2591   -.0028196   2766.9750   -366.8470
 136.800   .056782    1813240. -14929.2522   -.0025326   2672.0926   -355.0798
 141.360   .045877    1741471. -16516.0812   -.0022561   2566.3296   -340.8978
 145.920   .036207    1662613. -18035.9707   -.0019913   2450.1206   -325.7204
 150.480   .027716    1576983. -19482.6685   -.0017394   2323.9307   -308.7962
 155.040   .020344    1484931. -20847.1071   -.0015012   2188.2785   -289.6418
 159.600   .014025    1386857. -22117.1689   -.0012779   2043.7509   -267.4028
 164.160   .008689    1283223. -23274.7968   -.0010702   1891.0293   -240.3287
 168.720   .004264    1174591. -24287.2618   -.0008790   1730.9435   -203.7349
 173.280   .000673    1061723. -25048.2150   -.0007051   1564.6146   -130.0165
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BREA_OH_Bent2.lpo
 177.840  -.002166     946151. -24942.5444   -.0005490   1394.3018    176.3633
 182.400  -.004334     834247. -24056.2929   -.0004105   1229.3931    212.3435
 186.960  -.005910     726758. -23046.6946   -.0002891   1070.9913    230.4628
 191.520  -.006970     624061. -21973.6517   -.0001840    919.6514    240.1701
 196.080  -.007588     526358. -20866.7270 -9.4533E-05    775.6709    245.3232
 200.640  -.007832     433756. -19743.6028 -1.9859E-05    639.2078    247.2751
 205.200  -.007769     346296. -18617.1704  4.0810E-05    510.3219    246.7742
 209.760  -.007460     263968. -17497.5585  8.8275E-05    388.9978    244.2837
 214.320  -.006964     186719. -15952.1314    .0001233    275.1591    433.5352
 218.880  -.006335     118484. -13982.0189    .0001471    174.6051    430.5492
 223.440  -.005623  59202.6075 -12031.7589    .0001609     87.2443    424.8280
 228.000  -.004868   8754.6385 -10113.5776    .0001662     12.9013    416.4796
 232.560  -.004107 -33033.2204  -8239.3285    .0001643     48.6796    405.5595
 237.120  -.003370 -66388.0372  -6420.7182    .0001565     97.8332    392.0766
 241.680  -.002680 -91590.1706  -4669.5244    .0001443    134.9725    375.9909
 246.240  -.002054    -108974.  -2997.8466    .0001287    160.5904    357.2011
 250.800  -.001506    -118931.  -1418.4592    .0001109    175.2628    335.5127
 255.360  -.001043    -121910.     54.5928  9.2206E-05    179.6541    310.5628
 259.920  -.000665    -118433.   1404.7924  7.3513E-05    174.5290    281.6300
 264.480  -.000372    -109099.   2648.8743  5.5816E-05    160.7741    264.0199
 269.040  -.000156 -94274.9121   3507.2248  3.9999E-05    138.9288    112.4496
 273.600 -7.31E-06 -77112.8513   3775.7634  2.6669E-05    113.6379      5.3305
 278.160  8.70E-05 -59839.9497   3641.2603  1.6017E-05     88.1835    -64.3231
 282.720   .000139 -43904.5574   3257.3766  7.9481E-06     64.7002   -104.0469
 287.280   .000159 -30132.6747   2743.9301  2.1898E-06     44.4052   -121.1489
 291.840   .000159 -18879.9148   2189.0697 -1.6223E-06     27.8225   -122.2109
 296.400   .000145 -10168.3587   1653.2139 -3.8815E-06     14.9847   -112.8136
 300.960   .000123  -3802.6040   1173.8466 -4.9681E-06      5.6037    -97.4352
 305.520  9.93E-05    537.1223    770.5010 -5.2221E-06    .7915338    -79.4708
 310.080  7.57E-05   3224.3652    449.4689 -4.9296E-06      4.7516    -61.3328
 314.640  5.44E-05   4636.2789    207.9513 -4.3182E-06      6.8323    -44.5960
 319.200  3.63E-05   5120.8807     37.5055 -3.5593E-06      7.5464    -30.1609
 323.760  2.19E-05   4978.3291    -73.2481 -2.7738E-06      7.3363    -18.4152
 328.320  1.10E-05   4452.8583   -136.6270 -2.0403E-06      6.5620     -9.3825
 332.880  3.31E-06   3732.2906   -164.5138 -1.4037E-06      5.5001     -2.8485
 337.440 -1.77E-06   2952.4924   -167.5049 -8.8377E-07      4.3510      1.5366
 342.000 -4.75E-06   2204.6462   -154.4708 -4.8267E-07      3.2489      4.1801
 346.560 -6.17E-06   1543.7184   -132.5098 -1.9114E-07      2.2749      5.4520
 351.120 -6.49E-06    996.1569   -106.9956  6.4049E-09      1.4680      5.7385
 355.680 -6.11E-06    567.9185    -81.5991  1.2805E-07    .8369168      5.4003
 360.240 -5.32E-06    251.9727    -58.5564  1.9182E-07    .3713211      4.7061
 364.800 -4.36E-06     33.8844    -39.0394  2.1405E-07    .0499340      3.8539
 369.360 -3.37E-06   -104.0664    -23.4568  2.0860E-07    .1533582      2.9805
 373.920 -2.46E-06   -180.0417    -11.7084  1.8650E-07    .2653197      2.1723
 378.480 -1.67E-06   -210.8467     -3.3879  1.5610E-07    .3107156      1.4770
 383.040 -1.03E-06   -210.9391      2.0635  1.2329E-07    .3108518    .9139221
 387.600 -5.47E-07   -192.0277      5.2487  9.1950E-08    .2829829    .4830841
 392.160 -1.95E-07   -163.0713      6.7437  6.4332E-08    .2403111    .1726487
 396.720  4.02E-08   -130.5249      7.0563  4.1497E-08    .1923489   -.0355399
 401.280  1.83E-07    -98.7176      6.6062  2.3668E-08    .1454758   -.1618886
 405.840  2.56E-07    -70.2764      5.7210  1.0524E-08    .1035633   -.2263407
 410.400  2.79E-07    -46.5417      4.6424  1.4383E-09    .0685865   -.2467290
 414.960  2.69E-07    -27.9374      3.5374 -4.3545E-09    .0411701   -.2379354
 419.520  2.39E-07    -14.2806      2.5124 -7.6380E-09    .0210447   -.2116249
 424.080  2.00E-07     -5.0243      1.6278 -9.1395E-09    .0074040   -.1763604
 428.640  1.56E-07    .5649077    .9111802 -9.4863E-09    .0008325   -.1379456
 433.200  1.13E-07      3.2857    .3689266 -9.1868E-09    .0048420   -.0998850
 437.760  7.23E-08      3.9295   -.0044679 -8.6256E-09    .0057908   -.0638845
 442.320  3.43E-08      3.2449   -.2193178 -8.0676E-09    .0047819   -.0303479
 446.880 -1.31E-09      1.9293   -.2858796 -7.6652E-09    .0028432    .0011541
 451.440 -3.56E-08    .6377278   -.2115504 -7.4656E-09    .0009398    .0314464
 456.000 -6.94E-08      0.0000      0.0000 -7.4160E-09      0.0000    .0613389
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Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  5:

Pile-head deflection             =     1.00000000 in
Computed slope at pile head      =     -.00984678
Maximum bending moment           =       2103862. lbs-in
Maximum shear force              =    41813.08614 lbs
Depth of maximum bending moment  =      100.32000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             69
Number of zero deflection points =              5

------------------------------------------------------------------------------
                        Summary of Pile-Head Response(s)
------------------------------------------------------------------------------

Definition of Symbols for Pile-Head Loading Conditions:

Type 1 = Shear and Moment,          y = pile-head displacment in
Type 2 = Shear and Slope,           M = Pile-head Moment lbs-in
Type 3 = Shear and Rot. Stiffness,  V = Pile-head Shear Force lbs
Type 4 = Deflection and Moment,     S = Pile-head Slope, radians
Type 5 = Deflection and Slope,      R = Rot. Stiffness of Pile-head in-lbs/rad

Load   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      0.0000    .1000000     465489.  14325.1096
  4  y=   .250000 M=     0.000      0.0000    .2500000     845809.  21875.0672
  4  y=   .500000 M=     0.000      0.0000    .5000000    1332732.  30212.7336
  4  y=   .750000 M=     0.000      0.0000    .7500000    1740567.  36534.8589
  4  y=  1.000000 M=     0.000      0.0000   1.0000000    2103862.  41813.0861

The analysis ended normally. 
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Job Name : SR-57 Northbound Widening Project

Job No. : 370900.03.GE.FR

Location : Brea OH - Northern Segement - Abutment 1 and 4

Description : Bearing Capacity Calculation

By : HMN

Date : 4/22/2006

FOS for Allowable Stress 3.00

Stability

No. Description Unit Weight Cohesion Friction Angle Length Width Embedment Shear Normal Bench Height Inclination Number Length Width Ultimate Allowable

(pcf) (psf) (degree) L, (ft) B, (ft)  Df, (ft) H V eL eB b, (ft) (ft) (H:1) (Ns) L', (ft) B', (ft) ic iγ Ncq N γ q (psf) (psf)

1 Abutment 1 130 3000.0 0.0 34.4 7.50 3.50 0.0 1.0 0.00 0.00 0.0 45 1.5 1.95 34.40 7.50 1.00 0.00 2.96 0 8895 2965

Notes:

1.  Normalized forces with respect to the vertical load on the footing

1.  Ultimate Bearing Capacity is Calculated as:  qult = c Ncqscbcic + 0.5*γ*B*Nγqsγbγiγ

2.  Shape factors (s) and base inclination factors (b) are equal 1.0

3.  No groundwater correction is applied - groundwater is deeper than 30 feet

Eccentricity 

Effective Footing

Load Inclination Factors Bearing Capacity Factors

BEARING CAPACITY CALCULATION OF CONTINUOUS FOOTING ADJACENT TO SLOPING GROUND

Bearing Capacity ---------------------------------------   Foundation Soil  --------------------------------------- Slope Geometry

By: HMN - Version 1.0

Footing Forces
1
 (lbs)



Job Name: SR-57 Northbound Widening Project - Northern Segment

Job No. 370900.03.GE.FR

Location: Orange County, California

Subject: Brea OH (Widen) - Northern Segment - Abutment 1 and 4 Loads for Settlement of 1-inch

Date: 3/16/2009 Surface

Soil Profile Data Unit Compression Recompression Soil Preconsolidation

Layer Layer Weight Ratio Ratio Type Pressure

No. Top Bottom Thickness γt CCR CRR (N/O) Pc

(ft) (ft) (ft) (pcf) (psf)

Depth to Ground Water 48.1 ft 1 0 50 50 130 0.011 0.001 N 0.00

Unit Weight of Water 62.4 pcf

Depth Interval 0.5 ft

Footing Length 34.4 ft

Footing Width 7.5 ft

Footing Depth of Embedment 3.5 ft

Calculation Point offset Along Length 17.2 ft

Calculation Point offset Along Width 3.75 ft

Ground Surface Elevation 409.1 ft Loading

Embankment Stress Included (Y/N) N Case Length Pressure

Fill Height 20 ft No. (ft) (psf) Boussinesq

Embankment Width at the top 245 ft 1 7.5 3250

Fill Unit Weight 130 pcf 2 0 0

Stress distribution (1/2) 1 3 0 0

4 0 0

5 0 0

Top Bottom Middle Total Total Pore Effective 
1

Compression Recompression Stress 
2

Soil Preconsolidation Consolidation

of of Height of Elevation Unit Overburden Water Overburden Ratio Ratio Increase Type Pressure OCR Settlement

Layer Layer Layer Weight Pressure Pressure Pressure CCR CRR ∆p (N/O) Pc

(ft) (ft) (ft) (ft) (pcf) (psf) (psf) (psf) (psf) (psf) (inch)

0 0.5 0.25 408.85 130.00 32.50 0.00 32.50 0.011 0.001 0.00 N 32.50 1.0 0.00

0.5 1 0.75 408.35 130.00 97.50 0.00 97.50 0.011 0.001 0.00 N 97.50 1.0 0.00

1 1.5 1.25 407.85 130.00 162.50 0.00 162.50 0.011 0.001 0.00 N 162.50 1.0 0.00

1.5 2 1.75 407.35 130.00 227.50 0.00 227.50 0.011 0.001 0.00 N 227.50 1.0 0.00

2 2.5 2.25 406.85 130.00 292.50 0.00 292.50 0.011 0.001 0.00 N 292.50 1.0 0.00

2.5 3 2.75 406.35 130.00 357.50 0.00 357.50 0.011 0.001 0.00 N 357.50 1.0 0.00

3 3.5 3.25 405.85 130.00 422.50 0.00 422.50 0.011 0.001 0.00 N 422.50 1.0 0.00

3.5 4 3.75 405.35 130.00 487.50 0.00 487.50 0.011 0.001 3249.59 N 487.50 1.0 0.06

4 4.5 4.25 404.85 130.00 552.50 0.00 552.50 0.011 0.001 3239.45 N 552.50 1.0 0.06

4.5 5 4.75 404.35 130.00 617.50 0.00 617.50 0.011 0.001 3204.87 N 617.50 1.0 0.05

5 5.5 5.25 403.85 130.00 682.50 0.00 682.50 0.011 0.001 3139.14 N 682.50 1.0 0.05

5.5 6 5.75 403.35 130.00 747.50 0.00 747.50 0.011 0.001 3043.95 N 747.50 1.0 0.05

6 6.5 6.25 402.85 130.00 812.50 0.00 812.50 0.011 0.001 2926.21 N 812.50 1.0 0.04

6.5 7 6.75 402.35 130.00 877.50 0.00 877.50 0.011 0.001 2794.44 N 877.50 1.0 0.04

7 7.5 7.25 401.85 130.00 942.50 0.00 942.50 0.011 0.001 2656.34 N 942.50 1.0 0.04

7.5 8 7.75 401.35 130.00 1007.50 0.00 1007.50 0.011 0.001 2517.80 N 1007.50 1.0 0.04

8 8.5 8.25 400.85 130.00 1072.50 0.00 1072.50 0.011 0.001 2382.81 N 1072.50 1.0 0.03

8.5 9 8.75 400.35 130.00 1137.50 0.00 1137.50 0.011 0.001 2253.80 N 1137.50 1.0 0.03

9 9.5 9.25 399.85 130.00 1202.50 0.00 1202.50 0.011 0.001 2132.04 N 1202.50 1.0 0.03

9.5 10 9.75 399.35 130.00 1267.50 0.00 1267.50 0.011 0.001 2018.04 N 1267.50 1.0 0.03

10 10.5 10.25 398.85 130.00 1332.50 0.00 1332.50 0.011 0.001 1911.81 N 1332.50 1.0 0.03

10.5 11 10.75 398.35 130.00 1397.50 0.00 1397.50 0.011 0.001 1813.08 N 1397.50 1.0 0.02

11 11.5 11.25 397.85 130.00 1462.50 0.00 1462.50 0.011 0.001 1721.40 N 1462.50 1.0 0.02

11.5 12 11.75 397.35 130.00 1527.50 0.00 1527.50 0.011 0.001 1636.28 N 1527.50 1.0 0.02

12 12.5 12.25 396.85 130.00 1592.50 0.00 1592.50 0.011 0.001 1557.18 N 1592.50 1.0 0.02

12.5 13 12.75 396.35 130.00 1657.50 0.00 1657.50 0.011 0.001 1483.60 N 1657.50 1.0 0.02

13 13.5 13.25 395.85 130.00 1722.50 0.00 1722.50 0.011 0.001 1415.05 N 1722.50 1.0 0.02

13.5 14 13.75 395.35 130.00 1787.50 0.00 1787.50 0.011 0.001 1351.08 N 1787.50 1.0 0.02

14 14.5 14.25 394.85 130.00 1852.50 0.00 1852.50 0.011 0.001 1291.29 N 1852.50 1.0 0.02

14.5 15 14.75 394.35 130.00 1917.50 0.00 1917.50 0.011 0.001 1235.31 N 1917.50 1.0 0.01

15 15.5 15.25 393.85 130.00 1982.50 0.00 1982.50 0.011 0.001 1182.80 N 1982.50 1.0 0.01

15.5 16 15.75 393.35 130.00 2047.50 0.00 2047.50 0.011 0.001 1133.48 N 2047.50 1.0 0.01

16 16.5 16.25 392.85 130.00 2112.50 0.00 2112.50 0.011 0.001 1087.08 N 2112.50 1.0 0.01

16.5 17 16.75 392.35 130.00 2177.50 0.00 2177.50 0.011 0.001 1043.35 N 2177.50 1.0 0.01

17 17.5 17.25 391.85 130.00 2242.50 0.00 2242.50 0.011 0.001 1002.10 N 2242.50 1.0 0.01

17.5 18 17.75 391.35 130.00 2307.50 0.00 2307.50 0.011 0.001 963.12 N 2307.50 1.0 0.01

18 18.5 18.25 390.85 130.00 2372.50 0.00 2372.50 0.011 0.001 926.25 N 2372.50 1.0 0.01

18.5 19 18.75 390.35 130.00 2437.50 0.00 2437.50 0.011 0.001 891.34 N 2437.50 1.0 0.01

19 19.5 19.25 389.85 130.00 2502.50 0.00 2502.50 0.011 0.001 858.24 N 2502.50 1.0 0.01

19.5 20 19.75 389.35 130.00 2567.50 0.00 2567.50 0.011 0.001 826.83 N 2567.50 1.0 0.01

20 20.5 20.25 388.85 130.00 2632.50 0.00 2632.50 0.011 0.001 796.99 N 2632.50 1.0 0.01

Pressure 3

Pressure 4

Pressure 5

------------     Depth to     ------------

1-D CONSOLIDATION SETTLEMENT ANALYSIS

Depth (bgs)

Description

1.00Estimated Settlement (inch)
Pressure 1

Pressure 2



20.5 21 20.75 388.35 130.00 2697.50 0.00 2697.50 0.011 0.001 768.63 N 2697.50 1.0 0.01

21 21.5 21.25 387.85 130.00 2762.50 0.00 2762.50 0.011 0.001 741.65 N 2762.50 1.0 0.01

21.5 22 21.75 387.35 130.00 2827.50 0.00 2827.50 0.011 0.001 715.96 N 2827.50 1.0 0.01

22 22.5 22.25 386.85 130.00 2892.50 0.00 2892.50 0.011 0.001 691.48 N 2892.50 1.0 0.01

22.5 23 22.75 386.35 130.00 2957.50 0.00 2957.50 0.011 0.001 668.14 N 2957.50 1.0 0.01

23 23.5 23.25 385.85 130.00 3022.50 0.00 3022.50 0.011 0.001 645.87 N 3022.50 1.0 0.01

23.5 24 23.75 385.35 130.00 3087.50 0.00 3087.50 0.011 0.001 624.60 N 3087.50 1.0 0.01

24 24.5 24.25 384.85 130.00 3152.50 0.00 3152.50 0.011 0.001 604.29 N 3152.50 1.0 0.01

24.5 25 24.75 384.35 130.00 3217.50 0.00 3217.50 0.011 0.001 584.88 N 3217.50 1.0 0.00

25 25.5 25.25 383.85 130.00 3282.50 0.00 3282.50 0.011 0.001 566.32 N 3282.50 1.0 0.00

25.5 26 25.75 383.35 130.00 3347.50 0.00 3347.50 0.011 0.001 548.55 N 3347.50 1.0 0.00

26 26.5 26.25 382.85 130.00 3412.50 0.00 3412.50 0.011 0.001 531.55 N 3412.50 1.0 0.00

26.5 27 26.75 382.35 130.00 3477.50 0.00 3477.50 0.011 0.001 515.27 N 3477.50 1.0 0.00

27 27.5 27.25 381.85 130.00 3542.50 0.00 3542.50 0.011 0.001 499.66 N 3542.50 1.0 0.00

27.5 28 27.75 381.35 130.00 3607.50 0.00 3607.50 0.011 0.001 484.70 N 3607.50 1.0 0.00

28 28.5 28.25 380.85 130.00 3672.50 0.00 3672.50 0.011 0.001 470.36 N 3672.50 1.0 0.00

28.5 29 28.75 380.35 130.00 3737.50 0.00 3737.50 0.011 0.001 456.59 N 3737.50 1.0 0.00

29 29.5 29.25 379.85 130.00 3802.50 0.00 3802.50 0.011 0.001 443.38 N 3802.50 1.0 0.00

29.5 30 29.75 379.35 130.00 3867.50 0.00 3867.50 0.011 0.001 430.69 N 3867.50 1.0 0.00

30 30.5 30.25 378.85 130.00 3932.50 0.00 3932.50 0.011 0.001 418.50 N 3932.50 1.0 0.00

30.5 31 30.75 378.35 130.00 3997.50 0.00 3997.50 0.011 0.001 406.79 N 3997.50 1.0 0.00

31 31.5 31.25 377.85 130.00 4062.50 0.00 4062.50 0.011 0.001 395.53 N 4062.50 1.0 0.00

31.5 32 31.75 377.35 130.00 4127.50 0.00 4127.50 0.011 0.001 384.70 N 4127.50 1.0 0.00

32 32.5 32.25 376.85 130.00 4192.50 0.00 4192.50 0.011 0.001 374.28 N 4192.50 1.0 0.00

32.5 33 32.75 376.35 130.00 4257.50 0.00 4257.50 0.011 0.001 364.25 N 4257.50 1.0 0.00

33 33.5 33.25 375.85 130.00 4322.50 0.00 4322.50 0.011 0.001 354.59 N 4322.50 1.0 0.00

33.5 34 33.75 375.35 130.00 4387.50 0.00 4387.50 0.011 0.001 345.29 N 4387.50 1.0 0.00

34 34.5 34.25 374.85 130.00 4452.50 0.00 4452.50 0.011 0.001 336.32 N 4452.50 1.0 0.00

34.5 35 34.75 374.35 130.00 4517.50 0.00 4517.50 0.011 0.001 327.68 N 4517.50 1.0 0.00

35 35.5 35.25 373.85 130.00 4582.50 0.00 4582.50 0.011 0.001 319.35 N 4582.50 1.0 0.00

35.5 36 35.75 373.35 130.00 4647.50 0.00 4647.50 0.011 0.001 311.32 N 4647.50 1.0 0.00

36 36.5 36.25 372.85 130.00 4712.50 0.00 4712.50 0.011 0.001 303.57 N 4712.50 1.0 0.00

36.5 37 36.75 372.35 130.00 4777.50 0.00 4777.50 0.011 0.001 296.08 N 4777.50 1.0 0.00

37 37.5 37.25 371.85 130.00 4842.50 0.00 4842.50 0.011 0.001 288.86 N 4842.50 1.0 0.00

37.5 38 37.75 371.35 130.00 4907.50 0.00 4907.50 0.011 0.001 281.88 N 4907.50 1.0 0.00

38 38.5 38.25 370.85 130.00 4972.50 0.00 4972.50 0.011 0.001 275.14 N 4972.50 1.0 0.00

38.5 39 38.75 370.35 130.00 5037.50 0.00 5037.50 0.011 0.001 268.63 N 5037.50 1.0 0.00

39 39.5 39.25 369.85 130.00 5102.50 0.00 5102.50 0.011 0.001 262.34 N 5102.50 1.0 0.00

39.5 40 39.75 369.35 130.00 5167.50 0.00 5167.50 0.011 0.001 256.25 N 5167.50 1.0 0.00

40 40.5 40.25 368.85 130.00 5232.50 0.00 5232.50 0.011 0.001 250.36 N 5232.50 1.0 0.00

40.5 41 40.75 368.35 130.00 5297.50 0.00 5297.50 0.011 0.001 244.66 N 5297.50 1.0 0.00

41 41.5 41.25 367.85 130.00 5362.50 0.00 5362.50 0.011 0.001 239.15 N 5362.50 1.0 0.00

41.5 42 41.75 367.35 130.00 5427.50 0.00 5427.50 0.011 0.001 233.81 N 5427.50 1.0 0.00

42 42.5 42.25 366.85 130.00 5492.50 0.00 5492.50 0.011 0.001 228.64 N 5492.50 1.0 0.00

42.5 43 42.75 366.35 130.00 5557.50 0.00 5557.50 0.011 0.001 223.63 N 5557.50 1.0 0.00

43 43.5 43.25 365.85 130.00 5622.50 0.00 5622.50 0.011 0.001 218.78 N 5622.50 1.0 0.00

43.5 44 43.75 365.35 130.00 5687.50 0.00 5687.50 0.011 0.001 214.08 N 5687.50 1.0 0.00

44 44.5 44.25 364.85 130.00 5752.50 0.00 5752.50 0.011 0.001 209.52 N 5752.50 1.0 0.00

44.5 45 44.75 364.35 130.00 5817.50 0.00 5817.50 0.011 0.001 205.10 N 5817.50 1.0 0.00

45 45.5 45.25 363.85 130.00 5882.50 0.00 5882.50 0.011 0.001 200.81 N 5882.50 1.0 0.00

45.5 46 45.75 363.35 130.00 5947.50 0.00 5947.50 0.011 0.001 196.65 N 5947.50 1.0 0.00

46 46.5 46.25 362.85 130.00 6012.50 0.00 6012.50 0.011 0.001 192.62 N 6012.50 1.0 0.00

46.5 47 46.75 362.35 130.00 6077.50 0.00 6077.50 0.011 0.001 188.70 N 6077.50 1.0 0.00

47 47.5 47.25 361.85 130.00 6142.50 0.00 6142.50 0.011 0.001 184.89 N 6142.50 1.0 0.00

47.5 48 47.75 361.35 130.00 6207.50 0.00 6207.50 0.011 0.001 181.20 N 6207.50 1.0 0.00

48 48.5 48.25 360.85 130.00 6272.50 9.36 6263.14 0.011 0.001 177.61 N 6263.14 1.0 0.00

48.5 49 48.75 360.35 130.00 6337.50 40.56 6296.94 0.011 0.001 174.12 N 6296.94 1.0 0.00

49 49.5 49.25 359.85 130.00 6402.50 71.76 6330.74 0.011 0.001 170.73 N 6330.74 1.0 0.00

49.5 50 49.75 359.35 130.00 6467.50 102.96 6364.54 0.011 0.001 167.44 N 6364.54 1.0 0.00

Estimated Settlement 1.00

Notes:

1 The stress from the end-of-construction of a roadway embankment, if selected, will be added to the effective overburden pressure.

2 Stress increase is calculated using Boussinesq/Westergaard equation.
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SR-57 Northbound Widening Project - Brea OH Settlement Analysis Summary

Abutment Ultimate Consolidation Settlement Due to Abutment Fill Placement 1.2 inch

Abutment Footing Eastic Settlement Due to Structural Loads 0.61 inch

Bent Ultimate Consolidation Settlement Due to Abutment Fill Placement 0.62 inch

Bent Ultimate Consolidation Settlement Due to Structural Loads 0.54 inch

Assume liquid limit for the foundation material at the bent 40

Cofficient of Consolidation Cv 0.28 ft/day (NAVFAC DM7.1)

Thickness of the consolidating layer below the embankment fill 20 ft

Time required for 50 % Degree of Consolidation 70.4 days

Remaining Bent Total Settlement after 70 days 0.85 inch

Remaining Abutment Total Settlement after 70 days 1.21 inch

Maximum Differential Settlement of the support 0.36 inch < 1-inch OK - Waiting Period of 

at least 70 days is required



Project Information Single Strip dimensions Strip Loads Reference

Center Line Include Department of the Army

Project No. 370900.03.GE.FR Strip Offset Width Pressure Strip  U.S. Army Corps of Engineers

Project Name SR-57 Northbound Widening Project - Northern Segment No. (ft) (ft) (psf) (Y/N) Engineering and Design

Description Initial Stress Calculation at Abutment 4 from the existing Embankment Fills 1 92.75 166.5 1235 Y Settlement Analysis - EM 1110-1-1904

Location Brea OH - Abutment 4 2 102.25 147.5 1235 Y 30-Sep-90

Date 14-Jan-09 3 111.75 128.5 1235 Y

Analysis Performed by HMN 4 121.25 109.5 1235 Y

5 0 0 0 Y

6 0 0 0 Y

7 0 0 0 Y

8 0 0 0 Y

9 0 0 0 Y

10 0 0 0 Y

Calculation Point

Global Offset (ft) 76

Depth Interval (ft) 1

Strip Load No. 1 2 3 4 5 6 7 8 9 10

x (ft) 16.75 26.25 35.75 45.25 -76 -76 -76 -76 -76 -76

b (ft) 83.25 73.75 64.25 54.75 0 0 0 0 0 0

q (psf) 1235 1235 1235 1235 0 0 0 0 0 0 Pressure

Depth α β Pressure α β Pressure α β Pressure α β Pressure α β Pressure α β Pressure α β Pressure α β Pressure α β Pressure α β Pressure Increase

(ft) (Radian) (Radian) (psf) (Radian) (Radian) (psf) (Radian) (Radian) (psf) (Radian) (Radian) (psf) (Radian) (Radian) (psf) (Radian) (Radian) (psf) (Radian) (Radian) (psf) (Radian) (Radian) (psf) (Radian) (Radian) (psf) (Radian) (Radian) (psf) (psf)

0.5 3.129 -1.563 1235.000 3.126 -1.560 1235.000 3.119 -1.553 1234.999 3.084 -1.518 1234.962 0.000 -1.564 0.000 0.000 -1.564 0.000 0.000 -1.564 0.000 0.000 -1.564 0.000 0.000 -1.564 0.000 0.000 -1.564 0.000 4939.960

1.5 3.104 -1.548 1234.996 3.095 -1.539 1234.991 3.074 -1.518 1234.961 2.970 -1.414 1233.998 0.000 -1.551 0.000 0.000 -1.551 0.000 0.000 -1.551 0.000 0.000 -1.551 0.000 0.000 -1.551 0.000 0.000 -1.551 0.000 4938.946

2.5 3.079 -1.533 1234.982 3.064 -1.518 1234.958 3.029 -1.483 1234.821 2.859 -1.313 1230.589 0.000 -1.538 0.000 0.000 -1.538 0.000 0.000 -1.538 0.000 0.000 -1.538 0.000 0.000 -1.538 0.000 0.000 -1.538 0.000 4935.350

3.5 3.054 -1.518 1234.951 3.033 -1.497 1234.885 2.984 -1.449 1234.512 2.754 -1.218 1223.746 0.000 -1.525 0.000 0.000 -1.525 0.000 0.000 -1.525 0.000 0.000 -1.525 0.000 0.000 -1.525 0.000 0.000 -1.525 0.000 4928.093

4.5 3.029 -1.503 1234.895 3.002 -1.476 1234.756 2.940 -1.414 1233.975 2.654 -1.128 1213.160 0.000 -1.512 0.000 0.000 -1.512 0.000 0.000 -1.512 0.000 0.000 -1.512 0.000 0.000 -1.512 0.000 0.000 -1.512 0.000 4916.786

5.5 3.004 -1.488 1234.809 2.971 -1.456 1234.556 2.896 -1.380 1233.154 2.562 -1.046 1199.110 0.000 -1.499 0.000 0.000 -1.499 0.000 0.000 -1.499 0.000 0.000 -1.499 0.000 0.000 -1.499 0.000 0.000 -1.499 0.000 4901.630

6.5 2.979 -1.473 1234.686 2.941 -1.435 1234.272 2.852 -1.347 1232.003 2.477 -0.971 1182.246 0.000 -1.485 0.000 0.000 -1.485 0.000 0.000 -1.485 0.000 0.000 -1.485 0.000 0.000 -1.485 0.000 0.000 -1.485 0.000 4883.208

7.5 2.954 -1.458 1234.520 2.910 -1.414 1233.889 2.809 -1.313 1230.483 2.398 -0.903 1163.367 0.000 -1.472 0.000 0.000 -1.472 0.000 0.000 -1.472 0.000 0.000 -1.472 0.000 0.000 -1.472 0.000 0.000 -1.472 0.000 4862.259

8.5 2.930 -1.444 1234.304 2.880 -1.394 1233.394 2.767 -1.281 1228.565 2.327 -0.841 1143.254 0.000 -1.459 0.000 0.000 -1.459 0.000 0.000 -1.459 0.000 0.000 -1.459 0.000 0.000 -1.459 0.000 0.000 -1.459 0.000 4839.518

9.5 2.905 -1.429 1234.032 2.849 -1.373 1232.778 2.725 -1.249 1226.227 2.261 -0.785 1122.584 0.000 -1.446 0.000 0.000 -1.446 0.000 0.000 -1.446 0.000 0.000 -1.446 0.000 0.000 -1.446 0.000 0.000 -1.446 0.000 4815.621

10.5 2.880 -1.414 1233.699 2.819 -1.353 1232.027 2.684 -1.218 1223.458 2.202 -0.735 1101.887 0.000 -1.434 0.000 0.000 -1.434 0.000 0.000 -1.434 0.000 0.000 -1.434 0.000 0.000 -1.434 0.000 0.000 -1.434 0.000 4791.071

11.5 2.856 -1.400 1233.299 2.790 -1.333 1231.135 2.644 -1.187 1220.252 2.147 -0.690 1081.554 0.000 -1.421 0.000 0.000 -1.421 0.000 0.000 -1.421 0.000 0.000 -1.421 0.000 0.000 -1.421 0.000 0.000 -1.421 0.000 4766.240

12.5 2.831 -1.385 1232.828 2.760 -1.313 1230.091 2.604 -1.157 1216.613 2.096 -0.650 1061.850 0.000 -1.408 0.000 0.000 -1.408 0.000 0.000 -1.408 0.000 0.000 -1.408 0.000 0.000 -1.408 0.000 0.000 -1.408 0.000 4741.382

13.5 2.807 -1.371 1232.280 2.730 -1.294 1228.889 2.565 -1.128 1212.553 2.050 -0.613 1042.944 0.000 -1.395 0.000 0.000 -1.395 0.000 0.000 -1.395 0.000 0.000 -1.395 0.000 0.000 -1.395 0.000 0.000 -1.395 0.000 4716.666

14.5 2.783 -1.356 1231.651 2.701 -1.275 1227.523 2.527 -1.100 1208.085 2.007 -0.580 1024.931 0.000 -1.382 0.000 0.000 -1.382 0.000 0.000 -1.382 0.000 0.000 -1.382 0.000 0.000 -1.382 0.000 0.000 -1.382 0.000 4692.191

15.5 2.759 -1.342 1230.937 2.672 -1.255 1225.989 2.490 -1.073 1203.231 1.967 -0.550 1007.852 0.000 -1.370 0.000 0.000 -1.370 0.000 0.000 -1.370 0.000 0.000 -1.370 0.000 0.000 -1.370 0.000 0.000 -1.370 0.000 4668.009

16.5 2.735 -1.328 1230.134 2.644 -1.236 1224.283 2.453 -1.046 1198.014 1.930 -0.522 991.711 0.000 -1.357 0.000 0.000 -1.357 0.000 0.000 -1.357 0.000 0.000 -1.357 0.000 0.000 -1.357 0.000 0.000 -1.357 0.000 4644.142

17.5 2.711 -1.313 1229.239 2.615 -1.218 1222.402 2.418 -1.020 1192.461 1.895 -0.497 976.487 0.000 -1.344 0.000 0.000 -1.344 0.000 0.000 -1.344 0.000 0.000 -1.344 0.000 0.000 -1.344 0.000 0.000 -1.344 0.000 4620.589

18.5 2.687 -1.299 1228.248 2.587 -1.199 1220.346 2.383 -0.995 1186.600 1.862 -0.474 962.144 0.000 -1.332 0.000 0.000 -1.332 0.000 0.000 -1.332 0.000 0.000 -1.332 0.000 0.000 -1.332 0.000 0.000 -1.332 0.000 4597.337

19.5 2.664 -1.286 1227.158 2.559 -1.181 1218.113 2.349 -0.971 1180.460 1.832 -0.453 948.635 0.000 -1.320 0.000 0.000 -1.320 0.000 0.000 -1.320 0.000 0.000 -1.320 0.000 0.000 -1.320 0.000 0.000 -1.320 0.000 4574.367

20.5 2.640 -1.272 1225.968 2.532 -1.163 1215.705 2.316 -0.947 1174.071 1.803 -0.434 935.912 0.000 -1.307 0.000 0.000 -1.307 0.000 0.000 -1.307 0.000 0.000 -1.307 0.000 0.000 -1.307 0.000 0.000 -1.307 0.000 4551.657

21.5 2.617 -1.258 1224.675 2.505 -1.146 1213.124 2.284 -0.924 1167.463 1.775 -0.416 923.920 0.000 -1.295 0.000 0.000 -1.295 0.000 0.000 -1.295 0.000 0.000 -1.295 0.000 0.000 -1.295 0.000 0.000 -1.295 0.000 4529.182

22.5 2.594 -1.245 1223.277 2.478 -1.128 1210.370 2.252 -0.903 1160.663 1.749 -0.400 912.610 0.000 -1.283 0.000 0.000 -1.283 0.000 0.000 -1.283 0.000 0.000 -1.283 0.000 0.000 -1.283 0.000 0.000 -1.283 0.000 4506.921

23.5 2.571 -1.231 1221.774 2.451 -1.111 1207.449 2.221 -0.881 1153.700 1.724 -0.384 901.929 0.000 -1.271 0.000 0.000 -1.271 0.000 0.000 -1.271 0.000 0.000 -1.271 0.000 0.000 -1.271 0.000 0.000 -1.271 0.000 4484.852

24.5 2.548 -1.218 1220.164 2.425 -1.095 1204.362 2.191 -0.861 1146.599 1.700 -0.370 891.830 0.000 -1.259 0.000 0.000 -1.259 0.000 0.000 -1.259 0.000 0.000 -1.259 0.000 0.000 -1.259 0.000 0.000 -1.259 0.000 4462.955

25.5 2.526 -1.205 1218.446 2.399 -1.078 1201.116 2.162 -0.841 1139.385 1.678 -0.357 882.268 0.000 -1.247 0.000 0.000 -1.247 0.000 0.000 -1.247 0.000 0.000 -1.247 0.000 0.000 -1.247 0.000 0.000 -1.247 0.000 4441.214

26.5 2.503 -1.192 1216.619 2.374 -1.062 1197.713 2.133 -0.822 1132.081 1.656 -0.344 873.200 0.000 -1.235 0.000 0.000 -1.235 0.000 0.000 -1.235 0.000 0.000 -1.235 0.000 0.000 -1.235 0.000 0.000 -1.235 0.000 4419.614

27.5 2.481 -1.179 1214.685 2.348 -1.046 1194.161 2.106 -0.803 1124.707 1.635 -0.333 864.588 0.000 -1.224 0.000 0.000 -1.224 0.000 0.000 -1.224 0.000 0.000 -1.224 0.000 0.000 -1.224 0.000 0.000 -1.224 0.000 4398.141

28.5 2.459 -1.166 1212.643 2.324 -1.030 1190.463 2.079 -0.785 1117.283 1.615 -0.322 856.395 0.000 -1.212 0.000 0.000 -1.212 0.000 0.000 -1.212 0.000 0.000 -1.212 0.000 0.000 -1.212 0.000 0.000 -1.212 0.000 4376.785

29.5 2.437 -1.153 1210.493 2.299 -1.015 1186.627 2.052 -0.768 1109.827 1.595 -0.312 848.588 0.000 -1.201 0.000 0.000 -1.201 0.000 0.000 -1.201 0.000 0.000 -1.201 0.000 0.000 -1.201 0.000 0.000 -1.201 0.000 4355.535

30.5 2.416 -1.141 1208.236 2.275 -1.000 1182.658 2.026 -0.752 1102.353 1.577 -0.302 841.136 0.000 -1.189 0.000 0.000 -1.189 0.000 0.000 -1.189 0.000 0.000 -1.189 0.000 0.000 -1.189 0.000 0.000 -1.189 0.000 4334.383

31.5 2.394 -1.128 1205.874 2.251 -0.985 1178.562 2.001 -0.735 1094.877 1.559 -0.293 834.011 0.000 -1.178 0.000 0.000 -1.178 0.000 0.000 -1.178 0.000 0.000 -1.178 0.000 0.000 -1.178 0.000 0.000 -1.178 0.000 4313.323

32.5 2.373 -1.116 1203.406 2.227 -0.971 1174.345 1.976 -0.720 1087.410 1.541 -0.284 827.187 0.000 -1.167 0.000 0.000 -1.167 0.000 0.000 -1.167 0.000 0.000 -1.167 0.000 0.000 -1.167 0.000 0.000 -1.167 0.000 4292.349

33.5 2.352 -1.104 1200.835 2.204 -0.957 1170.015 1.952 -0.705 1079.963 1.524 -0.276 820.641 0.000 -1.156 0.000 0.000 -1.156 0.000 0.000 -1.156 0.000 0.000 -1.156 0.000 0.000 -1.156 0.000 0.000 -1.156 0.000 4271.455

34.5 2.331 -1.092 1198.163 2.181 -0.943 1165.577 1.929 -0.690 1072.547 1.507 -0.269 814.351 0.000 -1.145 0.000 0.000 -1.145 0.000 0.000 -1.145 0.000 0.000 -1.145 0.000 0.000 -1.145 0.000 0.000 -1.145 0.000 4250.638

35.5 2.310 -1.080 1195.390 2.159 -0.929 1161.038 1.906 -0.676 1065.169 1.491 -0.261 808.296 0.000 -1.134 0.000 0.000 -1.134 0.000 0.000 -1.134 0.000 0.000 -1.134 0.000 0.000 -1.134 0.000 0.000 -1.134 0.000 4229.894

36.5 2.290 -1.069 1192.520 2.136 -0.916 1156.404 1.884 -0.663 1057.837 1.475 -0.255 802.460 0.000 -1.123 0.000 0.000 -1.123 0.000 0.000 -1.123 0.000 0.000 -1.123 0.000 0.000 -1.123 0.000 0.000 -1.123 0.000 4209.221

37.5 2.269 -1.057 1189.553 2.115 -0.903 1151.682 1.862 -0.650 1050.557 1.460 -0.248 796.824 0.000 -1.112 0.000 0.000 -1.112 0.000 0.000 -1.112 0.000 0.000 -1.112 0.000 0.000 -1.112 0.000 0.000 -1.112 0.000 4188.616

38.5 2.249 -1.046 1186.492 2.093 -0.890 1146.877 1.841 -0.637 1043.335 1.445 -0.242 791.375 0.000 -1.102 0.000 0.000 -1.102 0.000 0.000 -1.102 0.000 0.000 -1.102 0.000 0.000 -1.102 0.000 0.000 -1.102 0.000 4168.078

39.5 2.229 -1.035 1183.340 2.072 -0.877 1141.995 1.820 -0.625 1036.174 1.431 -0.236 786.098 0.000 -1.091 0.000 0.000 -1.091 0.000 0.000 -1.091 0.000 0.000 -1.091 0.000 0.000 -1.091 0.000 0.000 -1.091 0.000 4147.606

40.5 2.210 -1.024 1180.098 2.051 -0.865 1137.042 1.799 -0.613 1029.078 1.416 -0.230 780.979 0.000 -1.081 0.000 0.000 -1.081 0.000 0.000 -1.081 0.000 0.000 -1.081 0.000 0.000 -1.081 0.000 0.000 -1.081 0.000 4127.197

41.5 2.190 -1.013 1176.770 2.030 -0.853 1132.024 1.779 -0.602 1022.050 1.402 -0.225 776.008 0.000 -1.071 0.000 0.000 -1.071 0.000 0.000 -1.071 0.000 0.000 -1.071 0.000 0.000 -1.071 0.000 0.000 -1.071 0.000 4106.852

42.5 2.171 -1.002 1173.358 2.010 -0.841 1126.946 1.760 -0.591 1015.092 1.389 -0.220 771.174 0.000 -1.061 0.000 0.000 -1.061 0.000 0.000 -1.061 0.000 0.000 -1.061 0.000 0.000 -1.061 0.000 0.000 -1.061 0.000 4086.570

43.5 2.152 -0.992 1169.865 1.990 -0.829 1121.813 1.740 -0.580 1008.207 1.376 -0.215 766.465 0.000 -1.051 0.000 0.000 -1.051 0.000 0.000 -1.051 0.000 0.000 -1.051 0.000 0.000 -1.051 0.000 0.000 -1.051 0.000 4066.350

44.5 2.133 -0.981 1166.293 1.970 -0.818 1116.631 1.722 -0.570 1001.395 1.362 -0.210 761.875 0.000 -1.041 0.000 0.000 -1.041 0.000 0.000 -1.041 0.000 0.000 -1.041 0.000 0.000 -1.041 0.000 0.000 -1.041 0.000 4046.193

45.5 2.115 -0.971 1162.645 1.951 -0.807 1111.404 1.703 -0.560 994.657 1.350 -0.206 757.393 0.000 -1.031 0.000 0.000 -1.031 0.000 0.000 -1.031 0.000 0.000 -1.031 0.000 0.000 -1.031 0.000 0.000 -1.031 0.000 4026.099

46.5 2.096 -0.961 1158.924 1.932 -0.796 1106.137 1.685 -0.550 987.994 1.337 -0.202 753.012 0.000 -1.022 0.000 0.000 -1.022 0.000 0.000 -1.022 0.000 0.000 -1.022 0.000 0.000 -1.022 0.000 0.000 -1.022 0.000 4006.068

47.5 2.078 -0.951 1155.132 1.913 -0.785 1100.835 1.668 -0.540 981.406 1.325 -0.197 748.726 0.000 -1.012 0.000 0.000 -1.012 0.000 0.000 -1.012 0.000 0.000 -1.012 0.000 0.000 -1.012 0.000 0.000 -1.012 0.000 3986.099

48.5 2.060 -0.941 1151.273 1.894 -0.775 1095.501 1.650 -0.531 974.894 1.313 -0.193 744.527 0.000 -1.003 0.000 0.000 -1.003 0.000 0.000 -1.003 0.000 0.000 -1.003 0.000 0.000 -1.003 0.000 0.000 -1.003 0.000 3966.195

49.5 2.042 -0.931 1147.349 1.876 -0.765 1090.140 1.634 -0.522 968.455 1.301 -0.190 740.410 0.000 -0.993 0.000 0.000 -0.993 0.000 0.000 -0.993 0.000 0.000 -0.993 0.000 0.000 -0.993 0.000 0.000 -0.993 0.000 3946.354

50.5 2.024 -0.921 1143.364 1.858 -0.755 1084.755 1.617 -0.514 962.091 1.289 -0.186 736.368 0.000 -0.984 0.000 0.000 -0.984 0.000 0.000 -0.984 0.000 0.000 -0.984 0.000 0.000 -0.984 0.000 0.000 -0.984 0.000 3926.578

51.5 2.007 -0.912 1139.319 1.840 -0.745 1079.350 1.601 -0.505 955.801 1.278 -0.182 732.398 0.000 -0.975 0.000 0.000 -0.975 0.000 0.000 -0.975 0.000 0.000 -0.975 0.000 0.000 -0.975 0.000 0.000 -0.975 0.000 3906.868

52.5 1.990 -0.903 1135.218 1.823 -0.735 1073.928 1.585 -0.497 949.583 1.266 -0.179 728.494 0.000 -0.966 0.000 0.000 -0.966 0.000 0.000 -0.966 0.000 0.000 -0.966 0.000 0.000 -0.966 0.000 0.000 -0.966 0.000 3887.223

53.5 1.973 -0.893 1131.063 1.806 -0.726 1068.494 1.569 -0.489 943.437 1.255 -0.176 724.652 0.000 -0.957 0.000 0.000 -0.957 0.000 0.000 -0.957 0.000 0.000 -0.957 0.000 0.000 -0.957 0.000 0.000 -0.957 0.000 3867.646

54.5 1.956 -0.884 1126.858 1.789 -0.717 1063.049 1.554 -0.482 937.362 1.244 -0.173 720.867 0.000 -0.949 0.000 0.000 -0.949 0.000 0.000 -0.949 0.000 0.000 -0.949 0.000 0.000 -0.949 0.000 0.000 -0.949 0.000 3848.136

55.5 1.939 -0.875 1122.605 1.772 -0.708 1057.597 1.539 -0.474 931.357 1.234 -0.170 717.137 0.000 -0.940 0.000 0.000 -0.940 0.000 0.000 -0.940 0.000 0.000 -0.940 0.000 0.000 -0.940 0.000 0.000 -0.940 0.000 3828.695

56.5 1.923 -0.867 1118.306 1.756 -0.699 1052.140 1.524 -0.467 925.420 1.223 -0.167 713.458 0.000 -0.932 0.000 0.000 -0.932 0.000 0.000 -0.932 0.000 0.000 -0.932 0.000 0.000 -0.932 0.000 0.000 -0.932 0.000 3809.323

57.5 1.907 -0.858 1113.964 1.739 -0.690 1046.681 1.509 -0.460 919.551 1.213 -0.164 709.826 0.000 -0.923 0.000 0.000 -0.923 0.000 0.000 -0.923 0.000 0.000 -0.923 0.000 0.000 -0.923 0.000 0.000 -0.923 0.000 3790.022

58.5 1.891 -0.849 1109.582 1.723 -0.682 1041.223 1.495 -0.453 913.748 1.202 -0.161 706.239 0.000 -0.915 0.000 0.000 -0.915 0.000 0.000 -0.915 0.000 0.000 -0.915 0.000 0.000 -0.915 0.000 0.000 -0.915 0.000 3770.792

59.5 1.875 -0.841 1105.162 1.708 -0.674 1035.768 1.481 -0.447 908.010 1.192 -0.158 702.695 0.000 -0.907 0.000 0.000 -0.907 0.000 0.000 -0.907 0.000 0.000 -0.907 0.000 0.000 -0.907 0.000 0.000 -0.907 0.000 3751.635

60.5 1.859 -0.833 1100.708 1.692 -0.666 1030.318 1.467 -0.440 902.336 1.182 -0.156 699.190 0.000 -0.898 0.000 0.000 -0.898 0.000 0.000 -0.898 0.000 0.000 -0.898 0.000 0.000 -0.898 0.000 0.000 -0.898 0.000 3732.551

61.5 1.844 -0.824 1096.220 1.677 -0.658 1024.874 1.453 -0.434 896.725 1.173 -0.153 695.722 0.000 -0.890 0.000 0.000 -0.890 0.000 0.000 -0.890 0.000 0.000 -0.890 0.000 0.000 -0.890 0.000 0.000 -0.890 0.000 3713.541

62.5 1.829 -0.816 1091.702 1.662 -0.650 1019.440 1.440 -0.428 891.175 1.163 -0.151 692.290 0.000 -0.883 0.000 0.000 -0.883 0.000 0.000 -0.883 0.000 0.000 -0.883 0.000 0.000 -0.883 0.000 0.000 -0.883 0.000 3694.607

63.5 1.814 -0.808 1087.156 1.647 -0.642 1014.016 1.427 -0.422 885.686 1.154 -0.149 688.892 0.000 -0.875 0.000 0.000 -0.875 0.000 0.000 -0.875 0.000 0.000 -0.875 0.000 0.000 -0.875 0.000 0.000 -0.875 0.000 3675.749

64.5 1.799 -0.801 1082.584 1.633 -0.635 1008.604 1.414 -0.416 880.255 1.144 -0.146 685.525 0.000 -0.867 0.000 0.000 -0.867 0.000 0.000 -0.867 0.000 0.000 -0.867 0.000 0.000 -0.867 0.000 0.000 -0.867 0.000 3656.968
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65.5 1.784 -0.793 1077.988 1.618 -0.627 1003.206 1.401 -0.410 874.882 1.135 -0.144 682.189 0.000 -0.859 0.000 0.000 -0.859 0.000 0.000 -0.859 0.000 0.000 -0.859 0.000 0.000 -0.859 0.000 0.000 -0.859 0.000 3638.265

66.5 1.769 -0.785 1073.371 1.604 -0.620 997.824 1.389 -0.405 869.566 1.126 -0.142 678.882 0.000 -0.852 0.000 0.000 -0.852 0.000 0.000 -0.852 0.000 0.000 -0.852 0.000 0.000 -0.852 0.000 0.000 -0.852 0.000 3619.642

67.5 1.755 -0.778 1068.734 1.590 -0.613 992.458 1.377 -0.400 864.306 1.117 -0.140 675.601 0.000 -0.845 0.000 0.000 -0.845 0.000 0.000 -0.845 0.000 0.000 -0.845 0.000 0.000 -0.845 0.000 0.000 -0.845 0.000 3601.099

68.5 1.741 -0.771 1064.080 1.577 -0.606 987.110 1.364 -0.394 859.100 1.108 -0.138 672.347 0.000 -0.837 0.000 0.000 -0.837 0.000 0.000 -0.837 0.000 0.000 -0.837 0.000 0.000 -0.837 0.000 0.000 -0.837 0.000 3582.637

69.5 1.727 -0.763 1059.410 1.563 -0.600 981.781 1.353 -0.389 853.947 1.099 -0.136 669.118 0.000 -0.830 0.000 0.000 -0.830 0.000 0.000 -0.830 0.000 0.000 -0.830 0.000 0.000 -0.830 0.000 0.000 -0.830 0.000 3564.257

70.5 1.713 -0.756 1054.727 1.550 -0.593 976.473 1.341 -0.384 848.847 1.091 -0.134 665.913 0.000 -0.823 0.000 0.000 -0.823 0.000 0.000 -0.823 0.000 0.000 -0.823 0.000 0.000 -0.823 0.000 0.000 -0.823 0.000 3545.960

71.5 1.699 -0.749 1050.032 1.536 -0.586 971.186 1.329 -0.379 843.798 1.082 -0.132 662.731 0.000 -0.816 0.000 0.000 -0.816 0.000 0.000 -0.816 0.000 0.000 -0.816 0.000 0.000 -0.816 0.000 0.000 -0.816 0.000 3527.747

72.5 1.686 -0.742 1045.327 1.523 -0.580 965.921 1.318 -0.375 838.800 1.074 -0.130 659.572 0.000 -0.809 0.000 0.000 -0.809 0.000 0.000 -0.809 0.000 0.000 -0.809 0.000 0.000 -0.809 0.000 0.000 -0.809 0.000 3509.619

73.5 1.672 -0.735 1040.614 1.511 -0.574 960.679 1.307 -0.370 833.850 1.066 -0.129 656.433 0.000 -0.802 0.000 0.000 -0.802 0.000 0.000 -0.802 0.000 0.000 -0.802 0.000 0.000 -0.802 0.000 0.000 -0.802 0.000 3491.576

74.5 1.659 -0.729 1035.894 1.498 -0.568 955.461 1.296 -0.365 828.950 1.057 -0.127 653.315 0.000 -0.795 0.000 0.000 -0.795 0.000 0.000 -0.795 0.000 0.000 -0.795 0.000 0.000 -0.795 0.000 0.000 -0.795 0.000 3473.620

75.5 1.646 -0.722 1031.169 1.486 -0.562 950.267 1.285 -0.361 824.096 1.049 -0.125 650.218 0.000 -0.789 0.000 0.000 -0.789 0.000 0.000 -0.789 0.000 0.000 -0.789 0.000 0.000 -0.789 0.000 0.000 -0.789 0.000 3455.751

76.5 1.633 -0.716 1026.441 1.473 -0.556 945.099 1.274 -0.357 819.290 1.041 -0.124 647.139 0.000 -0.782 0.000 0.000 -0.782 0.000 0.000 -0.782 0.000 0.000 -0.782 0.000 0.000 -0.782 0.000 0.000 -0.782 0.000 3437.970

77.5 1.621 -0.709 1021.711 1.461 -0.550 939.957 1.264 -0.352 814.529 1.033 -0.122 644.080 0.000 -0.776 0.000 0.000 -0.776 0.000 0.000 -0.776 0.000 0.000 -0.776 0.000 0.000 -0.776 0.000 0.000 -0.776 0.000 3420.277

78.5 1.608 -0.703 1016.980 1.449 -0.544 934.842 1.254 -0.348 809.814 1.026 -0.120 641.039 0.000 -0.769 0.000 0.000 -0.769 0.000 0.000 -0.769 0.000 0.000 -0.769 0.000 0.000 -0.769 0.000 0.000 -0.769 0.000 3402.674

79.5 1.596 -0.697 1012.250 1.438 -0.539 929.753 1.243 -0.344 805.142 1.018 -0.119 638.016 0.000 -0.763 0.000 0.000 -0.763 0.000 0.000 -0.763 0.000 0.000 -0.763 0.000 0.000 -0.763 0.000 0.000 -0.763 0.000 3385.161

80.5 1.583 -0.690 1007.522 1.426 -0.533 924.693 1.233 -0.340 800.514 1.010 -0.117 635.010 0.000 -0.757 0.000 0.000 -0.757 0.000 0.000 -0.757 0.000 0.000 -0.757 0.000 0.000 -0.757 0.000 0.000 -0.757 0.000 3367.739

81.5 1.571 -0.684 1002.798 1.415 -0.528 919.660 1.223 -0.336 795.929 1.003 -0.116 632.021 0.000 -0.750 0.000 0.000 -0.750 0.000 0.000 -0.750 0.000 0.000 -0.750 0.000 0.000 -0.750 0.000 0.000 -0.750 0.000 3350.409

82.5 1.559 -0.678 998.078 1.403 -0.522 914.656 1.214 -0.333 791.386 0.996 -0.115 629.050 0.000 -0.744 0.000 0.000 -0.744 0.000 0.000 -0.744 0.000 0.000 -0.744 0.000 0.000 -0.744 0.000 0.000 -0.744 0.000 3333.170

83.5 1.548 -0.673 993.364 1.392 -0.517 909.681 1.204 -0.329 786.885 0.988 -0.113 626.094 0.000 -0.738 0.000 0.000 -0.738 0.000 0.000 -0.738 0.000 0.000 -0.738 0.000 0.000 -0.738 0.000 0.000 -0.738 0.000 3316.025

84.5 1.536 -0.667 988.657 1.381 -0.512 904.736 1.195 -0.325 782.424 0.981 -0.112 623.155 0.000 -0.732 0.000 0.000 -0.732 0.000 0.000 -0.732 0.000 0.000 -0.732 0.000 0.000 -0.732 0.000 0.000 -0.732 0.000 3298.972

85.5 1.524 -0.661 983.958 1.371 -0.507 899.819 1.185 -0.322 778.003 0.974 -0.111 620.232 0.000 -0.727 0.000 0.000 -0.727 0.000 0.000 -0.727 0.000 0.000 -0.727 0.000 0.000 -0.727 0.000 0.000 -0.727 0.000 3282.013

86.5 1.513 -0.655 979.268 1.360 -0.502 894.933 1.176 -0.318 773.622 0.967 -0.109 617.325 0.000 -0.721 0.000 0.000 -0.721 0.000 0.000 -0.721 0.000 0.000 -0.721 0.000 0.000 -0.721 0.000 0.000 -0.721 0.000 3265.148

87.5 1.502 -0.650 974.588 1.349 -0.497 890.077 1.167 -0.315 769.280 0.960 -0.108 614.434 0.000 -0.715 0.000 0.000 -0.715 0.000 0.000 -0.715 0.000 0.000 -0.715 0.000 0.000 -0.715 0.000 0.000 -0.715 0.000 3248.378

88.5 1.491 -0.644 969.919 1.339 -0.493 885.251 1.158 -0.312 764.975 0.953 -0.107 611.557 0.000 -0.710 0.000 0.000 -0.710 0.000 0.000 -0.710 0.000 0.000 -0.710 0.000 0.000 -0.710 0.000 0.000 -0.710 0.000 3231.703

89.5 1.480 -0.639 965.261 1.329 -0.488 880.456 1.149 -0.308 760.709 0.946 -0.106 608.696 0.000 -0.704 0.000 0.000 -0.704 0.000 0.000 -0.704 0.000 0.000 -0.704 0.000 0.000 -0.704 0.000 0.000 -0.704 0.000 3215.123

90.5 1.469 -0.634 960.617 1.319 -0.483 875.692 1.140 -0.305 756.480 0.940 -0.105 605.851 0.000 -0.699 0.000 0.000 -0.699 0.000 0.000 -0.699 0.000 0.000 -0.699 0.000 0.000 -0.699 0.000 0.000 -0.699 0.000 3198.640

91.5 1.458 -0.628 955.986 1.309 -0.479 870.959 1.132 -0.302 752.288 0.933 -0.103 603.020 0.000 -0.693 0.000 0.000 -0.693 0.000 0.000 -0.693 0.000 0.000 -0.693 0.000 0.000 -0.693 0.000 0.000 -0.693 0.000 3182.252

92.5 1.448 -0.623 951.369 1.299 -0.474 866.256 1.123 -0.299 748.132 0.927 -0.102 600.204 0.000 -0.688 0.000 0.000 -0.688 0.000 0.000 -0.688 0.000 0.000 -0.688 0.000 0.000 -0.688 0.000 0.000 -0.688 0.000 3165.961

93.5 1.437 -0.618 946.767 1.289 -0.470 861.585 1.115 -0.296 744.012 0.920 -0.101 597.403 0.000 -0.683 0.000 0.000 -0.683 0.000 0.000 -0.683 0.000 0.000 -0.683 0.000 0.000 -0.683 0.000 0.000 -0.683 0.000 3149.766

94.5 1.427 -0.613 942.181 1.279 -0.466 856.945 1.107 -0.293 739.927 0.914 -0.100 594.616 0.000 -0.677 0.000 0.000 -0.677 0.000 0.000 -0.677 0.000 0.000 -0.677 0.000 0.000 -0.677 0.000 0.000 -0.677 0.000 3133.668

95.5 1.417 -0.608 937.611 1.270 -0.462 852.336 1.098 -0.290 735.876 0.908 -0.099 591.845 0.000 -0.672 0.000 0.000 -0.672 0.000 0.000 -0.672 0.000 0.000 -0.672 0.000 0.000 -0.672 0.000 0.000 -0.672 0.000 3117.668

96.5 1.407 -0.603 933.058 1.261 -0.457 847.759 1.090 -0.287 731.861 0.901 -0.098 589.088 0.000 -0.667 0.000 0.000 -0.667 0.000 0.000 -0.667 0.000 0.000 -0.667 0.000 0.000 -0.667 0.000 0.000 -0.667 0.000 3101.765

97.5 1.397 -0.599 928.523 1.251 -0.453 843.213 1.082 -0.284 727.879 0.895 -0.097 586.345 0.000 -0.662 0.000 0.000 -0.662 0.000 0.000 -0.662 0.000 0.000 -0.662 0.000 0.000 -0.662 0.000 0.000 -0.662 0.000 3085.959

98.5 1.387 -0.594 924.006 1.242 -0.449 838.698 1.075 -0.282 723.931 0.889 -0.096 583.617 0.000 -0.657 0.000 0.000 -0.657 0.000 0.000 -0.657 0.000 0.000 -0.657 0.000 0.000 -0.657 0.000 0.000 -0.657 0.000 3070.251

99.5 1.377 -0.589 919.507 1.233 -0.445 834.215 1.067 -0.279 720.016 0.883 -0.095 580.903 0.000 -0.652 0.000 0.000 -0.652 0.000 0.000 -0.652 0.000 0.000 -0.652 0.000 0.000 -0.652 0.000 0.000 -0.652 0.000 3054.641



Project Information Single Strip dimensions Strip Loads Reference

Center Line Include Department of the Army

Project No. 370900.03.GE.FR Strip Offset Width Pressure Strip  U.S. Army Corps of Engineers

Project Name SR-57 Northbound Widening Project - Northern Segment No. (ft) (ft) (psf) (Y/N) Engineering and Design

Description Total Stress Calculation at Abutment 4 from the widened Embankment Fills 1 91.25 167.5 1222 Y Settlement Analysis - EM 1110-1-1904

Location Brea OH - Abutment 4 2 98.75 152.5 1222 Y 30-Sep-90

Date 14-Jan-09 3 106.25 137.5 1222 Y

Analysis Performed by HMN 4 113.75 122.5 1222 Y

5 121.25 107.5 1222 Y

6 0 0 0 Y

7 0 0 0 Y

8 0 0 0 Y

9 0 0 0 Y

10 0 0 0 Y

Calculation Point

Global Offset (ft) 75

Depth Interval (ft) 1

Strip Load No. 1 2 3 4 5 6 7 8 9 10

x (ft) 16.25 23.75 31.25 38.75 46.25 -75 -75 -75 -75 -75

b (ft) 83.75 76.25 68.75 61.25 53.75 0 0 0 0 0

q (psf) 1222 1222 1222 1222 1222 0 0 0 0 0 Pressure

Depth α β Pressure α β Pressure α β Pressure α β Pressure α β Pressure α β Pressure α β Pressure α β Pressure α β Pressure α β Pressure Increase

(ft) (Radian) (Radian) (psf) (Radian) (Radian) (psf) (Radian) (Radian) (psf) (Radian) (Radian) (psf) (Radian) (Radian) (psf) (Radian) (Radian) (psf) (Radian) (Radian) (psf) (Radian) (Radian) (psf) (Radian) (Radian) (psf) (Radian) (Radian) (psf) (psf)

0.5 3.129 -1.563 1222.000 3.127 -1.561 1222.000 3.123 -1.557 1221.999 3.114 -1.549 1221.997 3.070 -1.504 1221.924 0.000 -1.564 0.000 0.000 -1.564 0.000 0.000 -1.564 0.000 0.000 -1.564 0.000 0.000 -1.564 0.000 6109.920

1.5 3.104 -1.549 1221.996 3.098 -1.542 1221.993 3.087 -1.531 1221.983 3.060 -1.504 1221.923 2.929 -1.373 1220.020 0.000 -1.551 0.000 0.000 -1.551 0.000 0.000 -1.551 0.000 0.000 -1.551 0.000 0.000 -1.551 0.000 6107.915

2.5 3.080 -1.534 1221.983 3.069 -1.523 1221.968 3.050 -1.504 1221.920 3.006 -1.460 1221.645 2.795 -1.249 1213.536 0.000 -1.537 0.000 0.000 -1.537 0.000 0.000 -1.537 0.000 0.000 -1.537 0.000 0.000 -1.537 0.000 6101.051

3.5 3.055 -1.519 1221.953 3.040 -1.504 1221.912 3.014 -1.478 1221.780 2.952 -1.416 1221.040 2.670 -1.134 1201.212 0.000 -1.524 0.000 0.000 -1.524 0.000 0.000 -1.524 0.000 0.000 -1.524 0.000 0.000 -1.524 0.000 6087.898

4.5 3.030 -1.504 1221.900 3.011 -1.485 1221.815 2.977 -1.451 1221.536 2.899 -1.373 1219.997 2.556 -1.030 1183.373 0.000 -1.511 0.000 0.000 -1.511 0.000 0.000 -1.511 0.000 0.000 -1.511 0.000 0.000 -1.511 0.000 6068.621

5.5 3.005 -1.489 1221.818 2.982 -1.466 1221.663 2.941 -1.425 1221.160 2.847 -1.331 1218.425 2.454 -0.938 1161.327 0.000 -1.498 0.000 0.000 -1.498 0.000 0.000 -1.498 0.000 0.000 -1.498 0.000 0.000 -1.498 0.000 6044.392

6.5 2.981 -1.475 1221.700 2.954 -1.448 1221.446 2.905 -1.399 1220.626 2.795 -1.290 1216.252 2.363 -0.857 1136.679 0.000 -1.484 0.000 0.000 -1.484 0.000 0.000 -1.484 0.000 0.000 -1.484 0.000 0.000 -1.484 0.000 6016.702

7.5 2.956 -1.460 1221.541 2.925 -1.429 1221.153 2.869 -1.373 1219.912 2.745 -1.249 1213.431 2.281 -0.785 1110.879 0.000 -1.471 0.000 0.000 -1.471 0.000 0.000 -1.471 0.000 0.000 -1.471 0.000 0.000 -1.471 0.000 5986.916

8.5 2.932 -1.446 1221.334 2.896 -1.410 1220.775 2.834 -1.348 1218.999 2.696 -1.210 1209.937 2.209 -0.723 1085.037 0.000 -1.458 0.000 0.000 -1.458 0.000 0.000 -1.458 0.000 0.000 -1.458 0.000 0.000 -1.458 0.000 5956.081

9.5 2.907 -1.431 1221.074 2.868 -1.392 1220.302 2.799 -1.323 1217.868 2.647 -1.171 1205.764 2.144 -0.668 1059.905 0.000 -1.445 0.000 0.000 -1.445 0.000 0.000 -1.445 0.000 0.000 -1.445 0.000 0.000 -1.445 0.000 5924.912

10.5 2.883 -1.416 1220.755 2.840 -1.373 1219.725 2.764 -1.298 1216.505 2.600 -1.134 1200.926 2.086 -0.620 1035.940 0.000 -1.432 0.000 0.000 -1.432 0.000 0.000 -1.432 0.000 0.000 -1.432 0.000 0.000 -1.432 0.000 5893.851

11.5 2.858 -1.402 1220.373 2.811 -1.355 1219.036 2.730 -1.273 1214.900 2.555 -1.098 1195.453 2.034 -0.578 1013.380 0.000 -1.419 0.000 0.000 -1.419 0.000 0.000 -1.419 0.000 0.000 -1.419 0.000 0.000 -1.419 0.000 5863.141

12.5 2.834 -1.388 1219.921 2.783 -1.337 1218.227 2.695 -1.249 1213.042 2.510 -1.064 1189.385 1.987 -0.540 992.319 0.000 -1.406 0.000 0.000 -1.406 0.000 0.000 -1.406 0.000 0.000 -1.406 0.000 0.000 -1.406 0.000 5832.895

13.5 2.810 -1.373 1219.397 2.756 -1.319 1217.293 2.662 -1.225 1210.928 2.467 -1.030 1182.773 1.944 -0.507 972.755 0.000 -1.393 0.000 0.000 -1.393 0.000 0.000 -1.393 0.000 0.000 -1.393 0.000 0.000 -1.393 0.000 5803.146

14.5 2.786 -1.359 1218.794 2.728 -1.301 1216.228 2.629 -1.202 1208.554 2.425 -0.998 1175.672 1.904 -0.477 954.632 0.000 -1.380 0.000 0.000 -1.380 0.000 0.000 -1.380 0.000 0.000 -1.380 0.000 0.000 -1.380 0.000 5773.880

15.5 2.762 -1.345 1218.110 2.701 -1.284 1215.026 2.596 -1.179 1205.920 2.385 -0.968 1168.142 1.868 -0.451 937.864 0.000 -1.367 0.000 0.000 -1.367 0.000 0.000 -1.367 0.000 0.000 -1.367 0.000 0.000 -1.367 0.000 5745.062

16.5 2.738 -1.331 1217.340 2.674 -1.266 1213.685 2.564 -1.156 1203.028 2.345 -0.938 1160.243 1.834 -0.427 922.351 0.000 -1.354 0.000 0.000 -1.354 0.000 0.000 -1.354 0.000 0.000 -1.354 0.000 0.000 -1.354 0.000 5716.646

17.5 2.715 -1.317 1216.481 2.647 -1.249 1212.199 2.532 -1.134 1199.882 2.307 -0.910 1152.034 1.802 -0.405 907.988 0.000 -1.342 0.000 0.000 -1.342 0.000 0.000 -1.342 0.000 0.000 -1.342 0.000 0.000 -1.342 0.000 5688.584

18.5 2.691 -1.303 1215.530 2.620 -1.232 1210.568 2.500 -1.112 1196.489 2.271 -0.883 1143.572 1.773 -0.385 894.673 0.000 -1.329 0.000 0.000 -1.329 0.000 0.000 -1.329 0.000 0.000 -1.329 0.000 0.000 -1.329 0.000 5660.832

19.5 2.668 -1.290 1214.484 2.593 -1.215 1208.789 2.469 -1.091 1192.856 2.235 -0.857 1134.911 1.745 -0.367 882.309 0.000 -1.316 0.000 0.000 -1.316 0.000 0.000 -1.316 0.000 0.000 -1.316 0.000 0.000 -1.316 0.000 5633.349

20.5 2.645 -1.276 1213.341 2.567 -1.199 1206.861 2.439 -1.071 1188.992 2.200 -0.832 1126.100 1.719 -0.351 870.807 0.000 -1.304 0.000 0.000 -1.304 0.000 0.000 -1.304 0.000 0.000 -1.304 0.000 0.000 -1.304 0.000 5606.101

21.5 2.621 -1.262 1212.099 2.541 -1.182 1204.785 2.409 -1.050 1184.907 2.167 -0.808 1117.184 1.695 -0.336 860.082 0.000 -1.292 0.000 0.000 -1.292 0.000 0.000 -1.292 0.000 0.000 -1.292 0.000 0.000 -1.292 0.000 5579.058

22.5 2.599 -1.249 1210.756 2.515 -1.166 1202.559 2.380 -1.030 1180.613 2.135 -0.785 1108.204 1.671 -0.322 850.062 0.000 -1.279 0.000 0.000 -1.279 0.000 0.000 -1.279 0.000 0.000 -1.279 0.000 0.000 -1.279 0.000 5552.194

23.5 2.576 -1.236 1209.311 2.490 -1.150 1200.186 2.351 -1.011 1176.122 2.104 -0.764 1099.194 1.649 -0.309 840.677 0.000 -1.267 0.000 0.000 -1.267 0.000 0.000 -1.267 0.000 0.000 -1.267 0.000 0.000 -1.267 0.000 5525.490

24.5 2.553 -1.223 1207.762 2.465 -1.134 1197.667 2.323 -0.992 1171.445 2.073 -0.743 1090.187 1.628 -0.297 831.866 0.000 -1.255 0.000 0.000 -1.255 0.000 0.000 -1.255 0.000 0.000 -1.255 0.000 0.000 -1.255 0.000 5498.927

25.5 2.531 -1.210 1206.108 2.440 -1.119 1195.004 2.295 -0.974 1166.596 2.044 -0.723 1081.208 1.607 -0.286 823.576 0.000 -1.243 0.000 0.000 -1.243 0.000 0.000 -1.243 0.000 0.000 -1.243 0.000 0.000 -1.243 0.000 5472.493

26.5 2.508 -1.197 1204.350 2.415 -1.103 1192.199 2.267 -0.956 1161.587 2.016 -0.704 1072.282 1.588 -0.276 815.757 0.000 -1.231 0.000 0.000 -1.231 0.000 0.000 -1.231 0.000 0.000 -1.231 0.000 0.000 -1.231 0.000 5446.175

27.5 2.486 -1.184 1202.487 2.391 -1.088 1189.255 2.240 -0.938 1156.430 1.988 -0.686 1063.427 1.569 -0.266 808.365 0.000 -1.219 0.000 0.000 -1.219 0.000 0.000 -1.219 0.000 0.000 -1.219 0.000 0.000 -1.219 0.000 5419.964

28.5 2.464 -1.171 1200.519 2.367 -1.073 1186.176 2.214 -0.921 1151.138 1.961 -0.668 1054.660 1.550 -0.257 801.360 0.000 -1.208 0.000 0.000 -1.208 0.000 0.000 -1.208 0.000 0.000 -1.208 0.000 0.000 -1.208 0.000 5393.853

29.5 2.443 -1.159 1198.446 2.343 -1.059 1182.965 2.188 -0.904 1145.724 1.936 -0.652 1045.993 1.533 -0.249 794.707 0.000 -1.196 0.000 0.000 -1.196 0.000 0.000 -1.196 0.000 0.000 -1.196 0.000 0.000 -1.196 0.000 5367.836

30.5 2.421 -1.146 1196.270 2.319 -1.045 1179.626 2.163 -0.888 1140.199 1.910 -0.636 1037.438 1.516 -0.241 788.373 0.000 -1.185 0.000 0.000 -1.185 0.000 0.000 -1.185 0.000 0.000 -1.185 0.000 0.000 -1.185 0.000 5341.907

31.5 2.400 -1.134 1193.990 2.296 -1.030 1176.164 2.138 -0.872 1134.574 1.886 -0.620 1029.003 1.499 -0.234 782.332 0.000 -1.173 0.000 0.000 -1.173 0.000 0.000 -1.173 0.000 0.000 -1.173 0.000 0.000 -1.173 0.000 5316.062

32.5 2.379 -1.122 1191.607 2.273 -1.016 1172.582 2.113 -0.857 1128.861 1.862 -0.606 1020.693 1.483 -0.227 776.555 0.000 -1.162 0.000 0.000 -1.162 0.000 0.000 -1.162 0.000 0.000 -1.162 0.000 0.000 -1.162 0.000 5290.299

33.5 2.358 -1.110 1189.124 2.250 -1.003 1168.885 2.089 -0.842 1123.070 1.839 -0.591 1012.514 1.468 -0.220 771.021 0.000 -1.151 0.000 0.000 -1.151 0.000 0.000 -1.151 0.000 0.000 -1.151 0.000 0.000 -1.151 0.000 5264.614

34.5 2.337 -1.098 1186.541 2.228 -0.989 1165.078 2.066 -0.827 1117.211 1.816 -0.578 1004.468 1.453 -0.214 765.708 0.000 -1.140 0.000 0.000 -1.140 0.000 0.000 -1.140 0.000 0.000 -1.140 0.000 0.000 -1.140 0.000 5239.006

35.5 2.316 -1.087 1183.860 2.206 -0.976 1161.165 2.042 -0.813 1111.293 1.795 -0.565 996.558 1.438 -0.208 760.597 0.000 -1.129 0.000 0.000 -1.129 0.000 0.000 -1.129 0.000 0.000 -1.129 0.000 0.000 -1.129 0.000 5213.474

36.5 2.296 -1.075 1181.083 2.184 -0.963 1157.152 2.020 -0.799 1105.326 1.773 -0.552 988.784 1.423 -0.203 755.671 0.000 -1.118 0.000 0.000 -1.118 0.000 0.000 -1.118 0.000 0.000 -1.118 0.000 0.000 -1.118 0.000 5188.015

37.5 2.276 -1.064 1178.212 2.163 -0.951 1153.043 1.997 -0.785 1099.317 1.752 -0.540 981.145 1.409 -0.197 750.914 0.000 -1.107 0.000 0.000 -1.107 0.000 0.000 -1.107 0.000 0.000 -1.107 0.000 0.000 -1.107 0.000 5162.630

38.5 2.256 -1.052 1175.248 2.141 -0.938 1148.842 1.976 -0.772 1093.274 1.732 -0.529 973.642 1.396 -0.192 746.313 0.000 -1.097 0.000 0.000 -1.097 0.000 0.000 -1.097 0.000 0.000 -1.097 0.000 0.000 -1.097 0.000 5137.318

39.5 2.236 -1.041 1172.194 2.120 -0.926 1144.555 1.954 -0.759 1087.204 1.712 -0.518 966.272 1.382 -0.188 741.853 0.000 -1.086 0.000 0.000 -1.086 0.000 0.000 -1.086 0.000 0.000 -1.086 0.000 0.000 -1.086 0.000 5112.079

40.5 2.216 -1.030 1169.052 2.100 -0.914 1140.187 1.933 -0.747 1081.115 1.693 -0.507 959.034 1.369 -0.183 737.525 0.000 -1.076 0.000 0.000 -1.076 0.000 0.000 -1.076 0.000 0.000 -1.076 0.000 0.000 -1.076 0.000 5086.913

41.5 2.197 -1.020 1165.825 2.079 -0.902 1135.742 1.912 -0.735 1075.011 1.674 -0.497 951.925 1.356 -0.179 733.316 0.000 -1.065 0.000 0.000 -1.065 0.000 0.000 -1.065 0.000 0.000 -1.065 0.000 0.000 -1.065 0.000 5061.819

42.5 2.178 -1.009 1162.514 2.059 -0.890 1131.224 1.892 -0.723 1068.900 1.656 -0.487 944.943 1.344 -0.175 729.218 0.000 -1.055 0.000 0.000 -1.055 0.000 0.000 -1.055 0.000 0.000 -1.055 0.000 0.000 -1.055 0.000 5036.799

43.5 2.159 -0.998 1159.123 2.039 -0.879 1126.639 1.872 -0.711 1062.785 1.638 -0.477 938.084 1.331 -0.171 725.221 0.000 -1.045 0.000 0.000 -1.045 0.000 0.000 -1.045 0.000 0.000 -1.045 0.000 0.000 -1.045 0.000 5011.852

44.5 2.140 -0.988 1155.654 2.020 -0.868 1121.991 1.852 -0.700 1056.672 1.620 -0.468 931.345 1.319 -0.167 721.317 0.000 -1.035 0.000 0.000 -1.035 0.000 0.000 -1.035 0.000 0.000 -1.035 0.000 0.000 -1.035 0.000 4986.980

45.5 2.121 -0.978 1152.110 2.000 -0.857 1117.284 1.833 -0.689 1050.565 1.603 -0.459 924.723 1.307 -0.163 717.500 0.000 -1.025 0.000 0.000 -1.025 0.000 0.000 -1.025 0.000 0.000 -1.025 0.000 0.000 -1.025 0.000 4962.182

46.5 2.103 -0.968 1148.493 1.981 -0.846 1112.522 1.814 -0.679 1044.468 1.586 -0.451 918.215 1.295 -0.160 713.762 0.000 -1.016 0.000 0.000 -1.016 0.000 0.000 -1.016 0.000 0.000 -1.016 0.000 0.000 -1.016 0.000 4937.460

47.5 2.085 -0.958 1144.806 1.963 -0.835 1107.710 1.796 -0.668 1038.385 1.570 -0.442 911.818 1.284 -0.157 710.097 0.000 -1.006 0.000 0.000 -1.006 0.000 0.000 -1.006 0.000 0.000 -1.006 0.000 0.000 -1.006 0.000 4912.815

48.5 2.067 -0.948 1141.051 1.944 -0.825 1102.851 1.777 -0.658 1032.318 1.554 -0.434 905.527 1.273 -0.153 706.500 0.000 -0.997 0.000 0.000 -0.997 0.000 0.000 -0.997 0.000 0.000 -0.997 0.000 0.000 -0.997 0.000 4888.247

49.5 2.049 -0.938 1137.232 1.926 -0.815 1097.950 1.759 -0.648 1026.271 1.538 -0.427 899.340 1.262 -0.150 702.965 0.000 -0.987 0.000 0.000 -0.987 0.000 0.000 -0.987 0.000 0.000 -0.987 0.000 0.000 -0.987 0.000 4863.758

50.5 2.032 -0.928 1133.351 1.908 -0.805 1093.009 1.742 -0.639 1020.247 1.522 -0.419 893.253 1.251 -0.147 699.488 0.000 -0.978 0.000 0.000 -0.978 0.000 0.000 -0.978 0.000 0.000 -0.978 0.000 0.000 -0.978 0.000 4839.348

51.5 2.014 -0.919 1129.410 1.890 -0.795 1088.034 1.725 -0.629 1014.247 1.507 -0.412 887.263 1.240 -0.145 696.064 0.000 -0.969 0.000 0.000 -0.969 0.000 0.000 -0.969 0.000 0.000 -0.969 0.000 0.000 -0.969 0.000 4815.019

52.5 1.997 -0.910 1125.413 1.873 -0.785 1083.026 1.708 -0.620 1008.275 1.492 -0.405 881.367 1.229 -0.142 692.690 0.000 -0.960 0.000 0.000 -0.960 0.000 0.000 -0.960 0.000 0.000 -0.960 0.000 0.000 -0.960 0.000 4790.771

53.5 1.980 -0.901 1121.362 1.856 -0.776 1077.990 1.691 -0.611 1002.331 1.478 -0.398 875.562 1.219 -0.139 689.361 0.000 -0.951 0.000 0.000 -0.951 0.000 0.000 -0.951 0.000 0.000 -0.951 0.000 0.000 -0.951 0.000 4766.606

54.5 1.963 -0.892 1117.260 1.839 -0.767 1072.929 1.674 -0.603 996.418 1.463 -0.392 869.844 1.209 -0.137 686.076 0.000 -0.942 0.000 0.000 -0.942 0.000 0.000 -0.942 0.000 0.000 -0.942 0.000 0.000 -0.942 0.000 4742.526

55.5 1.947 -0.883 1113.109 1.822 -0.758 1067.845 1.658 -0.594 990.536 1.449 -0.385 864.210 1.198 -0.134 682.829 0.000 -0.934 0.000 0.000 -0.934 0.000 0.000 -0.934 0.000 0.000 -0.934 0.000 0.000 -0.934 0.000 4718.530

56.5 1.930 -0.874 1108.912 1.805 -0.749 1062.743 1.642 -0.586 984.688 1.435 -0.379 858.658 1.188 -0.132 679.620 0.000 -0.925 0.000 0.000 -0.925 0.000 0.000 -0.925 0.000 0.000 -0.925 0.000 0.000 -0.925 0.000 4694.621

57.5 1.914 -0.865 1104.672 1.789 -0.740 1057.623 1.627 -0.578 978.875 1.422 -0.373 853.186 1.179 -0.130 676.445 0.000 -0.917 0.000 0.000 -0.917 0.000 0.000 -0.917 0.000 0.000 -0.917 0.000 0.000 -0.917 0.000 4670.800

58.5 1.898 -0.857 1100.391 1.773 -0.731 1052.490 1.612 -0.570 973.097 1.409 -0.367 847.789 1.169 -0.128 673.301 0.000 -0.908 0.000 0.000 -0.908 0.000 0.000 -0.908 0.000 0.000 -0.908 0.000 0.000 -0.908 0.000 4647.068

59.5 1.882 -0.848 1096.071 1.757 -0.723 1047.346 1.596 -0.562 967.355 1.396 -0.362 842.466 1.159 -0.125 670.188 0.000 -0.900 0.000 0.000 -0.900 0.000 0.000 -0.900 0.000 0.000 -0.900 0.000 0.000 -0.900 0.000 4623.426

60.5 1.867 -0.840 1091.715 1.741 -0.715 1042.192 1.582 -0.555 961.650 1.383 -0.356 837.215 1.150 -0.123 667.102 0.000 -0.892 0.000 0.000 -0.892 0.000 0.000 -0.892 0.000 0.000 -0.892 0.000 0.000 -0.892 0.000 4599.875

61.5 1.851 -0.832 1087.326 1.726 -0.707 1037.032 1.567 -0.548 955.984 1.370 -0.351 832.032 1.141 -0.121 664.043 0.000 -0.884 0.000 0.000 -0.884 0.000 0.000 -0.884 0.000 0.000 -0.884 0.000 0.000 -0.884 0.000 4576.417

62.5 1.836 -0.824 1082.905 1.711 -0.699 1031.868 1.553 -0.540 950.355 1.358 -0.346 826.916 1.132 -0.119 661.008 0.000 -0.876 0.000 0.000 -0.876 0.000 0.000 -0.876 0.000 0.000 -0.876 0.000 0.000 -0.876 0.000 4553.053

63.5 1.821 -0.816 1078.455 1.696 -0.691 1026.702 1.538 -0.533 944.765 1.346 -0.341 821.865 1.123 -0.118 657.997 0.000 -0.868 0.000 0.000 -0.868 0.000 0.000 -0.868 0.000 0.000 -0.868 0.000 0.000 -0.868 0.000 4529.784

64.5 1.806 -0.808 1073.978 1.681 -0.683 1021.535 1.525 -0.527 939.215 1.334 -0.336 816.877 1.114 -0.116 655.007 0.000 -0.861 0.000 0.000 -0.861 0.000 0.000 -0.861 0.000 0.000 -0.861 0.000 0.000 -0.861 0.000 4506.612

STRESS INCREASE CALCULATION

Calculation sheet by H. Nofal

Version 1.0  -  June 26, 2007

x

b b

z

q

α

β

∆σ = q/π (α + sin α cos(α+2β))

β = tan
-1

((x-b)/z)

α = tan
-1

((x+b)/z)  − β



65.5 1.791 -0.800 1069.477 1.667 -0.676 1016.371 1.511 -0.520 933.703 1.322 -0.331 811.948 1.105 -0.114 652.037 0.000 -0.853 0.000 0.000 -0.853 0.000 0.000 -0.853 0.000 0.000 -0.853 0.000 0.000 -0.853 0.000 4483.537

66.5 1.777 -0.793 1064.953 1.652 -0.668 1011.209 1.497 -0.513 928.232 1.310 -0.326 807.079 1.096 -0.112 649.088 0.000 -0.845 0.000 0.000 -0.845 0.000 0.000 -0.845 0.000 0.000 -0.845 0.000 0.000 -0.845 0.000 4460.561

67.5 1.762 -0.785 1060.408 1.638 -0.661 1006.053 1.484 -0.507 922.800 1.299 -0.322 802.266 1.088 -0.111 646.156 0.000 -0.838 0.000 0.000 -0.838 0.000 0.000 -0.838 0.000 0.000 -0.838 0.000 0.000 -0.838 0.000 4437.685

68.5 1.748 -0.778 1055.845 1.624 -0.654 1000.904 1.471 -0.501 917.409 1.288 -0.317 797.509 1.079 -0.109 643.243 0.000 -0.831 0.000 0.000 -0.831 0.000 0.000 -0.831 0.000 0.000 -0.831 0.000 0.000 -0.831 0.000 4414.910

69.5 1.734 -0.771 1051.266 1.610 -0.647 995.763 1.458 -0.495 912.057 1.277 -0.313 792.805 1.071 -0.107 640.346 0.000 -0.823 0.000 0.000 -0.823 0.000 0.000 -0.823 0.000 0.000 -0.823 0.000 0.000 -0.823 0.000 4392.237

70.5 1.720 -0.764 1046.671 1.597 -0.640 990.632 1.446 -0.489 906.746 1.266 -0.309 788.154 1.063 -0.106 637.465 0.000 -0.816 0.000 0.000 -0.816 0.000 0.000 -0.816 0.000 0.000 -0.816 0.000 0.000 -0.816 0.000 4369.667

71.5 1.707 -0.757 1042.064 1.583 -0.633 985.512 1.433 -0.483 901.474 1.255 -0.305 783.553 1.055 -0.105 634.599 0.000 -0.809 0.000 0.000 -0.809 0.000 0.000 -0.809 0.000 0.000 -0.809 0.000 0.000 -0.809 0.000 4347.202

72.5 1.693 -0.750 1037.445 1.570 -0.627 980.405 1.421 -0.477 896.243 1.244 -0.301 779.001 1.047 -0.103 631.748 0.000 -0.802 0.000 0.000 -0.802 0.000 0.000 -0.802 0.000 0.000 -0.802 0.000 0.000 -0.802 0.000 4324.843

73.5 1.680 -0.743 1032.818 1.557 -0.620 975.311 1.409 -0.472 891.051 1.234 -0.297 774.497 1.039 -0.102 628.912 0.000 -0.795 0.000 0.000 -0.795 0.000 0.000 -0.795 0.000 0.000 -0.795 0.000 0.000 -0.795 0.000 4302.590

74.5 1.667 -0.736 1028.182 1.544 -0.614 970.232 1.397 -0.466 885.900 1.224 -0.293 770.040 1.031 -0.100 626.089 0.000 -0.789 0.000 0.000 -0.789 0.000 0.000 -0.789 0.000 0.000 -0.789 0.000 0.000 -0.789 0.000 4280.444

75.5 1.654 -0.730 1023.540 1.532 -0.608 965.170 1.385 -0.461 880.788 1.214 -0.290 765.629 1.023 -0.099 623.280 0.000 -0.782 0.000 0.000 -0.782 0.000 0.000 -0.782 0.000 0.000 -0.782 0.000 0.000 -0.782 0.000 4258.407

76.5 1.641 -0.723 1018.893 1.519 -0.601 960.124 1.374 -0.456 875.716 1.204 -0.286 761.261 1.015 -0.098 620.484 0.000 -0.775 0.000 0.000 -0.775 0.000 0.000 -0.775 0.000 0.000 -0.775 0.000 0.000 -0.775 0.000 4236.479

77.5 1.628 -0.717 1014.244 1.507 -0.595 955.096 1.362 -0.451 870.684 1.194 -0.283 756.937 1.008 -0.096 617.700 0.000 -0.769 0.000 0.000 -0.769 0.000 0.000 -0.769 0.000 0.000 -0.769 0.000 0.000 -0.769 0.000 4214.661

78.5 1.615 -0.710 1009.592 1.495 -0.589 950.087 1.351 -0.446 865.691 1.184 -0.279 752.656 1.001 -0.095 614.929 0.000 -0.763 0.000 0.000 -0.763 0.000 0.000 -0.763 0.000 0.000 -0.763 0.000 0.000 -0.763 0.000 4192.955

79.5 1.603 -0.704 1004.941 1.483 -0.584 945.097 1.340 -0.441 860.737 1.175 -0.276 748.416 0.993 -0.094 612.170 0.000 -0.756 0.000 0.000 -0.756 0.000 0.000 -0.756 0.000 0.000 -0.756 0.000 0.000 -0.756 0.000 4171.360

80.5 1.591 -0.698 1000.290 1.471 -0.578 940.128 1.329 -0.436 855.822 1.166 -0.273 744.216 0.986 -0.093 609.423 0.000 -0.750 0.000 0.000 -0.750 0.000 0.000 -0.750 0.000 0.000 -0.750 0.000 0.000 -0.750 0.000 4149.878

81.5 1.579 -0.692 995.641 1.459 -0.572 935.180 1.318 -0.431 850.945 1.156 -0.269 740.055 0.979 -0.092 606.688 0.000 -0.744 0.000 0.000 -0.744 0.000 0.000 -0.744 0.000 0.000 -0.744 0.000 0.000 -0.744 0.000 4128.510

82.5 1.567 -0.686 990.996 1.448 -0.567 930.255 1.308 -0.427 846.107 1.147 -0.266 735.934 0.972 -0.091 603.964 0.000 -0.738 0.000 0.000 -0.738 0.000 0.000 -0.738 0.000 0.000 -0.738 0.000 0.000 -0.738 0.000 4107.256

83.5 1.555 -0.680 986.356 1.436 -0.561 925.351 1.297 -0.422 841.308 1.138 -0.263 731.850 0.965 -0.090 601.252 0.000 -0.732 0.000 0.000 -0.732 0.000 0.000 -0.732 0.000 0.000 -0.732 0.000 0.000 -0.732 0.000 4086.117

84.5 1.543 -0.674 981.721 1.425 -0.556 920.471 1.287 -0.418 836.546 1.129 -0.260 727.803 0.958 -0.089 598.551 0.000 -0.726 0.000 0.000 -0.726 0.000 0.000 -0.726 0.000 0.000 -0.726 0.000 0.000 -0.726 0.000 4065.093

85.5 1.532 -0.668 977.093 1.414 -0.551 915.615 1.277 -0.413 831.823 1.121 -0.257 723.793 0.951 -0.087 595.862 0.000 -0.720 0.000 0.000 -0.720 0.000 0.000 -0.720 0.000 0.000 -0.720 0.000 0.000 -0.720 0.000 4044.186

86.5 1.520 -0.663 972.473 1.403 -0.546 910.783 1.267 -0.409 827.137 1.112 -0.254 719.818 0.944 -0.086 593.184 0.000 -0.714 0.000 0.000 -0.714 0.000 0.000 -0.714 0.000 0.000 -0.714 0.000 0.000 -0.714 0.000 4023.395

87.5 1.509 -0.657 967.862 1.392 -0.540 905.976 1.257 -0.405 822.488 1.104 -0.252 715.879 0.937 -0.086 590.516 0.000 -0.709 0.000 0.000 -0.709 0.000 0.000 -0.709 0.000 0.000 -0.709 0.000 0.000 -0.709 0.000 4002.721

88.5 1.498 -0.652 963.261 1.382 -0.535 901.193 1.247 -0.401 817.876 1.095 -0.249 711.974 0.931 -0.085 587.860 0.000 -0.703 0.000 0.000 -0.703 0.000 0.000 -0.703 0.000 0.000 -0.703 0.000 0.000 -0.703 0.000 3982.165

89.5 1.487 -0.646 958.671 1.371 -0.531 896.437 1.238 -0.397 813.301 1.087 -0.246 708.103 0.924 -0.084 585.215 0.000 -0.697 0.000 0.000 -0.697 0.000 0.000 -0.697 0.000 0.000 -0.697 0.000 0.000 -0.697 0.000 3961.728

90.5 1.476 -0.641 954.092 1.361 -0.526 891.707 1.228 -0.393 808.763 1.079 -0.244 704.266 0.918 -0.083 582.582 0.000 -0.692 0.000 0.000 -0.692 0.000 0.000 -0.692 0.000 0.000 -0.692 0.000 0.000 -0.692 0.000 3941.409

91.5 1.465 -0.636 949.526 1.351 -0.521 887.003 1.219 -0.389 804.261 1.071 -0.241 700.461 0.912 -0.082 579.959 0.000 -0.687 0.000 0.000 -0.687 0.000 0.000 -0.687 0.000 0.000 -0.687 0.000 0.000 -0.687 0.000 3921.209

92.5 1.455 -0.630 944.972 1.341 -0.516 882.325 1.209 -0.385 799.795 1.063 -0.239 696.688 0.905 -0.081 577.347 0.000 -0.681 0.000 0.000 -0.681 0.000 0.000 -0.681 0.000 0.000 -0.681 0.000 0.000 -0.681 0.000 3901.128

93.5 1.444 -0.625 940.433 1.331 -0.512 877.675 1.200 -0.381 795.365 1.055 -0.236 692.947 0.899 -0.080 574.747 0.000 -0.676 0.000 0.000 -0.676 0.000 0.000 -0.676 0.000 0.000 -0.676 0.000 0.000 -0.676 0.000 3881.167

94.5 1.434 -0.620 935.909 1.321 -0.507 873.052 1.191 -0.378 790.970 1.047 -0.234 689.238 0.893 -0.079 572.157 0.000 -0.671 0.000 0.000 -0.671 0.000 0.000 -0.671 0.000 0.000 -0.671 0.000 0.000 -0.671 0.000 3861.326

95.5 1.424 -0.615 931.400 1.311 -0.503 868.457 1.183 -0.374 786.611 1.040 -0.231 685.559 0.887 -0.078 569.579 0.000 -0.666 0.000 0.000 -0.666 0.000 0.000 -0.666 0.000 0.000 -0.666 0.000 0.000 -0.666 0.000 3841.605

96.5 1.414 -0.610 926.907 1.301 -0.498 863.889 1.174 -0.371 782.286 1.032 -0.229 681.911 0.881 -0.078 567.012 0.000 -0.661 0.000 0.000 -0.661 0.000 0.000 -0.661 0.000 0.000 -0.661 0.000 0.000 -0.661 0.000 3822.004

97.5 1.404 -0.606 922.430 1.292 -0.494 859.349 1.165 -0.367 777.996 1.025 -0.227 678.292 0.875 -0.077 564.456 0.000 -0.656 0.000 0.000 -0.656 0.000 0.000 -0.656 0.000 0.000 -0.656 0.000 0.000 -0.656 0.000 3802.524

98.5 1.394 -0.601 917.971 1.283 -0.490 854.838 1.157 -0.364 773.741 1.018 -0.225 674.704 0.869 -0.076 561.911 0.000 -0.651 0.000 0.000 -0.651 0.000 0.000 -0.651 0.000 0.000 -0.651 0.000 0.000 -0.651 0.000 3783.165

99.5 1.384 -0.596 913.530 1.273 -0.486 850.355 1.148 -0.360 769.520 1.010 -0.222 671.144 0.863 -0.075 559.378 0.000 -0.646 0.000 0.000 -0.646 0.000 0.000 -0.646 0.000 0.000 -0.646 0.000 0.000 -0.646 0.000 3763.926



Job Name: Northbound Widening Project - Northern Segment

Job No. 370900.03.GE.FR

Location: Brea Overhead - Abutment 4

Subject: Embankment Fills Settlement from the Northbound widening at point A - (will provide an overestimate for the settlement)

Date: 1/14/2009

Analysis by: HMN Surface

Soil Profile Data Unit Compression Recompression Soil Preconsolidation

Layer Layer Weight Ratio Ratio Type Pressure

No. Top Bottom Thickness γt CCR CRR (N/O) Pc

(ft) (ft) (ft) (pcf) (psf)

Depth to Ground Water 11 ft 1 0 5 5 120 0.020 0.002 N

Unit Weight of Water 62.4 pcf 2 5 14 9 120 0.030 0.003 N

Depth Interval 1 ft 3 14 48 34 130 0.030 0.003 O 14000

Footing Length 0 ft 4 48 62 14 120 0.100 0.010 N

Footing Width 0 ft 5 62 100 38 130 0.010 0.001 O 21000

Footing Depth of Embedment 0 ft

Calculation Point offset Along Length 0 ft

Calculation Point offset Along Width 0 ft

Ground Surface Elevation 372 ft Loading

Embankment Stress Included (Y/N) Y Case Length Pressure

Fill Height 0 ft No. (ft) (psf)

Embankment Width at the top 0 ft 1 0 0

Fill Unit Weight 130 pcf 2 0 0

3 0 0

4 0 0

5 0 0

Top Bottom Middle Total Total 
1

Pore Effective Compression Recompression Stress 
2

Soil Preconsolidation Consolidation

of of Height of Elevation Unit Overburden Water Overburden Ratio Ratio Increase Type Pressure OCR Settlement

Layer Layer Layer Weight Pressure Pressure Pressure CCR CRR ∆p (N/O) Pc

(ft) (ft) (ft) (ft) (pcf) (psf) (psf) (psf) (psf) (psf) (inch)

0 1 0.5 371.5 120.00 4999.96 0.00 4999.96 0.020 0.002 1169.96 N 4999.96 1.0 0.022

1 2 1.5 370.5 120.00 5118.95 0.00 5118.95 0.020 0.002 1168.97 N 5118.95 1.0 0.021

2 3 2.5 369.5 120.00 5235.35 0.00 5235.35 0.020 0.002 1165.70 N 5235.35 1.0 0.021

3 4 3.5 368.5 120.00 5348.09 0.00 5348.09 0.020 0.002 1159.80 N 5348.09 1.0 0.020

4 5 4.5 367.5 120.00 5456.79 0.00 5456.79 0.020 0.002 1151.84 N 5456.79 1.0 0.020

5 6 5.5 366.5 120.00 5561.63 0.00 5561.63 0.030 0.003 1142.76 N 5561.63 1.0 0.029

6 7 6.5 365.5 120.00 5663.21 0.00 5663.21 0.030 0.003 1133.49 N 5663.21 1.0 0.029

7 8 7.5 364.5 120.00 5762.26 0.00 5762.26 0.030 0.003 1124.66 N 5762.26 1.0 0.028

8 9 8.5 363.5 120.00 5859.52 0.00 5859.52 0.030 0.003 1116.56 N 5859.52 1.0 0.027

9 10 9.5 362.5 120.00 5955.62 0.00 5955.62 0.030 0.003 1109.29 N 5955.62 1.0 0.027

10 11 10.5 361.5 120.00 6051.07 0.00 6051.07 0.030 0.003 1102.78 N 6051.07 1.0 0.026

11 12 11.5 360.5 120.00 6146.24 31.20 6115.04 0.030 0.003 1096.90 N 6115.04 1.0 0.026

12 13 12.5 359.5 120.00 6241.38 93.60 6147.78 0.030 0.003 1091.51 N 6147.78 1.0 0.026

13 14 13.5 358.5 120.00 6336.67 156.00 6180.67 0.030 0.003 1086.48 N 6180.67 1.0 0.025

14 15 14.5 357.5 130.00 6437.19 218.40 6218.79 0.030 0.003 1081.69 O 20218.79 3.3 0.003

15 16 15.5 356.5 130.00 6543.01 280.80 6262.21 0.030 0.003 1077.05 O 20262.21 3.2 0.002

16 17 16.5 355.5 130.00 6649.14 343.20 6305.94 0.030 0.003 1072.50 O 20305.94 3.2 0.002

17 18 17.5 354.5 130.00 6755.59 405.60 6349.99 0.030 0.003 1068.00 O 20349.99 3.2 0.002

18 19 18.5 353.5 130.00 6862.34 468.00 6394.34 0.030 0.003 1063.50 O 20394.34 3.2 0.002

19 20 19.5 352.5 130.00 6969.37 530.40 6438.97 0.030 0.003 1058.98 O 20438.97 3.2 0.002

20 21 20.5 351.5 130.00 7076.66 592.80 6483.86 0.030 0.003 1054.44 O 20483.86 3.2 0.002

21 22 21.5 350.5 130.00 7184.18 655.20 6528.98 0.030 0.003 1049.88 O 20528.98 3.1 0.002

22 23 22.5 349.5 130.00 7291.92 717.60 6574.32 0.030 0.003 1045.27 O 20574.32 3.1 0.002

23 24 23.5 348.5 130.00 7399.85 780.00 6619.85 0.030 0.003 1040.64 O 20619.85 3.1 0.002

24 25 24.5 347.5 130.00 7507.96 842.40 6665.56 0.030 0.003 1035.97 O 20665.56 3.1 0.002

25 26 25.5 346.5 130.00 7616.21 904.80 6711.41 0.030 0.003 1031.28 O 20711.41 3.1 0.002

26 27 26.5 345.5 130.00 7724.61 967.20 6757.41 0.030 0.003 1026.56 O 20757.41 3.1 0.002

27 28 27.5 344.5 130.00 7833.14 1029.60 6803.54 0.030 0.003 1021.82 O 20803.54 3.1 0.002

28 29 28.5 343.5 130.00 7941.78 1092.00 6849.78 0.030 0.003 1017.07 O 20849.78 3.0 0.002

29 30 29.5 342.5 130.00 8050.53 1154.40 6896.13 0.030 0.003 1012.30 O 20896.13 3.0 0.002

30 31 30.5 341.5 130.00 8159.38 1216.80 6942.58 0.030 0.003 1007.52 O 20942.58 3.0 0.002

31 32 31.5 340.5 130.00 8268.32 1279.20 6989.12 0.030 0.003 1002.74 O 20989.12 3.0 0.002

32 33 32.5 339.5 130.00 8377.35 1341.60 7035.75 0.030 0.003 997.95 O 21035.75 3.0 0.002

33 34 33.5 338.5 130.00 8486.45 1404.00 7082.45 0.030 0.003 993.16 O 21082.45 3.0 0.002

34 35 34.5 337.5 130.00 8595.64 1466.40 7129.24 0.030 0.003 988.37 O 21129.24 3.0 0.002

35 36 35.5 336.5 130.00 8704.89 1528.80 7176.09 0.030 0.003 983.58 O 21176.09 3.0 0.002

36 37 36.5 335.5 130.00 8814.22 1591.20 7223.02 0.030 0.003 978.79 O 21223.02 2.9 0.002

37 38 37.5 334.5 130.00 8923.62 1653.60 7270.02 0.030 0.003 974.01 O 21270.02 2.9 0.002

Pressure 3

Pressure 4

Pressure 5

------------     Depth to     ------------

1-D CONSOLIDATION SETTLEMENT ANALYSIS

Depth (bgs)

Description

1.20Estimated Settlement (inch)
Pressure 1

Pressure 2

Calculation Sheet by H. Nofal
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38 39 38.5 333.5 130.00 9033.08 1716.00 7317.08 0.030 0.003 969.24 O 21317.08 2.9 0.002

39 40 39.5 332.5 130.00 9142.61 1778.40 7364.21 0.030 0.003 964.47 O 21364.21 2.9 0.002

40 41 40.5 331.5 130.00 9252.20 1840.80 7411.40 0.030 0.003 959.72 O 21411.40 2.9 0.002

41 42 41.5 330.5 130.00 9361.85 1903.20 7458.65 0.030 0.003 954.97 O 21458.65 2.9 0.002

42 43 42.5 329.5 130.00 9471.57 1965.60 7505.97 0.030 0.003 950.23 O 21505.97 2.9 0.002

43 44 43.5 328.5 130.00 9581.35 2028.00 7553.35 0.030 0.003 945.50 O 21553.35 2.9 0.002

44 45 44.5 327.5 130.00 9691.19 2090.40 7600.79 0.030 0.003 940.79 O 21600.79 2.8 0.002

45 46 45.5 326.5 130.00 9801.10 2152.80 7648.30 0.030 0.003 936.08 O 21648.30 2.8 0.002

46 47 46.5 325.5 130.00 9911.07 2215.20 7695.87 0.030 0.003 931.39 O 21695.87 2.8 0.002

47 48 47.5 324.5 130.00 10021.10 2277.60 7743.50 0.030 0.003 926.72 O 21743.50 2.8 0.002

48 49 48.5 323.5 120.00 10126.19 2340.00 7786.19 0.100 0.010 922.05 N 7786.19 1.0 0.058

49 50 49.5 322.5 120.00 10226.35 2402.40 7823.95 0.100 0.010 917.40 N 7823.95 1.0 0.058

50 51 50.5 321.5 120.00 10326.58 2464.80 7861.78 0.100 0.010 912.77 N 7861.78 1.0 0.057

51 52 51.5 320.5 120.00 10426.87 2527.20 7899.67 0.100 0.010 908.15 N 7899.67 1.0 0.057

52 53 52.5 319.5 120.00 10527.22 2589.60 7937.62 0.100 0.010 903.55 N 7937.62 1.0 0.056

53 54 53.5 318.5 120.00 10627.65 2652.00 7975.65 0.100 0.010 898.96 N 7975.65 1.0 0.056

54 55 54.5 317.5 120.00 10728.14 2714.40 8013.74 0.100 0.010 894.39 N 8013.74 1.0 0.055

55 56 55.5 316.5 120.00 10828.69 2776.80 8051.89 0.100 0.010 889.84 N 8051.89 1.0 0.055

56 57 56.5 315.5 120.00 10929.32 2839.20 8090.12 0.100 0.010 885.30 N 8090.12 1.0 0.054

57 58 57.5 314.5 120.00 11030.02 2901.60 8128.42 0.100 0.010 880.78 N 8128.42 1.0 0.054

58 59 58.5 313.5 120.00 11130.79 2964.00 8166.79 0.100 0.010 876.28 N 8166.79 1.0 0.053

59 60 59.5 312.5 120.00 11231.63 3026.40 8205.23 0.100 0.010 871.79 N 8205.23 1.0 0.053

60 61 60.5 311.5 120.00 11332.55 3088.80 8243.75 0.100 0.010 867.32 N 8243.75 1.0 0.052

61 62 61.5 310.5 120.00 11433.54 3151.20 8282.34 0.100 0.010 862.88 N 8282.34 1.0 0.052

62 63 62.5 309.5 130.00 11539.61 3213.60 8326.01 0.010 0.001 858.45 O 29326.01 3.5 0.001

63 64 63.5 308.5 130.00 11650.75 3276.00 8374.75 0.010 0.001 854.04 O 29374.75 3.5 0.001

64 65 64.5 307.5 130.00 11761.97 3338.40 8423.57 0.010 0.001 849.64 O 29423.57 3.5 0.001

65 66 65.5 306.5 130.00 11873.27 3400.80 8472.47 0.010 0.001 845.27 O 29472.47 3.5 0.000

66 67 66.5 305.5 130.00 11984.64 3463.20 8521.44 0.010 0.001 840.92 O 29521.44 3.5 0.000

67 68 67.5 304.5 130.00 12096.10 3525.60 8570.50 0.010 0.001 836.59 O 29570.50 3.5 0.000

68 69 68.5 303.5 130.00 12207.64 3588.00 8619.64 0.010 0.001 832.27 O 29619.64 3.4 0.000

69 70 69.5 302.5 130.00 12319.26 3650.40 8668.86 0.010 0.001 827.98 O 29668.86 3.4 0.000

70 71 70.5 301.5 130.00 12430.96 3712.80 8718.16 0.010 0.001 823.71 O 29718.16 3.4 0.000

71 72 71.5 300.5 130.00 12542.75 3775.20 8767.55 0.010 0.001 819.46 O 29767.55 3.4 0.000

72 73 72.5 299.5 130.00 12654.62 3837.60 8817.02 0.010 0.001 815.22 O 29817.02 3.4 0.000

73 74 73.5 298.5 130.00 12766.58 3900.00 8866.58 0.010 0.001 811.01 O 29866.58 3.4 0.000

74 75 74.5 297.5 130.00 12878.62 3962.40 8916.22 0.010 0.001 806.82 O 29916.22 3.4 0.000

75 76 75.5 296.5 130.00 12990.75 4024.80 8965.95 0.010 0.001 802.66 O 29965.95 3.3 0.000

76 77 76.5 295.5 130.00 13102.97 4087.20 9015.77 0.010 0.001 798.51 O 30015.77 3.3 0.000

77 78 77.5 294.5 130.00 13215.28 4149.60 9065.68 0.010 0.001 794.38 O 30065.68 3.3 0.000

78 79 78.5 293.5 130.00 13327.67 4212.00 9115.67 0.010 0.001 790.28 O 30115.67 3.3 0.000

79 80 79.5 292.5 130.00 13440.16 4274.40 9165.76 0.010 0.001 786.20 O 30165.76 3.3 0.000

80 81 80.5 291.5 130.00 13552.74 4336.80 9215.94 0.010 0.001 782.14 O 30215.94 3.3 0.000

81 82 81.5 290.5 130.00 13665.41 4399.20 9266.21 0.010 0.001 778.10 O 30266.21 3.3 0.000

82 83 82.5 289.5 130.00 13778.17 4461.60 9316.57 0.010 0.001 774.09 O 30316.57 3.3 0.000

83 84 83.5 288.5 130.00 13891.02 4524.00 9367.02 0.010 0.001 770.09 O 30367.02 3.2 0.000

84 85 84.5 287.5 130.00 14003.97 4586.40 9417.57 0.010 0.001 766.12 O 30417.57 3.2 0.000

85 86 85.5 286.5 130.00 14117.01 4648.80 9468.21 0.010 0.001 762.17 O 30468.21 3.2 0.000

86 87 86.5 285.5 130.00 14230.15 4711.20 9518.95 0.010 0.001 758.25 O 30518.95 3.2 0.000

87 88 87.5 284.5 130.00 14343.38 4773.60 9569.78 0.010 0.001 754.34 O 30569.78 3.2 0.000

88 89 88.5 283.5 130.00 14456.70 4836.00 9620.70 0.010 0.001 750.46 O 30620.70 3.2 0.000

89 90 89.5 282.5 130.00 14570.12 4898.40 9671.72 0.010 0.001 746.60 O 30671.72 3.2 0.000

90 91 90.5 281.5 130.00 14683.64 4960.80 9722.84 0.010 0.001 742.77 O 30722.84 3.2 0.000

91 92 91.5 280.5 130.00 14797.25 5023.20 9774.05 0.010 0.001 738.96 O 30774.05 3.1 0.000

92 93 92.5 279.5 130.00 14910.96 5085.60 9825.36 0.010 0.001 735.17 O 30825.36 3.1 0.000

93 94 93.5 278.5 130.00 15024.77 5148.00 9876.77 0.010 0.001 731.40 O 30876.77 3.1 0.000

94 95 94.5 277.5 130.00 15138.67 5210.40 9928.27 0.010 0.001 727.66 O 30928.27 3.1 0.000

95 96 95.5 276.5 130.00 15252.67 5272.80 9979.87 0.010 0.001 723.94 O 30979.87 3.1 0.000

96 97 96.5 275.5 130.00 15366.76 5335.20 10031.56 0.010 0.001 720.24 O 31031.56 3.1 0.000

97 98 97.5 274.5 130.00 15480.96 5397.60 10083.36 0.010 0.001 716.56 O 31083.36 3.1 0.000

98 99 98.5 273.5 130.00 15595.25 5460.00 10135.25 0.010 0.001 712.91 O 31135.25 3.1 0.000

99 100 99.5 272.5 130.00 15709.64 5522.40 10187.24 0.010 0.001 709.28 O 31187.24 3.1 0.000

Estimated Settlement 1.20

Notes

1. Total overburden stresses includes the in-situ stress from the existing embankment 

2. Stress increase is calculated from the embankment loading due to fill placement assuming plain strain condition (conservative)



Job Name: SR-57 Northbound Widening Project - Northern Segment

Job No. 370900.03.GE.FR

Location: Orange County, California

Subject: Brea OH (Widen) - Northern Segment - Abutment 1 and 4 Settlement at Service DL

Date: 3/16/2009 Surface

Soil Profile Data Unit Compression Recompression Soil Preconsolidation

Layer Layer Weight Ratio Ratio Type Pressure

No. Top Bottom Thickness γt CCR CRR (N/O) Pc

(ft) (ft) (ft) (pcf) (psf)

Depth to Ground Water 48.1 ft 1 0 50 50 130 0.011 0.001 N 0.00

Unit Weight of Water 62.4 pcf

Depth Interval 0.5 ft

Footing Length 34.4 ft

Footing Width 7.5 ft

Footing Depth of Embedment 3.5 ft

Calculation Point offset Along Length 17.2 ft

Calculation Point offset Along Width 3.75 ft

Ground Surface Elevation 409.1 ft Loading

Embankment Stress Included (Y/N) N Case Length Pressure

Fill Height 20 ft No. (ft) (psf) Boussinesq

Embankment Width at the top 245 ft 1 7.5 1585

Fill Unit Weight 130 pcf 2 0 0

Stress distribution (1/2) 1 3 0 0

4 0 0

5 0 0

Top Bottom Middle Total Total Pore Effective 
1

Compression Recompression Stress 
2

Soil Preconsolidation Consolidation

of of Height of Elevation Unit Overburden Water Overburden Ratio Ratio Increase Type Pressure OCR Settlement

Layer Layer Layer Weight Pressure Pressure Pressure CCR CRR ∆p (N/O) Pc

(ft) (ft) (ft) (ft) (pcf) (psf) (psf) (psf) (psf) (psf) (inch)

0 0.5 0.25 408.85 130.00 32.50 0.00 32.50 0.011 0.001 0.00 N 32.50 1.0 0.00

0.5 1 0.75 408.35 130.00 97.50 0.00 97.50 0.011 0.001 0.00 N 97.50 1.0 0.00

1 1.5 1.25 407.85 130.00 162.50 0.00 162.50 0.011 0.001 0.00 N 162.50 1.0 0.00

1.5 2 1.75 407.35 130.00 227.50 0.00 227.50 0.011 0.001 0.00 N 227.50 1.0 0.00

2 2.5 2.25 406.85 130.00 292.50 0.00 292.50 0.011 0.001 0.00 N 292.50 1.0 0.00

2.5 3 2.75 406.35 130.00 357.50 0.00 357.50 0.011 0.001 0.00 N 357.50 1.0 0.00

3 3.5 3.25 405.85 130.00 422.50 0.00 422.50 0.011 0.001 0.00 N 422.50 1.0 0.00

3.5 4 3.75 405.35 130.00 487.50 0.00 487.50 0.011 0.001 1584.80 N 487.50 1.0 0.04

4 4.5 4.25 404.85 130.00 552.50 0.00 552.50 0.011 0.001 1579.85 N 552.50 1.0 0.04

4.5 5 4.75 404.35 130.00 617.50 0.00 617.50 0.011 0.001 1562.99 N 617.50 1.0 0.04

5 5.5 5.25 403.85 130.00 682.50 0.00 682.50 0.011 0.001 1530.94 N 682.50 1.0 0.03

5.5 6 5.75 403.35 130.00 747.50 0.00 747.50 0.011 0.001 1484.51 N 747.50 1.0 0.03

6 6.5 6.25 402.85 130.00 812.50 0.00 812.50 0.011 0.001 1427.09 N 812.50 1.0 0.03

6.5 7 6.75 402.35 130.00 877.50 0.00 877.50 0.011 0.001 1362.83 N 877.50 1.0 0.03

7 7.5 7.25 401.85 130.00 942.50 0.00 942.50 0.011 0.001 1295.48 N 942.50 1.0 0.02

7.5 8 7.75 401.35 130.00 1007.50 0.00 1007.50 0.011 0.001 1227.91 N 1007.50 1.0 0.02

8 8.5 8.25 400.85 130.00 1072.50 0.00 1072.50 0.011 0.001 1162.08 N 1072.50 1.0 0.02

8.5 9 8.75 400.35 130.00 1137.50 0.00 1137.50 0.011 0.001 1099.16 N 1137.50 1.0 0.02

9 9.5 9.25 399.85 130.00 1202.50 0.00 1202.50 0.011 0.001 1039.78 N 1202.50 1.0 0.02

9.5 10 9.75 399.35 130.00 1267.50 0.00 1267.50 0.011 0.001 984.18 N 1267.50 1.0 0.02

10 10.5 10.25 398.85 130.00 1332.50 0.00 1332.50 0.011 0.001 932.38 N 1332.50 1.0 0.02

10.5 11 10.75 398.35 130.00 1397.50 0.00 1397.50 0.011 0.001 884.22 N 1397.50 1.0 0.01

11 11.5 11.25 397.85 130.00 1462.50 0.00 1462.50 0.011 0.001 839.51 N 1462.50 1.0 0.01

11.5 12 11.75 397.35 130.00 1527.50 0.00 1527.50 0.011 0.001 798.00 N 1527.50 1.0 0.01

12 12.5 12.25 396.85 130.00 1592.50 0.00 1592.50 0.011 0.001 759.43 N 1592.50 1.0 0.01

12.5 13 12.75 396.35 130.00 1657.50 0.00 1657.50 0.011 0.001 723.54 N 1657.50 1.0 0.01

13 13.5 13.25 395.85 130.00 1722.50 0.00 1722.50 0.011 0.001 690.11 N 1722.50 1.0 0.01

13.5 14 13.75 395.35 130.00 1787.50 0.00 1787.50 0.011 0.001 658.91 N 1787.50 1.0 0.01

14 14.5 14.25 394.85 130.00 1852.50 0.00 1852.50 0.011 0.001 629.75 N 1852.50 1.0 0.01

14.5 15 14.75 394.35 130.00 1917.50 0.00 1917.50 0.011 0.001 602.45 N 1917.50 1.0 0.01

15 15.5 15.25 393.85 130.00 1982.50 0.00 1982.50 0.011 0.001 576.84 N 1982.50 1.0 0.01

15.5 16 15.75 393.35 130.00 2047.50 0.00 2047.50 0.011 0.001 552.79 N 2047.50 1.0 0.01

16 16.5 16.25 392.85 130.00 2112.50 0.00 2112.50 0.011 0.001 530.16 N 2112.50 1.0 0.01

16.5 17 16.75 392.35 130.00 2177.50 0.00 2177.50 0.011 0.001 508.83 N 2177.50 1.0 0.01

17 17.5 17.25 391.85 130.00 2242.50 0.00 2242.50 0.011 0.001 488.71 N 2242.50 1.0 0.01

17.5 18 17.75 391.35 130.00 2307.50 0.00 2307.50 0.011 0.001 469.71 N 2307.50 1.0 0.01

18 18.5 18.25 390.85 130.00 2372.50 0.00 2372.50 0.011 0.001 451.73 N 2372.50 1.0 0.00

18.5 19 18.75 390.35 130.00 2437.50 0.00 2437.50 0.011 0.001 434.70 N 2437.50 1.0 0.00

19 19.5 19.25 389.85 130.00 2502.50 0.00 2502.50 0.011 0.001 418.56 N 2502.50 1.0 0.00

19.5 20 19.75 389.35 130.00 2567.50 0.00 2567.50 0.011 0.001 403.24 N 2567.50 1.0 0.00

20 20.5 20.25 388.85 130.00 2632.50 0.00 2632.50 0.011 0.001 388.69 N 2632.50 1.0 0.00

Pressure 3

Pressure 4

Pressure 5

------------     Depth to     ------------

1-D CONSOLIDATION SETTLEMENT ANALYSIS

Depth (bgs)

Description

0.61Estimated Settlement (inch)
Pressure 1

Pressure 2



20.5 21 20.75 388.35 130.00 2697.50 0.00 2697.50 0.011 0.001 374.86 N 2697.50 1.0 0.00

21 21.5 21.25 387.85 130.00 2762.50 0.00 2762.50 0.011 0.001 361.70 N 2762.50 1.0 0.00

21.5 22 21.75 387.35 130.00 2827.50 0.00 2827.50 0.011 0.001 349.17 N 2827.50 1.0 0.00

22 22.5 22.25 386.85 130.00 2892.50 0.00 2892.50 0.011 0.001 337.23 N 2892.50 1.0 0.00

22.5 23 22.75 386.35 130.00 2957.50 0.00 2957.50 0.011 0.001 325.84 N 2957.50 1.0 0.00

23 23.5 23.25 385.85 130.00 3022.50 0.00 3022.50 0.011 0.001 314.98 N 3022.50 1.0 0.00

23.5 24 23.75 385.35 130.00 3087.50 0.00 3087.50 0.011 0.001 304.61 N 3087.50 1.0 0.00

24 24.5 24.25 384.85 130.00 3152.50 0.00 3152.50 0.011 0.001 294.71 N 3152.50 1.0 0.00

24.5 25 24.75 384.35 130.00 3217.50 0.00 3217.50 0.011 0.001 285.24 N 3217.50 1.0 0.00

25 25.5 25.25 383.85 130.00 3282.50 0.00 3282.50 0.011 0.001 276.19 N 3282.50 1.0 0.00

25.5 26 25.75 383.35 130.00 3347.50 0.00 3347.50 0.011 0.001 267.53 N 3347.50 1.0 0.00

26 26.5 26.25 382.85 130.00 3412.50 0.00 3412.50 0.011 0.001 259.23 N 3412.50 1.0 0.00

26.5 27 26.75 382.35 130.00 3477.50 0.00 3477.50 0.011 0.001 251.29 N 3477.50 1.0 0.00

27 27.5 27.25 381.85 130.00 3542.50 0.00 3542.50 0.011 0.001 243.68 N 3542.50 1.0 0.00

27.5 28 27.75 381.35 130.00 3607.50 0.00 3607.50 0.011 0.001 236.39 N 3607.50 1.0 0.00

28 28.5 28.25 380.85 130.00 3672.50 0.00 3672.50 0.011 0.001 229.39 N 3672.50 1.0 0.00

28.5 29 28.75 380.35 130.00 3737.50 0.00 3737.50 0.011 0.001 222.68 N 3737.50 1.0 0.00

29 29.5 29.25 379.85 130.00 3802.50 0.00 3802.50 0.011 0.001 216.23 N 3802.50 1.0 0.00

29.5 30 29.75 379.35 130.00 3867.50 0.00 3867.50 0.011 0.001 210.05 N 3867.50 1.0 0.00

30 30.5 30.25 378.85 130.00 3932.50 0.00 3932.50 0.011 0.001 204.10 N 3932.50 1.0 0.00

30.5 31 30.75 378.35 130.00 3997.50 0.00 3997.50 0.011 0.001 198.39 N 3997.50 1.0 0.00

31 31.5 31.25 377.85 130.00 4062.50 0.00 4062.50 0.011 0.001 192.90 N 4062.50 1.0 0.00

31.5 32 31.75 377.35 130.00 4127.50 0.00 4127.50 0.011 0.001 187.61 N 4127.50 1.0 0.00

32 32.5 32.25 376.85 130.00 4192.50 0.00 4192.50 0.011 0.001 182.53 N 4192.50 1.0 0.00

32.5 33 32.75 376.35 130.00 4257.50 0.00 4257.50 0.011 0.001 177.64 N 4257.50 1.0 0.00

33 33.5 33.25 375.85 130.00 4322.50 0.00 4322.50 0.011 0.001 172.93 N 4322.50 1.0 0.00

33.5 34 33.75 375.35 130.00 4387.50 0.00 4387.50 0.011 0.001 168.39 N 4387.50 1.0 0.00

34 34.5 34.25 374.85 130.00 4452.50 0.00 4452.50 0.011 0.001 164.02 N 4452.50 1.0 0.00

34.5 35 34.75 374.35 130.00 4517.50 0.00 4517.50 0.011 0.001 159.81 N 4517.50 1.0 0.00

35 35.5 35.25 373.85 130.00 4582.50 0.00 4582.50 0.011 0.001 155.75 N 4582.50 1.0 0.00

35.5 36 35.75 373.35 130.00 4647.50 0.00 4647.50 0.011 0.001 151.83 N 4647.50 1.0 0.00

36 36.5 36.25 372.85 130.00 4712.50 0.00 4712.50 0.011 0.001 148.05 N 4712.50 1.0 0.00

36.5 37 36.75 372.35 130.00 4777.50 0.00 4777.50 0.011 0.001 144.40 N 4777.50 1.0 0.00

37 37.5 37.25 371.85 130.00 4842.50 0.00 4842.50 0.011 0.001 140.88 N 4842.50 1.0 0.00

37.5 38 37.75 371.35 130.00 4907.50 0.00 4907.50 0.011 0.001 137.47 N 4907.50 1.0 0.00

38 38.5 38.25 370.85 130.00 4972.50 0.00 4972.50 0.011 0.001 134.19 N 4972.50 1.0 0.00

38.5 39 38.75 370.35 130.00 5037.50 0.00 5037.50 0.011 0.001 131.01 N 5037.50 1.0 0.00

39 39.5 39.25 369.85 130.00 5102.50 0.00 5102.50 0.011 0.001 127.94 N 5102.50 1.0 0.00

39.5 40 39.75 369.35 130.00 5167.50 0.00 5167.50 0.011 0.001 124.97 N 5167.50 1.0 0.00

40 40.5 40.25 368.85 130.00 5232.50 0.00 5232.50 0.011 0.001 122.10 N 5232.50 1.0 0.00

40.5 41 40.75 368.35 130.00 5297.50 0.00 5297.50 0.011 0.001 119.32 N 5297.50 1.0 0.00

41 41.5 41.25 367.85 130.00 5362.50 0.00 5362.50 0.011 0.001 116.63 N 5362.50 1.0 0.00

41.5 42 41.75 367.35 130.00 5427.50 0.00 5427.50 0.011 0.001 114.03 N 5427.50 1.0 0.00

42 42.5 42.25 366.85 130.00 5492.50 0.00 5492.50 0.011 0.001 111.51 N 5492.50 1.0 0.00

42.5 43 42.75 366.35 130.00 5557.50 0.00 5557.50 0.011 0.001 109.06 N 5557.50 1.0 0.00

43 43.5 43.25 365.85 130.00 5622.50 0.00 5622.50 0.011 0.001 106.70 N 5622.50 1.0 0.00

43.5 44 43.75 365.35 130.00 5687.50 0.00 5687.50 0.011 0.001 104.40 N 5687.50 1.0 0.00

44 44.5 44.25 364.85 130.00 5752.50 0.00 5752.50 0.011 0.001 102.18 N 5752.50 1.0 0.00

44.5 45 44.75 364.35 130.00 5817.50 0.00 5817.50 0.011 0.001 100.03 N 5817.50 1.0 0.00

45 45.5 45.25 363.85 130.00 5882.50 0.00 5882.50 0.011 0.001 97.93 N 5882.50 1.0 0.00

45.5 46 45.75 363.35 130.00 5947.50 0.00 5947.50 0.011 0.001 95.91 N 5947.50 1.0 0.00

46 46.5 46.25 362.85 130.00 6012.50 0.00 6012.50 0.011 0.001 93.94 N 6012.50 1.0 0.00

46.5 47 46.75 362.35 130.00 6077.50 0.00 6077.50 0.011 0.001 92.03 N 6077.50 1.0 0.00

47 47.5 47.25 361.85 130.00 6142.50 0.00 6142.50 0.011 0.001 90.17 N 6142.50 1.0 0.00

47.5 48 47.75 361.35 130.00 6207.50 0.00 6207.50 0.011 0.001 88.37 N 6207.50 1.0 0.00

48 48.5 48.25 360.85 130.00 6272.50 9.36 6263.14 0.011 0.001 86.62 N 6263.14 1.0 0.00

48.5 49 48.75 360.35 130.00 6337.50 40.56 6296.94 0.011 0.001 84.92 N 6296.94 1.0 0.00

49 49.5 49.25 359.85 130.00 6402.50 71.76 6330.74 0.011 0.001 83.27 N 6330.74 1.0 0.00

49.5 50 49.75 359.35 130.00 6467.50 102.96 6364.54 0.011 0.001 81.66 N 6364.54 1.0 0.00

Estimated Settlement 0.61

Notes:

1 The stress from the end-of-construction of a roadway embankment, if selected, will be added to the effective overburden pressure.

2 Stress increase is calculated using Boussinesq/Westergaard equation.



Project Information Single Strip dimensions Strip Loads Reference

Center Line Include Department of the Army

Project No. 370900.03.GE.FR Strip Offset Width Pressure Strip  U.S. Army Corps of Engineers

Project Name SR-57 Northbound Widening Project - Northern Segment No. (ft) (ft) (psf) (Y/N) Engineering and Design

Description Initial Stress Calculation at Bent 3 from the existing Embankment Fills 1 92.75 166.5 1235 Y Settlement Analysis - EM 1110-1-1904

Location Brea OH - Abutment 4 2 102.25 147.5 1235 Y 30-Sep-90

Date 14-Jan-09 3 111.75 128.5 1235 Y

Analysis Performed by HMN 4 121.25 109.5 1235 Y

5 0 0 0 Y

6 0 0 0 Y

7 0 0 0 Y

8 0 0 0 Y

9 0 0 0 Y

10 0 0 0 Y

Calculation Point

Global Offset (ft) 14

Depth Interval (ft) 1

Strip Load No. 1 2 3 4 5 6 7 8 9 10

x (ft) 78.75 88.25 97.75 107.25 -14 -14 -14 -14 -14 -14

b (ft) 83.25 73.75 64.25 54.75 0 0 0 0 0 0

q (psf) 1235 1235 1235 1235 0 0 0 0 0 0 Pressure

Depth α β Pressure α β Pressure α β Pressure α β Pressure α β Pressure α β Pressure α β Pressure α β Pressure α β Pressure α β Pressure Increase

(ft) (Radian) (Radian) (psf) (Radian) (Radian) (psf) (Radian) (Radian) (psf) (Radian) (Radian) (psf) (Radian) (Radian) (psf) (Radian) (Radian) (psf) (Radian) (Radian) (psf) (Radian) (Radian) (psf) (Radian) (Radian) (psf) (Radian) (Radian) (psf) (psf)

0.5 3.028 -1.460 1234.646 0.031 1.536 0.011 0.012 1.556 0.001 0.006 1.561 0.000 0.000 -1.535 0.000 0.000 -1.535 0.000 0.000 -1.535 0.000 0.000 -1.535 0.000 0.000 -1.535 0.000 0.000 -1.535 0.000 1234.658

1.5 2.811 -1.249 1226.449 0.094 1.468 0.286 0.035 1.526 0.023 0.019 1.542 0.006 0.000 -1.464 0.000 0.000 -1.464 0.000 0.000 -1.464 0.000 0.000 -1.464 0.000 0.000 -1.464 0.000 0.000 -1.464 0.000 1226.765

2.5 2.619 -1.064 1202.540 0.155 1.400 1.296 0.059 1.496 0.107 0.032 1.523 0.027 0.000 -1.394 0.000 0.000 -1.394 0.000 0.000 -1.394 0.000 0.000 -1.394 0.000 0.000 -1.394 0.000 0.000 -1.394 0.000 1203.970

3.5 2.459 -0.910 1165.641 0.215 1.334 3.441 0.082 1.467 0.292 0.045 1.504 0.075 0.000 -1.326 0.000 0.000 -1.326 0.000 0.000 -1.326 0.000 0.000 -1.326 0.000 0.000 -1.326 0.000 0.000 -1.326 0.000 1169.449

4.5 2.328 -0.785 1122.801 0.273 1.270 7.008 0.106 1.437 0.616 0.058 1.485 0.158 0.000 -1.260 0.000 0.000 -1.260 0.000 0.000 -1.260 0.000 0.000 -1.260 0.000 0.000 -1.260 0.000 0.000 -1.260 0.000 1130.582

5.5 2.223 -0.686 1079.723 0.329 1.208 12.154 0.129 1.408 1.113 0.070 1.466 0.287 0.000 -1.196 0.000 0.000 -1.196 0.000 0.000 -1.196 0.000 0.000 -1.196 0.000 0.000 -1.196 0.000 0.000 -1.196 0.000 1093.277

6.5 2.136 -0.606 1039.507 0.381 1.149 18.912 0.152 1.379 1.814 0.083 1.448 0.471 0.000 -1.136 0.000 0.000 -1.136 0.000 0.000 -1.136 0.000 0.000 -1.136 0.000 0.000 -1.136 0.000 0.000 -1.136 0.000 1060.705

7.5 2.065 -0.540 1003.352 0.431 1.093 27.208 0.174 1.351 2.747 0.096 1.429 0.720 0.000 -1.079 0.000 0.000 -1.079 0.000 0.000 -1.079 0.000 0.000 -1.079 0.000 0.000 -1.079 0.000 0.000 -1.079 0.000 1034.027

8.5 2.005 -0.487 971.426 0.478 1.041 36.888 0.196 1.322 3.934 0.108 1.410 1.040 0.000 -1.025 0.000 0.000 -1.025 0.000 0.000 -1.025 0.000 0.000 -1.025 0.000 0.000 -1.025 0.000 0.000 -1.025 0.000 1013.289

9.5 1.955 -0.442 943.437 0.521 0.991 47.750 0.218 1.294 5.393 0.120 1.392 1.441 0.000 -0.975 0.000 0.000 -0.975 0.000 0.000 -0.975 0.000 0.000 -0.975 0.000 0.000 -0.975 0.000 0.000 -0.975 0.000 998.021

10.5 1.911 -0.405 918.931 0.562 0.944 59.566 0.239 1.267 7.138 0.133 1.373 1.929 0.000 -0.927 0.000 0.000 -0.927 0.000 0.000 -0.927 0.000 0.000 -0.927 0.000 0.000 -0.927 0.000 0.000 -0.927 0.000 987.564

11.5 1.873 -0.373 897.434 0.600 0.900 72.106 0.260 1.240 9.178 0.145 1.355 2.510 0.000 -0.883 0.000 0.000 -0.883 0.000 0.000 -0.883 0.000 0.000 -0.883 0.000 0.000 -0.883 0.000 0.000 -0.883 0.000 981.228

12.5 1.839 -0.346 878.507 0.634 0.859 85.153 0.280 1.214 11.517 0.157 1.337 3.191 0.000 -0.842 0.000 0.000 -0.842 0.000 0.000 -0.842 0.000 0.000 -0.842 0.000 0.000 -0.842 0.000 0.000 -0.842 0.000 978.368

13.5 1.809 -0.322 861.768 0.667 0.821 98.510 0.300 1.188 14.156 0.169 1.319 3.975 0.000 -0.804 0.000 0.000 -0.804 0.000 0.000 -0.804 0.000 0.000 -0.804 0.000 0.000 -0.804 0.000 0.000 -0.804 0.000 978.409

14.5 1.782 -0.301 846.892 0.696 0.785 112.008 0.319 1.162 17.091 0.180 1.301 4.868 0.000 -0.768 0.000 0.000 -0.768 0.000 0.000 -0.768 0.000 0.000 -0.768 0.000 0.000 -0.768 0.000 0.000 -0.768 0.000 980.858

15.5 1.758 -0.283 833.607 0.723 0.752 125.502 0.338 1.137 20.314 0.192 1.284 5.872 0.000 -0.735 0.000 0.000 -0.735 0.000 0.000 -0.735 0.000 0.000 -0.735 0.000 0.000 -0.735 0.000 0.000 -0.735 0.000 985.295

16.5 1.736 -0.266 821.684 0.748 0.721 138.877 0.356 1.113 23.817 0.203 1.266 6.991 0.000 -0.704 0.000 0.000 -0.704 0.000 0.000 -0.704 0.000 0.000 -0.704 0.000 0.000 -0.704 0.000 0.000 -0.704 0.000 991.368

17.5 1.715 -0.252 810.933 0.771 0.692 152.040 0.374 1.089 27.586 0.214 1.249 8.225 0.000 -0.675 0.000 0.000 -0.675 0.000 0.000 -0.675 0.000 0.000 -0.675 0.000 0.000 -0.675 0.000 0.000 -0.675 0.000 998.784

18.5 1.696 -0.239 801.196 0.792 0.665 164.920 0.391 1.066 31.607 0.225 1.232 9.576 0.000 -0.648 0.000 0.000 -0.648 0.000 0.000 -0.648 0.000 0.000 -0.648 0.000 0.000 -0.648 0.000 0.000 -0.648 0.000 1007.299

19.5 1.678 -0.227 792.340 0.812 0.639 177.465 0.407 1.044 35.863 0.236 1.215 11.044 0.000 -0.623 0.000 0.000 -0.623 0.000 0.000 -0.623 0.000 0.000 -0.623 0.000 0.000 -0.623 0.000 0.000 -0.623 0.000 1016.712

20.5 1.661 -0.216 784.251 0.829 0.616 189.638 0.423 1.022 40.337 0.246 1.199 12.630 0.000 -0.599 0.000 0.000 -0.599 0.000 0.000 -0.599 0.000 0.000 -0.599 0.000 0.000 -0.599 0.000 0.000 -0.599 0.000 1026.855

21.5 1.645 -0.206 776.835 0.846 0.593 201.412 0.439 1.000 45.010 0.257 1.182 14.332 0.000 -0.577 0.000 0.000 -0.577 0.000 0.000 -0.577 0.000 0.000 -0.577 0.000 0.000 -0.577 0.000 0.000 -0.577 0.000 1037.588

22.5 1.630 -0.197 770.011 0.860 0.572 212.773 0.453 0.979 49.864 0.267 1.166 16.148 0.000 -0.557 0.000 0.000 -0.557 0.000 0.000 -0.557 0.000 0.000 -0.557 0.000 0.000 -0.557 0.000 0.000 -0.557 0.000 1048.796

23.5 1.616 -0.189 763.711 0.874 0.553 223.715 0.468 0.959 54.879 0.277 1.150 18.077 0.000 -0.537 0.000 0.000 -0.537 0.000 0.000 -0.537 0.000 0.000 -0.537 0.000 0.000 -0.537 0.000 0.000 -0.537 0.000 1060.381

24.5 1.602 -0.182 757.874 0.886 0.534 234.235 0.481 0.939 60.037 0.287 1.134 20.116 0.000 -0.519 0.000 0.000 -0.519 0.000 0.000 -0.519 0.000 0.000 -0.519 0.000 0.000 -0.519 0.000 0.000 -0.519 0.000 1072.262

25.5 1.589 -0.175 752.451 0.898 0.517 244.338 0.495 0.920 65.318 0.296 1.119 22.262 0.000 -0.502 0.000 0.000 -0.502 0.000 0.000 -0.502 0.000 0.000 -0.502 0.000 0.000 -0.502 0.000 0.000 -0.502 0.000 1084.369

26.5 1.577 -0.168 747.397 0.908 0.501 254.032 0.507 0.902 70.704 0.305 1.103 24.512 0.000 -0.486 0.000 0.000 -0.486 0.000 0.000 -0.486 0.000 0.000 -0.486 0.000 0.000 -0.486 0.000 0.000 -0.486 0.000 1096.645

27.5 1.565 -0.162 742.673 0.917 0.485 263.325 0.519 0.883 76.179 0.314 1.088 26.861 0.000 -0.471 0.000 0.000 -0.471 0.000 0.000 -0.471 0.000 0.000 -0.471 0.000 0.000 -0.471 0.000 0.000 -0.471 0.000 1109.038

28.5 1.553 -0.157 738.247 0.926 0.471 272.231 0.531 0.866 81.724 0.323 1.073 29.306 0.000 -0.457 0.000 0.000 -0.457 0.000 0.000 -0.457 0.000 0.000 -0.457 0.000 0.000 -0.457 0.000 0.000 -0.457 0.000 1121.508

29.5 1.542 -0.151 734.089 0.934 0.457 280.761 0.542 0.849 87.324 0.332 1.059 31.843 0.000 -0.443 0.000 0.000 -0.443 0.000 0.000 -0.443 0.000 0.000 -0.443 0.000 0.000 -0.443 0.000 0.000 -0.443 0.000 1134.016

30.5 1.531 -0.146 730.172 0.941 0.444 288.929 0.552 0.832 92.965 0.340 1.045 34.466 0.000 -0.430 0.000 0.000 -0.430 0.000 0.000 -0.430 0.000 0.000 -0.430 0.000 0.000 -0.430 0.000 0.000 -0.430 0.000 1146.532

31.5 1.521 -0.142 726.475 0.947 0.431 296.751 0.563 0.816 98.631 0.348 1.030 37.171 0.000 -0.418 0.000 0.000 -0.418 0.000 0.000 -0.418 0.000 0.000 -0.418 0.000 0.000 -0.418 0.000 0.000 -0.418 0.000 1159.027

32.5 1.510 -0.138 722.976 0.953 0.420 304.239 0.572 0.801 104.310 0.356 1.016 39.953 0.000 -0.407 0.000 0.000 -0.407 0.000 0.000 -0.407 0.000 0.000 -0.407 0.000 0.000 -0.407 0.000 0.000 -0.407 0.000 1171.478

33.5 1.500 -0.134 719.658 0.958 0.408 311.409 0.581 0.785 109.990 0.364 1.003 42.807 0.000 -0.396 0.000 0.000 -0.396 0.000 0.000 -0.396 0.000 0.000 -0.396 0.000 0.000 -0.396 0.000 0.000 -0.396 0.000 1183.864

34.5 1.491 -0.130 716.506 0.963 0.398 318.273 0.590 0.771 115.659 0.372 0.989 45.729 0.000 -0.385 0.000 0.000 -0.385 0.000 0.000 -0.385 0.000 0.000 -0.385 0.000 0.000 -0.385 0.000 0.000 -0.385 0.000 1196.167

35.5 1.481 -0.126 713.503 0.967 0.388 324.846 0.599 0.756 121.308 0.379 0.976 48.712 0.000 -0.376 0.000 0.000 -0.376 0.000 0.000 -0.376 0.000 0.000 -0.376 0.000 0.000 -0.376 0.000 0.000 -0.376 0.000 1208.370

36.5 1.472 -0.123 710.639 0.971 0.378 331.141 0.607 0.743 126.927 0.386 0.963 51.752 0.000 -0.366 0.000 0.000 -0.366 0.000 0.000 -0.366 0.000 0.000 -0.366 0.000 0.000 -0.366 0.000 0.000 -0.366 0.000 1220.459

37.5 1.463 -0.119 707.900 0.974 0.369 337.171 0.614 0.729 132.508 0.393 0.951 54.843 0.000 -0.357 0.000 0.000 -0.357 0.000 0.000 -0.357 0.000 0.000 -0.357 0.000 0.000 -0.357 0.000 0.000 -0.357 0.000 1232.422

38.5 1.454 -0.116 705.277 0.977 0.360 342.947 0.621 0.716 138.043 0.399 0.938 57.982 0.000 -0.349 0.000 0.000 -0.349 0.000 0.000 -0.349 0.000 0.000 -0.349 0.000 0.000 -0.349 0.000 0.000 -0.349 0.000 1244.249

39.5 1.445 -0.113 702.760 0.980 0.352 348.482 0.628 0.703 143.525 0.406 0.926 61.162 0.000 -0.341 0.000 0.000 -0.341 0.000 0.000 -0.341 0.000 0.000 -0.341 0.000 0.000 -0.341 0.000 0.000 -0.341 0.000 1255.929

40.5 1.436 -0.111 700.340 0.982 0.344 353.785 0.635 0.691 148.949 0.412 0.914 64.379 0.000 -0.333 0.000 0.000 -0.333 0.000 0.000 -0.333 0.000 0.000 -0.333 0.000 0.000 -0.333 0.000 0.000 -0.333 0.000 1267.453

41.5 1.428 -0.108 698.010 0.984 0.336 358.869 0.641 0.679 154.308 0.418 0.902 67.628 0.000 -0.325 0.000 0.000 -0.325 0.000 0.000 -0.325 0.000 0.000 -0.325 0.000 0.000 -0.325 0.000 0.000 -0.325 0.000 1278.816

42.5 1.420 -0.105 695.763 0.985 0.329 363.743 0.647 0.668 159.599 0.424 0.890 70.905 0.000 -0.318 0.000 0.000 -0.318 0.000 0.000 -0.318 0.000 0.000 -0.318 0.000 0.000 -0.318 0.000 0.000 -0.318 0.000 1290.010

43.5 1.412 -0.103 693.592 0.987 0.322 368.415 0.652 0.656 164.817 0.430 0.879 74.205 0.000 -0.311 0.000 0.000 -0.311 0.000 0.000 -0.311 0.000 0.000 -0.311 0.000 0.000 -0.311 0.000 0.000 -0.311 0.000 1301.030

44.5 1.403 -0.101 691.492 0.988 0.315 372.897 0.657 0.645 169.958 0.435 0.868 77.524 0.000 -0.305 0.000 0.000 -0.305 0.000 0.000 -0.305 0.000 0.000 -0.305 0.000 0.000 -0.305 0.000 0.000 -0.305 0.000 1311.871

45.5 1.396 -0.099 689.456 0.988 0.309 377.195 0.662 0.635 175.020 0.440 0.857 80.857 0.000 -0.298 0.000 0.000 -0.298 0.000 0.000 -0.298 0.000 0.000 -0.298 0.000 0.000 -0.298 0.000 0.000 -0.298 0.000 1322.528

46.5 1.388 -0.096 687.480 0.989 0.302 381.318 0.667 0.624 180.000 0.445 0.846 84.202 0.000 -0.292 0.000 0.000 -0.292 0.000 0.000 -0.292 0.000 0.000 -0.292 0.000 0.000 -0.292 0.000 0.000 -0.292 0.000 1332.999

47.5 1.380 -0.094 685.560 0.989 0.296 385.273 0.671 0.614 184.895 0.450 0.835 87.552 0.000 -0.287 0.000 0.000 -0.287 0.000 0.000 -0.287 0.000 0.000 -0.287 0.000 0.000 -0.287 0.000 0.000 -0.287 0.000 1343.280

48.5 1.372 -0.093 683.691 0.989 0.291 389.069 0.675 0.604 189.704 0.455 0.825 90.906 0.000 -0.281 0.000 0.000 -0.281 0.000 0.000 -0.281 0.000 0.000 -0.281 0.000 0.000 -0.281 0.000 0.000 -0.281 0.000 1353.370

49.5 1.365 -0.091 681.869 0.989 0.285 392.710 0.679 0.595 194.426 0.459 0.815 94.259 0.000 -0.276 0.000 0.000 -0.276 0.000 0.000 -0.276 0.000 0.000 -0.276 0.000 0.000 -0.276 0.000 0.000 -0.276 0.000 1363.265

50.5 1.357 -0.089 680.091 0.989 0.280 396.205 0.683 0.586 199.059 0.464 0.805 97.609 0.000 -0.270 0.000 0.000 -0.270 0.000 0.000 -0.270 0.000 0.000 -0.270 0.000 0.000 -0.270 0.000 0.000 -0.270 0.000 1372.964

51.5 1.350 -0.087 678.353 0.989 0.274 399.559 0.686 0.577 203.603 0.468 0.795 100.951 0.000 -0.265 0.000 0.000 -0.265 0.000 0.000 -0.265 0.000 0.000 -0.265 0.000 0.000 -0.265 0.000 0.000 -0.265 0.000 1382.467

52.5 1.343 -0.086 676.653 0.988 0.269 402.778 0.689 0.568 208.056 0.472 0.785 104.284 0.000 -0.261 0.000 0.000 -0.261 0.000 0.000 -0.261 0.000 0.000 -0.261 0.000 0.000 -0.261 0.000 0.000 -0.261 0.000 1391.771

53.5 1.336 -0.084 674.988 0.987 0.265 405.868 0.692 0.559 212.420 0.476 0.776 107.603 0.000 -0.256 0.000 0.000 -0.256 0.000 0.000 -0.256 0.000 0.000 -0.256 0.000 0.000 -0.256 0.000 0.000 -0.256 0.000 1400.878

54.5 1.329 -0.082 673.354 0.986 0.260 408.832 0.695 0.551 216.692 0.480 0.767 110.908 0.000 -0.251 0.000 0.000 -0.251 0.000 0.000 -0.251 0.000 0.000 -0.251 0.000 0.000 -0.251 0.000 0.000 -0.251 0.000 1409.786

55.5 1.322 -0.081 671.750 0.985 0.256 411.678 0.698 0.543 220.875 0.483 0.758 114.194 0.000 -0.247 0.000 0.000 -0.247 0.000 0.000 -0.247 0.000 0.000 -0.247 0.000 0.000 -0.247 0.000 0.000 -0.247 0.000 1418.496

56.5 1.315 -0.079 670.173 0.984 0.251 414.408 0.700 0.535 224.967 0.487 0.749 117.459 0.000 -0.243 0.000 0.000 -0.243 0.000 0.000 -0.243 0.000 0.000 -0.243 0.000 0.000 -0.243 0.000 0.000 -0.243 0.000 1427.008

57.5 1.308 -0.078 668.622 0.983 0.247 417.028 0.702 0.528 228.970 0.490 0.740 120.702 0.000 -0.239 0.000 0.000 -0.239 0.000 0.000 -0.239 0.000 0.000 -0.239 0.000 0.000 -0.239 0.000 0.000 -0.239 0.000 1435.322

58.5 1.301 -0.077 667.094 0.981 0.243 419.541 0.704 0.520 232.884 0.493 0.731 123.920 0.000 -0.235 0.000 0.000 -0.235 0.000 0.000 -0.235 0.000 0.000 -0.235 0.000 0.000 -0.235 0.000 0.000 -0.235 0.000 1443.439

59.5 1.294 -0.075 665.588 0.980 0.239 421.952 0.706 0.513 236.709 0.496 0.723 127.112 0.000 -0.231 0.000 0.000 -0.231 0.000 0.000 -0.231 0.000 0.000 -0.231 0.000 0.000 -0.231 0.000 0.000 -0.231 0.000 1451.360

60.5 1.288 -0.074 664.101 0.978 0.235 424.264 0.708 0.506 240.446 0.499 0.715 130.275 0.000 -0.227 0.000 0.000 -0.227 0.000 0.000 -0.227 0.000 0.000 -0.227 0.000 0.000 -0.227 0.000 0.000 -0.227 0.000 1459.086

61.5 1.281 -0.073 662.632 0.976 0.232 426.481 0.709 0.499 244.096 0.501 0.707 133.408 0.000 -0.224 0.000 0.000 -0.224 0.000 0.000 -0.224 0.000 0.000 -0.224 0.000 0.000 -0.224 0.000 0.000 -0.224 0.000 1466.618

62.5 1.274 -0.072 661.181 0.975 0.228 428.607 0.711 0.492 247.661 0.504 0.699 136.509 0.000 -0.220 0.000 0.000 -0.220 0.000 0.000 -0.220 0.000 0.000 -0.220 0.000 0.000 -0.220 0.000 0.000 -0.220 0.000 1473.957

63.5 1.268 -0.071 659.745 0.973 0.224 430.643 0.712 0.485 251.140 0.506 0.691 139.577 0.000 -0.217 0.000 0.000 -0.217 0.000 0.000 -0.217 0.000 0.000 -0.217 0.000 0.000 -0.217 0.000 0.000 -0.217 0.000 1481.105

64.5 1.262 -0.070 658.322 0.971 0.221 432.595 0.713 0.479 254.535 0.509 0.683 142.611 0.000 -0.214 0.000 0.000 -0.214 0.000 0.000 -0.214 0.000 0.000 -0.214 0.000 0.000 -0.214 0.000 0.000 -0.214 0.000 1488.064
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65.5 1.255 -0.069 656.913 0.969 0.218 434.464 0.714 0.473 257.847 0.511 0.676 145.610 0.000 -0.211 0.000 0.000 -0.211 0.000 0.000 -0.211 0.000 0.000 -0.211 0.000 0.000 -0.211 0.000 0.000 -0.211 0.000 1494.835

66.5 1.249 -0.068 655.516 0.967 0.215 436.253 0.715 0.467 261.078 0.513 0.668 148.572 0.000 -0.207 0.000 0.000 -0.207 0.000 0.000 -0.207 0.000 0.000 -0.207 0.000 0.000 -0.207 0.000 0.000 -0.207 0.000 1501.419

67.5 1.243 -0.067 654.130 0.964 0.212 437.965 0.715 0.461 264.228 0.515 0.661 151.496 0.000 -0.205 0.000 0.000 -0.205 0.000 0.000 -0.205 0.000 0.000 -0.205 0.000 0.000 -0.205 0.000 0.000 -0.205 0.000 1507.819

68.5 1.236 -0.066 652.753 0.962 0.209 439.603 0.716 0.455 267.298 0.517 0.654 154.382 0.000 -0.202 0.000 0.000 -0.202 0.000 0.000 -0.202 0.000 0.000 -0.202 0.000 0.000 -0.202 0.000 0.000 -0.202 0.000 1514.036

69.5 1.230 -0.065 651.385 0.960 0.206 441.169 0.716 0.449 270.290 0.519 0.647 157.229 0.000 -0.199 0.000 0.000 -0.199 0.000 0.000 -0.199 0.000 0.000 -0.199 0.000 0.000 -0.199 0.000 0.000 -0.199 0.000 1520.073

70.5 1.224 -0.064 650.026 0.957 0.203 442.664 0.717 0.444 273.205 0.520 0.640 160.036 0.000 -0.196 0.000 0.000 -0.196 0.000 0.000 -0.196 0.000 0.000 -0.196 0.000 0.000 -0.196 0.000 0.000 -0.196 0.000 1525.931

71.5 1.218 -0.063 648.673 0.955 0.200 444.092 0.717 0.438 276.045 0.522 0.633 162.803 0.000 -0.193 0.000 0.000 -0.193 0.000 0.000 -0.193 0.000 0.000 -0.193 0.000 0.000 -0.193 0.000 0.000 -0.193 0.000 1531.613

72.5 1.212 -0.062 647.328 0.953 0.197 445.455 0.717 0.433 278.809 0.523 0.627 165.528 0.000 -0.191 0.000 0.000 -0.191 0.000 0.000 -0.191 0.000 0.000 -0.191 0.000 0.000 -0.191 0.000 0.000 -0.191 0.000 1537.120

73.5 1.206 -0.061 645.988 0.950 0.195 446.754 0.717 0.428 281.501 0.525 0.620 168.212 0.000 -0.188 0.000 0.000 -0.188 0.000 0.000 -0.188 0.000 0.000 -0.188 0.000 0.000 -0.188 0.000 0.000 -0.188 0.000 1542.455

74.5 1.200 -0.060 644.653 0.948 0.192 447.992 0.717 0.423 284.121 0.526 0.614 170.854 0.000 -0.186 0.000 0.000 -0.186 0.000 0.000 -0.186 0.000 0.000 -0.186 0.000 0.000 -0.186 0.000 0.000 -0.186 0.000 1547.620

75.5 1.194 -0.060 643.323 0.945 0.190 449.170 0.717 0.418 286.670 0.527 0.608 173.454 0.000 -0.183 0.000 0.000 -0.183 0.000 0.000 -0.183 0.000 0.000 -0.183 0.000 0.000 -0.183 0.000 0.000 -0.183 0.000 1552.617

76.5 1.188 -0.059 641.998 0.942 0.187 450.290 0.717 0.413 289.149 0.528 0.601 176.011 0.000 -0.181 0.000 0.000 -0.181 0.000 0.000 -0.181 0.000 0.000 -0.181 0.000 0.000 -0.181 0.000 0.000 -0.181 0.000 1557.448

77.5 1.183 -0.058 640.675 0.940 0.185 451.354 0.717 0.408 291.561 0.529 0.595 178.526 0.000 -0.179 0.000 0.000 -0.179 0.000 0.000 -0.179 0.000 0.000 -0.179 0.000 0.000 -0.179 0.000 0.000 -0.179 0.000 1562.116

78.5 1.177 -0.057 639.356 0.937 0.183 452.363 0.716 0.403 293.905 0.530 0.589 180.998 0.000 -0.176 0.000 0.000 -0.176 0.000 0.000 -0.176 0.000 0.000 -0.176 0.000 0.000 -0.176 0.000 0.000 -0.176 0.000 1566.622

79.5 1.171 -0.057 638.040 0.934 0.180 453.319 0.716 0.399 296.184 0.531 0.584 183.427 0.000 -0.174 0.000 0.000 -0.174 0.000 0.000 -0.174 0.000 0.000 -0.174 0.000 0.000 -0.174 0.000 0.000 -0.174 0.000 1570.970

80.5 1.165 -0.056 636.725 0.931 0.178 454.224 0.715 0.394 298.398 0.532 0.578 185.813 0.000 -0.172 0.000 0.000 -0.172 0.000 0.000 -0.172 0.000 0.000 -0.172 0.000 0.000 -0.172 0.000 0.000 -0.172 0.000 1575.160

81.5 1.160 -0.055 635.413 0.929 0.176 455.079 0.715 0.390 300.549 0.532 0.572 188.156 0.000 -0.170 0.000 0.000 -0.170 0.000 0.000 -0.170 0.000 0.000 -0.170 0.000 0.000 -0.170 0.000 0.000 -0.170 0.000 1579.197

82.5 1.154 -0.054 634.102 0.926 0.174 455.885 0.714 0.386 302.637 0.533 0.567 190.456 0.000 -0.168 0.000 0.000 -0.168 0.000 0.000 -0.168 0.000 0.000 -0.168 0.000 0.000 -0.168 0.000 0.000 -0.168 0.000 1583.081

83.5 1.149 -0.054 632.792 0.923 0.172 456.645 0.713 0.382 304.665 0.534 0.561 192.714 0.000 -0.166 0.000 0.000 -0.166 0.000 0.000 -0.166 0.000 0.000 -0.166 0.000 0.000 -0.166 0.000 0.000 -0.166 0.000 1586.815

84.5 1.143 -0.053 631.483 0.920 0.170 457.358 0.713 0.377 306.633 0.534 0.556 194.928 0.000 -0.164 0.000 0.000 -0.164 0.000 0.000 -0.164 0.000 0.000 -0.164 0.000 0.000 -0.164 0.000 0.000 -0.164 0.000 1590.402

85.5 1.138 -0.053 630.174 0.917 0.168 458.026 0.712 0.373 308.543 0.534 0.551 197.100 0.000 -0.162 0.000 0.000 -0.162 0.000 0.000 -0.162 0.000 0.000 -0.162 0.000 0.000 -0.162 0.000 0.000 -0.162 0.000 1593.844

86.5 1.132 -0.052 628.866 0.914 0.166 458.651 0.711 0.369 310.395 0.535 0.546 199.230 0.000 -0.160 0.000 0.000 -0.160 0.000 0.000 -0.160 0.000 0.000 -0.160 0.000 0.000 -0.160 0.000 0.000 -0.160 0.000 1597.142

87.5 1.127 -0.051 627.558 0.911 0.164 459.234 0.710 0.366 312.191 0.535 0.540 201.317 0.000 -0.159 0.000 0.000 -0.159 0.000 0.000 -0.159 0.000 0.000 -0.159 0.000 0.000 -0.159 0.000 0.000 -0.159 0.000 1600.300

88.5 1.122 -0.051 626.250 0.908 0.162 459.775 0.709 0.362 313.932 0.535 0.535 203.362 0.000 -0.157 0.000 0.000 -0.157 0.000 0.000 -0.157 0.000 0.000 -0.157 0.000 0.000 -0.157 0.000 0.000 -0.157 0.000 1603.320

89.5 1.116 -0.050 624.941 0.905 0.161 460.277 0.708 0.358 315.619 0.536 0.531 205.366 0.000 -0.155 0.000 0.000 -0.155 0.000 0.000 -0.155 0.000 0.000 -0.155 0.000 0.000 -0.155 0.000 0.000 -0.155 0.000 1606.203

90.5 1.111 -0.050 623.632 0.902 0.159 460.739 0.707 0.355 317.253 0.536 0.526 207.328 0.000 -0.153 0.000 0.000 -0.153 0.000 0.000 -0.153 0.000 0.000 -0.153 0.000 0.000 -0.153 0.000 0.000 -0.153 0.000 1608.952

91.5 1.106 -0.049 622.322 0.899 0.157 461.164 0.706 0.351 318.835 0.536 0.521 209.249 0.000 -0.152 0.000 0.000 -0.152 0.000 0.000 -0.152 0.000 0.000 -0.152 0.000 0.000 -0.152 0.000 0.000 -0.152 0.000 1611.569

92.5 1.101 -0.049 621.011 0.896 0.155 461.551 0.705 0.347 320.366 0.536 0.516 211.129 0.000 -0.150 0.000 0.000 -0.150 0.000 0.000 -0.150 0.000 0.000 -0.150 0.000 0.000 -0.150 0.000 0.000 -0.150 0.000 1614.057

93.5 1.095 -0.048 619.699 0.893 0.154 461.903 0.703 0.344 321.847 0.536 0.512 212.969 0.000 -0.149 0.000 0.000 -0.149 0.000 0.000 -0.149 0.000 0.000 -0.149 0.000 0.000 -0.149 0.000 0.000 -0.149 0.000 1616.418

94.5 1.090 -0.048 618.386 0.890 0.152 462.219 0.702 0.341 323.279 0.536 0.507 214.769 0.000 -0.147 0.000 0.000 -0.147 0.000 0.000 -0.147 0.000 0.000 -0.147 0.000 0.000 -0.147 0.000 0.000 -0.147 0.000 1618.653

95.5 1.085 -0.047 617.071 0.887 0.151 462.502 0.701 0.337 324.664 0.535 0.503 216.528 0.000 -0.146 0.000 0.000 -0.146 0.000 0.000 -0.146 0.000 0.000 -0.146 0.000 0.000 -0.146 0.000 0.000 -0.146 0.000 1620.765

96.5 1.080 -0.047 615.756 0.884 0.149 462.751 0.699 0.334 326.001 0.535 0.498 218.249 0.000 -0.144 0.000 0.000 -0.144 0.000 0.000 -0.144 0.000 0.000 -0.144 0.000 0.000 -0.144 0.000 0.000 -0.144 0.000 1622.756

97.5 1.075 -0.046 614.438 0.881 0.148 462.967 0.698 0.331 327.293 0.535 0.494 219.930 0.000 -0.143 0.000 0.000 -0.143 0.000 0.000 -0.143 0.000 0.000 -0.143 0.000 0.000 -0.143 0.000 0.000 -0.143 0.000 1624.629

98.5 1.070 -0.046 613.120 0.878 0.146 463.152 0.697 0.328 328.540 0.535 0.490 221.573 0.000 -0.141 0.000 0.000 -0.141 0.000 0.000 -0.141 0.000 0.000 -0.141 0.000 0.000 -0.141 0.000 0.000 -0.141 0.000 1626.385

99.5 1.065 -0.045 611.799 0.875 0.145 463.306 0.695 0.325 329.743 0.534 0.486 223.178 0.000 -0.140 0.000 0.000 -0.140 0.000 0.000 -0.140 0.000 0.000 -0.140 0.000 0.000 -0.140 0.000 0.000 -0.140 0.000 1628.026



Project Information Single Strip dimensions Strip Loads Reference

Center Line Include Department of the Army

Project No. 370900.03.GE.FR Strip Offset Width Pressure Strip  U.S. Army Corps of Engineers

Project Name SR-57 Northbound Widening Project - Northern Segment No. (ft) (ft) (psf) (Y/N) Engineering and Design

Description Total Stress Calculation at Bent 3 from the widened Embankment Fills 1 91.25 167.5 1222 Y Settlement Analysis - EM 1110-1-1904

Location Brea OH - Abutment 4 2 98.75 152.5 1222 Y 30-Sep-90

Date 14-Jan-09 3 106.25 137.5 1222 Y

Analysis Performed by HMN 4 113.75 122.5 1222 Y

5 121.25 107.5 1222 Y

6 0 0 0 Y

7 0 0 0 Y

8 0 0 0 Y

9 0 0 0 Y

10 0 0 0 Y

Calculation Point

Global Offset (ft) 14

Depth Interval (ft) 1

Strip Load No. 1 2 3 4 5 6 7 8 9 10

x (ft) 77.25 84.75 92.25 99.75 107.25 -14 -14 -14 -14 -14

b (ft) 83.75 76.25 68.75 61.25 53.75 0 0 0 0 0

q (psf) 1222 1222 1222 1222 1222 0 0 0 0 0 Pressure

Depth α β Pressure α β Pressure α β Pressure α β Pressure α β Pressure α β Pressure α β Pressure α β Pressure α β Pressure α β Pressure Increase

(ft) (Radian) (Radian) (psf) (Radian) (Radian) (psf) (Radian) (Radian) (psf) (Radian) (Radian) (psf) (Radian) (Radian) (psf) (Radian) (Radian) (psf) (Radian) (Radian) (psf) (Radian) (Radian) (psf) (Radian) (Radian) (psf) (Radian) (Radian) (psf) (psf)

0.5 3.062 -1.494 1221.883 0.056 1.512 0.053 0.018 1.550 0.002 0.010 1.558 0.001 0.006 1.561 0.000 0.000 -1.535 0.000 0.000 -1.535 0.000 0.000 -1.535 0.000 0.000 -1.535 0.000 0.000 -1.535 0.000 1221.939

1.5 2.905 -1.344 1219.006 0.165 1.396 1.373 0.054 1.507 0.067 0.030 1.532 0.015 0.019 1.543 0.006 0.000 -1.464 0.000 0.000 -1.464 0.000 0.000 -1.464 0.000 0.000 -1.464 0.000 0.000 -1.464 0.000 1220.466

2.5 2.759 -1.204 1209.504 0.271 1.285 5.970 0.090 1.465 0.307 0.049 1.506 0.070 0.031 1.524 0.025 0.000 -1.394 0.000 0.000 -1.394 0.000 0.000 -1.394 0.000 0.000 -1.394 0.000 0.000 -1.394 0.000 1215.877

3.5 2.626 -1.077 1192.237 0.369 1.180 14.987 0.126 1.423 0.832 0.069 1.480 0.190 0.044 1.505 0.070 0.000 -1.326 0.000 0.000 -1.326 0.000 0.000 -1.326 0.000 0.000 -1.326 0.000 0.000 -1.326 0.000 1208.315

4.5 2.508 -0.965 1168.493 0.459 1.084 28.540 0.161 1.382 1.738 0.088 1.454 0.402 0.056 1.487 0.147 0.000 -1.260 0.000 0.000 -1.260 0.000 0.000 -1.260 0.000 0.000 -1.260 0.000 0.000 -1.260 0.000 1199.320

5.5 2.405 -0.869 1140.634 0.540 0.996 45.969 0.196 1.341 3.108 0.108 1.429 0.728 0.068 1.468 0.268 0.000 -1.196 0.000 0.000 -1.196 0.000 0.000 -1.196 0.000 0.000 -1.196 0.000 0.000 -1.196 0.000 1190.707

6.5 2.316 -0.785 1110.970 0.612 0.918 66.231 0.229 1.301 5.005 0.127 1.404 1.189 0.081 1.450 0.440 0.000 -1.136 0.000 0.000 -1.136 0.000 0.000 -1.136 0.000 0.000 -1.136 0.000 0.000 -1.136 0.000 1183.835

7.5 2.238 -0.714 1081.250 0.676 0.848 88.221 0.262 1.262 7.475 0.146 1.378 1.807 0.093 1.432 0.672 0.000 -1.079 0.000 0.000 -1.079 0.000 0.000 -1.079 0.000 0.000 -1.079 0.000 0.000 -1.079 0.000 1179.424

8.5 2.171 -0.653 1052.596 0.733 0.785 110.975 0.294 1.224 10.544 0.165 1.354 2.597 0.105 1.413 0.971 0.000 -1.025 0.000 0.000 -1.025 0.000 0.000 -1.025 0.000 0.000 -1.025 0.000 0.000 -1.025 0.000 1177.684

9.5 2.112 -0.600 1025.628 0.782 0.730 133.744 0.325 1.187 14.222 0.183 1.329 3.576 0.117 1.395 1.346 0.000 -0.975 0.000 0.000 -0.975 0.000 0.000 -0.975 0.000 0.000 -0.975 0.000 0.000 -0.975 0.000 1178.515

10.5 2.060 -0.554 1000.622 0.825 0.681 155.998 0.355 1.151 18.500 0.201 1.305 4.754 0.129 1.377 1.802 0.000 -0.927 0.000 0.000 -0.927 0.000 0.000 -0.927 0.000 0.000 -0.927 0.000 0.000 -0.927 0.000 1181.676

11.5 2.014 -0.514 977.638 0.863 0.637 177.392 0.384 1.116 23.356 0.219 1.281 6.142 0.140 1.359 2.346 0.000 -0.883 0.000 0.000 -0.883 0.000 0.000 -0.883 0.000 0.000 -0.883 0.000 0.000 -0.883 0.000 1186.875

12.5 1.973 -0.480 956.615 0.896 0.597 197.724 0.411 1.082 28.759 0.236 1.257 7.746 0.152 1.341 2.982 0.000 -0.842 0.000 0.000 -0.842 0.000 0.000 -0.842 0.000 0.000 -0.842 0.000 0.000 -0.842 0.000 1193.827

13.5 1.936 -0.449 937.428 0.925 0.562 216.893 0.438 1.049 34.665 0.254 1.234 9.572 0.164 1.324 3.717 0.000 -0.804 0.000 0.000 -0.804 0.000 0.000 -0.804 0.000 0.000 -0.804 0.000 0.000 -0.804 0.000 1202.274

14.5 1.902 -0.421 919.925 0.951 0.530 234.869 0.463 1.018 41.027 0.270 1.211 11.620 0.175 1.306 4.553 0.000 -0.768 0.000 0.000 -0.768 0.000 0.000 -0.768 0.000 0.000 -0.768 0.000 0.000 -0.768 0.000 1211.994

15.5 1.872 -0.397 903.948 0.973 0.502 251.668 0.487 0.988 47.792 0.287 1.188 13.891 0.186 1.289 5.495 0.000 -0.735 0.000 0.000 -0.735 0.000 0.000 -0.735 0.000 0.000 -0.735 0.000 0.000 -0.735 0.000 1222.793

16.5 1.844 -0.375 889.342 0.993 0.476 267.335 0.510 0.959 54.907 0.303 1.166 16.381 0.197 1.272 6.544 0.000 -0.704 0.000 0.000 -0.704 0.000 0.000 -0.704 0.000 0.000 -0.704 0.000 0.000 -0.704 0.000 1234.509

17.5 1.818 -0.356 875.966 1.010 0.452 281.929 0.532 0.931 62.318 0.318 1.144 19.087 0.208 1.255 7.702 0.000 -0.675 0.000 0.000 -0.675 0.000 0.000 -0.675 0.000 0.000 -0.675 0.000 0.000 -0.675 0.000 1247.002

18.5 1.794 -0.338 863.688 1.026 0.431 295.518 0.553 0.904 69.971 0.334 1.123 22.003 0.219 1.238 8.972 0.000 -0.648 0.000 0.000 -0.648 0.000 0.000 -0.648 0.000 0.000 -0.648 0.000 0.000 -0.648 0.000 1260.152

19.5 1.772 -0.322 852.392 1.039 0.411 308.173 0.572 0.878 77.817 0.348 1.102 25.119 0.229 1.221 10.352 0.000 -0.623 0.000 0.000 -0.623 0.000 0.000 -0.623 0.000 0.000 -0.623 0.000 0.000 -0.623 0.000 1273.854

20.5 1.751 -0.307 841.975 1.051 0.393 319.963 0.591 0.853 85.807 0.363 1.082 28.428 0.239 1.205 11.844 0.000 -0.599 0.000 0.000 -0.599 0.000 0.000 -0.599 0.000 0.000 -0.599 0.000 0.000 -0.599 0.000 1288.018

21.5 1.732 -0.294 832.343 1.062 0.376 330.957 0.608 0.830 93.899 0.377 1.061 31.919 0.249 1.189 13.447 0.000 -0.577 0.000 0.000 -0.577 0.000 0.000 -0.577 0.000 0.000 -0.577 0.000 0.000 -0.577 0.000 1302.564

22.5 1.713 -0.281 823.415 1.071 0.361 341.216 0.625 0.807 102.050 0.390 1.042 35.581 0.259 1.173 15.159 0.000 -0.557 0.000 0.000 -0.557 0.000 0.000 -0.557 0.000 0.000 -0.557 0.000 0.000 -0.557 0.000 1317.421

23.5 1.696 -0.270 815.121 1.079 0.347 350.800 0.640 0.785 110.226 0.403 1.023 39.403 0.269 1.157 16.979 0.000 -0.537 0.000 0.000 -0.537 0.000 0.000 -0.537 0.000 0.000 -0.537 0.000 0.000 -0.537 0.000 1332.528

24.5 1.679 -0.259 807.396 1.086 0.334 359.763 0.655 0.765 118.395 0.416 1.004 43.372 0.278 1.141 18.904 0.000 -0.519 0.000 0.000 -0.519 0.000 0.000 -0.519 0.000 0.000 -0.519 0.000 0.000 -0.519 0.000 1347.829

25.5 1.663 -0.250 800.184 1.092 0.322 368.155 0.669 0.745 126.527 0.428 0.986 47.476 0.288 1.126 20.932 0.000 -0.502 0.000 0.000 -0.502 0.000 0.000 -0.502 0.000 0.000 -0.502 0.000 0.000 -0.502 0.000 1363.273

26.5 1.648 -0.241 793.436 1.097 0.310 376.021 0.682 0.725 134.599 0.440 0.968 51.702 0.297 1.111 23.059 0.000 -0.486 0.000 0.000 -0.486 0.000 0.000 -0.486 0.000 0.000 -0.486 0.000 0.000 -0.486 0.000 1378.817

27.5 1.634 -0.232 787.109 1.102 0.300 383.402 0.694 0.707 142.588 0.451 0.951 56.038 0.306 1.096 25.283 0.000 -0.471 0.000 0.000 -0.471 0.000 0.000 -0.471 0.000 0.000 -0.471 0.000 0.000 -0.471 0.000 1394.421

28.5 1.620 -0.224 781.163 1.106 0.290 390.337 0.706 0.690 150.477 0.462 0.934 60.472 0.314 1.081 27.599 0.000 -0.457 0.000 0.000 -0.457 0.000 0.000 -0.457 0.000 0.000 -0.457 0.000 0.000 -0.457 0.000 1410.048

29.5 1.606 -0.217 775.563 1.109 0.281 396.859 0.717 0.673 158.250 0.473 0.917 64.992 0.323 1.067 30.004 0.000 -0.443 0.000 0.000 -0.443 0.000 0.000 -0.443 0.000 0.000 -0.443 0.000 0.000 -0.443 0.000 1425.668

30.5 1.594 -0.210 770.279 1.112 0.272 403.000 0.727 0.656 165.894 0.483 0.901 69.584 0.331 1.053 32.494 0.000 -0.430 0.000 0.000 -0.430 0.000 0.000 -0.430 0.000 0.000 -0.430 0.000 0.000 -0.430 0.000 1441.251

31.5 1.581 -0.203 765.284 1.114 0.264 408.786 0.737 0.641 173.399 0.493 0.885 74.239 0.339 1.039 35.064 0.000 -0.418 0.000 0.000 -0.418 0.000 0.000 -0.418 0.000 0.000 -0.418 0.000 0.000 -0.418 0.000 1456.772

32.5 1.569 -0.197 760.552 1.116 0.256 414.245 0.746 0.626 180.757 0.502 0.870 78.944 0.347 1.025 37.709 0.000 -0.407 0.000 0.000 -0.407 0.000 0.000 -0.407 0.000 0.000 -0.407 0.000 0.000 -0.407 0.000 1472.207

33.5 1.557 -0.192 756.061 1.117 0.248 419.399 0.754 0.612 187.961 0.511 0.855 83.691 0.354 1.011 40.425 0.000 -0.396 0.000 0.000 -0.396 0.000 0.000 -0.396 0.000 0.000 -0.396 0.000 0.000 -0.396 0.000 1487.536

34.5 1.546 -0.186 751.791 1.118 0.242 424.270 0.762 0.598 195.006 0.520 0.840 88.467 0.362 0.998 43.207 0.000 -0.385 0.000 0.000 -0.385 0.000 0.000 -0.385 0.000 0.000 -0.385 0.000 0.000 -0.385 0.000 1502.740

35.5 1.535 -0.181 747.725 1.119 0.235 428.876 0.769 0.585 201.887 0.528 0.826 93.264 0.369 0.985 46.050 0.000 -0.376 0.000 0.000 -0.376 0.000 0.000 -0.376 0.000 0.000 -0.376 0.000 0.000 -0.376 0.000 1517.803

36.5 1.524 -0.176 743.846 1.119 0.229 433.235 0.776 0.572 208.604 0.536 0.812 98.074 0.376 0.972 48.950 0.000 -0.366 0.000 0.000 -0.366 0.000 0.000 -0.366 0.000 0.000 -0.366 0.000 0.000 -0.366 0.000 1532.709

37.5 1.514 -0.172 740.139 1.119 0.223 437.363 0.782 0.560 215.154 0.543 0.799 102.887 0.383 0.959 51.903 0.000 -0.357 0.000 0.000 -0.357 0.000 0.000 -0.357 0.000 0.000 -0.357 0.000 0.000 -0.357 0.000 1547.446

38.5 1.503 -0.167 736.592 1.119 0.217 441.276 0.788 0.548 221.537 0.551 0.785 107.696 0.389 0.947 54.902 0.000 -0.349 0.000 0.000 -0.349 0.000 0.000 -0.349 0.000 0.000 -0.349 0.000 0.000 -0.349 0.000 1562.002

39.5 1.493 -0.163 733.191 1.118 0.212 444.985 0.794 0.537 227.753 0.558 0.773 112.493 0.395 0.935 57.943 0.000 -0.341 0.000 0.000 -0.341 0.000 0.000 -0.341 0.000 0.000 -0.341 0.000 0.000 -0.341 0.000 1576.367

40.5 1.483 -0.159 729.926 1.117 0.207 448.505 0.799 0.526 233.804 0.564 0.760 117.273 0.402 0.923 61.023 0.000 -0.333 0.000 0.000 -0.333 0.000 0.000 -0.333 0.000 0.000 -0.333 0.000 0.000 -0.333 0.000 1590.530

41.5 1.474 -0.155 726.787 1.116 0.202 451.845 0.803 0.515 239.689 0.571 0.748 122.028 0.407 0.911 64.136 0.000 -0.325 0.000 0.000 -0.325 0.000 0.000 -0.325 0.000 0.000 -0.325 0.000 0.000 -0.325 0.000 1604.485

42.5 1.464 -0.152 723.764 1.115 0.197 455.016 0.808 0.505 245.412 0.577 0.736 126.753 0.413 0.899 67.278 0.000 -0.318 0.000 0.000 -0.318 0.000 0.000 -0.318 0.000 0.000 -0.318 0.000 0.000 -0.318 0.000 1618.224

43.5 1.455 -0.148 720.850 1.114 0.193 458.029 0.812 0.495 250.974 0.582 0.724 131.443 0.419 0.888 70.445 0.000 -0.311 0.000 0.000 -0.311 0.000 0.000 -0.311 0.000 0.000 -0.311 0.000 0.000 -0.311 0.000 1631.741

44.5 1.446 -0.145 718.035 1.112 0.189 460.891 0.815 0.486 256.379 0.588 0.713 136.093 0.424 0.877 73.632 0.000 -0.305 0.000 0.000 -0.305 0.000 0.000 -0.305 0.000 0.000 -0.305 0.000 0.000 -0.305 0.000 1645.030

45.5 1.437 -0.142 715.314 1.111 0.185 463.611 0.819 0.477 261.628 0.593 0.702 140.699 0.429 0.866 76.836 0.000 -0.298 0.000 0.000 -0.298 0.000 0.000 -0.298 0.000 0.000 -0.298 0.000 0.000 -0.298 0.000 1658.087

46.5 1.429 -0.139 712.680 1.109 0.181 466.196 0.822 0.468 266.724 0.598 0.692 145.256 0.434 0.855 80.052 0.000 -0.292 0.000 0.000 -0.292 0.000 0.000 -0.292 0.000 0.000 -0.292 0.000 0.000 -0.292 0.000 1670.908

47.5 1.420 -0.136 710.126 1.107 0.177 468.654 0.824 0.459 271.671 0.603 0.681 149.762 0.439 0.845 83.277 0.000 -0.287 0.000 0.000 -0.287 0.000 0.000 -0.287 0.000 0.000 -0.287 0.000 0.000 -0.287 0.000 1683.490

48.5 1.411 -0.133 707.647 1.105 0.173 470.990 0.827 0.451 276.472 0.607 0.671 154.214 0.444 0.834 86.507 0.000 -0.281 0.000 0.000 -0.281 0.000 0.000 -0.281 0.000 0.000 -0.281 0.000 0.000 -0.281 0.000 1695.830

49.5 1.403 -0.131 705.238 1.102 0.170 473.211 0.829 0.443 281.130 0.611 0.661 158.607 0.448 0.824 89.740 0.000 -0.276 0.000 0.000 -0.276 0.000 0.000 -0.276 0.000 0.000 -0.276 0.000 0.000 -0.276 0.000 1707.926

50.5 1.395 -0.128 702.894 1.100 0.167 475.322 0.831 0.436 285.649 0.615 0.651 162.941 0.453 0.814 92.971 0.000 -0.270 0.000 0.000 -0.270 0.000 0.000 -0.270 0.000 0.000 -0.270 0.000 0.000 -0.270 0.000 1719.777

51.5 1.387 -0.126 700.611 1.098 0.164 477.328 0.833 0.428 290.031 0.619 0.642 167.213 0.457 0.804 96.197 0.000 -0.265 0.000 0.000 -0.265 0.000 0.000 -0.265 0.000 0.000 -0.265 0.000 0.000 -0.265 0.000 1731.380

52.5 1.379 -0.123 698.385 1.095 0.161 479.235 0.835 0.421 294.280 0.623 0.633 171.421 0.461 0.795 99.416 0.000 -0.261 0.000 0.000 -0.261 0.000 0.000 -0.261 0.000 0.000 -0.261 0.000 0.000 -0.261 0.000 1742.736

53.5 1.371 -0.121 696.211 1.092 0.158 481.046 0.836 0.414 298.399 0.626 0.624 175.564 0.465 0.785 102.625 0.000 -0.256 0.000 0.000 -0.256 0.000 0.000 -0.256 0.000 0.000 -0.256 0.000 0.000 -0.256 0.000 1753.844

54.5 1.363 -0.119 694.087 1.090 0.155 482.767 0.837 0.407 302.392 0.629 0.615 179.639 0.468 0.776 105.820 0.000 -0.251 0.000 0.000 -0.251 0.000 0.000 -0.251 0.000 0.000 -0.251 0.000 0.000 -0.251 0.000 1764.705

55.5 1.355 -0.117 692.009 1.087 0.152 484.400 0.838 0.401 306.261 0.632 0.606 183.647 0.472 0.767 109.000 0.000 -0.247 0.000 0.000 -0.247 0.000 0.000 -0.247 0.000 0.000 -0.247 0.000 0.000 -0.247 0.000 1775.317

56.5 1.348 -0.115 689.973 1.084 0.149 485.949 0.839 0.394 310.011 0.635 0.598 187.585 0.475 0.758 112.163 0.000 -0.243 0.000 0.000 -0.243 0.000 0.000 -0.243 0.000 0.000 -0.243 0.000 0.000 -0.243 0.000 1785.682

57.5 1.340 -0.113 687.978 1.081 0.147 487.419 0.840 0.388 313.643 0.638 0.590 191.454 0.478 0.749 115.305 0.000 -0.239 0.000 0.000 -0.239 0.000 0.000 -0.239 0.000 0.000 -0.239 0.000 0.000 -0.239 0.000 1795.800

58.5 1.333 -0.111 686.021 1.078 0.144 488.812 0.840 0.382 317.162 0.640 0.582 195.253 0.481 0.741 118.425 0.000 -0.235 0.000 0.000 -0.235 0.000 0.000 -0.235 0.000 0.000 -0.235 0.000 0.000 -0.235 0.000 1805.673

59.5 1.326 -0.109 684.098 1.075 0.142 490.131 0.841 0.376 320.570 0.642 0.574 198.981 0.484 0.732 121.522 0.000 -0.231 0.000 0.000 -0.231 0.000 0.000 -0.231 0.000 0.000 -0.231 0.000 0.000 -0.231 0.000 1815.302

60.5 1.318 -0.107 682.209 1.072 0.140 491.379 0.841 0.370 323.870 0.645 0.567 202.638 0.487 0.724 124.592 0.000 -0.227 0.000 0.000 -0.227 0.000 0.000 -0.227 0.000 0.000 -0.227 0.000 0.000 -0.227 0.000 1824.688

61.5 1.311 -0.105 680.350 1.069 0.137 492.558 0.841 0.365 327.065 0.647 0.559 206.224 0.490 0.716 127.635 0.000 -0.224 0.000 0.000 -0.224 0.000 0.000 -0.224 0.000 0.000 -0.224 0.000 0.000 -0.224 0.000 1833.832

62.5 1.304 -0.104 678.519 1.065 0.135 493.672 0.841 0.360 330.158 0.648 0.552 209.739 0.493 0.708 130.649 0.000 -0.220 0.000 0.000 -0.220 0.000 0.000 -0.220 0.000 0.000 -0.220 0.000 0.000 -0.220 0.000 1842.737

63.5 1.297 -0.102 676.715 1.062 0.133 494.723 0.841 0.354 333.151 0.650 0.545 213.183 0.495 0.700 133.632 0.000 -0.217 0.000 0.000 -0.217 0.000 0.000 -0.217 0.000 0.000 -0.217 0.000 0.000 -0.217 0.000 1851.405

64.5 1.290 -0.100 674.936 1.059 0.131 495.713 0.840 0.349 336.048 0.652 0.538 216.556 0.497 0.692 136.584 0.000 -0.214 0.000 0.000 -0.214 0.000 0.000 -0.214 0.000 0.000 -0.214 0.000 0.000 -0.214 0.000 1859.837
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65.5 1.283 -0.099 673.181 1.055 0.129 496.643 0.840 0.344 338.850 0.653 0.531 219.859 0.500 0.685 139.502 0.000 -0.211 0.000 0.000 -0.211 0.000 0.000 -0.211 0.000 0.000 -0.211 0.000 0.000 -0.211 0.000 1868.035

66.5 1.277 -0.097 671.447 1.052 0.127 497.517 0.839 0.340 341.560 0.654 0.525 223.091 0.502 0.677 142.387 0.000 -0.207 0.000 0.000 -0.207 0.000 0.000 -0.207 0.000 0.000 -0.207 0.000 0.000 -0.207 0.000 1876.003

67.5 1.270 -0.096 669.733 1.049 0.125 498.336 0.839 0.335 344.182 0.655 0.518 226.254 0.504 0.670 145.236 0.000 -0.205 0.000 0.000 -0.205 0.000 0.000 -0.205 0.000 0.000 -0.205 0.000 0.000 -0.205 0.000 1883.741

68.5 1.263 -0.095 668.039 1.045 0.123 499.102 0.838 0.330 346.716 0.656 0.512 229.348 0.505 0.663 148.049 0.000 -0.202 0.000 0.000 -0.202 0.000 0.000 -0.202 0.000 0.000 -0.202 0.000 0.000 -0.202 0.000 1891.253

69.5 1.257 -0.093 666.362 1.042 0.122 499.816 0.837 0.326 349.166 0.657 0.506 232.373 0.507 0.656 150.826 0.000 -0.199 0.000 0.000 -0.199 0.000 0.000 -0.199 0.000 0.000 -0.199 0.000 0.000 -0.199 0.000 1898.542

70.5 1.250 -0.092 664.701 1.038 0.120 500.481 0.836 0.322 351.533 0.658 0.500 235.330 0.509 0.649 153.564 0.000 -0.196 0.000 0.000 -0.196 0.000 0.000 -0.196 0.000 0.000 -0.196 0.000 0.000 -0.196 0.000 1905.609

71.5 1.244 -0.091 663.056 1.035 0.118 501.097 0.835 0.318 353.821 0.659 0.494 238.219 0.510 0.642 156.265 0.000 -0.193 0.000 0.000 -0.193 0.000 0.000 -0.193 0.000 0.000 -0.193 0.000 0.000 -0.193 0.000 1912.457

72.5 1.237 -0.089 661.425 1.031 0.117 501.667 0.834 0.313 356.030 0.660 0.488 241.042 0.512 0.636 158.926 0.000 -0.191 0.000 0.000 -0.191 0.000 0.000 -0.191 0.000 0.000 -0.191 0.000 0.000 -0.191 0.000 1919.090

73.5 1.231 -0.088 659.808 1.027 0.115 502.191 0.833 0.309 358.163 0.660 0.483 243.799 0.513 0.629 161.548 0.000 -0.188 0.000 0.000 -0.188 0.000 0.000 -0.188 0.000 0.000 -0.188 0.000 0.000 -0.188 0.000 1925.509

74.5 1.224 -0.087 658.202 1.024 0.114 502.672 0.832 0.306 360.222 0.660 0.477 246.491 0.515 0.623 164.130 0.000 -0.186 0.000 0.000 -0.186 0.000 0.000 -0.186 0.000 0.000 -0.186 0.000 0.000 -0.186 0.000 1931.718

75.5 1.218 -0.086 656.609 1.020 0.112 503.110 0.831 0.302 362.209 0.661 0.472 249.118 0.516 0.616 166.673 0.000 -0.183 0.000 0.000 -0.183 0.000 0.000 -0.183 0.000 0.000 -0.183 0.000 0.000 -0.183 0.000 1937.718

76.5 1.212 -0.085 655.026 1.017 0.111 503.506 0.829 0.298 364.126 0.661 0.466 251.682 0.517 0.610 169.174 0.000 -0.181 0.000 0.000 -0.181 0.000 0.000 -0.181 0.000 0.000 -0.181 0.000 0.000 -0.181 0.000 1943.514

77.5 1.206 -0.084 653.453 1.013 0.109 503.863 0.828 0.294 365.975 0.661 0.461 254.183 0.518 0.604 171.635 0.000 -0.179 0.000 0.000 -0.179 0.000 0.000 -0.179 0.000 0.000 -0.179 0.000 0.000 -0.179 0.000 1949.108

78.5 1.200 -0.083 651.889 1.009 0.108 504.181 0.826 0.291 367.756 0.661 0.456 256.622 0.519 0.598 174.055 0.000 -0.176 0.000 0.000 -0.176 0.000 0.000 -0.176 0.000 0.000 -0.176 0.000 0.000 -0.176 0.000 1954.503

79.5 1.194 -0.082 650.334 1.006 0.107 504.460 0.825 0.287 369.473 0.661 0.451 259.000 0.520 0.592 176.434 0.000 -0.174 0.000 0.000 -0.174 0.000 0.000 -0.174 0.000 0.000 -0.174 0.000 0.000 -0.174 0.000 1959.702

80.5 1.188 -0.081 648.787 1.002 0.105 504.703 0.823 0.284 371.127 0.661 0.446 261.318 0.521 0.587 178.771 0.000 -0.172 0.000 0.000 -0.172 0.000 0.000 -0.172 0.000 0.000 -0.172 0.000 0.000 -0.172 0.000 1964.706

81.5 1.182 -0.080 647.247 0.998 0.104 504.911 0.821 0.281 372.718 0.661 0.441 263.577 0.521 0.581 181.068 0.000 -0.170 0.000 0.000 -0.170 0.000 0.000 -0.170 0.000 0.000 -0.170 0.000 0.000 -0.170 0.000 1969.521

82.5 1.176 -0.079 645.714 0.995 0.103 505.083 0.820 0.277 374.250 0.661 0.437 265.777 0.522 0.575 183.323 0.000 -0.168 0.000 0.000 -0.168 0.000 0.000 -0.168 0.000 0.000 -0.168 0.000 0.000 -0.168 0.000 1974.147

83.5 1.170 -0.078 644.188 0.991 0.101 505.222 0.818 0.274 375.723 0.660 0.432 267.920 0.523 0.570 185.536 0.000 -0.166 0.000 0.000 -0.166 0.000 0.000 -0.166 0.000 0.000 -0.166 0.000 0.000 -0.166 0.000 1978.589

84.5 1.164 -0.077 642.667 0.987 0.100 505.327 0.816 0.271 377.139 0.660 0.428 270.006 0.523 0.564 187.709 0.000 -0.164 0.000 0.000 -0.164 0.000 0.000 -0.164 0.000 0.000 -0.164 0.000 0.000 -0.164 0.000 1982.848

85.5 1.158 -0.076 641.151 0.984 0.099 505.401 0.814 0.268 378.499 0.660 0.423 272.037 0.523 0.559 189.841 0.000 -0.162 0.000 0.000 -0.162 0.000 0.000 -0.162 0.000 0.000 -0.162 0.000 0.000 -0.162 0.000 1986.929

86.5 1.153 -0.075 639.641 0.980 0.098 505.443 0.813 0.265 379.805 0.659 0.419 274.013 0.524 0.554 191.931 0.000 -0.160 0.000 0.000 -0.160 0.000 0.000 -0.160 0.000 0.000 -0.160 0.000 0.000 -0.160 0.000 1990.833

87.5 1.147 -0.074 638.135 0.976 0.097 505.455 0.811 0.262 381.058 0.658 0.415 275.934 0.524 0.549 193.981 0.000 -0.159 0.000 0.000 -0.159 0.000 0.000 -0.159 0.000 0.000 -0.159 0.000 0.000 -0.159 0.000 1994.564

88.5 1.142 -0.073 636.633 0.972 0.096 505.438 0.809 0.260 382.259 0.658 0.410 277.803 0.524 0.544 195.991 0.000 -0.157 0.000 0.000 -0.157 0.000 0.000 -0.157 0.000 0.000 -0.157 0.000 0.000 -0.157 0.000 1998.124

89.5 1.136 -0.072 635.135 0.969 0.095 505.391 0.807 0.257 383.410 0.657 0.406 279.620 0.525 0.539 197.960 0.000 -0.155 0.000 0.000 -0.155 0.000 0.000 -0.155 0.000 0.000 -0.155 0.000 0.000 -0.155 0.000 2001.516

90.5 1.130 -0.072 633.641 0.965 0.094 505.317 0.805 0.254 384.511 0.656 0.402 281.386 0.525 0.534 199.889 0.000 -0.153 0.000 0.000 -0.153 0.000 0.000 -0.153 0.000 0.000 -0.153 0.000 0.000 -0.153 0.000 2004.743

91.5 1.125 -0.071 632.150 0.961 0.093 505.215 0.803 0.251 385.565 0.656 0.398 283.101 0.525 0.529 201.778 0.000 -0.152 0.000 0.000 -0.152 0.000 0.000 -0.152 0.000 0.000 -0.152 0.000 0.000 -0.152 0.000 2007.808

92.5 1.119 -0.070 630.662 0.958 0.092 505.086 0.801 0.249 386.572 0.655 0.394 284.767 0.525 0.524 203.627 0.000 -0.150 0.000 0.000 -0.150 0.000 0.000 -0.150 0.000 0.000 -0.150 0.000 0.000 -0.150 0.000 2010.714

93.5 1.114 -0.069 629.176 0.954 0.091 504.932 0.798 0.246 387.533 0.654 0.391 286.385 0.525 0.520 205.437 0.000 -0.149 0.000 0.000 -0.149 0.000 0.000 -0.149 0.000 0.000 -0.149 0.000 0.000 -0.149 0.000 2013.463

94.5 1.109 -0.069 627.693 0.950 0.090 504.752 0.796 0.244 388.450 0.653 0.387 287.954 0.525 0.515 207.208 0.000 -0.147 0.000 0.000 -0.147 0.000 0.000 -0.147 0.000 0.000 -0.147 0.000 0.000 -0.147 0.000 2016.057

95.5 1.103 -0.068 626.213 0.947 0.089 504.547 0.794 0.241 389.323 0.652 0.383 289.477 0.525 0.511 208.941 0.000 -0.146 0.000 0.000 -0.146 0.000 0.000 -0.146 0.000 0.000 -0.146 0.000 0.000 -0.146 0.000 2018.501

96.5 1.098 -0.067 624.734 0.943 0.088 504.319 0.792 0.239 390.154 0.651 0.380 290.954 0.525 0.506 210.635 0.000 -0.144 0.000 0.000 -0.144 0.000 0.000 -0.144 0.000 0.000 -0.144 0.000 0.000 -0.144 0.000 2020.796

97.5 1.093 -0.067 623.257 0.939 0.087 504.067 0.790 0.237 390.943 0.650 0.376 292.386 0.524 0.502 212.292 0.000 -0.143 0.000 0.000 -0.143 0.000 0.000 -0.143 0.000 0.000 -0.143 0.000 0.000 -0.143 0.000 2022.945

98.5 1.088 -0.066 621.782 0.936 0.086 503.792 0.788 0.234 391.692 0.649 0.373 293.773 0.524 0.498 213.911 0.000 -0.141 0.000 0.000 -0.141 0.000 0.000 -0.141 0.000 0.000 -0.141 0.000 0.000 -0.141 0.000 2024.950

99.5 1.082 -0.065 620.308 0.932 0.085 503.495 0.785 0.232 392.402 0.648 0.369 295.117 0.524 0.493 215.493 0.000 -0.140 0.000 0.000 -0.140 0.000 0.000 -0.140 0.000 0.000 -0.140 0.000 0.000 -0.140 0.000 2026.815



Job Name: Northbound Widening Project - Northern Segment

Job No. 370900.03.GE.FR

Location: Brea Overhead - Abutment 4

Subject: Settlement at the Bents Due to the Abutment backfill placement

Date: 1/14/2009

Analysis by: HMN Surface

Soil Profile Data Unit Compression Recompression Soil Preconsolidation

Layer Layer Weight Ratio Ratio Type Pressure

No. Top Bottom Thickness γt CCR CRR (N/O) Pc

(ft) (ft) (ft) (pcf) (psf)

Depth to Ground Water 11 ft 1 0 5 5 120 0.020 0.002 N

Unit Weight of Water 62.4 pcf 2 5 14 9 120 0.030 0.003 N

Depth Interval 1 ft 3 14 48 34 130 0.030 0.003 O 14000

Footing Length 0 ft 4 48 62 14 120 0.100 0.010 N

Footing Width 0 ft 5 62 100 38 130 0.010 0.001 O 21000

Footing Depth of Embedment 0 ft

Calculation Point offset Along Length 0 ft

Calculation Point offset Along Width 0 ft

Ground Surface Elevation 372 ft Loading

Embankment Stress Included (Y/N) Y Case Length Pressure

Fill Height 0 ft No. (ft) (psf)

Embankment Width at the top 0 ft 1 0 0

Fill Unit Weight 130 pcf 2 0 0

3 0 0

4 0 0

5 0 0

Top Bottom Middle Total Total Pore Effective 
1

Compression Recompression Stress 
2

Soil Preconsolidation Consolidation

of of Height of Elevation Unit Overburden Water Overburden Ratio Ratio Increase Type Pressure OCR Settlement

Layer Layer Layer Weight Pressure Pressure Pressure CCR CRR ∆p (N/O) Pc

(ft) (ft) (ft) (ft) (pcf) (psf) (psf) (psf) (psf) (psf) (inch)

0 1 0.5 371.5 120.00 1294.66 0.00 1294.66 0.020 0.002 0.00 N 1294.66 1.0 0.000

1 2 1.5 370.5 120.00 1406.76 0.00 1406.76 0.020 0.002 0.00 N 1406.76 1.0 0.000

2 3 2.5 369.5 120.00 1503.97 0.00 1503.97 0.020 0.002 11.91 N 1503.97 1.0 0.001

3 4 3.5 368.5 120.00 1589.45 0.00 1589.45 0.020 0.002 38.87 N 1589.45 1.0 0.003

4 5 4.5 367.5 120.00 1670.58 0.00 1670.58 0.020 0.002 68.74 N 1670.58 1.0 0.004

5 6 5.5 366.5 120.00 1753.28 0.00 1753.28 0.030 0.003 97.43 N 1753.28 1.0 0.008

6 7 6.5 365.5 120.00 1840.71 0.00 1840.71 0.030 0.003 123.13 N 1840.71 1.0 0.010

7 8 7.5 364.5 120.00 1934.03 0.00 1934.03 0.030 0.003 145.40 N 1934.03 1.0 0.011

8 9 8.5 363.5 120.00 2033.29 0.00 2033.29 0.030 0.003 164.39 N 2033.29 1.0 0.012

9 10 9.5 362.5 120.00 2138.02 0.00 2138.02 0.030 0.003 180.49 N 2138.02 1.0 0.013

10 11 10.5 361.5 120.00 2247.56 0.00 2247.56 0.030 0.003 194.11 N 2247.56 1.0 0.013

11 12 11.5 360.5 120.00 2361.23 31.20 2330.03 0.030 0.003 205.65 N 2330.03 1.0 0.013

12 13 12.5 359.5 120.00 2478.37 93.60 2384.77 0.030 0.003 215.46 N 2384.77 1.0 0.014

13 14 13.5 358.5 120.00 2598.41 156.00 2442.41 0.030 0.003 223.87 N 2442.41 1.0 0.014

14 15 14.5 357.5 130.00 2725.86 218.40 2507.46 0.030 0.003 231.14 O 16507.46 6.6 0.001

15 16 15.5 356.5 130.00 2860.29 280.80 2579.49 0.030 0.003 237.50 O 16579.49 6.4 0.001

16 17 16.5 355.5 130.00 2996.37 343.20 2653.17 0.030 0.003 243.14 O 16653.17 6.3 0.001

17 18 17.5 354.5 130.00 3133.78 405.60 2728.18 0.030 0.003 248.22 O 16728.18 6.1 0.001

18 19 18.5 353.5 130.00 3272.30 468.00 2804.30 0.030 0.003 252.85 O 16804.30 6.0 0.001

19 20 19.5 352.5 130.00 3411.71 530.40 2881.31 0.030 0.003 257.14 O 16881.31 5.9 0.001

20 21 20.5 351.5 130.00 3551.85 592.80 2959.05 0.030 0.003 261.16 O 16959.05 5.7 0.001

21 22 21.5 350.5 130.00 3692.59 655.20 3037.39 0.030 0.003 264.98 O 17037.39 5.6 0.001

22 23 22.5 349.5 130.00 3833.80 717.60 3116.20 0.030 0.003 268.63 O 17116.20 5.5 0.001

23 24 23.5 348.5 130.00 3975.38 780.00 3195.38 0.030 0.003 272.15 O 17195.38 5.4 0.001

24 25 24.5 347.5 130.00 4117.26 842.40 3274.86 0.030 0.003 275.57 O 17274.86 5.3 0.001

25 26 25.5 346.5 130.00 4259.37 904.80 3354.57 0.030 0.003 278.90 O 17354.57 5.2 0.001

26 27 26.5 345.5 130.00 4401.64 967.20 3434.44 0.030 0.003 282.17 O 17434.44 5.1 0.001

27 28 27.5 344.5 130.00 4544.04 1029.60 3514.44 0.030 0.003 285.38 O 17514.44 5.0 0.001

28 29 28.5 343.5 130.00 4686.51 1092.00 3594.51 0.030 0.003 288.54 O 17594.51 4.9 0.001

29 30 29.5 342.5 130.00 4829.02 1154.40 3674.62 0.030 0.003 291.65 O 17674.62 4.8 0.001

30 31 30.5 341.5 130.00 4971.53 1216.80 3754.73 0.030 0.003 294.72 O 17754.73 4.7 0.001

31 32 31.5 340.5 130.00 5114.03 1279.20 3834.83 0.030 0.003 297.74 O 17834.83 4.7 0.001

32 33 32.5 339.5 130.00 5256.48 1341.60 3914.88 0.030 0.003 300.73 O 17914.88 4.6 0.001

33 34 33.5 338.5 130.00 5398.86 1404.00 3994.86 0.030 0.003 303.67 O 17994.86 4.5 0.001

34 35 34.5 337.5 130.00 5541.17 1466.40 4074.77 0.030 0.003 306.57 O 18074.77 4.4 0.001

35 36 35.5 336.5 130.00 5683.37 1528.80 4154.57 0.030 0.003 309.43 O 18154.57 4.4 0.001

36 37 36.5 335.5 130.00 5825.46 1591.20 4234.26 0.030 0.003 312.25 O 18234.26 4.3 0.001

37 38 37.5 334.5 130.00 5967.42 1653.60 4313.82 0.030 0.003 315.02 O 18313.82 4.2 0.001

Pressure 3

Pressure 4

Pressure 5

------------     Depth to     ------------

1-D CONSOLIDATION SETTLEMENT ANALYSIS

Depth (bgs)

Description

0.62Estimated Settlement (inch)
Pressure 1

Pressure 2

Calculation Sheet by H. Nofal
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38 39 38.5 333.5 130.00 6109.25 1716.00 4393.25 0.030 0.003 317.75 O 18393.25 4.2 0.001

39 40 39.5 332.5 130.00 6250.93 1778.40 4472.53 0.030 0.003 320.44 O 18472.53 4.1 0.001

40 41 40.5 331.5 130.00 6392.45 1840.80 4551.65 0.030 0.003 323.08 O 18551.65 4.1 0.001

41 42 41.5 330.5 130.00 6533.82 1903.20 4630.62 0.030 0.003 325.67 O 18630.62 4.0 0.001

42 43 42.5 329.5 130.00 6675.01 1965.60 4709.41 0.030 0.003 328.21 O 18709.41 4.0 0.001

43 44 43.5 328.5 130.00 6816.03 2028.00 4788.03 0.030 0.003 330.71 O 18788.03 3.9 0.001

44 45 44.5 327.5 130.00 6956.87 2090.40 4866.47 0.030 0.003 333.16 O 18866.47 3.9 0.001

45 46 45.5 326.5 130.00 7097.53 2152.80 4944.73 0.030 0.003 335.56 O 18944.73 3.8 0.001

46 47 46.5 325.5 130.00 7238.00 2215.20 5022.80 0.030 0.003 337.91 O 19022.80 3.8 0.001

47 48 47.5 324.5 130.00 7378.28 2277.60 5100.68 0.030 0.003 340.21 O 19100.68 3.7 0.001

48 49 48.5 323.5 120.00 7513.37 2340.00 5173.37 0.100 0.010 342.46 N 5173.37 1.0 0.033

49 50 49.5 322.5 120.00 7643.26 2402.40 5240.86 0.100 0.010 344.66 N 5240.86 1.0 0.033

50 51 50.5 321.5 120.00 7772.96 2464.80 5308.16 0.100 0.010 346.81 N 5308.16 1.0 0.033

51 52 51.5 320.5 120.00 7902.47 2527.20 5375.27 0.100 0.010 348.91 N 5375.27 1.0 0.033

52 53 52.5 319.5 120.00 8031.77 2589.60 5442.17 0.100 0.010 350.96 N 5442.17 1.0 0.033

53 54 53.5 318.5 120.00 8160.88 2652.00 5508.88 0.100 0.010 352.97 N 5508.88 1.0 0.032

54 55 54.5 317.5 120.00 8289.79 2714.40 5575.39 0.100 0.010 354.92 N 5575.39 1.0 0.032

55 56 55.5 316.5 120.00 8418.50 2776.80 5641.70 0.100 0.010 356.82 N 5641.70 1.0 0.032

56 57 56.5 315.5 120.00 8547.01 2839.20 5707.81 0.100 0.010 358.67 N 5707.81 1.0 0.032

57 58 57.5 314.5 120.00 8675.32 2901.60 5773.72 0.100 0.010 360.48 N 5773.72 1.0 0.032

58 59 58.5 313.5 120.00 8803.44 2964.00 5839.44 0.100 0.010 362.23 N 5839.44 1.0 0.031

59 60 59.5 312.5 120.00 8931.36 3026.40 5904.96 0.100 0.010 363.94 N 5904.96 1.0 0.031

60 61 60.5 311.5 120.00 9059.09 3088.80 5970.29 0.100 0.010 365.60 N 5970.29 1.0 0.031

61 62 61.5 310.5 120.00 9186.62 3151.20 6035.42 0.100 0.010 367.21 N 6035.42 1.0 0.031

62 63 62.5 309.5 130.00 9318.96 3213.60 6105.36 0.010 0.001 368.78 O 27105.36 4.4 0.000

63 64 63.5 308.5 130.00 9456.11 3276.00 6180.11 0.010 0.001 370.30 O 27180.11 4.4 0.000

64 65 64.5 307.5 130.00 9593.06 3338.40 6254.66 0.010 0.001 371.77 O 27254.66 4.4 0.000

65 66 65.5 306.5 130.00 9729.83 3400.80 6329.03 0.010 0.001 373.20 O 27329.03 4.3 0.000

66 67 66.5 305.5 130.00 9866.42 3463.20 6403.22 0.010 0.001 374.58 O 27403.22 4.3 0.000

67 68 67.5 304.5 130.00 10002.82 3525.60 6477.22 0.010 0.001 375.92 O 27477.22 4.2 0.000

68 69 68.5 303.5 130.00 10139.04 3588.00 6551.04 0.010 0.001 377.22 O 27551.04 4.2 0.000

69 70 69.5 302.5 130.00 10275.07 3650.40 6624.67 0.010 0.001 378.47 O 27624.67 4.2 0.000

70 71 70.5 301.5 130.00 10410.93 3712.80 6698.13 0.010 0.001 379.68 O 27698.13 4.1 0.000

71 72 71.5 300.5 130.00 10546.61 3775.20 6771.41 0.010 0.001 380.84 O 27771.41 4.1 0.000

72 73 72.5 299.5 130.00 10682.12 3837.60 6844.52 0.010 0.001 381.97 O 27844.52 4.1 0.000

73 74 73.5 298.5 130.00 10817.46 3900.00 6917.46 0.010 0.001 383.05 O 27917.46 4.0 0.000

74 75 74.5 297.5 130.00 10952.62 3962.40 6990.22 0.010 0.001 384.10 O 27990.22 4.0 0.000

75 76 75.5 296.5 130.00 11087.62 4024.80 7062.82 0.010 0.001 385.10 O 28062.82 4.0 0.000

76 77 76.5 295.5 130.00 11222.45 4087.20 7135.25 0.010 0.001 386.07 O 28135.25 3.9 0.000

77 78 77.5 294.5 130.00 11357.12 4149.60 7207.52 0.010 0.001 386.99 O 28207.52 3.9 0.000

78 79 78.5 293.5 130.00 11491.62 4212.00 7279.62 0.010 0.001 387.88 O 28279.62 3.9 0.000

79 80 79.5 292.5 130.00 11625.97 4274.40 7351.57 0.010 0.001 388.73 O 28351.57 3.9 0.000

80 81 80.5 291.5 130.00 11760.16 4336.80 7423.36 0.010 0.001 389.55 O 28423.36 3.8 0.000

81 82 81.5 290.5 130.00 11894.20 4399.20 7495.00 0.010 0.001 390.32 O 28495.00 3.8 0.000

82 83 82.5 289.5 130.00 12028.08 4461.60 7566.48 0.010 0.001 391.07 O 28566.48 3.8 0.000

83 84 83.5 288.5 130.00 12161.82 4524.00 7637.82 0.010 0.001 391.77 O 28637.82 3.7 0.000

84 85 84.5 287.5 130.00 12295.40 4586.40 7709.00 0.010 0.001 392.45 O 28709.00 3.7 0.000

85 86 85.5 286.5 130.00 12428.84 4648.80 7780.04 0.010 0.001 393.08 O 28780.04 3.7 0.000

86 87 86.5 285.5 130.00 12562.14 4711.20 7850.94 0.010 0.001 393.69 O 28850.94 3.7 0.000

87 88 87.5 284.5 130.00 12695.30 4773.60 7921.70 0.010 0.001 394.26 O 28921.70 3.7 0.000

88 89 88.5 283.5 130.00 12828.32 4836.00 7992.32 0.010 0.001 394.80 O 28992.32 3.6 0.000

89 90 89.5 282.5 130.00 12961.20 4898.40 8062.80 0.010 0.001 395.31 O 29062.80 3.6 0.000

90 91 90.5 281.5 130.00 13093.95 4960.80 8133.15 0.010 0.001 395.79 O 29133.15 3.6 0.000

91 92 91.5 280.5 130.00 13226.57 5023.20 8203.37 0.010 0.001 396.24 O 29203.37 3.6 0.000

92 93 92.5 279.5 130.00 13359.06 5085.60 8273.46 0.010 0.001 396.66 O 29273.46 3.5 0.000

93 94 93.5 278.5 130.00 13491.42 5148.00 8343.42 0.010 0.001 397.04 O 29343.42 3.5 0.000

94 95 94.5 277.5 130.00 13623.65 5210.40 8413.25 0.010 0.001 397.40 O 29413.25 3.5 0.000

95 96 95.5 276.5 130.00 13755.77 5272.80 8482.97 0.010 0.001 397.74 O 29482.97 3.5 0.000

96 97 96.5 275.5 130.00 13887.76 5335.20 8552.56 0.010 0.001 398.04 O 29552.56 3.5 0.000

97 98 97.5 274.5 130.00 14019.63 5397.60 8622.03 0.010 0.001 398.32 O 29622.03 3.4 0.000

98 99 98.5 273.5 130.00 14151.38 5460.00 8691.38 0.010 0.001 398.57 O 29691.38 3.4 0.000

99 100 99.5 272.5 130.00 14283.03 5522.40 8760.63 0.010 0.001 398.79 O 29760.63 3.4 0.000

Estimated Settlement 0.62

Notes

1. Effective overburden includes the in-situ stress from the existing embankment 

2. Stress increase is calculated from the embankment loading due to fill placement assuming plain strain condition (conservative)



Job Name: SR-57 Northbound Widening Project

Job No. 370900.03.GE.FR

Location: Brea Overhead - (Bridge No. 55-0482)

Subject: Settlement estimate for Bent 3 pile columns - Equivalent Footing Method

Date: 11/7/2008

Soil Profile Data Unit Compression Recompression Soil Preconsolidation

Layer Layer Weight Ratio Ratio Type Pressure

No. Top Bottom Thickness γt CCR CRR (N/O) Pc

(ft) (ft) (ft) (pcf) (psf)

Depth to Ground Water 18 ft 1 0 12 12 120 0.020 0.002 N

Unit Weight of Water 62.4 pcf 2 12 21 9 120 0.030 0.003 N

Depth Interval 1 ft 3 21 55 34 130 0.030 0.003 O 14000.00

Depth of Embedment of the Pile Cap 5 ft 4 55 69 14 120 0.100 0.010 N

Number of Piles in Dir-X 3 piles 5 69 100 31 130 0.010 0.001 O 21000.00

Number of Piles in Dir-Y 3 piles

Pile Diameter 2 ft

Spacing 6.25 ft

Pile Length 42.85 ft

Slope to equivalent footing (1H:xV) 4 Loading

Equivalent Footing Length 28.78 ft Case Description Length Pressure

Equivalent Footing Width 28.78 ft No. (ft) (psf)

Equivalent Footing Embedment 34 ft 1 28.78 0.0

Calculation Point offset Along Length 14.39 ft 2 0 0

Calculation Point offset Along Width 14.39 ft 3 0 0

Ground Surface Elevation 379 ft 4 0 0

Embankment Stress Included (Y/N) N 5 0 0

Fill Height 0 ft

Embankment Width at the top 0 ft

Fill Unit Weight 0 pcf

Top Bottom Middle Total Total 
1

Pore Effective Compression Recompression Stress 
2

Soil Preconsolidation Consolidation

of of Height of Elevation Unit Overburden Water Overburden Ratio Ratio Increase Type Pressure OCR Settlement

Layer Layer Layer Weight Pressure Pressure Pressure CCR CRR ∆p (N/O) Pc

(ft) (ft) (ft) (ft) (pcf) (psf) (psf) (psf) (psf) (psf) (inch)

0 1 0.5 378.5 120.00 60.00 0.00 60.00 0.020 0.002 0.00 N 60.00 1.0 0.000

1 2 1.5 377.5 120.00 180.00 0.00 180.00 0.020 0.002 0.00 N 180.00 1.0 0.000

2 3 2.5 376.5 120.00 300.00 0.00 300.00 0.020 0.002 0.00 N 300.00 1.0 0.000

3 4 3.5 375.5 120.00 420.00 0.00 420.00 0.020 0.002 0.00 N 420.00 1.0 0.000

4 5 4.5 374.5 120.00 540.00 0.00 540.00 0.020 0.002 0.00 N 540.00 1.0 0.000

5 6 5.5 373.5 120.00 660.00 0.00 660.00 0.020 0.002 0.00 N 660.00 1.0 0.000

6 7 6.5 372.5 120.00 780.00 0.00 780.00 0.020 0.002 0.00 N 780.00 1.0 0.000

7 8 7.5 371.5 120.00 2121.94 0.00 2121.94 0.020 0.002 0.00 N 2121.94 1.0 0.000

8 9 8.5 370.5 120.00 2240.47 0.00 2240.47 0.020 0.002 0.00 N 2240.47 1.0 0.000

9 10 9.5 369.5 120.00 2355.88 0.00 2355.88 0.020 0.002 0.00 N 2355.88 1.0 0.000

10 11 10.5 368.5 120.00 2468.32 0.00 2468.32 0.020 0.002 0.00 N 2468.32 1.0 0.000

11 12 11.5 367.5 120.00 2579.32 0.00 2579.32 0.020 0.002 0.00 N 2579.32 1.0 0.000

12 13 12.5 366.5 120.00 2690.71 0.00 2690.71 0.030 0.003 0.00 N 2690.71 1.0 0.000

13 14 13.5 365.5 120.00 2803.84 0.00 2803.84 0.030 0.003 0.00 N 2803.84 1.0 0.000

14 15 14.5 364.5 120.00 2919.42 0.00 2919.42 0.030 0.003 0.00 N 2919.42 1.0 0.000

15 16 15.5 363.5 120.00 3037.68 0.00 3037.68 0.030 0.003 0.00 N 3037.68 1.0 0.000

16 17 16.5 362.5 120.00 3158.52 0.00 3158.52 0.030 0.003 0.00 N 3158.52 1.0 0.000

17 18 17.5 361.5 120.00 3281.68 0.00 3281.68 0.030 0.003 0.00 N 3281.68 1.0 0.000

18 19 18.5 360.5 120.00 3406.87 31.20 3375.67 0.030 0.003 0.00 N 3375.67 1.0 0.000

19 20 19.5 359.5 120.00 3533.83 93.60 3440.23 0.030 0.003 0.00 N 3440.23 1.0 0.000

20 21 20.5 358.5 120.00 3662.27 156.00 3506.27 0.030 0.003 0.00 N 3506.27 1.0 0.000

21 22 21.5 357.5 130.00 3796.99 218.40 3578.59 0.030 0.003 0.00 O 14000.00 3.9 0.000

22 23 22.5 356.5 130.00 3937.79 280.80 3656.99 0.030 0.003 0.00 O 14000.00 0.000

23 24 23.5 355.5 130.00 4079.51 343.20 3736.31 0.030 0.003 0.00 O 14000.00 0.000

24 25 24.5 354.5 130.00 4222.00 405.60 3816.40 0.030 0.003 0.00 O 14000.00 0.000

25 26 25.5 353.5 130.00 4365.15 468.00 3897.15 0.030 0.003 0.00 O 14000.00 0.000

26 27 26.5 352.5 130.00 4508.85 530.40 3978.45 0.030 0.003 0.00 O 14000.00 0.000

27 28 27.5 351.5 130.00 4653.02 592.80 4060.22 0.030 0.003 0.00 O 14000.00 0.000

28 29 28.5 350.5 130.00 4797.56 655.20 4142.36 0.030 0.003 0.00 O 14000.00 0.000

29 30 29.5 349.5 130.00 4942.42 717.60 4224.82 0.030 0.003 0.00 O 14000.00 0.000

30 31 30.5 348.5 130.00 5087.53 780.00 4307.53 0.030 0.003 0.00 O 14000.00 3.3 0.000

31 32 31.5 347.5 130.00 5232.83 842.40 4390.43 0.030 0.003 0.00 O 14000.00 3.2 0.000

32 33 32.5 346.5 130.00 5378.27 904.80 4473.47 0.030 0.003 0.00 O 14000.00 3.1 0.000

33 34 33.5 345.5 130.00 5523.82 967.20 4556.62 0.030 0.003 0.00 O 14000.00 3.1 0.000

34 35 34.5 344.5 130.00 5669.42 1029.60 4639.82 0.030 0.003 840.27 O 14000.00 3.0 0.003

35 36 35.5 343.5 130.00 5815.05 1092.00 4723.05 0.030 0.003 839.89 O 14000.00 3.0 0.003

36 37 36.5 342.5 130.00 5960.67 1154.40 4806.27 0.030 0.003 838.48 O 14000.00 2.9 0.003

Pressure 5

------------     Depth to     ------------

Pressure 3

Pressure 4

1-D CONSOLIDATION SETTLEMENT ANALYSIS OF PILE GROUP

Depth (bgs)

Pressure 2

Pressure 1

EQUIVALENT FOOTING METHOD

0.54Estimated Settlement (inch)



37 38 37.5 341.5 130.00 6106.25 1216.80 4889.45 0.030 0.003 835.50 O 14000.00 2.9 0.002

38 39 38.5 340.5 130.00 6251.77 1279.20 4972.57 0.030 0.003 830.54 O 14000.00 2.8 0.002

39 40 39.5 339.5 130.00 6397.21 1341.60 5055.61 0.030 0.003 823.39 O 14000.00 2.8 0.002

40 41 40.5 338.5 130.00 6542.54 1404.00 5138.54 0.030 0.003 814.02 O 14000.00 2.7 0.002

41 42 41.5 337.5 130.00 6687.74 1466.40 5221.34 0.030 0.003 802.52 O 14000.00 2.7 0.002

42 43 42.5 336.5 130.00 6832.80 1528.80 5304.00 0.030 0.003 789.12 O 14000.00 2.6 0.002

43 44 43.5 335.5 130.00 6977.71 1591.20 5386.51 0.030 0.003 774.11 O 14000.00 2.6 0.002

44 45 44.5 334.5 130.00 7122.45 1653.60 5468.85 0.030 0.003 757.79 O 14000.00 2.6 0.002

45 46 45.5 333.5 130.00 7267.00 1716.00 5551.00 0.030 0.003 740.50 O 14000.00 2.5 0.002

46 47 46.5 332.5 130.00 7411.37 1778.40 5632.97 0.030 0.003 722.52 O 14000.00 2.5 0.002

47 48 47.5 331.5 130.00 7555.53 1840.80 5714.73 0.030 0.003 704.14 O 14000.00 2.4 0.002

48 49 48.5 330.5 130.00 7699.49 1903.20 5796.29 0.030 0.003 685.57 O 14000.00 2.4 0.002

49 50 49.5 329.5 130.00 7843.22 1965.60 5877.62 0.030 0.003 667.02 O 14000.00 2.4 0.002

50 51 50.5 328.5 130.00 7986.74 2028.00 5958.74 0.030 0.003 648.65 O 14000.00 2.3 0.002

51 52 51.5 327.5 130.00 8130.03 2090.40 6039.63 0.030 0.003 630.57 O 14000.00 2.3 0.002

52 53 52.5 326.5 130.00 8273.09 2152.80 6120.29 0.030 0.003 612.89 O 14000.00 2.3 0.001

53 54 53.5 325.5 130.00 8415.91 2215.20 6200.71 0.030 0.003 595.67 O 14000.00 2.3 0.001

54 55 54.5 324.5 130.00 8558.49 2277.60 6280.89 0.030 0.003 578.96 O 14000.00 2.2 0.001

55 56 55.5 323.5 120.00 8695.83 2340.00 6355.83 0.100 0.010 562.79 N 6355.83 1.0 0.044

56 57 56.5 322.5 120.00 8827.93 2402.40 6425.53 0.100 0.010 547.19 N 6425.53 1.0 0.043

57 58 57.5 321.5 120.00 8959.78 2464.80 6494.98 0.100 0.010 532.16 N 6494.98 1.0 0.041

58 59 58.5 320.5 120.00 9091.38 2527.20 6564.18 0.100 0.010 517.70 N 6564.18 1.0 0.040

59 60 59.5 319.5 120.00 9222.74 2589.60 6633.14 0.100 0.010 503.80 N 6633.14 1.0 0.038

60 61 60.5 318.5 120.00 9353.84 2652.00 6701.84 0.100 0.010 490.45 N 6701.84 1.0 0.037

61 62 61.5 317.5 120.00 9484.70 2714.40 6770.30 0.100 0.010 477.64 N 6770.30 1.0 0.036

62 63 62.5 316.5 120.00 9615.32 2776.80 6838.52 0.100 0.010 465.35 N 6838.52 1.0 0.034

63 64 63.5 315.5 120.00 9745.68 2839.20 6906.48 0.100 0.010 453.56 N 6906.48 1.0 0.033

64 65 64.5 314.5 120.00 9875.80 2901.60 6974.20 0.100 0.010 442.26 N 6974.20 1.0 0.032

65 66 65.5 313.5 120.00 10005.67 2964.00 7041.67 0.100 0.010 431.41 N 7041.67 1.0 0.031

66 67 66.5 312.5 120.00 10135.30 3026.40 7108.90 0.100 0.010 421.01 N 7108.90 1.0 0.030

67 68 67.5 311.5 120.00 10264.69 3088.80 7175.89 0.100 0.010 411.03 N 7175.89 1.0 0.029

68 69 68.5 310.5 120.00 10393.83 3151.20 7242.63 0.100 0.010 401.45 N 7242.63 1.0 0.028

69 70 69.5 309.5 130.00 10527.74 3213.60 7314.14 0.010 0.001 392.25 O 21000.00 2.9 0.000

70 71 70.5 308.5 130.00 10666.40 3276.00 7390.40 0.010 0.001 383.42 O 21000.00 2.8 0.000

71 72 71.5 307.5 130.00 10804.84 3338.40 7466.44 0.010 0.001 374.93 O 21000.00 2.8 0.000

72 73 72.5 306.5 130.00 10943.04 3400.80 7542.24 0.010 0.001 366.78 O 21000.00 2.8 0.000

73 74 73.5 305.5 130.00 11081.00 3463.20 7617.80 0.010 0.001 358.94 O 21000.00 2.8 0.000

74 75 74.5 304.5 130.00 11218.74 3525.60 7693.14 0.010 0.001 351.39 O 21000.00 2.7 0.000

75 76 75.5 303.5 130.00 11356.25 3588.00 7768.25 0.010 0.001 344.13 O 21000.00 2.7 0.000

76 77 76.5 302.5 130.00 11493.54 3650.40 7843.14 0.010 0.001 337.14 O 21000.00 2.7 0.000

77 78 77.5 301.5 130.00 11630.61 3712.80 7917.81 0.010 0.001 330.41 O 21000.00 2.7 0.000

78 79 78.5 300.5 130.00 11767.46 3775.20 7992.26 0.010 0.001 323.92 O 21000.00 2.6 0.000

79 80 79.5 299.5 130.00 11904.09 3837.60 8066.49 0.010 0.001 317.66 O 21000.00 2.6 0.000

80 81 80.5 298.5 130.00 12040.51 3900.00 8140.51 0.010 0.001 311.62 O 21000.00 2.6 0.000

81 82 81.5 297.5 130.00 12176.72 3962.40 8214.32 0.010 0.001 305.79 O 21000.00 2.6 0.000

82 83 82.5 296.5 130.00 12312.72 4024.80 8287.92 0.010 0.001 300.17 O 21000.00 2.5 0.000

83 84 83.5 295.5 130.00 12448.51 4087.20 8361.31 0.010 0.001 294.73 O 21000.00 2.5 0.000

84 85 84.5 294.5 130.00 12584.11 4149.60 8434.51 0.010 0.001 289.48 O 21000.00 2.5 0.000

85 86 85.5 293.5 130.00 12719.50 4212.00 8507.50 0.010 0.001 284.40 O 21000.00 2.5 0.000

86 87 86.5 292.5 130.00 12854.70 4274.40 8580.30 0.010 0.001 279.49 O 21000.00 2.4 0.000

87 88 87.5 291.5 130.00 12989.71 4336.80 8652.91 0.010 0.001 274.74 O 21000.00 2.4 0.000

88 89 88.5 290.5 130.00 13124.52 4399.20 8725.32 0.010 0.001 270.13 O 21000.00 2.4 0.000

89 90 89.5 289.5 130.00 13259.15 4461.60 8797.55 0.010 0.001 265.67 O 21000.00 2.4 0.000

90 91 90.5 288.5 130.00 13393.59 4524.00 8869.59 0.010 0.001 261.35 O 21000.00 2.4 0.000

91 92 91.5 287.5 130.00 13527.85 4586.40 8941.45 0.010 0.001 257.17 O 21000.00 2.3 0.000

92 93 92.5 286.5 130.00 13661.93 4648.80 9013.13 0.010 0.001 253.10 O 21000.00 2.3 0.000

93 94 93.5 285.5 130.00 13795.83 4711.20 9084.63 0.010 0.001 249.16 O 21000.00 2.3 0.000

94 95 94.5 284.5 130.00 13929.56 4773.60 9155.96 0.010 0.001 245.34 O 21000.00 2.3 0.000

95 96 95.5 283.5 130.00 14063.12 4836.00 9227.12 0.010 0.001 241.63 O 21000.00 2.3 0.000

96 97 96.5 282.5 130.00 14196.52 4898.40 9298.12 0.010 0.001 238.02 O 21000.00 2.3 0.000

97 98 97.5 281.5 130.00 14329.74 4960.80 9368.94 0.010 0.001 234.52 O 21000.00 2.2 0.000

98 99 98.5 280.5 130.00 14462.81 5023.20 9439.61 0.010 0.001 231.11 O 21000.00 2.2 0.000

99 100 99.5 279.5 130.00 14595.71 5085.60 9510.11 0.010 0.001 227.80 O 21000.00 2.2 0.000

Estimated Settlement 0.54

Notes:

1 The stresses from the end-of-construction of a roadway embankment are added to the total overburden pressure.

2 The stress increase is calculated assuming strip loading for the equivalent footing
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SECTION 1 

1.Introduction 

1.1 General 
The Orange County Transportation Authority (OCTA) has retained CH2M HILL to provide 
the final design for the widening of the traveled way on the northbound State Route (SR) 57 
in Orange County, California. The widening of the northbound lanes is proposed to address 
the congestion and improve the traffic capacity for a total of 4.7 miles along SR-57 between 
south of Orangethorpe Avenue at post mile (PM) 16.2 and south of Lambert Road at PM 
20.9. Within the project limits, the alignment is divided into the northern segment 
(EA 12-0F0321) and the southern segment (EA-0F0311). This foundation report is prepared 
as part of the Plans, Specifications, and Estimate (PS&E) Phase of the project. It includes the 
geotechnical recommendations to aid in the foundation design of the walls proposed within 
the northern segment. The report also addresses the California Department of 
Transportation (Caltrans) review comments dated July 13, 2009, for the final foundation 
report prepared by CH2M HILL for retaining walls and sound walls. A copy of the review 
comments and the responses to the comments is provided in the Attachment.  

The walls referred to in this report include earth retaining walls and sound walls. A separate 
foundation report has been prepared by others to address the geotechnical 
recommendations of the walls within the southern segment of the project alignment. 

1.2 Project Location and Description 
The project alignment lies within the north western part of the Santa Ana Mountains in the 
Peninsular Ranges geomorphic province of Southern California. The northern segment of 
the alignment traverses the cities of Fullerton and Brea in Orange County, California. The 
location of the northern segment along SR-57 is shown in the Site Location Map in 
Figure 1-1.  

The existing alignment of SR-57 was initially constructed as an eight-lane freeway and was 
later improved to include one high-occupancy vehicle (HOV) lane in each direction. To 
increase the mobility and upgrade the level of service along the northbound SR-57 main 
line, widening of the existing alignment is proposed. At this time, the proposed widening at 
the northern segment will add one mixed-flow lane from Yorba Linda Boulevard 
northbound on-ramp to Lambert Road northbound off-ramp, and one auxiliary lane 
between interchanges. As a result, the improvements will involve widening of the existing 
bridge structures, realignment of shoulders and ramps, the addition of several types of earth 
retaining walls and sound walls, and the pavement of the new lanes. The bridge structures 
include Bastanchury Road Undercrossing (UC), Rolling Hills Drive UC, Associated Road 
UC, Loftus Channel, Birch Street UC, and Brea Overhead (OH). Most of the improvements 
are proposed for the northbound travel way from 0.2 miles north of Yorba Linda Boulevard 
to Lambert Road and include widening the five bridges and constructing 17 retaining walls 
and 1 sound wall. In addition, the realignment of the northbound off-ramp at Imperial 
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Highway (SR-90/57 separation) will require the modification of the existing culvert 
structure where the ramp crosses Loftus Diversion Channel. The improvements proposed 
for the southbound travel way include only the construction of one retaining wall, five 
sound walls and the widening of two bridges between 0.1 mile north of Yorba Linda 
Boulevard and 0.1 mile south of Associated Road. The bridge widening for the southbound 
portion is proposed at Bastanchury Road UC and Rolling Hills Drive UC to accommodate 
the proposed sound walls. Preliminary information regarding the locations and the 
dimensions of the proposed walls are presented in Table 1-1. For the tie-back wall, the 
geotechnical recommendations are presented in a tie-back wall foundation report under a 
separate cover. 

TABLE 1-1 
Summary of Retaining and Sound Walls Information 

Station Limits  
(feet) 

Structure 
Number From To 

Station 
Line 

Structure 
Type1 

Approximate 
Length 
(feet) 

Estimated 
Maximum 

Height 
(feet) 

Northbound Improvements 

RW 592 593+07.63 597+82.01 B 1 474 16 

RW 598 597+50.57 601+41.42 B 1 391 18 

RW 604 603+04.36 610+65.36 B 1 761 16 

RW 614 612+39.49 622+15.00 B 3, 4, 5 976 18 

RW 622 621+57.94 626+45.96 B 3 495 18 

RW 628 627+90.50 631+23.74 B 1, 3, 4 345 16 

RW 630 631 +12.28 640+21.97 B 1, 3, 4, 5 910 25 

RW 642 41+88.00 44+91.44 J-5 2, 5 303 22.5 

RW 646 46+01.17 48+68.96 J-5 1, 2 268 18 

RW 658 59+15.03 67+26.13 J-6 1 800 14 

SW 668 668+45.81 672+77.72 B 6 432 16 

RW 670 672+77.72 682+01.22 B 4, 5 930 17.5 

RW 684 683+67.03 693+93.38 B 2 1026 20 

RW 694 693+63.39 694+29.05 B 1 66 10 

RW 696 695+12.49 695+96.69 B 1 84 12 

RW 698 695+68.22 14+98.60 B, K-2 4, 5 926 25 

Southbound Improvements 

SW 581 80+21.22 589+10.60 I-7, B 4, 6 876 14.3 

SW 589 588+21.00 600+48.11 B 7 1225 14 

SW 599 598+88.00 600+94.51 B 6 207 14.3 

SW 603 602+61.06 626+44.00 B 6 2383 14.3 

SW 627 627+83.83 637+17.00 B 6 933 14 
1 Structure type is one or more of the following: 
(1) Retaining wall –  Standard Type 1, (2) Mechanically stabilized earth (MSE) wall with barrier slab, (3) Sound 
wall on retaining wall – Caltrans Type 1SW, (4) Sound wall with barrier on retaining wall – Caltrans Type 1SWB, 
(5) Sound wall on MSE wall, (6) Sound wall on type 736S and 736SV barrier, (7) Sound wall on pile cap. 
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1.3 Purpose and Scope 
The purpose of the investigation is to review the available information pertinent to the 
existing project alignment, perform site investigations to confirm the subsurface conditions, 
and provide geotechnical recommendations to aid in the design of the proposed structures. 
The scope of work for the current study includes the following tasks. 

• Review as-built bridge drawings, log of test boring (LOTB) sheets, and geologic maps 

• Drilling, sampling, and logging of 30 hollow-stem auger (HSA) borings  

• Perform 23 cone penetration test (CPT) soundings 

• Conduct laboratory testing of selected samples to characterize the subsurface material 

• Provide recommendations for seismic parameters, evaluate the potential for liquefaction 
and lateral spread, and develop geotechnical recommendations for foundation design 

• Prepare foundation report according to the Guidelines for Structures Foundation Reports 
(Caltrans, 2006a) by California Department of Transportation (Caltrans) 

1.4 Site Description and Existing Structures 
The northern segment is approximately 2.5 miles long, which begins immediately to the 
north of Yorba Linda Boulevard at Station 587+15 (“B” Line) and trends north crossing 
several bridges and gently turns west near the Loftus Diversion Channel until it crosses 
Imperial Highway at Station 654+36 (“B” Line). The alignment continues north for 
approximately 0.1 mile, then trends northeast until it crosses Birch Street at Station 682+53 
(“B” Line) and gently curves west until it reaches the northern terminus at Station 708+20 
(“B” Line). The elevation along the northern segment varies from 285 feet at the southern 
terminus and gradually ascends to elevation 346.5 feet near Rolling Hills Drive, then 
descends to elevation 310 feet near Imperial Highway and ascends to its highest elevation of 
450 feet at the northern terminus. The area surrounding the alignment of the northern 
segment is heavily urbanized by recreational, residential, and commercial developments. 
The terrain in the vicinity of the alignment is relatively flat.  

Structures that are known to exist along the alignment include the existing bridges, the 
culvert structure, and sound walls. The culvert structure is a storm drainage facility that 
runs in a southwestern direction, roughly 1,100 feet south of Imperial Highway. The culvert 
conveys the discharge from the Loftus Diversion Channel on the east side of the alignment 
and drains into the United States Army Corps of Engineers (USACE) Fullerton Dam in 
Craig Park on the west side at Bastanchury Road crossing. Five of the existing sound walls 
will be removed to accommodate the proposed improvements at the following locations. 

• Southbound along Yorba Linda Boulevard off-ramp, roughly between Station 586+77 
and 588+38 (“B” Line) 

• Northbound between Bastanchury Road UC and Rolling Hills Drive UC, roughly from 
Station 612+86 to 620+00 (“B” Line) 
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• Northbound between Rolling Hills Drive UC and Associated Road UC from 
Station 635+48 to 640+00 (“B” Line) 

• Northbound between Imperial Highway and Birch Street from Station 668+30 to  
681+80 (“B” Line) 

• Northbound between Union Pacific Railroad and Lambert Road from Station 696+00 to 
702+30 (“B” Line) 

In addition, water pipelines, gas lines, underground utilities, communication lines and 
drainage pipes exist along and across the existing roadway alignment. The major utilities 
that are known to exist within the project alignment include: 

• City of Fullerton underground 8-inch vitrified clay pipe (VCP) sewer line at 
approximately Station 587+53 (“B” Line) crossing the proposed sound wall SW581. 

• American Telephone and Telegraph (AT&T) overhead communications line, Southern 
California Edison 12-kV overhead electric line, Time Warner overhead television cable 
line along the proposed sound wall SW589 

• Southern California Gas Company (SCG) underground 4-inch polyethylene gas line at 
approximately Station 601+60 (“B” Line) crossing Bastanchury Road UC 

• Orange County Sanitation District (OCSD) underground 18-inch VCP Sewer Line 
crossing RW614 at approximately Station 616+00 (“B” Line) and SW603 at 
Station 614+55 (“B” Line) 

• OCSD underground abandoned 15-inch VCP sewer line crossing RW614 at 
approximately Station 616+10 (“B” Line), and SW603 at Station 614+55 (“B” Line) 

• Union Oil Company of California (Unocal) underground 8-inch VCP sewer line crossing 
RW614 at approximately Station 616+00, and SW603 at Station 614+80 (“B” Line) 

• AT&T underground communications line, private underground gas line, and private 
underground electric line runs adjacent to RW630 approximately between Stations 
634+00 and 636+50 (“B” Line) 

• SCG 30-inch-high pressure private line at Brea OH north abutment slope approximately 
at Station 695+70 (“B” Line) 

1.5 Pertinent Reports and Investigations 
As part of the study, CH2M HILL reviewed previous geotechnical investigation performed 
at the project site, including:  

• CH2M HILL. 2008a. Preliminary Foundation Report, SR-57 Northbound Widening (Northern 
Segment), Bastanchury Road Undercrossing, Bridge No. 55-0465. Prepared for Orange 
County Transportation Authority. July. 

• CH2M HILL. 2008b. Preliminary Foundation Report, SR-57 Northbound Widening (Northern 
Segment), Rolling Hills Drive Undercrossing, Bridge No. 55-0483. Prepared for Orange 
County Transportation Authority. July. 
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• CH2M HILL. 2008c. Preliminary Foundation Report, SR-57 Northbound Widening (Northern 
Segment), Associated Road Undercrossing, Bridge No. 55-0466. Prepared for Orange County 
Transportation Authority. July. 

• CH2M HILL. 2008d. Preliminary Foundation Report, SR-57 Northbound Widening (Northern 
Segment), Birch Street  Undercrossing, Bridge No. 55-0485. Prepared for Orange County 
Transportation Authority. July. 

• CH2M HILL. 2008e. Preliminary Foundation Report, SR-57 Northbound Widening (Northern 
Segment), Brea Overhead, Bridge No. 55-0482. Prepared for Orange County Transportation 
Authority. August. 

• Earth Mechanics, Inc. 2007. Updated Preliminary Foundation Reports and Preliminary 
Pavement Structural Sections, SR-57: NB Widening Project. March. 

• California Department of Transportation (Caltrans). 1972. As-built Project Plans for 
Construction on State Highway, Orange County in and near Fullerton and Brea between 
0.1 mile north of Imperial Highway and 0.3 mile south of Los Angeles County Line, 
California. December 12. 

• Caltrans. 1970. As-built Project Plans for Construction on State Highway, Orange 
County in Fullerton and Brea between Nutwood Avenue and 0.3 mile north of Imperial 
Highway, California. September. 

1.6 Limitations 
This foundation report has been prepared for the exclusive use by Caltrans, OCTA, and 
CH2M HILL design engineers for the PS&E of SR-57 northbound widening project. It has 
been prepared in accordance with generally accepted geotechnical engineering practices. No 
other warranty, expressed or implied, is made. 

The analyses and recommendations contained in this report are based on the data obtained 
from the review of available pertinent documents and the borings and the CPTs by 
CH2M HILL. The borings presented in the as-built plans and the LOTB sheet prepared in 
this investigation indicate subsurface conditions only at specific locations at the time of 
explorations, and only within the depths penetrated. They do not necessarily reflect 
subsurface variations that could exist between such locations or between samples, or 
changes that could take place with time. If variations in subsurface conditions from those 
described in this report are noted during the final design or construction, the 
recommendations in this report should be re-evaluated. 

In the event that any change in the nature, design, or location of the proposed structures 
occurs, the conclusions and recommendations of this report should not be considered valid 
unless such changes are reviewed and the conclusions of this report are verified in writing 
by CH2M HILL. CH2M HILL is not responsible for any claims, damages, or liability 
associated with the reinterpretation or reuse of the subsurface data in this report by others. 

The geotechnical recommendations presented in this report are based on the as-built 
drawings and the structural plans for the proposed improvements at the northern segment. 
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SECTION 2 

2.Geotechnical Investigation 

2.1 General 
The geotechnical investigation considered in the current study included the borings drilled 
by Caltrans for the existing bridge structures and the site exploration by CH2M HILL 
conducted during the current investigation.  The site exploration included borings drilled 
for the widening of the existing bridge structures, the proposed retaining and sound walls, 
and for the pavement design for the proposed widening. While all the borings provided 
information for the subsurface conditions and the material properties, only the borings 
considered in the LOTB sheets of the proposed walls are included in this report. The 
complete logs of borings and the laboratory test results are presented in the geotechnical 
design report under a separate cover. CH2M HILL site exploration considered in this report 
is shown on the Boring Location Map presented in Appendix A. 

2.2 Field Exploration 

2.2.1 Review of Existing Information 
According to the as-built drawings, the most recent subsurface investigation relevant to the 
proposed widening was performed prior to the construction of the existing alignment. At 
that time, the subsurface information was obtained from 32 rotary and penetration borings 
advanced within the northern segment. These borings were drilled between June 1966 and 
November 1967 to a depth ranging between 3 and 57 feet below ground surface (bgs) to 
develop the geotechnical recommendations for the foundation design of the existing 
bridges. In the current investigation, 19 borings from the previous investigation are 
considered pertinent to the proposed walls in the northern segment. The borings are 
presented on the LOTB sheets for the bridge structures at Bastanchury Road, Rolling Hills 
Drive, Associated Road, SR-90, Birch Street, and Brea OH. A summary of the subsurface 
investigation reviewed is presented in Table 2-1. 
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TABLE 2-1 
Summary of As-Built LOTBs 

Exploration 
Number 

SR-57 
Centerline 

Station1  
(feet) 

Offset from 
SR-57 

Centerline  
(feet) 

Date 
Performed 

Penetration 
Depth 
(feet) 

Estimated 
Top of 
Boring 

Elevation2 
(feet) 

Estimated 
Groundwater 

Elevation2 
(feet) 

Bastanchury Road UC (Bridge No. 55-0465) 

B-1 601+29 68 RT 6/21/1966 30 283.9 NE 

B-3 600+86 71 LT 6/21/1966 16 285.8 NE 

B-4 602+77 71 LT 6/22/1966 18 285.9 NE 

B-6 603+00 70 LT 6/22/1966 5 289.0 NE 

Rolling Hills Drive UC (Bridge No. 55-0483) 

B-1 627+87 44 LT 4/10/1967 45 358.2 NE 

B-2 626+47 63.5 RT 4/11/1967 55 367.3 NE 

B-3 626+46 74 LT 4/13/1967 3.33 364.7 NE 

B-4 627+89 73 RT 4/13/1967 30 355.7 NE 

Associated Road UC (Bridge No. 55-0466) 

B-1 641+56 58 RT 6/20/1966 40 290.3 274.7 

B-3 639+80 58 RT 6/20/1966 31 289.6 276.4 

Route 90 (Bridge No. 55-0469) 

B-4 55+89 10 LT 6/16/1966 7 337.3 NE 

B-5 56+61 16 LT 6/17/1966 21 335.1 NE 

Birch Street UC (Bridge No. 55-0485) 

B-2 683+13 71 RT 11/3/1967 2.90 356.3 NE 

B-3 683+17 68 RT 11/3/1967 16.50 356.4 NE 

B-4 682+15 58 RT 11/3/1967 22 356.4 NE 

Brea Overhead (Bridge No. 55-0482) 

B-1 695+14 64 RT 11/15/1967 47 370.9 NE 

B-4 694+24 59 RT 11/15/1967 17 367.8 NE 

B-5 694+22 65 RT 11/15/1967 34 367.9 NE 

B-6 695+73 59 RT 11/15/1967 35 373.8 NE 
1 Station is referenced to the center line of SR-57 shown on the as-built plans 
2 Elevation is referenced to the 1929 National Geodetic Vertical Datum (NGVD) 
LT = left 
RT = right 
NE = not encountered 
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2.2.2 Current Investigation 
CH2M HILL conducted the site exploration between June 26 and September 25, 2008, to 
investigate and evaluate the subsurface conditions along the project alignment. Before 
starting the site investigation, field reconnaissance was conducted to select the location of 
the exploration and evaluate accessibility constraints. Generally, the site exploration was 
conducted on the north- and southbound at approximately 450-foot intervals to characterize 
the foundation soil for the proposed structures. The CH2M HILL site exploration included a 
total of 30 HSA borings and 23 CPT soundings advanced to investigate the subsurface 
conditions in the northern segment. The HSA borings were designated A-08-001 through A-
08-030, and the CPT soundings were designated CPT-08-001 through CPT-08-023 (Caltrans, 
2007). In this report, 26 HSA borings and 23 CPTs were considered for the LOTB sheets of 
the proposed walls in the northern segment. The LOTB sheets for the proposed walls are 
presented in Appendix B. Descriptions of the HSA borings and the CPT tests are presented 
next. 

2.2.2.1 Hollow-Stem Auger Borings 

The HSA borings were drilled by 2R Drilling, Inc. of Chino, California, under a subcontract 
to CH2M HILL using a truck-mounted (CME-75) drill rig and a limited access (CME-55) 
drill rigs. Both drill rigs were equipped with 8-inch-diameter HSAs and an automatic 
hammer. The automatic hammers were estimated to have an equivalent efficiency of about 
78 percent. The estimated equivalent efficiency was not calibrated during the field 
investigation.  

Soil samples were collected every 5 feet using a standard penetration test (SPT) split-spoon 
sampler or modified California ring sampler. The SPT and the ring samplers were driven 
using a 140-pound hammer falling freely for 30 inches, for a penetration of 18 inches. Blow 
counts were noted on the boring logs for the last 12 inches of penetration. The sampling 
procedures generally followed SPT and split-barrel sampling of soils (American Society for 
Testing and Materials [ASTM] D1586). In addition, representative bulk samples were 
collected from the borings. Each soil sample collected was described using the Unified Soil 
Classification System (USCS) in accordance with ASTM D2487 and D2488, and the 
guidelines in the Soil and Rock Logging, Classification, and Presentation Manual (Caltrans, 2007). 
Following the drilling, the borings were backfilled with compacted soil cuttings to the 
ground surface. In the areas where the borings were performed on existing pavement, the 
upper 1 foot was backfilled with base material followed by 6 inches of cold asphalt patch. 
Soil boring information, including exploration number, station, offset, ground surface 
elevation, depth, and groundwater table elevation, is summarized in Table 2-2. Detailed 
boring logs are presented in Appendix C.1.  
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TABLE 2-2 
Summary of Hollow-Stem Auger Borings 

Soil Boring 
Number 

Approximate 
Station  
(feet) 

Approximate 
Offset  
(feet) 

Approximate Ground 
Surface Elevation  

(feet) 

Exploration 
Depth  
(feet) 

Groundwater 
Table Elevation 

(feet) 

A-08-001 588+89.2 91.4 LT 286.2 31.5 NE 

A-08-002 592+68.1 85.4 RT 288.8 31.5 NE 

A-08-003 596+78.9 98.0 LT 292.2 31.5 NE 

A-08-004 600+05.7 69.3 RT 294.4 31.5 NE 

A-08-005 600+49.6 100.3 LT 295.0 31.5 NE 

A-08-007 603+52.1 72.0 RT 296.8 12.0 NE 

A-08-008 606+56.1 69.9 RT 299.2 31.5 NE 

A-08-009 609+78.7 68.7 LT 301.4 31.5 NE 

A-08-010 611+86.1 125.1 RT 302.8 31.5 NE 

A-08-011 621+17.9 69.6 LT 332.4 31.5 NE 

A-08-012 626+9.6 116.1 RT 360.7 71.5 290.9 

A-08-013 628+28.0 68.8 RT 347.4 71.5 289.9 

A-08-014 632+55.5 71.4 LT 339.8 31.5 NE 

A-08-015 634+82.7 69.8 RT 341.1 31.5 NE 

A-08-016 639+77.3 78.9 RT 327.2 81.5 278.2 

A-08-017 641+51.1 161.3 RT 302.0 81.5 284.0 

A-08-018 650+43.4 280.6 RT 308.7 11.5 NE 

A-08-021 664+80.6 122.0 RT 339.5 31.5 309.0 

A-08-022 669+31.1 88.9 RT 349.9 31.5 NE 

A-08-023 684+27.4 76.5 RT 390.3 81.5 315.3 

A-08-024 685+84.8 69.1 RT 394.4 31.5 NE 

A-08-025 693+47.7 68.7 RT 413.1 76.5 NE 

A-08-026 695+00.0 86.0 RT 371.6 81.5 360.6 

A-08-027 701+06.4 104.6 RT 430.1 31.5 NE 

A-08-028 702+92.6 148.7 RT 429.7 31.5 NE 

A-08-030 600+90.2 67.6 RT 295.0 61.5 NE 

Notes:  
All stations and offsets are based on the centerline of SR-57 (“B” Line)  
RT = right  
LT = left 
NE = groundwater not encountered 

2.2.2.2 Cone Penetration Tests 
The CPT consists of pushing an instrumented cone-tipped probe into the ground while 
simultaneously recording the resistance to penetration at the cone tip and friction along the 
cone sleeve.  The CPT data are used to continuously interpret subsurface stratigraphy. 
Through use of site-specific correlations, CPTs can provide data on engineering properties 
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of soils intended for use in design and construction of the proposed improvements. The CPT 
was conducted in general accordance with the current ASTM specifications (ASTM 
D 5778-95) using a 15-square-centimeter (cm2) electronic cone penetrometer.  The CPT 
information, including exploration number, station, offset, ground surface elevation, depth, 
and groundwater table elevation, is summarized in Table 2-3. The CPT logs and 
interpretations are presented in Appendix C.2. 

TABLE 2-3 
Summary of Cone Penetration Tests  

Soil Boring 
Number 

Approximate 
Station  
(feet) 

Approximate 
Offset  
(feet) 

Approximate Ground 
Surface Elevation  

(feet) 

Exploration 
Depth  
(feet) 

Groundwater 
Table Elevation 

(feet ) 
CPT-08-001 581+09.55 126.8 LT 281.7 30.2 NE 
CPT-08-002 585+99.60 85.1 LT 284.7 30.2 NE 
CPT-08-003 591+63.91 89.2 LT 290.9 30.1 NE 
CPT-08-004 596+60.81 69.8 RT 291.6 30.2 NE 
CPT-08-005 600+41.02 100.5 LT 295.2 30.2 NE 
CPT-08-006 603+75.01 82.6 LT 296.1 30.2 NE 
CPT-08-007 614+14.17 69.9 LT 313.7 30.2 NE 
CPT-08-008 617+42.99 68.1 RT 319.3 50.2 NE 
CPT-08-009 618+08.98 70.5 LT 325.6 30.2 NE 
CPT-08-010 621+48.22 68.6 LT 332.6 30.2 NE 
CPT-08-011 625+02.69 68.5 LT 339.7 30.1 NE 
CPT-08-012 628+92.64 70.4 LT 342.1 30.2 NE 
CPT-08-013 631+20.11 69.9 RT 346.9 35.1 NE 
CPT-08-014 636+94.33 75.2 LT 329.6 30.1 NE 
CPT-08-015 637+11.12 76.2 RT 334.8 50.2 297.8 
CPT-08-016 646+05.92 144 RT 309.5 50.2 282.5 
CPT-08-017 649+31.39 382.4 RT 317.2 50.2 287.2 
CPT-08-018 662+83.37 133.3 RT 332.2 30.2 NE 
CPT-08-019 671+42.67 86.9 RT 354.0 30.1 NE 
CPT-08-020 676+09.05 72.3 RT 366.4 30.3 NE 
CPT-08-021 681+36.85 70.0 RT 382.7 80.1 350.7 
CPT-08-022 689+41.32 68.4 RT 402.7 35.2 NE 
CPT-08-023 696+89.44 70.7 RT 421.9 35.1 NE 

Notes:  
All stations and offsets are based on the center line of SR-57 (“B” Line) 
RT = right 
LT = left 
NE = groundwater not encountered 

2.3 Laboratory Tests 
Laboratory testing was performed on selected soil samples of the subsurface material to aid 
in the field classification of the samples collected and to evaluate the geotechnical 
engineering properties of subsurface materials. Leighton and Associates, Inc. performed the 
laboratory tests under a subcontract to CH2M HILL. Tests included moisture content, 
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in-place density, gradation analysis, Atterberg limits, consolidation, direct shear, 
unconsolidated undrained triaxial shear, and corrosion tests. Testing was completed in 
accordance with applicable ASTM standards (ASTM, 2007) or Caltrans Test Methods 
(CTMs) (Caltrans, 1990a). The results of the laboratory tests were reviewed for completeness 
and reasonableness by CH2M HILL engineers. The laboratory tests performed on the 
samples are summarized in Table 2-4, and the results of the tests are presented in 
Appendix D. 

TABLE 2-4 
Summary of Laboratory Tests Performed 

Type of Test Applicable Test Method 

Dry Density ASTM D 2937 

Moisture Content ASTM D 2216 

Atterberg Limits ASTM D 4318 

Grain Size Distribution       ASTM D 422 

Expansion Index ASTM D 4829 

Resistance “R” Value CTM 301 

Consolidation ASTM D 2435 

Direct Shear Test ASTM D 3080 

Triaxial Compressive Strength ASTM D 2850 

Modified Proctor Compaction Test ASTM D 1557 

Soil pH CTM 532/643 

Minimum Electrochemical Resistivity CTM 532/643 

Sulfate Content CTM 417 

Chloride Content CTM 422 

Notes: 
ASTM = American Society for Testing and Materials 
CTM = California Test Method 
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SECTION 3 

3.Geologic Hazard and Site Characterization 

3.1 Regional Geology 
The project site is located in the Yorba Linda-La Habra Valley lowland situated south of the 
Puente Hills and immediately east of the East Coyote Hills. The Puente Hills are the result 
of uplifting between the Whittier and the Chino faults and are also the continuation to the 
northwest of the Santa Ana Mountains. The hills and the mountains are part of the 
Peninsular Ranges Geomorphic Province of Southern California (California Geologic Survey 
[CGS], 2002). The Puente Hills present an irregular topography and contain several peaks 
above 1,000 feet in elevation, whereas Coyote Hills are smoother and significantly lower in 
elevation. The lowland between the hills generally consists of gentle to moderately sloping 
alluviated surfaces that, for the most part, have been heavily urbanized. The intervening 
lowland areas are part of the Los Angeles Basin. 

According to Morton (2004) and the California Division of Mines and Geology (CDMG) 
(1997), the Puente Hills is underlain by the late Miocene of the Puente Formation and the 
Pliocene age marine rock of the Fernando Formation. These bedrock units consist of 
claystone, siltstone, sandstone, and conglomerate of marine origin and represent the oldest 
bedrock units exposed in this area. The bedrock underlying the Coyote Hills consist of the 
late Pleistocene La Habra Formation, Pleistocene Coyote Hills Formation, and early 
Pleistocene San Pedro Formation rocks. The bedrock units exposed in the Coyote Hills 
consist of nonmarine mudstones and pebbly sandstone. 

3.2 Site Geology 
As shown in Figure 3-1, the geology of the project alignment is generally comprised of the 
very old alluvial fan deposits underlain by the La Habra Formation. Descriptions of the 
generalized characteristic of the geologic groups are given next.    

3.2.1 Very Old Alluvial Fan Deposits  
The very old alluvial fan deposits (Qvof) represent the dominant geologic group 
encountered along the project alignment. These deposits are well dissected, well indurated, 
and of Pleistocene age. The very old alluvial fan deposits are characterized, for the most 
part, by high SPT and CPT penetration resistance and consist of stiff to hard silt, sandy clay, 
lean clay with sand, lean clay, and fat clay with interbedded dense to very dense clayey 
sand and silty sand layers. These deposits vary in thickness from nonexistent to greater than 
50 feet and are poorly sorted and crudely layered.  

3.2.2 La Habra Formation  
The Pleistocene age nonmarine rocks of the La Habra Formation (Qlh) is exposed in the 
Coyote Hills, south of the Whittier Fault in the Puente Hills, and along the project alignment 
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at the Rolling Hills UC site. This formational material generally consists of floodplain 
deposits of mudstone, siltstone, thick-bedded sandstone, conglomerate and pebbly 
sandstone (Morton, 2004; CDMG, 1997). Based on the result of the site field investigation, 
the La Habra Formation is highly weathered and consists predominately of claystone and 
siltstone.   

3.3 Geologic Hazards 

3.3.1 Ground Rupture 
The project alignment is not located within an established Alquist-Priolo (AP) Earthquake 
fault zone (CGS, 2007); therefore, the potential for surface rupture to occur along the project 
alignment is considered low. 

3.3.2 Liquefaction 
Liquefaction is a seismic phenomenon in which loose, saturated, fine-grained granular soils 
behave like a fluid when subjected to high-intensity ground shaking. Liquefaction occurs 
when three general conditions exist: (1) shallow groundwater, (2) low-density sandy soils, 
and (3) high-intensity ground motion. Studies indicate that saturated, loose and medium-
dense, near-surface, cohesionless soils exhibit the highest liquefaction potential; whereas, 
dry, dense, cohesionless soils and cohesive soils exhibit low to negligible liquefaction 
potential. Effects of liquefaction on level ground include sand boils, settlement, and failures 
of bearing capacity below structural foundations.  

According to the Seismic Hazard Zones for the La Habra quadrangle (CGS, 1998), the 
project alignment traverses two zones of required investigation as shown in Figure 3-2. The 
first zone is in the young alluvial fan deposits located at the Associated Road UC south of 
SR-90, and the second zone is located between Bastanchury Road UC and Rolling Hills 
Drive UC. Based on the results of the field investigation, borings A-08-016 and A-08-017 at 
the first zone and CPT-08-08 at the second zone indicate no liquefaction potential at these 
locations due to the depth to groundwater, the dense nature of the granular material, and 
the stiff to hard consistency of the fine-grained deposits. The very old alluvial fan deposits 
encountered along most of the project alignment and the La Habra Formation (bedrock) 
encountered near Rolling Hills UC are considered not susceptible to liquefaction. Therefore, 
the potential for liquefaction along the project alignment is generally considered very low. 

3.3.3 Seismically Induced Settlement 
Seismically induced settlement at the site is expected to be negligible due to the presence of 
predominately stiff to hard clayey material. Therefore, the hazards associated with 
seismically induced settlement are considered low.  

3.3.4 Lateral Spreading 
Lateral spreading is defined as the finite lateral displacement of gently sloping ground as a 
result of pore water pressure build-up or liquefaction in a shallow underlying deposit 
during an earthquake Therefore, due to the low liquefaction potential at the site, lateral 
spreading is considered low.  
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3.3.5 Landslide and Slope Instability 
Landslides could be generated in soil or rock when pre-existing conditions inherent within 
the soil or the rock mass can initiate the sliding failure mechanism. In addition, landslides 
could be activated from natural events such as earthquakes, rainfall, and erosion, or from 
man-made activities such as removal of lateral supports near the base of unstable hillside 
areas.  

Based on field reconnaissance and on the review of the available geologic maps, no known 
landslides are mapped within the project site. Therefore, the potential for landsliding is 
considered low. 

3.3.6 Expansive and Compressible Soil 
The results of the field investigation indicate that the subsurface conditions within the 
northern segment are fairly uniform and predominantly consist of the clayey material of 
low compressibility, which contains low to medium plasticity clay layers. Therefore, the 
potential hazards from expansive material at the site are generally considered low to high, 
and from compressible soil are considered low to moderate. However, in the area near 
Rolling Hills UC, the expansion index for the samples of the La Habra Formation and the 
very old alluvium fan deposits exhibit high expansion potential. Areas along the 
alignment that are likely to have soil with high expansion potential are expected to be from 
Station 604+00 to 610+50; and from Station 621+50 to 634+50 (“B” line). 

3.4 Subsurface Soil Conditions 

3.4.1 Artificial Fill 
Artificial fills (Af) were encountered at several locations along the northern segment of the 
project alignment. Generally, the subsurface information from the borehole logs and the 
as-built grading plans for the original roadway alignment were used to estimate the 
thickness of the artificial fill used for the construction of the roadway embankment fills. This 
material was encountered between Stations 611+00 and 620+50, and between Stations 
635+50 and 648+00, and from Station 669+00 to the northern terminus at Station 708+00 
(“B” line). The thickness of the fill generally varies from a few feet up to approximately 
45 feet. The similarity in character between the artificial fill and the native material 
encountered along the project alignment suggests the artificial fill might have been derived 
from local material in the cut sections during the initial grading of the project alignment. 
The artificial fill predominantly consists of stiff to hard sandy clay, lean clay with sand, lean 
clay and fat clay; with dense to very dense sandy material at some isolated locations. Based 
on the available documentation, it is not known if this material was placed as engineered 
fill.  

3.4.2 Young Alluvial Fan Deposits 
The young alluvial fan deposits (Qyf) represent the smallest geologic materials encountered 
along the project alignment. The young alluvial fan deposits were differentiated from the 
older alluvial fan deposits following the published geologic maps (Morton, 2004) and the 
results of the penetration tests obtained during the field investigation. These materials have 
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limited spatial distribution along the project alignment and were mainly deposited as slope 
wash and debris flows originating from the surrounding mountains as encountered in 
boring A-08-006 near Bastanchury Road, and in borings A-08-016 and A-08-017 near 
Associated Road. These deposits are considered to be of Holocene and late Pleistocene age 
and are generally dominated by medium stiff to very stiff clayey material. 

3.5 Foundation Material  
The interpreted subsurface conditions discussed above were used along with the boring-
specific information to provide the anticipated foundation material at the location of the 
proposed walls. Table 3-1 summarizes the anticipated groundwater elevation and the 
characteristic of the foundation material based on the information presented on the LOTB 
sheet for each wall. 

TABLE 3-1 
Summary of the Walls Foundation Material 

Wall 
No. Borings1 

Groundwater
Elevation 

(feet) 
Description of 

Foundation Material 

SW 581 CPT-08-001, CPT-08-
002, A-08-001 

251.47 Hard sandy lean clay approximately 20 feet thick 
underlain by dense to very dense silty sand, clayey sand 
and sand with silt (Qvof)  

SW 589 A-08-001, CPT-08-003, 
A-08-003, CPT-08-005, 
A-08-005 

254.67 Hard sandy lean clay approximately 10-20 feet thick 
underlain by medium dense to very dense silty sand, 
clayey sand, sand with silt, silty gravel with sand and 
hard sandy lean clay (Qvof) 

RW 592 A-08-002,  CPT-08-004,  
A-08-004 

257.32 Varies from very stiff sandy lean clay (near the south 
end) to sand with silt approximately 20 thick underlain by 
stiff to hard sandy lean clay (near the north end) (Qvof)   

RW 598 A-08-004, A-08-030 233.5 Very dense silty sand and clayey sand approximately 
15 – 20 ft thick underlain by hard sandy lean clay (Qvof) 

SW 599 A-08-005, CPT-08-005 263.46 Interbeds of sandy silt, silty gravel with sand, sandy lean 
clay approximately 20 feet thick underlain by hard sandy 
lean clay (Qvof) 

SW 603 CPT-08-006, A-08-009, 
CPT-08-007, CPT-08-
009, A-08-011, CPT-08-
011 

265.97 Dense clayey sand and silty clayey sand ranging in 
thickness from 10 feet (near the south end) to 30 feet 
(near the north end)  and underlain by hard sandy lean 
clay (Qvof) 

RW 604 A-08-007, A-08-008 267.68 Dense silty sand  (Qvof) 

RW 614 A-08-010, CPT-08-008, 
CPT-08-010 

271.34 Very stiff to hard lean clay to medium dense clayey sand 
(Qvof) 

RW 622 CPT-08-010, A-08-012 290.9 Interbedded hard lean clay and very dense clayey sand 
(Qvof) (at the south end) to highly weathered claystone 
(at the north end) (Qlh) 

SW 627 CPT-08-012, A-08-014, 
CPT-08-014 

308.34 Highly weathered claystone (Qlh) (at the south end) to 
very dense sand with gravel, silty sand with gravel 
approximately 20 feet thick overlying hard sandy lean 
clay (Qvof) (at the north end) 



SECTION 3 GEOLOGIC HAZARD AND SITE CHARACTERIZATION 

TB042009001SCO/SR-57_LW3086WITHFINALCHANGESINCLUDINGSW581.DOC/091050003 3-5 

TABLE 3-1 
Summary of the Walls Foundation Material 

Wall 
No. Borings1 

Groundwater
Elevation 

(feet) 
Description of 

Foundation Material 

RW 628 A-08-013, CPT-08-013 289.89 Highly weathered claystone (Qlh) 

RW 630 CPT-08-013, A-08-015,   
A-08-016, CPT-08-015 

278.2 - 287 Varies from hard sandy clay (Qvof) (at the south end) to 
very stiff to hard lean clay approximately 5 - 35 ft thick 
(Af) overlying stiff to hard sandy clay (Qvof) 

RW 642 A-08-017 283.97 Medium stiff lean clay with sand (Af) approximately 8 ft 
thick underlain by alternating layers of hard lean clay 
with sand and hard fat clay (Qyf)  

RW 646 CPT-08-016, CPT-08-
017 

287.2 Very stiff to hard sandy clay approximately 35 ft thick 
underlain by very dense sand and sandy gravel (Qvof) 

RW 658 CPT-08-018, A-08-021 309.5 Alternating layers of hard lean clay and very dense sand 
with silt (Qvof) 

SW 668 A-08-022, CPT-08-019 318.36 Dense clayey sand (Af) approximately 10 – 15 ft thick 
underlain by very stiff to hard sandy lean clay and very 
dense silty sand (Qvof)  

RW 670 CPT-08-019, CPT-08-
020, CPT-08-021 

350.7 Dense clayey sand (Af) approximately 10 – 15 ft thick 
(at the south end) and up to 45 ft thick (at the north end). 
The fill is underlain by very stiff to hard sandy lean clay 
and very dense silty sand (Qvof) 

RW 684 A-08-023, A-08-024,       
CPT-08-022, A-08-025 

315.34 Alternating layer of hard sandy lean clay and dense to 
very dense clayey sand and silty sand (Af) 
approximately 30 ft thick  

RW 694 A-08-025, A-08-026  360.58 Alternating layers of stiff to hard sand lean clay and 
dense silty sand and clayey sand (Qvof) 

RW 696 A-08-025, A-08-026 360.58 Alternating layers of stiff to hard sand lean clay and 
dense silty sand and clayey sand (Qvof) 

RW 698 CPT-08-023, A-08-027,   
A-08-028 

361 - 371 Hard sandy lean clay approximately 15 ft thick underlain 
by very dense clayey sand (Af) 

Notes 
Af = artificial fill 
Qlh = La Habra Formation 
Qvof = very old alluvium fan deposit 
Qyf = young alluvium fan deposit 
 

3.6 Water 

3.6.1 Surface Water 
As discussed in Section 1.4, the project alignment traverses Loftus Diversion Channel that 
drains into Fullerton Dam.  The size of the flood control pool at the top of the dam is 
approximately 62 acres. No other surface bodies of water exist within the project right-of-
way. 
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3.6.1.1 Scour 

The existing inlets and the outlets of the culvert structure in Loftus Diversion Channel are 
protected from scour either by concrete lining or by rock slope protection. Except at this 
location, the project alignment does not cross water courses. 

3.6.1.2 Erosion 

Most of the existing cut-and-fill slope surfaces are covered by landscape vegetation. Except 
at some locations along the alignment, the soils have low to moderate potential for erosion.  
Some of the proposed retaining structures along the project alignment might require 
grading in the cut areas. To minimize the long-term erosion of the soil in these areas, it is 
recommended that all exposed slope surfaces be planted with protective vegetation.   

3.6.2 Ground Water 
The northern segment of the project alignment lies within the Orange County Groundwater 
Basin (Orange County Basin) located in the northernwest portion of the Coastal Plain of 
Orange County (DWR, 2004). The basin is bounded by bedrock exposed to the north in the 
Puente and Chino Hills, on the east in the Santa Ana Mountains, on the south in the San 
Joaquin Hills, and by the Pacific Ocean on the southwest.  In the basin area, three fault zones 
are considered restrictive geologic structures to the groundwater flow. These faults include 
Whittier-Elsinore, Norwalk, and Newport-Inglewood fault zones (DWR, 1967). The most 
relevant to the project alignment is the Whittier-Elsinore fault zone, which forms a barrier to 
the groundwater flow at the northeastern boundary of the basin along the Puente Hills. 

The Orange County Basin is recognized to have three aquifer systems, upper, middle, and 
lower aquifers. Generally, the near-surface material encountered in the current investigation 
is predominately fine-grained, which forms non-water-bearing strata in the upper aquifer 
system. Accordingly, the groundwater table along the northern segment of the project 
alignment is expected to be deep. However, if the groundwater is encountered in the upper 
aquifer (i.e., less than 800 feet from the ground surface), it is expected to be in isolated areas 
and under perched conditions.  

As presented in Tables 2-1 through 2-3, groundwater was encountered in some of the 
borings drilled in the current and the previous field investigation. Generally, the elevation 
of the groundwater levels encountered along the alignment ranges between 275 and 
361 feet. These elevations generally correspond to a depth of approximately 30 feet or 
greater below the ground surface of SR-57, and reaches its shallowest depth of 
approximately 13 feet at SR-90. The variations in the groundwater conditions along the 
project alignment appear to be affected by the local geology. Review of the published 
information indicates that the depth to the historical high groundwater is approximately 
10 feet bgs in the areas underlain by the young alluvial deposits (CDMG, 1997).  The 
groundwater levels might fluctuate due to seasonal variations, nearby construction, 
irrigation, and numerous other man-made and natural influences. 

3.7 Engineering Parameters 
The geotechnical design parameters for the different geologic groups encountered within 
the northern segment were developed to provide the geotechnical recommendations for the 
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design of the proposed improvements. Generally, the selection of the geotechnical design 
parameters was based on the result of the in situ and the laboratory tests performed. Prior to 
the selection of the design values, different materials encountered along the project 
alignment were classified into geologic groups. The engineering parameters for each group 
were selected from the available test results; however, these parameters were slightly 
adjusted based on experience and engineering judgment to provide reasonable values, 
particularly in the absence of laboratory tests.  

3.7.1 Shear Strength 
The laboratory testing included direct shear (DS) and unconsolidated undrained (UU) 
triaxial shear tests to evaluate both the drained and undrained shear strength of the soil. For 
each geologic group, the generalized effective shear strength parameters were obtained 
from the single plot of the DS test results, and the undrained shear strength was estimated 
from the averaged results of the UU tests. The shear strength plots for each geologic group 
are presented in Figures E-1 through E-12 in Appendix E.1. 

3.7.2 Compressibility 
As discussed in Sections 3.2 and 3.4, the existing embankment fills and the very old alluvial 
fan deposits generally exhibit high penetration resistance, which suggests low to moderate 
compressibility characteristics. These two geologic groups predominantly underlie the 
alignment in the northern segment. Therefore, settlement of the proposed structures is 
expected to be mostly elastic and should occur shortly after the application of the load. In 
the current evaluation for the compressibility of the soil, a correlation between the corrected 
SPT N-value and the compression index for the soil is used to estimate the elastic settlement 
of the foundation soil (AASHTO, 2007). At locations where the penetration resistance is 
relatively low, the results from the one-dimensional consolidation tests were used to adjust 
the compressibility values.  

3.7.3 Design Parameters 
The design parameters selected are presented in a range to provide the lower and the upper 
bounds, with an average being the recommended values. A summary of the select design 
values for the shear strength and the compressibility of different geologic groups is 
presented in Table 3-2. 
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TABLE 3-2 
Summary of Geotechnical Design Parameters 

Geologic Group3 

Material 
Property1 

Material 
Type2 Qvof Qyf Qlh 

Af 
(Existing) 

Af  
(Remolded) 

I 130 120 130 130 120 
Unit Weight (pcf) 

II 120 - - 120 120 

Effective Peak Shear Strength 

I 30 
(25 – 34) 

14 
(13 – 16) 

30 
(28 – 33) 

33 
(27 – 38) 

29 
(26 – 31) 

Friction Angle (degree) 
II 38 

(35 – 41) - - 39 
(37 – 41) 

34 
(31 – 37) 

I 950 
(350 – 1500) 

1400 
(1200 – 1500) 

1500 
(1000 – 1800) 

800 
(500 – 1400) 

200 
(50 – 350) 

Cohesion (psf) 
II 400 

(0 – 800) - - 900 
(750 –1100) 

250 
(0 – 450) 

Effective Ultimate Shear Strength 

I 28 
(26 – 30) 

15 
(14 – 16) 

26 
(24 – 28) 

30 
(28 – 31) 30 

Friction Angle (degree) 
II 36 

(35 – 37) - - 35  33 
(31 – 34) 

I 180 
(0 – 350) 

900 
(800 – 1000) 

300 
(50 – 550) 

100 
(0 – 200) 0  

Cohesion (psf) 
II 100 

(0 – 200) - - 25 
(0 – 50) 0 

Undrained Shear 
Strength (psf) II 7000 

(2185 – 10800) 3500 12000  
(11600 - 13830) - - 

I 0.011 
(0.031 – 0.006)

0.020 
(0.035 – 0.009)

0.009 
(0.015 – 0.005)

0.011 
(0.028 – 0.006) 

0.011 
(0.028 – 0.006)

Compression Ratio 
II 0.006 

(0.018 – 0.004) - - 0.007 
(0.014 – 0.004) 

0.007 
(0.014 – 0.004)

1 Material property is given as an average value, and in parenthesis for the range of values 

2 Material type explanation: I=Cohesive soil, claystone and siltstone, II=Cohesionless soil and sandstone 
3 Geologic groups are: 

Qvof = very old alluvium deposits 
Qyf = young alluvium deposits 
Qlh = La Habra Formation 
Af = artificial fill 

psf = pounds per square foot 
pcf = pounds per cubic foot 
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SECTION 4 

4.Discussion and Recommendations 

The results of the current study were used to develop geotechnical recommendations for the 
foundation design of the proposed structures along the alignment. The recommendations 
are based on data provided in the previous LOTB sheets and the conditions encountered in 
the current investigation.  

4.1 Peak Bedrock Acceleration 
The seismic design methodology adopted for the current study is based on the following 
Caltrans guidelines: 

1. Seismic Design Criteria (Caltrans, 2006b) 
2. Guidelines for Structures Foundation Reports (Caltrans, 2006a) 
3. California Seismic Hazard Map (CSHM)(Caltrans, 1996a) 

The alignment of the northern segment is located within a seismically active area in 
Southern California. Several active faults have been mapped within the general vicinity of 
the project site. Based on the CSHM (Caltrans, 1996a), significant faults close to the site 
include the Whittier-Elsinore (WEE), El Modeno-Peralta Hills (EMP), San Jose (SJE), and 
Chino (CNO). Other faults close to the site that are not recognized on CSHM and are known 
to be active faults include the Puente Hills (PTH) blind-thrust fault (Bilodeau et al., 2007). 
This fault was formerly known as the Lower Elysian Park blind thrust (Shaw and Shearer, 
1999). The Maximum Credible Earthquake (MCE) magnitude and the style of faulting are 
presented in Table 4-1. The location of the alignment relative to the nearby faults is shown in 
Figure 4-1. 

TABLE 4-1 
Summary of Nearby Faults 

Fault 
Maximum Credible Earthquake 

(Mw) Style 

Whittier-Elsinore (WEE) 7.5 Strike-Slip 

Puente-Hills (PTH) 7.251 Blind Thrust 

El-Modeno-Peralta Hills (EMP) 6.5 Not Known2 

San Jose (SJE) 6.75 Reverse 

Chino (CNO) 6.5 Strike-Slip 
1 Magnitude 7.25 is assigned to the Maximum Credible Earthquake.  
2 Reverse style is assumed for not known/published style of faulting. 
MW = moment magnitude 



SECTION 4 DISCUSSION AND RECOMMENDATIONS 

TB042009001SCO/SR-57_LW3086WITHFINALCHANGESINCLUDINGSW581.DOC/091050003 4-2 

The peak bedrock acceleration (PBA) values were determined based on the CSHM 
(Caltrans, 1996a) and were verified with the Sadigh et al. (1997) attenuation relationship. 
The PBA along the northern segment is estimated to range from 0.6 acceleration due to 
gravity (g) to 0.7 g. For design, a PBA value of 0.6 g is recommended for the segment 
between Bastanchury Road UC and just south of Birch Street UC, and 0.7 g is recommended 
from Birch Street UC to the northern terminus of the project. While the PTH fault is 
considered to be the controlling fault from Birch Street to the northern terminus of the 
project, both PTH and WEE faults are the controlling faults from south of Birch street to the 
southern terminus of the project. 

4.2 Scour Evaluation 
Scour in the northern segment of the project alignment is not a design consideration. 

4.3 Corrosivity Evaluation 
Twenty-seven soil samples collected at the project site were tested for minimum soil 
resistivity, soil pH, water-soluble sulfate content, and chloride content using the procedures 
described in Caltrans Tests 417, 422, 532, and 634 (Caltrans, 1990a). The results of those 
laboratory tests are presented in Appendix D and are summarized in Table 4-2.  Caltrans 
Bridge Memo to Designers 3-1 (Caltrans, 1998) and Caltrans Corrosion Guidelines, Version 1.0 
(Caltrans, 2003) regarding foundations define a corrosive environment as being a site where 
the soil has sulfate content greater than 2,000 parts per million (ppm), a chloride content 
greater than 500 ppm, or a pH of less than 5.5. Comparison between the corrosion test 
results and the Caltrans corrosion criteria indicates that the onsite soils within the project 
limits are generally not corrosive to structural elements; therefore, corrosion mitigation is not 
recommended.  

TABLE 4-2 
Summary of Corrosion Laboratory Test Results  

Boring Sample 
Depth 
(feet) Soil Type 

Minimum 
Resistivity @ 

Moisture Content 
(ohm-cm @ %) pH 

Sulfate 
Content 
(ppm) 

Chloride
Content
(ppm) 

A-08-001 Bag-1 0-7 s(CL) 1525@26.5 7.55 40 77 

A-08-002 Bag-1 2-7 s(CL) 1100@28.0 6.93 71 76 

A-08-003 Bag-1 0-7 s(CL) 1315@28.0 7.53 73 55 

A-08-004 Bag-1 0-7 (SP-SM)g 10080@25.0 7.90 77 31 

A-08-005 Bag-1 0-7 s(CL) 1218@29.8 7.46 60 42 

A-08-008 Bag-1 0-7 (CL)s 1070@41.0 8.05 95 31 

A-08-009 Bag-1 0-7 SC 1140@29.0 7.86 108 76 

A-08-010 Bag-1 0-7 SC 1012@29.1 7.82 121 116 

A-08-011 Bag-1 0-7 SC 1410@30.5 7.48 84 34 

A-08-012 Bag-1 35-40 (CL)s 484@42.0 7.88 41 453 



SECTION 4 DISCUSSION AND RECOMMENDATIONS 

TB042009001SCO/SR-57_LW3086WITHFINALCHANGESINCLUDINGSW581.DOC/091050003 4-3 

TABLE 4-2 
Summary of Corrosion Laboratory Test Results  

Boring Sample 
Depth 
(feet) Soil Type 

Minimum 
Resistivity @ 

Moisture Content 
(ohm-cm @ %) pH 

Sulfate 
Content 
(ppm) 

Chloride
Content
(ppm) 

A-08-013 Bag-1 15-20 (CH)s  606@41.0 7.83 46 180 

A-08-013 Bag-2 25-30 CH 1079@42.8 8.17 96 64 

A-08-014 Bag-1 0-7 SC 1180@27.5 7.19 85 87 

A-08-015 Bag-1 0-7 (CL)s 860@35.5 7.96 43 54 

A-08-016 Bag-1 15-20 (CL)s 660@25.0 7.22 79 214 

A-08-016 Bag-2 25-30 (CL)s 720@40.0 7.86 82 168 

A-08-019 Bag-1 15-20 s(CL) 1683@33.3 8.01 79 48 

A-08-020 Bag-1 15-20 (CL)s 456@31.0 7.03 92 591 

A-08-021 Bag-1 2-7 s(CL) 705@34.7 8.02 68 94 

A-08-022 Bag-1 2-7 SC 1075@28.0 8.22 150 107 

A-08-023 Bag-1 20-25 SC 1615@32.0 8.14 81 46 

A-08-024 Bag-1 2-7 (CL)s 575@52.1 7.19 251 115 

A-08-025 Bag-1 20-25 CL 742@33.2 7.79 148 76 

A-08-025 Bag-2 25-30 (CL)s 980@35.7 7.96 88 83 

A-08-027 Bag-1 0-7 s(CL) 860@32.0 7.32 216 78 

A-08-028 Bag-1 0-7 s(CL)g 1079@33.7 7.80 41 66 

A-08-030 Bag-2 25-30 s(CL) 1600@26.0 8.21 70 74 

ohm-cm = ohm-centimeter 
ppm = parts per million 

4.4 Liquefaction  
Liquefaction in the northern segment of the project alignment is not a design consideration. 

4.5 Global Stability Analyses 
The global stability of the proposed earth retaining structures and the slopes associated with 
these structures within the northern segment was evaluated using the SLIDE (version 5.0) 
computer software (Rocscience, 2006). The modified Bishop’s Method was used to compute 
the static and the pseudo-static factor of safety for the most critical circular failure surfaces. 
Generally, a critical section was selected for the global stability analysis of each wall. The 
section was selected at the maximum wall height or the maximum slope height or at the 
combination of both, as applicable. A surcharge load of 240 pounds per square foot (psf) 
was applied for walls retaining roadway at the top of the backfill. Soil properties used in the 
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analyses are presented in Table 3-2. Both ultimate and peak shear strength were used in the 
static and pseudo-static analyses, respectively.  

In the pseudo-static analyses, a seismic force was applied to the soil mass using a horizontal 
seismic acceleration coefficient (kh) depending on the location of the proposed structure. The 
horizontal seismic acceleration coefficient corresponds to one-third of the peak ground 
acceleration (PGA) produced by the MCE event.  

The minimum requirement for the factors of safety used in the analyses was 1.5 and 1.1 for 
static and pseudo-static conditions, respectively. Slope stability analyses were performed for 
all the proposed walls, and the results indicate that the computed factors of safety for the 
static and pseudo-static cases are greater than 1.5 and 1.1, respectively. Therefore, the 
proposed retaining walls in the northern segment are considered globally stable at the static 
and the seismic loading conditions. The results of the global stability analyses are presented 
in Appendix E.2. 

4.6 Wall Type Selection 
The proposed widening in the northern segment will require cut and fill grading in the 
northbound, as a result, several cut walls and fill walls are being considered. Selection of the 
appropriate retaining wall type depends on several factors that require consideration to the 
design loads, cross-sectional geometry of the roadway, physical constraints of the site, 
characteristics of the foundation soil, and the constructability and maintenance of the wall. 
These factors were evaluated, and the two wall types selected included a cantilever 
retaining wall and a mechanically stabilized earth (MSE) wall. Generally, the MSE wall can 
tolerate more differential settlement than the conventional cantilever retaining wall. 
Therefore, considering the grading for the proposed cross-sectional geometry of the 
roadway, the characteristics of the foundation soil, and site constraints, the MSE wall was 
considered feasible for the fill wall construction, and the conventional cantilever retaining 
wall was considered feasible for the cut wall construction. Within the MSE wall type, if an 
overhead sign structure is required, a cantilever retaining wall segment will be used to 
support the sign structure. An exception was made for the selection of cantilever retaining 
walls to accommodate the proposed surface drainage inlets at the roadway of SR-57. This 
exception was necessary to avoid the conflict of the drainage inlets with the reinforcement 
elements of the MSE wall, particularly if several of these inlets are needed within the 
reinforced zone of the MSE wall. The geotechnical recommendations for the design of the 
cantilever and the MSE walls are addressed in this report.  

4.7 Cantilever Retaining Walls 

4.7.1 Wall Types 
Two types of conventional cantilever retaining walls are considered in the northern 
segment, Type 1 walls in the Standard Plan (Caltrans, 2006c) and Type 1SWB walls in the 
Bridge Standard Detail Sheet XS14-220 (Caltrans, 2008a). Generally, the Standard Type 1SWB 
retaining wall is considered when a sound wall is required above the retaining wall. The 
Standard Type 1 wall, however, has the advantage of a narrower base width that makes it 
more suitable for locations with tight space or right-of-way constraints. 
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4.7.2 Minimum Embedment and Berm Width 
According to the standard plans, the minimum depth of embedment for the footing of the 
retaining walls depends on the wall height and the minimum requirement for the soil cover. 
In general, a minimum soil cover at the toe of the wall of 1.5 feet, measured from the 
adjacent finished grade to the top of the footing, should be provided. A minimum of 3 feet 
of embedment, measured from the adjacent finished grade to the bottom of the footing, is 
recommended to conform to the embedment requirement for shallow foundation (Caltrans, 
2004).  For footings constructed at the top of slopes, a minimum horizontal distance (bench) 
of 5 feet should be provided between the near face of the footing and the hinge point of the 
finished slope. 

4.7.3 Loading Case 
The magnitude and the direction of the loading on the retaining wall footing were evaluated 
using the loading case design data depending on the wall type. According to Caltrans 
practice, the effect of the earthquake should be considered for retaining walls designed with 
low tolerance for failure. This is usually the case when the retaining wall is supporting a 
bridge abutment or sound walls. Therefore, Standard Type 1 walls are considered for 
loading case without including the seismic loading from the retaining wall inertia and the 
lateral earth pressure increase of the backfill material. The loads on the retaining wall 
included the following loading case design data:   

Standard Type 1 Walls 
• Surcharge load of 240 pounds per square foot (psf) on the wall backfill 

• Dead load of barrier equal to 1,900 pounds per foot (lb/ft) for barriers on the finished 
grade of the roadway against the stem face of the wall 

• Lateral earth pressure using a unit weight of 120 pounds per cubic foot (pcf) and friction 
angle of 34 degrees for the wall backfill material 

Standard Type 1SWB Walls 
• Surcharge load of 240 psf on the wall backfill 

• Dead load of sound wall equal to 88H lb/ft, where H is the sound wall height 

• Dead load of barrier equal to 470 lb/ft for barriers supporting a sound wall 

• Wind load of 33 psf  

• Lateral earth pressure using a unit weight of 120 pcf and friction angle of 34 degrees for 
the wall backfill material 

• Seismic loading from the wall and the soil equivalent to 0.57 times the wall dead load 
and the lateral earth pressure using horizontal seismic coefficient of 0.3 g in the 
Mononobe-Okabe method 



SECTION 4 DISCUSSION AND RECOMMENDATIONS 

TB042009001SCO/SR-57_LW3086WITHFINALCHANGESINCLUDINGSW581.DOC/091050003 4-6 

4.7.4 Bearing Capacity and Foundation Type 

Selection of the foundation type and the bearing capacity depends mostly on the shear 
strength of the foundation soil; therefore, the bearing capacity varies depending on 
foundation soil type along the alignment. The bearing capacities at different wall locations 
were calculated using the methods described in the Caltrans Bridge Design Specifications 
(Caltrans, 2004) for level and sloping ground. Table 4-3 summarizes the proposed wall 
information, the foundation type, and the recommended allowable bearing capacity. The 
allowable bearing capacities were estimated from the ultimate bearing capacity using a 
factor of safety of 3.0, or from the equivalent pressure at the bottom of the footing to 
produce 1-inch total settlement, whichever is less. If the allowable bearing capacity is less 
than the wall toe pressure for a given load case, either a deep foundation or a shallow 
foundation can be selected. Shallow foundations are recommended if the bearing capacity of 
the foundation soil is greater than the demand; however, adjustment of the standard footing 
width, for some cases, is necessary to meet the bearing capacity requirement.   

4.7.5 Retaining Wall Backdrain 
Hydrostatic pressure is not allowed to build up behind the retaining walls. For free draining 
backfill conditions, weep holes and pervious backfill should be provided as shown on 
Caltrans Standard Plans, sheet B0-3 detail 3-1 (Caltrans, 2006c).  

4.8 Nonstandard Retaining Walls 

4.8.1 Wall Type 
Caltrans Standard MSE wall with precast concrete face panels (5 feet by 5 feet) connected to 
metallic welded wire mat soil reinforcement is recommended for walls in fill construction. 
The design details for this wall are shown on the Bridge Standard Details Sheets XS 13-020-1e 
through 6e (Caltrans, 2008a). 

4.8.2 Structure Dimensions 
The structure dimensions of the MSE walls should be determined to verify that minimum 
design requirements for external stability are satisfied. In general, the soil reinforcement 
length should be a minimum of 70 percent of the wall height and not less than 8 feet. The 
minimum depth of embedment should not be less than 2 feet or 10 percent of the wall 
height, whichever is greater. In addition, the depth to the lowest level of soil reinforcement 
should be a minimum of 0.5 feet below the adjacent finished grade in front of the wall.  For 
MSE walls constructed at the top of the slopes, a minimum horizontal distance of 4 feet or 
10 percent of the wall height, whichever is greater, should be provided between the face of 
the wall panels below the ground surface and the hinge point of the finished slope.  

 



SECTION 4 DISCUSSION AND RECOMMENDATIONS 

 
 

TB042009001SCO/SR-57_LW3086WITHFINALCHANGESINCLUDINGSW581.DOC/091050003 4-7 

TABLE 4-3 
Summary of Retaining Walls Foundation Recommendations 

Wall LOL Station 
(feet) Foundation Soil 

Wall 
No. From To 

Wall 
Type 

Wall 
Construction Type 

Cohesion 
(psf) 

Friction 
(degree) 

Design 
Height 
(feet) 

Foundation 
Type 

Allowable 
Bearing 
Capacity 

(ksf) 

Pile 
Length1 

(feet) Remarks 

RW 592 10+00.00 14+75.00 Type 1 Cut Qvof 950 30 8 - 16 Shallow 8.5 NA2  

RW 598 10+00.00 13+91.15 Type 1 Cut Qvof 400 38 8 - 18 Shallow 6.5 NA  

RW 604 10+00.00 17+61.00 Type 1 Cut Qvof 400 38 6 - 16 Shallow 5.0 NA Grade preparation required3 

RW 614 10+00.00 
10+98.00 
13+48.00 
13+93.00 
17+33.00 

10+98.00 
13+48.00 
13+93.00 
17+33.00 
19+60.31 

1SWB 
MSE 

1SWB 
MSE 
1SW 

Fill 
Fill 
Fill 
Fill 
Cut 

Af 
Af 
Af 
Af 

Qvof 

900 
900 
900 
950 
400 

39 
39 
39 
30 
38 

8         
10 - 15     

14        
10 - 17.5   

8 - 18     

Shallow 4.0 NA  
 
 
 
Grade preparation required3 

RW 622 10+00.00 
10+32.00 

10+32.00  
14+94.66 

SW 
1SW 

Cut Qvof 
Qvof 

- 
950 

30 
30 

8 
8 - 18 

Deep 
Shallow 

NA 
4.5 

SP4 
NA 

 
Grade preparation required3 

RW 628 10+00.00 
10+24.00 
10+48.00 
12+12.00 

10+24.00 
10+48.00 
12+12.00 
13+33.33 

1SWB 
1SWB 
1SW  

Type 1 

Cut 
Cut 
Cut           
Cut 

Qlh 
Qlh 
Qlh   
Qlh 

1800 
1800 
1800  
1800 

33 
33 
33       
33 

12 - 16    
6 - 8       
6 - 14      
8 - 16 

Shallow 7.0 
3.5 
7.0       
7.0 

NA 
NA 
NA      
NA 

Grade preparation required3 

Grade preparation required3 

Grade preparation required3 

Grade preparation required3 

RW 630 10+00.00 
11+48.00 
13+10.00   
15+29.81  
17+99.81  
18+24.81  

11+48.00 
13+10.00 
13+10.00   
17+99.81  
18+24.81  
19+44.81   

Type 1 
1SW  

1SWB 
MSE 

1SWBP 
MSE  

Cut           
Cut           
Fill 
Fill 
Fill 
Fill 

Qvof   
Qvof    

Af 
Af 
Af 
Af 

950     
950      
800 
800 
800 
800 

30       
30 
33       
33 
33 
33 

14 - 20    
10 - 18     
8 - 20    

20 - 22.5   
22        

22.5 - 25 

Shallow   
Shallow 
Shallow  
Shallow 
Deep 

Shallow 

5.0         

 
 

NA 
3.5 

NA      
NA 
NA      
NA 
30 
NA 

Grade preparation required3 
Grade preparation required3 

RW 642 10+00.00  13+01.68  MSE  Fill Af 800 33 17.5 - 22.5 Shallow 7.0 NA  

RW 646 10+00.00 
10+50.00   
12+45.00 

10+50.00 
12+45.00   
12+54.21 

Type 1 
MSE 

Type 1 

Fill 
Fill            
Cut 

Qvof 
Qvof    
Qvof 

950 
950     
950 

30 
30       
30 

12 - 18    
10 - 12.5   

8 

Shallow 5.5 NA  

RW 658 10+00.00   18+00.00  Type 1 Cut Qvof 400 38 8 -14 Shallow 4.5 NA  
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TABLE 4-3 
Summary of Retaining Walls Foundation Recommendations 

Wall LOL Station 
(feet) Foundation Soil 

Wall 
No. From To 

Wall 
Type 

Wall 
Construction Type 

Cohesion 
(psf) 

Friction 
(degree) 

Design 
Height 
(feet) 

Foundation 
Type 

Allowable 
Bearing 
Capacity 

(ksf) 

Pile 
Length1 

(feet) Remarks 

RW 670 10+00.00  
10+99.00 
15+14.00 
15+35.00 

10+99.00 
15+14.00  
15+35.00 
19+30.00 

1SWB 
MSE 

1SWBP 
MSE 

Fill 
Fill 
Fill 
Fill 

Af 
Af 
Af 
Af 

800 
800 
800 
800 

33 
33 
33 
33 

6        
7.5 - 17.5   

16        
17.5 

Shallow 
Shallow 
Deep 

Shallow 

4.5 
2.5 
NA 
2.5 

NA 
NA 
30 
NA 

 

RW 684 10+00.00  20+35.39  MSE Fill Af 800 33 15 - 20 Shallow 2.5 NA  

RW 694 10+00.00 10+68.00  Type 1 Fill Qvof 100 34 6 - 8 Shallow 2.5 NA Overexcavate 4 feet 

RW 696 10+00.00 10+87.00  Type 1 Fill Qvof 100 34 10 -12 Shallow 2.5 NA Overexcavate 4 feet 

RW 698 10+00.00  
12+25.00 
12+45.00 
18+71.00 

12+25.00  
12+45.00 
18+71.00 
19+25.67 

MSE 
1SWBP 
1SWB 
Barrier 

Fill 
Fill 
Fill 
Fill 

Af 
Af 
Af 
Af 

250 
800 
800 
800 

47 
33 
33 
33 

15 - 25 
16 

6 - 18 

Shallow 
Deep 
Deep 

6.5 
NA 
NA 

NA 
33 
39 

 

SW 581 15+60.00 17+54.67 1SWBP Fill Qvof 400 38 8 - 10 Deep NA 26  

SW 599 11+98.62 12+06.62 1SWBP Cut Qvof 400 38 12 Deep NA 30  

SW603 10+00.00 
33+82.46 

10+08.00  
33+90.46 

1SWBP   
1SWBP 

Cut           
Cut 

Qvof  
Qvof 

400     
400 

38       
38 

12        
12 

Deep       
Deep 

NA        
NA 

31        
20 

 

SW627 10+00.00 10+12.00 1SWBP Cut Qvof 400 38 12 Deep NA 16  
1 Approximate pile length to provide 45 tons axial capacity, the geotechnical foundations design recommendations are given in Tables 4-5 through 4-7. 
2 NA = Not Applicable. 
3 Overexcavation of 6 inches below the bottom of the footing is recommended. 
4 SP = Standard Plan pile size, depending on the pile spacing. 
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4.8.3 Loading Case 
The magnitude and the direction of the loading on the MSE wall footing were evaluated 
using the loading case design data with and without a sound wall above the MSE wall. 
Loading Case I (concrete barrier and surcharge load of 240 psf on level ground backfill 
above the wall) was used for the design of all the MSE walls supporting a concrete barrier 
and was modified to include additional loads when a sound wall above the MSE wall is 
required. According to Caltrans practice, the effects of seismic shaking should be considered 
in the design of retaining walls, with low tolerance for failure. This is usually the case when 
the retaining wall is supporting a bridge abutment or sound walls; therefore, MSE walls 
supporting sound walls were considered for the loading case, including the seismic loading 
from the wall’s inertia and the lateral earth pressure increase of the backfill material. The 
loads on the MSE wall supporting sound walls included the following loading case design 
data:   

• Surcharge load of 240 psf on the wall backfill 

• Dead load of sound wall equal to 88H lb/ft, where H is the sound wall height 

• Dead load of barrier equal to 470 lb/ft for barriers supporting a sound wall 

• Wind load of 33 psf  

• Lateral earth pressure using a unit weight of 120 pcf and friction angle of 34 degrees for 
the wall backfill material 

• Seismic loading from the wall and the soil equivalent to 0.57 times the sound wall dead 
load, 0.3 times the MSE wall dead load, and the lateral earth pressure using horizontal 
seismic coefficient of 0.3 g in the Mononobe-Okabe method  

4.8.4 Barrier Slab 
Some of the proposed MSE walls will be required to provide support to sound walls 
mounted on traffic barriers above the MSE wall. For this case, the barrier slab is designed 
with 18-inch cast-in-drilled-hole (CIDH) piles installed within the reinforced soil mass at a 
distance of 4 feet from the center of the pile to the back face of the MSE wall panels. Using 
the loading case design data and considering the CIDH piles installed at 10 feet on center, 
the anticipated vertical uplift load ranges between 29 and 35 kips, and the lateral load 
ranges between 13 and 16 kips per pile. The estimated pile length to provide the required 
uplift resistance is approximately 22 feet and would apply an estimated lateral pressure of 
1,400 psf on the back face of the first panel from top. This additional lateral pressure should 
be considered in the internal stability analyses of the reinforced soil mass. 

4.8.5 External Stability 
The preliminary length of the soil reinforcement of the MSE walls were used in the external 
stability analyses to verify that the walls have adequate factors of safety against bearing 
capacity failure, sliding, and overturning. The external stability criteria used in the current 
investigation (Caltrans, 2004) is presented in Table 4-4. If the external stability analyses 
resulted in a factor of safety less than the minimum, the preliminary length of the soil 
reinforcement was increased until the stability requirement was satisfied. 
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TABLE 4-4 
Summary of External Stability Requirement  

Minimum Factor of Safety 

Failure Mode Static Pseudo-Static1 

Bearing Capacity 2.0 1.0 

Sliding 1.5 1.0 

Overturning2 2.0 1.0 
1 Pseudo-static factor of safety adopted in the current investigation 
2 Maximum eccentricity of the resultant force acting on the base of the wall should 
be within the middle one-third of the base width 

4.8.6 Internal Stability 
The length of the soil reinforcement should be verified in the internal stability analyses to 
ensure the reinforced soil mass has an adequate factor of safety against soil reinforcement 
rupture and soil reinforcement pullout. It is the responsibility of the contractor to provide 
the evaluation for the internal stability of the MSE walls, and the evaluation should conform 
to the requirements presented in Caltrans Bridge Design Specifications (Caltrans, 2004). 

4.8.7 Settlement 
The maximum anticipated total settlement is estimated to be less than 2 inches and is 
expected to be mostly elastic and should occur shortly after the construction of the MSE 
walls.  

4.8.8 Reinforced Zone Gradation Requirement 
The backfill of the reinforced soil mass should consist of structural backfill material and 
should conform to the gradation and property requirements in Caltrans Bridge Design 
Specifications (Caltrans, 2004) for the inextensible soil reinforcement. It is anticipated that 
most of the cut areas will generate material that is predominantly fine grained with percent 
passing #200 sieve greater than 50.  Such material can not be used as structure backfill in the 
reinforced zone of the MSE walls. 

4.8.9 MSE Wall Backdrain 
Hydrostatic pressure is not allowed to build up behind the MSE walls. A standard 
underdrain placed under the welded wire mat soil reinforcement is recommended to drain 
the anticipated surface runoff. Generally, the underdrain outlets should be placed along the 
length of the underdrain at a spacing of 200 feet or less, as necessary. The installation of the 
outlets to drain under the leveling pad is recommended. Due to the anticipated low levels of 
groundwater in the northern segment, a chimney drain behind the reinforced soil mass is 
not recommended.   

4.9 Overhead Sign Structures and Sound Walls 
Several overhead sign structures and sound walls are proposed for the northbound 
widening in the northern segment. The locations of the overhead sign structures and the 
sound walls are shown on the General Plan (GP) for retaining walls RW 630, RW 670 and 
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RW 698, and the GP for the sound walls, respectively. All the proposed overhead sign 
structures are mounted on nonstandard cantilever retaining walls supported by deep 
foundations. CIDH concrete piles are generally considered a feasible foundation type for 
overhead sign structures, except at RW 630 where driven concrete piles are recommended.  

For the foundation design of the sound walls, it is recommended to use CIDH piles for the 
support of all the sound walls proposed within the northern segment. The segment of the 
proposed SW 581 between Station 15+60.67 and 17+54.67 (wall Layout Line) will traverse 
the existing 3-foot-diameter reinforced concrete pipe (RCP) pipe. To minimize the impact of 
the new sound wall on the existing RCP pipe, it is recommended to support sound wall SW 
581 between Station 15+60.00 and 17+54.67 on a retaining wall established on pile 
foundations.  

4.9.1 Axial Capacity 
The geotechnical axial capacity of the recommended piles was estimated using the computer 
programs SHAFT version 5.0 (Ensoft, 2003) and APILE version 4.0 (Ensoft, 2004) for the 
analysis of CIDH and driven piles, respectively. The geotechnical axial capacity of the CIDH 
concrete piles was estimated using the side resistance along the pile, and both the side 
resistance and the end bearing were mobilized to estimate the axial capacity of the driven 
concrete piles. Tables 4-5 and 4-6 present the geotechnical recommendations for the 
foundation design of the proposed structures. For the Standard Plan sound wall 
foundations, a friction angle of 30 degrees is recommended for the foundation soil to 
estimate the length of the CIDH piles.  

TABLE 4-5 
Driven Pile Foundations Design Recommendations 

Support 
No. 

Pile         
Type 

Bottom of Pile Cap  
Elevation         

(feet) 

 

Nominal     
Resistance1 

(Kips) 

Design Pile Tip 
Elevation2 

(feet) 

Specified Pile 
Tip Elevation3 

(feet) 

Driving 
Resistance 

(Kips) 

RW 630 Class 90       
12-inch 307.13 180 

277.00 (a) 
277.00 (c)     
292.38 (d) 

277 180 

1 The nominal resistance is rounded up to the nearest 10 Kips. 
2 Design pile tip elevations are controlled by: (a) Compression, (c) Settlement, and (d) Lateral Load 
3 The specified pile tip elevation shall not be raised above the design tip elevations for lateral capacity and tolerable settlement. 
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TABLE 4-6 
CIDH Pile Foundations Design Recommendations 

Wall LOL 
Station 

(ft) 
Support 

No. From To 
Pile 

Type 

Bottom of Pile Cap     
Elevation            

(feet) 

 

Nominal 
Resistance1 

(Kips) 

Design          
Pile Tip 

Elevation2 

(feet) 

Specified   
Pile Tip 

Elevation3 

(feet) 

SW 581 15+60 17+54.67 16-inch CIDH 277.72 180 
252.00 (a) 
262.97 (c)        
264.97 (d) 

252 

SW 599 11+98.62 12+06.62 16-inch CIDH 281.95 180 
252.00 (a) 
261.44 (c)        
264.97 (d) 

252 

10+00.00 10+08.00 16-inch CIDH 283.15 180 
252.00 (a) 
262.64 (c)       
272.15 (d) 

252 

SW 603 

33+82.46 33+90.46 16-inch CIDH 327.29 180 
307.00 (a) 
313.71 (c)       
311.29 (d) 

307 

SW 627 10+00.00 10+12.00 16-inch CIDH 328.29 180 
313.29 (a)        
316.29 (c)        
312.00 (d) 

312 

RW 670 15+14 15+35 16-inch CIDH 355.25 180 
325.00 (a) 
335.50 (c)       
335.50 (d) 

325 

12+25 12+45 16-inch CIDH 407.75 180 
375.00 (a) 
386.00 (c)      
388.00 (d) 

375 

12+45 12+71 16-inch CIDH 407.75 180 
369.00 (a) 
385.75 (c)      
387.75 (d) 

369 

12+71 14+91 16-inch CIDH 411.25 - 413.00 180 
373.00 (a) 
389.25 (c)      
391.25 (d) 

373 

14+91 16+11 16-inch CIDH 415.25 - 417.25 180 
377.00 (a) 
393.25 (c)      
395.25 (d) 

377 

16+11 16+75 16-inch CIDH 419.25 - 421.25 180 
381.00 (a) 
397.25 (c)      
399.25 (d) 

381 

16+75 17+71 16-inch CIDH 422.25 - 424.25 180 
384.00 (a) 
400.25 (c)      
402.25 (d) 

384 

RW 698 

17+71 18+71 16-inch CIDH 426.25 - 428.25 180 
388.00 (a) 
404.25 (c)      
406.25 (d) 

388 

1 The nominal resistance is rounded up to the nearest 10 Kips. 
2 Design pile tip elevations are controlled by: (a) Compression, (c) Settlement and (d) Lateral Load. 
3 The specified pile tip elevation shall not be raised above the design tip elevations for lateral capacity and tolerable settlement. 
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4.9.2 Lateral Capacity 
The geotechnical lateral capacity of the piles was evaluated, using LPILE Plus version 5.0 
software (Ensoft, 2005). The lateral capacity was estimated at an increment of 0.25 inch to a 
maximum of 1.0 inch top pile or cap displacement. Table 4-7 shows the shear force and 
maximum bending moment for the proposed piles assuming a pin-head condition at the top 
of the pile. 

TABLE 4-7 
Summary of Lateral Pile Capacities 

Support 

Pile Head 
Deflection 
(inches) 

Maximum Shear 
Force 
(Kips) 

Maximum Bending 
Moment            

(Kips-foot) 

Depth to Maximum 
Bending Moment 1 

(feet) 

0.25 54 69 2.55 
0.5 85 119 2.85 

0.75 111 164 3.00 
SW 581 and 

SW 599 
1.0 130 205 3.15 

0.25 59 75 2.56 
0.5 81 117 3.04 

0.75 97 150 3.20 
SW 603 and 

SW 627 
1.0 110 180 3.36 

0.25 15 31 4.20 
0.5 21 48 4.80 

0.75 25 61 5.20 
RW 630 

1.0 28 71 5.60 
0.25 130 110 1.80 
0.5 210 198 2.00 

0.75 275 275 2.20 
RW 670 

1.0 318 345 2.20 
0.25 107 90 2.00 
0.5 179 170 2.00 

0.75 236 241 2.20 
RW 698 

1.0 273 303 2.40 
1 Depth is measured from the top of the pile. 

The lateral resistance of the pile group could be estimated using group efficiency factor η as 
follows: 

• η = 0.7, for pile spacing of 3 times pile diameter 
• η = 0.9, for pile spacing of 5 times pile diameter 
• η = 1.0, for pile spacing of 8 times pile diameter 

The above group efficiency applies for loading in the longitudinal and the transverse 
directions. According to Caltrans practice, the allowable horizontal resistance of the piles 
should be considered as the lateral load evaluated at 0.25-inch pile top or cap displacement 
(Caltrans, 2008c). Therefore, the horizontal load on the pile from the controlling load case 
should be less than the allowable horizontal resistance. 
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SECTION 5 

5.Construction Consideration 

5.1 Site Preparation 
Site preparation for the proposed retaining walls will include removal of surface vegetation, 
organic soil, and any trash or debris in the areas where structure foundations will be 
located. Loose, soft, or wet material should be removed and replaced with competent 
backfill. Removed material should not be used as structure backfill and should be disposed 
of offsite. The subgrade within the footprint of the proposed abutments should be graded 
level, proof-rolled, and compacted as described in Section 5.6. Drainage structures and other 
existing structures might need to be removed or protected prior to construction of the 
abutments. 

Site preparation shall be performed in accordance with Sections 16 and 19 of the Caltrans 
Standard Specifications (Caltrans, 2006d). 

5.2 Rippability  
Geophysical surveys were not performed to evaluate the rippability of the subsurface 
material in the northern segment. However, all the locations for the proposed cuts for the 
construction of the proposed retaining walls are in the areas underlain by the very old 
alluvial deposits. Based on the information from the soil borings in these areas, it is 
anticipated that the alluvial deposits can be excavated using standard heavy-duty 
construction equipment. Oversized materials might be encountered within these deposits. 

5.3 Temporary Cuts  
Excavation of the temporary cut slopes greater than 5 feet in height should be no steeper 
than a gradient of 1:1 (horizontal to vertical), or as the field conditions dictate, to provide 
safe and stable slopes. All temporary excavations should be performed in accordance with 
the safety requirements of California Occupational Safety and Health Administration. 
Shoring, if required, could be designed in accordance with methods presented in the 
Caltrans Trenching and Shoring Manual (Caltrans, 1990b). It is the responsibility of the 
contractor to provide stable excavation for the temporary cuts at the site. 

5.4 Remedial Grading 
If unsuitable materials, such as loose or soft soil, are encountered below the grading plane 
for the retaining walls footings, an overexcavation will be required. The overexcavation 
should extend a minimum depth of 4 feet below the bottom of the footings within the limits 
established by inclined planes sloping 1.5:1 (horizontal to vertical) out and down from lines 
1 foot outside the bottom edges of the footings. The excavated material should be replaced 
with a structural backfill material as described in Section 5.5, and compacted as described in 
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Section 5.6. If expansive material is encountered in the proposed cut sections, the 
overexcavation should extend a minimum depth of 6 inches below the bottom of the 
footings, and out and down from lines 1 foot outside the bottom edges of the footings.   

5.5 Structural Backfill  
Specifications for the structural backfill material should conform to Section 19-3.06 of 
Caltrans Standard Specifications (Caltrans, 2006d).  

5.6 Compaction 
Structural backfill for the proposed retaining walls should be compacted to a relative 
compaction of not less than 90 percent in accordance with ASTM D1557. If the structural 
backfill for the retaining wall is within a 150 feet from a bridge abutment, the structural 
backfill should be compacted to a relative compaction of not less than 95 percent.  

In the event the retaining wall is constructed on the slopes of the existing roadway 
embankment fills, a relative compaction of not less than 95 percent is required for the 
structural backfill under the retaining wall footings within the limits established by inclined 
planes slopping 1.5:1 (horizontal to vertical) out and down from lines 1 foot outside the 
bottom edges of the footings. The depth of the structural backfill under the retaining wall 
should extend to the native material, or to a depth not greater than the footing width.    

5.7 Geotechnical Observation 
Preparations for subgrade and backfill selection and placement should be observed by a 
geotechnical specialist or a technician under the supervision of a geotechnical specialist. 
Variations in soil and geologic conditions might be encountered during construction. To 
permit correlation between the exploration data and the actual conditions encountered 
during construction, a qualified geotechnical specialist should perform onsite review during 
construction. 

5.8 Review of Construction Plans and Specifications 
A geotechnical designer should review the construction plans and the specifications to 
verify that the geotechnical recommendations have been incorporated into the design of the 
proposed retaining walls. If the nature, design, or location of the proposed retaining walls 
varies from what was used to develop the recommendations provided in this report, the 
recommendations should be re-evaluated.  
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ATTACHMENTS 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 
 
From:  DEPARTMENT OF TRANSPORTATION  
 DIVISION OF ENGINEERING SERVICES  
 Geotechnical Services  
 Office of Geotechnical Design -South 1 MS 18  

Subject: Review of the Revised Foundation Report  

The Office of Geotechnical Design-South 1 reviewed the revised foundation report and Structure 
plans prepared by HILL for widening of SR-57 Northbound. The report and plans were transmitted 
to us electronically on June 9 and June 29, 2009, respectively. The submittal has been examined 
thoroughly and additional comments are as below: 

• The plans do not show over-excavations of 6 inches below the bottom of the footing for 
RW 604, 614, 622, 628, 630 and 4 feet below the bottom of footing for RW 694 and 
696 as recommended in Table 4-3 of the report. 

  Plan sheets have been revised accordingly. 

• It is our opinion that driven piles are better support for retaining wall because the piles 
may be battered for lateral resistance. Please explain why cast-in-drilled-hole piles are 
being used for sound wall on retaining wall SW 581). 

While the driven piles are better support for the retaining wall, the 
additional lateral resistance from battering the driven piles is not needed for 
retaining wall SW 581. It was considered more feasible to use CIDH piles 
for the retaining wall segment for consistency with the foundation type of 
sound wall SW 581. 

• It is our opinion that plans for standard walls and non-standard walls should be 
prepared under separate wall identification. Please explain the reason that standard wall 
and non-standard wall are combined in one retaining wall identification. 

Structures office gave concurrence to our request of doing so to simplify 
the design, plan and construction of the walls. 

• Portion(s) of the wall that is attached to bridge should be bridge wingwall, not roadway 
wall. 

The bridge includes the short wingwall that is attached to it. The roadway 
wall start after that. 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



SW 581 
 

• Please check whether pile recommendation in Table 4-6 should be applied to 
wall between Sta. 10+00 and 18+78. It seems that pile recommendation should 
be limited to wall from Sta. 15+60 to 17+54.67. Design tip elevation should not 
be provided for standard sound wall.  

Table 4-6 has been revised as shown below. 

10+00.00 10+08.00 16-inch CIDH 283.15 180 
252.00 (a) 
262.64 (c)       
272.15 (d) 

252 

 
SW 603 

33+82.46 33+90.46 16-inch CIDH 327.29 180 
307.00 (a) 
313.71 (c)       
311.29 (d) 

307 

SW 627 10+00.00 10+12.00 16-inch CIDH 328.29 180 
313.29 (a)        
316.29 (c)        
312.00 (d) 

312 

RW 670 15+14 15+35 16-inch CIDH 355.25 180 
325.00 (a) 
335.50 (c)        
335.50 (d) 

325 

12+25 12+45 16-inch CIDH 407.75 180 
375.00 (a) 
386.00 (c)       
388.00 (d) 

375 

12+45 12+71 16-inch CIDH 407.75 180 
369.00 (a) 
385.75 (c)       
387.75 (d) 

369 

12+71 14+91 16-inch CIDH 411.25 - 413.00 180 
373.00 (a) 
389.25 (c)       
391.25 (d) 

373 

14+91 16+11 16-inch CIDH 415.25 - 417.25 180 
377.00 (a) 
393.25 (c)       
395.25 (d) 

377 

16+11 16+75 16-inch CIDH 419.25 - 421.25 180 
381.00 (a) 
397.25 (c)       
399.25 (d) 

381 

16+75 17+71 16-inch CIDH 422.25 - 424.25 180 
384.00 (a) 
400.25 (c)       
402.25 (d) 

384 

RW 698 

17+71 18+71 16-inch CIDH 426.25 - 428.25 180 
388.00 (a) 
404.25 (c)       
406.25 (d) 

388 

1 The nominal resistance is rounded up to the nearest 10 Kips. 
2 Design pile tip elevations are controlled by: (a) Compression, (c) Settlement and (d) Lateral Load. 
3 The specified pile tip elevation shall not be raised above the design tip elevations for lateral capacity and tolerable settlement. 

 

TABLE 4-6 
CIDH Pile Foundations Design Recommendations 

Wall LOL 
Station 

(ft) 
Support 

No. From To 
Pile 

Type 

Bottom of Pile Cap     
Elevation            

(feet) 

 

Nominal 
Resistance1 

(Kips) 

Design          
Pile Tip 

Elevation2 

(feet) 

Specified   Pile 
Tip Elevation3 

(feet) 

SW 581 15+60 17+54.67 16-inch CIDH 277.72 180 
252.00 (a) 
262.97 (c)        
264.97 (d) 

252 

SW 599 11+98.62 12+06.62 16-inch CIDH 281.95 180 
252.00 (a) 
261.44 (c)        
264.97 (d) 

252 



 

• The pile cut-off elevation of 284.97 feet in Table 4-6 doesn't seem to match the 
plan because bottom of footing elevation between Sta. and is 277.72 feet. 

Pile cutoff elevation in Table 4-6 of Geotechnical Report has been revised 
(see above) to 277.72 feet and now matches the plans. 

 

SW 599, 603, 627

• Pile data tables are not presented in the revised foundation report. Also, pile 
lengths in plans seem unreasonable (e.g. in SW 627, the plan calls for 76 feet 
long cast-in-drilled-hole pile between 10+00 and 10+ 12.) 

Pile Data Table is now revised and presented in the revised foundation report. 
Pile lengths for SW 627 have been revised and are approximately 16.29 ft in 
length from bottom of pile cap. Plans sheets have been revised to match that. 

 

 

RW 694,696 

• Stationing in plan doesn't match Table 4-3. 

Table 4-3 (attached) has been updated to match stationing in plan sheets for 
RW 694 and RW 696. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
Any questions regarding the above comments should be directed to Chungkeun Lee at  
(213) 620-2148 or Ted Liu at (213) 620-2136. 
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APPENDIX A 

Wall Layouts and Boring Location Map 
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R/W
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No. STATION
DRILLED

DEPTH
OG

ELEV
OFFSET

A-08-005 31.5’ 295.0’

31.5’ 302.8’

67.6’ Rt 61.5’ 295.0’

125.1’ Rt

NOTE: OFFSET BASED ON SR-57 ("B" LINE)

SOUND WALL
SW589

SOUND WALL
SW603

31.5’ 301.4’

31.5’ 299.2’

12.0’ 296.8’

31.5’ 274.2’175.8’ Rt

30.2’ 296.1’CPT-08-006 603+75.01
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A-08-007
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69.9’ Rt
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30.2’ 295.2’CPT-08-005 600+41.02 100.5’ Lt

82.6’ Lt

SOUND WALL
SW599

SCALE: 1" = 50’
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BORING LOCATION TABLE
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DRILLED

DEPTH
OG

ELEV
OFFSET
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68.6’ Rt 30.2’ 332.6’

618+08.98
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NOTE: OFFSET BASED ON SR-57 ("B" LINE)

50.2’ 319.3’617+42.99

30.2’ 313.7’614+14.17

CPT-08-010

CPT-08-009

CPT-08-008

CPT-08-007 69.9’ Lt

68.1’ Rt

70.5’ Lt

69.6’ Lt 31.5’ 332.4’A-08-011 621+17.9

SCALE: 1" = 50’
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SW ON RW

~

SOUND WALL

SW627

 

SOUND WALL

SW603

 

RETAINING WALL

RW630

 

RETAINING WALL

RW628

RETAINING WALL

RW622

 



3

BORING LOCATION TABLE

No. STATION
DRILLED

DEPTH
OG

ELEV
OFFSET

50.1’ 309.5’646+05.92

NOTE: OFFSET BASED ON SR-57 ("B" LINE)

50.2’ 334.8’637+11.12

30.1’ 329.6’636+94.33

81.5’ 302.0’

CPT-08-016

CPT-08-015

CPT-08-014 75.2’ Lt

76.2’ Rt

78.9’ Rt 81.5’ 327.2’A-08-016 639+77.3

A-08-017 641+51.1 161.3’ Rt

144.0’ Rt

SCALE: 1" = 50’
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BORING LOCATION TABLE

No. STATION
DRILLED

DEPTH
OG

ELEV
OFFSET

NOTE: OFFSET BASED ON SR-57 ("B" LINE)

30.2’ 332.2’662+83.37

31.5’ 349.9’

CPT-08-018

88.9’ Rt

133.3 Rt

31.5’ 339.5’A-08-021 664+80.6

A-08-022 669+31.1

122.0’ Rt

SCALE: 1" = 50’
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R/W

R/W

BORING LOCATION TABLE

No. STATION
DRILLED

DEPTH
OG

ELEV
OFFSET

NOTE: OFFSET BASED ON SR-57 ("B" LINE)

30.3’ 366.4’676+09.05CPT-08-020 72.3’ Rt

86.9’ Rt 30.1’ 354.0’CPT-08-019 671+42.67

RETAINING WALL
RW670

9 12

SCALE: 1" = 50’
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CONE PENETRATION TEST

HOLLOW STEM AUGER BORING
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BIRCH St UC

Br No. 55-0485

~

BORING LOCATION TABLE

No. STATION
DRILLED

DEPTH
OG

ELEV
OFFSET

NOTE: OFFSET BASED ON SR-57 ("B" LINE)

35.2’ 402.7’689+41.32

80.1’ 382.7’681+36.85

31.5’ 394.4’

CPT-08-022

CPT-08-021

69.1’ Rt

70.0’ Rt

68.4’ Rt

76.5’ Rt 81.5’ 390.3’A-08-023 684+27.4

A-08-024 685+84.8

RETAINING WALL
RW670 RETAINING WALL

RW684

SCALE: 1" = 50’

10 12

A-10

LEGEND

CONE PENETRATION TEST

HOLLOW STEM AUGER BORING

WALLS LAYOUT AND

BORING LOCATION MAP

SR-57 Northbound Widening

(Northern Segment) Project



12 18.4 / 20.9Ora

CH2M HILL
6 HUTTON CENTRE DRIVE, 
SUITE 700
SANTA ANA, CA 92707

OCTA
550 S. MAIN STREET
ORANGE, CA 92863

57

CU EA

x

x

x

x

x

Dist COUNTY ROUTE
POST MILES

TOTAL PROJECT

SHEET

No.

TOTAL

SHEETS

0F032112220
USERNAME => $USER

$REQUESTDGN FILE =>

RELATIVE BORDER SCALE

IS IN INCHES

0 1 2 3

PLANS APPROVAL DATE

DATE

BORDER LAST REVISED 2/1/2008

HISHAM M. NOFAL

2765No.

Exp. 09/30/09

GEOTECHNICAL PROFESSIONAL

A-11

R/WR/W

~

BORING LOCATION TABLE

No. STATION
DRILLED

DEPTH
OG

ELEV
OFFSET

NOTE: OFFSET BASED ON SR-57 ("B" LINE)

35.1’ 421.9’696+89.44

81.5’ 371.6’

CPT-08-023

86.0’ Rt

70.7’ Rt

68.7’ Rt 76.5’ 413.1’A-08-025 693+47.7

A-08-026 695+00.0

RETAINING WAL
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A-12

"B" LINE

BORING LOCATION TABLE

No. STATION
DRILLED

DEPTH
OG

ELEV
OFFSET

701+06.4A-08-027 31.5’ 430.1’

31.5’ 429.7’

81.5’ 447.1’A-08-029

A-08-028 702+92.6

708+36.4

104.6’ Rt

148.7’ Rt

113.6’ Rt

RETAINING WALL
RW698

SCALE: 1" = 50’

12 12
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BORING LOCATION MAP

SR-57 Northbound Widening
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APPENDIX B 

Logs of Test Boring Sheets  



230

220

Horz:1"=50’

Vert: 1"=10’

PROFILE

230

220

260

250

270

260

250

240

PLAN

270

590

280280

A-08-001

BENCHMARK:

290 290

K. Reyes

CPT-08-001

585

240

CPT-08-002

SOUND WALL No. 581

1"=50’

 

I-7 Line

STATIONING � SR-57 = "B" Line

Horizontal Coordinates are CCS NAD-83, Zone 6.

Vertical control based on North American Vertical Datum 1988.

Pt 1057: N2273578.007, E6066831.271, Elev 294.844

SW No. 581

T

o

 

S

a

n

t

a

 

A

n

a

To Pomona

02/18/09

SR-57 = "B" Line

Approx OG

at Wall LOL

R. Bethapudi

H. Nofal

80

5

8

9

584 586 587 588 589 591 592

8"

LOG OF TEST BORINGS SHEET 1 OF 218.46

04/07/09 04/17/09

55E0088

A-08-001

POORLY GRADED SAND with SILT (SP-SM):  very

74

88/11"

50/5"

23

3 108.4 4.4

2

1 107.24.3

8.51 PA CR CP

PA

PA

4

83 5 101.21.9

PA626

8"
1

DS

S
T

A
 5

8
8
+

8
9
.1

6

9
1
.
3
8
 
L

T
,
 
S

R
-
5
7

UW2.4

2.4

2.4

1.4

1.4

1.4

Very Old Alluvium Fan Deposits (Qvof):

SANDY LEAN CLAY (CL): olive-brown, moist, 

medium sand, trace fine gravel

medium sand

CLAYEY SAND (SC): very dense, moist, brown, 

fine to medium sand, medium plastic fines

moist, fine sand, low plastic fines

fine to medium sand, 7% low plastic fines

sand, 10% low plastic fines, trace fine gravel

SILTY SAND (SM): very dense, light brown, 

moist, fine to medium sand, low plastic fines

plastic fines, 43% fine to medium sand

UW

DS PA

BULK

Very Old Alluvium Fan Deposits (Qvof):

Artificial Fill (Af):

SANDY LEAN CLAY (CL) to CLAYEY SAND (SC): 

olive-brown, moist 

6/26/08

Elev 254.67’

Hammer Energy Ratio (ERi)=78%

Groundwater Not Encountered

Elev 286.17’CPT-08-002

S
T

A
 5

8
5

+
9

9
.6

0

8
5
.
1
4
 
L

t
,
 
S

R
-
5
7

Elev 284.65’

300 400

Friction

Ratio (%)

20010002468

6/26/08

Elev 254.45’

Groundwater Not Encountered

Tip Bearing

(tsf)
300 400

Tip Bearing

(tsf)

2001000246

Elev 281.70’ S
T

A
 5

8
1

+
0

9
.5

5

1
2

6
.
8

5
’
 
L

t
,
 
S

R
-
5

7

CPT-08-001

8

Friction

Ratio (%)

6/26/08

Elev 251.47’

Groundwater Not Encountered

CORRECTION FACTOR:

SAMPLER TYPES:

California modified ring sampler

standard penetration test sampler

HAMMER TYPE:

Automatic hammer

DEPARTMENT OF TRANSPORTATION

PREPARED FOR THE

STATE OF CALIFORNIA

T
I
M

E
 P

L
O

T
T

E
D

 =
>

D
A

T
E

 P
L

O
T

T
E

D
 =

>
1

1
:
0

6
0
5
-
N

O
U

S
E

R
N

A
M

E
 =

>
j
p

o
w

e

PROJECT ENGINEER

CU

EA

55e0088-FILE =>

DISREGARD PRINTS BEARING

EARLIER REVISION DATES

BRIDGE NO.

                                                                        

REVISION DATES (PRELIMINARY STAGE ONLY) SHEET OF

POST MILES

ORIGINAL SCALE IN INCHES

FOR REDUCED PLANS
0 1 2 3

The State of California or its officers or agents

shall  not be responsible for the accuracy or

completeness of electronic copies of this plan sheet.

    

DIST COUNTY ROUTE
SHEET TOTAL

PLANS APPROVAL DATE

No.

Exp.

S

T
A

TE
OF C

A

L I FOR
N

I A

GEOTECHNICAL PROFESSIONAL

NoTOTAL PROJECT SHEETS

POST MILES

DATE

12 Ora 57

OCTA

550 S. MAIN STREET

ORANGE, CA 92863

CH2M HILL

6 HUTTON CENTRE DRIVE, SUITE 700

SANTA ANA, CA 92707

D

P
R O F E S S I O N

A
L

R
E

G
I

S
T

E
R

E E
N

G
I

N
E

E
R

GE OT E C H N I C A L

0F0321

12220

DESIGN OVERSIGHT

SIGN OFF DATE

DRAWN BY

CHECKED BY

FIELD INVESTIGATION BY:

DATE

Ayman Salama

To convert from California modified ring

sampler blow count to equivalent standard

penetration test sampler blow count, for

granular and cohesive soil, multiply by 0.67.

81

82
83

84
85

580 585581 582 583 584 5865

8

7

5

8

8

HISHAM M. NOFAL

2765

09/30/09

51% medium plastic fines, 48% fine to 

hard, brown, 57% medium 

59% medium plastic fines, 41% fine to 

SILTY SAND (SM): dense, light brown, 

dense, yellowish-brown, moist, 93% 

WELL-GRADED SAND with SILT (SW-SM):  

dense, brown, moist, 88% fine to coarse 

06/08/09

        06/08/09

End SW No. 581

SWLOL 18+78.67 =

83.20’ Lt "B" 589+10.60

1211

Beg SW No. 581

SWLOL 10+02.42 =

162.34’ Lt "B" 580+38.60 = 

31.62’ Lt "I-7" 80+21.22

583582581580579578576



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
i
z
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
t
i
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
t
i
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
t
i
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
t
i
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

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)

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"

Weak

Hollow Stem Auger Boring (HSA)B

SOIL LEGENDK. Reyes

H. Nofal

R. Bethapudi

LOG OF TEST BORINGS SHEET 2 OF 2

04/07/0902/12/09 12 12

SOUND WALL NO. 581

04/17/09

18.46
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DISREGARD PRINTS BEARING

EARLIER REVISION DATES

BRIDGE NO.

                                                                        

REVISION DATES (PRELIMINARY STAGE ONLY) SHEET OF

POST MILES

ORIGINAL SCALE IN INCHES

FOR REDUCED PLANS
0 1 2 3

The State of California or its officers or agents

shall  not be responsible for the accuracy or

completeness of electronic copies of this plan sheet.
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DESIGN OVERSIGHT

SIGN OFF DATE

DRAWN BY

CHECKED BY

FIELD INVESTIGATION BY:

DATE

Ayman Salama

06/08/09

06/08/09



270

260

620

Horz:1"=50’

Vert: 1"=10’

PROFILE

270

260

STATIONING "SR-57" = "B" Line

300

290

280

310

300

290

280

PLAN

310

615

320320

To Santa Ana

To Pomona

CPT-08-010

A-08-010

R. Bethapudi

BENCHMARK:

330 330

610

K. Reyes

CPT-08-008

625

2120

1"=50’

Retaining Wall No. 614

RETAINING WALL No. 614
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1

4

STA 622+15.00 SR-57, 93.81’ Rt

End Retaining Wall No. 614

Horizontal coordinates are CCA NAD-83, Zone 6.

Vertical control based on North American Vertical Datum 1988.

Pt 1065: n2276096.906, E6066849.261, Elev 345.199

02/18/09

8"

H. Nofal

� SR-57 = "B" Line

612

613

Approx OG

at Wall LOL

611 612 613 614 616 617 618 619 621 622 623 624

19.06

04/07/09

LOG OF TEST BORINGS SHEET 1 OF 2

04/17/09

55E0089

A-08-010

Artificial Fill (Af) :

Very Old Alluvium Fan Deposits (Qvof):

8"
PA DS EI CRCP

1

1

2

3

4

5

6

4.9

12.4

125.9

124.6

10.6

DS

PI

PI

UU

53

13

73

22

42

24

S
T

A
 6

1
1
+

8
6
.1

2

1
2

5
.
0

5
 
R

T
,
 
S

R
-
5

7

2.4

1.4

2.4

2.4

1.4

1.4

LEAN CLAY (CL): hard, dark brown, moist, 

fine sand, medium plastic fines

PA

PA

BULK

7/1/08

Elev 271.34’

Hammer Energy Ratio (ERi)=78%

Groundwater Not Encountered

Elev 302.84’

S
T

A
 6

1
7

+
4

2
.9

9

6
9

.
0

7
 
R

t
,
 
S

R
-
5

7

CPT-08-008
Elev 319.27’

300 40020010002468

Tip Bearing

(tsf)

Friction

Ratio (%)

7/01/08

Elev 269.03’

Groundwater Not Encountered

6
8

.
5

9
 
R

t
,
 
S

R
-
5

7

S
T

A
 6

2
1

+
4

8
.2

2

CPT-08-010
Elev 332.56’

300 40020010002468

Tip Bearing

(tsf)

Friction

Ratio (%)

7/01/08

Elev 292.33’

Groundwater Not Encountered

CORRECTION FACTOR:

SAMPLER TYPES:

California modified ring sampler

standard penetration test sampler

HAMMER TYPE:

Automatic hammer
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DISREGARD PRINTS BEARING

EARLIER REVISION DATES

BRIDGE NO.

                                                                        

REVISION DATES (PRELIMINARY STAGE ONLY) SHEET OF

POST MILES

ORIGINAL SCALE IN INCHES

FOR REDUCED PLANS
0 1 2 3

The State of California or its officers or agents

shall  not be responsible for the accuracy or

completeness of electronic copies of this plan sheet.
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ORANGE, CA 92863
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6 HUTTON CENTRE DRIVE, SUITE 700
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DESIGN OVERSIGHT

SIGN OFF DATE

DRAWN BY

CHECKED BY

FIELD INVESTIGATION BY:

DATE

Ayman Salama

To convert from California modified ring

sampler blow count to equivalent standard

penetration test sampler blow count, for

granular and cohesive soil, multiply by 0.67.

6

1

5

620
621

622

614
616 617 618

619

PI

dense

CLAYEY SAND (SC): brown, moist, 53% 

fine to coarse sand, 44% medium plastic 

fines, trace fine to coarse gravel

SILTY SAND (SM): medium dense, brown, 

moist, 58% medium to coarse sand, 

42% non plastic fines

SANDY LEAN CLAY (CL): hard, dark 

brown, moist, 51% medium plastic 

fines, 49% medium to fine sand

CLAYEY SAND (SC):  dense, olive-brown, 

moist, fine to medium sand, medium 

plastic fines

06/08/09

        06/08/09

HISHAM M. NOFAL

2765

09/30/09



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
i
z
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
t
i
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
t
i
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
t
i
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
t
i
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

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)

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"

Weak

Hollow Stem Auger Boring (HSA)B

SOIL LEGENDK. Reyes

H. Nofal

R. Bethapudi

LOG OF TEST BORINGS SHEET 2 OF 2

04/07/0902/12/09

RETAINING WALL No. 614

21 21
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300

290

630

Horz:1"=50’

Vert: 1"=10’

PROFILE

300

290

STATIONING "SR-57" = "B" Line
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PLAN

340

625

350350

CPT-08-010

A-08-012

R. Bethapudi

BENCHMARK:

360 360

620

K. Reyes

1"=50’

Retaining Wall No. 622

RETAINING WALL No. 622

Horizontal coordinates are CCS NAD-83, Zone 6.

vertical control based on North American Vertical Datum 1988.

Pt 1065: N2276096.906, E6066849.261, Elev 345.199
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To Pomona

Beg Retaining Wall No. 622

10+00 =

105.81’ Rt "B" 621+57.94

End Retaining Wall No. 622

14+94.66 =

106.50’ Rt "B" 626+45.96 

02/18/09

8"

H. Nofal
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LOG OF TEST BORINGS SHEET 1 OF 4

Approx OG at Wall LOL

04/17/09

55E0090

CORRECTION FACTOR:

SAMPLER TYPES:

California modified ring sampler

standard penetration test sampler

HAMMER TYPE:

Automatic hammer
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DESIGN OVERSIGHT

SIGN OFF DATE

DRAWN BY

CHECKED BY

FIELD INVESTIGATION BY:

DATE

Ayman Salama

To convert from California modified ring

sampler blow count to equivalent standard

penetration test sampler blow count, for

granular and cohesive soil, multiply by 0.67.
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8" Very Old Alluvial Fan Deposits (Qvof):
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107.0

115.5
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14

PI

47

18

50/6"

37

79/10"

30

86

29

50/5"

30

50/5"

37

50/4"

41

2.4

2.4

1.4

2.4

2.4

BULK

2.4

2.4

2.4

1.4

1.4

1.4

1.4

1.4

1.4

BULK

7/15/08

GWS Elev 290.9’

SANDY LEAN CLAY (CL): brown, moist, medium

plastic fines, fine to medium sand

CLAYSTONE,  olive-brown, moist, very intensely

weathered, extremely weak, soft to very soft, 

contains clay with medium plastic fines

UW

UW

UW

UW

7/15/08

Elev 289.24’

Hammer Energy Ratio (ERi)=78%

Elev 360.74’

SEDIMENTARY ROCK: La Habra formation (Qlh)
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Tip Bearing

(tsf)

Friction

Ratio (%)

7/01/08

Elev 292.33’

Groundwater Not Encountered

6256246236226

2

1

627
628

629

hard

FAT CLAY (CH): Very stiff, olive-brown, moist,  

90% high plastic fines, 10% fine sand

brown

olive, contains clay with high plastic fines

06/08/09

06/08/09
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yellowish-brown, contains clay with medium

plastic fines
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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
t
i
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
t
i
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

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)

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"

Weak

Hollow Stem Auger Boring (HSA)B

SOIL LEGENDK. Reyes

H. Nofal

R. Bethapudi
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ROCK LEGENDK. Reyes

H. Nofal

R. Bethapudi

IGNEOUS ROCK

LEGEND OF ROCK MATERIALS

SEDIMENTARY ROCK

METAMORPHIC ROCK

WEATHERING DESCRIPTORS FOR INTACT ROCK

Diagnostic features

Texture and Solutioning

Body of Rock Texture Solutioning

Preserved.

No solutioning.No change.

Decomposed

Fresh

Description

Chemical Weathering-Discoloration

and/or oxidation

Resembles a soil, partial

or complete remnant rock

structure may be preserved;

leaching of soluble

minerals usually complete.

Complete separation

of grain boundaries

(disaggregated).

Soluble min-

erals may be

mostly leached.

Generally

preserved.

Partial separation of

boundaries visible.

Texture

altered by

chemical

disintegra-

tion (hy-

dration,

argillation).

Leaching of 

soluble min-

erals may be

complete.

Minor leaching

of some solu-

ble minerals

may be noted.

No visible separation,

intact (tight).

No separation, intact

(tight).

No discoloration

or oxidation.

Mechanical Weathering-

Grain boundary condi-

tions (disaggregation)

primarily for granitics

and some coarse-grained

sediments

No discoloration, not 

oxidized.

Discoloration or oxida-

tion is limited to sur-

face of, or short dis-

tance from, fractures;

some feldspar crystals

are dull.

Discoloration or oxida-

tion extends from frac-

tures usually through-

out; Fe-Mg minerals are

"rusty," feldspar 

crystals are "cloudy."

Discolored or oxidized

throughout, but resis-

tant minerals such as

quartz may be unaltered;

all feldspars and Fe-Mg

minerals are completely

altered to clay.

Fracture 

Surfaces

General Characteristics

Hammer rings when crystalline 

rocks are struck. 

Hammer rings when crystalline 

rocks are struck. Body of 

rock not weakened. 

Hammer does not ring when 

rock is struck. Body of rock 

is slightly weakened. 

Dull sound when struck with 

hammer, usually can be broken 

with moderate to heavy manual 

pressure or by light hammer 

blow without reference to 

planes of weakness such as 

incipient or hairline frac-

tures, or veinlets. Rock is 

significantly weakened.

Can be granulated by hand.

Resistant minerals such as 

quartz may be present as 

"stringers" or "dikes."

Slightly

Weathered

Moderately

Weathered

Intensely

Weathered

Minor to complete 

discoloration or 

oxidation of most 

surfaces.

All fracture surfaces 

are discolored or

oxidized.

All fracture surfaces 

are discolored or 

oxidized, surfaces 

friable.

Partial separation, rock 

is friable; in semiarid 

conditions granitics are

disaggregated.

Discoloration or oxi-

dation throughout; all

feldspars and Fe-Mg

minerals are altered

to clay to some extent; 

or chemical alteration 

produces in-situ dis-

aggregation, see grain 

boundary conditions.

FRACTURE DENSITY

Observed Fracture Density

Unfractured

Very slightly fractured

Slightly fractured

Moderately fractured

Intensely fractured

Very intensely fractured

Lengths greater than 3 feet.

No fractures.

Mostly chips and fragments with a few scattered short core lengths.

Description

Lengths from 1 to 3 feet with few lengths less than 1 foot or

greater than 3 feet.

Combination descriptors (such as "Very intensely to intensely fractured") are used where equal 

distribution of both fracture density characteristics is present over a significant interval or 

exposure, or where characteristics are "in between" the descriptor definitions. Only two adjacent 

descriptors may be combined.

ROCK HARDNESS

Criteria

Very Soft

Soft

Hard

Very Hard

Description

PERCENT CORE RECOVERY (REC) & ROCK QUALITY DESIGNATION (RQD)

x 100%REC =

RQD = x 100%

>

Top Hole El.

B
o
r
in

g
 

lo
c
a
ti

o
n

Hole I.D.

REC=100%

RQD=50%

REC=100%

RQD=80%

REC=88%

RQD=0%

Boring Date

End drilled interval

Begin drilled interval

Begin drilled interval

End drilled interval

Begin drilled interval

End drilled interval

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

Specimen can be scratched with a pocket knife or sharp pick with difficulty (heavy 

pressure). Heavy hammer blows required to break specimen.

Specimen can be scratched with pocket knife or sharp pick with light or moderate 

pressure. Core breaks with moderate hammer pressure.

Specimen can be grooved or gouged easily by a pocket knife or sharp pick with light 

pressure, can be scratched with fingernail. Breaks with light to moderate manual pressure.

Extremely Hard

Moderately Soft

Moderately Hard

Specimen cannot be scratched with a pocket knife or sharp pick; can only be chipped with 

repeated heavy hammer blows.

Specimen cannot be scratched with a pocket knife or sharp pick. Breaks with repeated 

heavy hammer blows.

Specimen can be readily indented, grooved or gouged with fingernail, or carved with a 

pocket knife. Breaks with light manual pressure.

Term

Strong

Weak

Very Weak

Very Strong 

> 30,000

14,500 - 30,000

7,000 - 14,500

3,500 - 7,000

700 - 3,500

150 - 700

< 150

RELATIVE STRENGTH OF INTACT ROCK

Uniaxial Compressive Strength (PSI)

Extremely Strong

Medium Strong

Extremely Weak

Description Thickness / Spacing

Massive Greater than 10 ft

3 to 10 ft

1 to 3 ft

Moderately bedded

Very thinly bedded

Laminated 

Very thickly bedded

BEDDING SPACING

Combination descriptors (such as "slightly weathered to fresh") are permissible where equal distribution of both weathering characteristics is present over 

significant intervals or where characteristics present are "in between" the diagnostic feature. However, combination descriptors should not be used where 

significant, identifiable zones can be delineated. Only two adjacent descriptors may be combined. "Very intensely weathered" is the combination descriptor for 

"intensely weathered to decomposed."

Thickly bedded

Thinly bedded

Lengths mostly in 4" to 1 foot range with most lengths about 8"

Length of intact core pieces   4"

Specimen can be grooved 1/6" deep with a pocket knife or sharp pick with moderate 

or heavy pressure. Breaks with light hammer blow or heavy manual pressure.

3-5/8" to 1 ft

1-1/4" to 3-5/8"

3/8" to 1-1/4"

Less than 3/8"

Lengths average from 1 to 4" with scattered fragmented

intervals with lengths less than 4"

Total length of core run (inches)

Total length of core run (inches)

Length of the recovered core pieces (inches)
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RETAINING WALL NO. 622



300

290

280

630

Horz:1"=50’

Vert: 1"=10’

PROFILE

300

290

280

635

STATIONING "SR-57" = "B" Line

330

320

310

340

330

320

310

PLAN

340

625

350350

BENCHMARK:

CPT-08-013

A-08-013

R. Bethapudi
K. Reyes

1"=50’

Retaining Wall No. 628

RETAINING WALL No. 628

12

Horizontal coordinates are CCS NAD-83, Zone 6.

vertical control based on North American Vertical Datum 1988.

Pt 1049: N2276409.426, E6066857.705, Elev 348.344

� SR-57 = "B" Line

To Santa Ana

To Pomona

02/18/09 15

H. Nofal

2
5

2
6

2
7

630

2
8

631

626

8"

STA 627+90.50 SR-57,106.50’ Rt 
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STA 631+23.74 SR-57, 105.81’ Rt

End Retaining Wall No. 628

  

622 623 624 626 627 628 629 631 632 633 634 636 637

Approx OG

at Wall LOL

19.36
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CORRECTION FACTOR:

SAMPLER TYPES:

California modified ring sampler

standard penetration test sampler

HAMMER TYPE:

Automatic hammer
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To convert from California modified ring

sampler blow count to equivalent standard

penetration test sampler blow count, for

granular and cohesive soil, multiply by 0.67.

Elev 346.86’ S
T

A
 6

3
1
+

2
0
.1

1

CPT-08-013

6
9

.
8

7
’
 
R

t
,
 
S

R
-
5

7

Friction

Ratio (%)

Tip Bearing

(tsf)

1000268 4 200 300 400

7/1/08

Elev 311.73’ 

Groundwater Not Encountered

PI

Elev 347.39’
8"

38

A-08-013

UW

UW

M

M

M

contains clay with high plastic fines

S
T

A
 6

2
8
+

2
8
.0

1

6
8

.
8

2
’
 
R

t
,
 
S

R
-
5

7

2.4 107.2

1.4

2.4

1.453

50/5"

61 1 20.7

PI17.12

3 103.2 23.8

CREI15.01

4 14.4

52.495/9"

1.440 6

2 6.04

19.2 PA

CNDSPI19.01137

3

2.450/5"

8 24.5

UU18.8111.592.450/4"

34 1.4 19.010

DSPI17115112.450/4"

34 1.4 12 PA

132.450/2"

53 1.4 14

Elev 289.89’GWS

6/27/08

6/27/08

Elev 275.89’

Hammer Energy Ratio (ERi)=78%

SEDIMENTARY ROCK: La Habra formation (Qlh)

PI DS

PI

M

PI DS

PI EI CR

M

PI

BULK

BULK

BULK

26 1.4

CLAYSTONE: olive gray, very intensly weathered

extremely weak, soft to very soft, contains clay

with medium plastic fines

contains clay with medium plastic fines and fine 

sand

629628
632

633

627

gray

olive-gray, contains clay with high

plastic fines, fine sand

gray, contains clay with medium 

plastic fines, some fine sand

olive

olive-brown, contains clay with medium 

plastic fines, fine sand

brown, contains clay with medium plastic 

fines, fine sand

olive-gray, some fine sand

brown, contains clay with medium fines, 

some sand

contains clay with medium 

plastic fines

06/08/09

06/08/09



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
t
i
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
t
i
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

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)

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"

Weak

Hollow Stem Auger Boring (HSA)B

SOIL LEGENDK. Reyes

H. Nofal

R. Bethapudi
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ROCK LEGENDK. Reyes

H. Nofal

R. Bethapudi

IGNEOUS ROCK

LEGEND OF ROCK MATERIALS

SEDIMENTARY ROCK

METAMORPHIC ROCK

WEATHERING DESCRIPTORS FOR INTACT ROCK

Diagnostic features

Texture and Solutioning

Body of Rock Texture Solutioning

Preserved.

No solutioning.No change.

Decomposed

Fresh

Description

Chemical Weathering-Discoloration

and/or oxidation

Resembles a soil, partial

or complete remnant rock

structure may be preserved;

leaching of soluble

minerals usually complete.

Complete separation

of grain boundaries

(disaggregated).

Soluble min-

erals may be

mostly leached.

Generally

preserved.

Partial separation of

boundaries visible.

Texture

altered by

chemical

disintegra-

tion (hy-

dration,

argillation).

Leaching of 

soluble min-

erals may be

complete.

Minor leaching

of some solu-

ble minerals

may be noted.

No visible separation,

intact (tight).

No separation, intact

(tight).

No discoloration

or oxidation.

Mechanical Weathering-

Grain boundary condi-

tions (disaggregation)

primarily for granitics

and some coarse-grained

sediments

No discoloration, not 

oxidized.

Discoloration or oxida-

tion is limited to sur-

face of, or short dis-

tance from, fractures;

some feldspar crystals

are dull.

Discoloration or oxida-

tion extends from frac-

tures usually through-

out; Fe-Mg minerals are

"rusty," feldspar 

crystals are "cloudy."

Discolored or oxidized

throughout, but resis-

tant minerals such as

quartz may be unaltered;

all feldspars and Fe-Mg

minerals are completely

altered to clay.

Fracture 

Surfaces

General Characteristics

Hammer rings when crystalline 

rocks are struck. 

Hammer rings when crystalline 

rocks are struck. Body of 

rock not weakened. 

Hammer does not ring when 

rock is struck. Body of rock 

is slightly weakened. 

Dull sound when struck with 

hammer, usually can be broken 

with moderate to heavy manual 

pressure or by light hammer 

blow without reference to 

planes of weakness such as 

incipient or hairline frac-

tures, or veinlets. Rock is 

significantly weakened.

Can be granulated by hand.

Resistant minerals such as 

quartz may be present as 

"stringers" or "dikes."

Slightly

Weathered

Moderately

Weathered

Intensely

Weathered

Minor to complete 

discoloration or 

oxidation of most 

surfaces.

All fracture surfaces 

are discolored or

oxidized.

All fracture surfaces 

are discolored or 

oxidized, surfaces 

friable.

Partial separation, rock 

is friable; in semiarid 

conditions granitics are

disaggregated.

Discoloration or oxi-

dation throughout; all

feldspars and Fe-Mg

minerals are altered

to clay to some extent; 

or chemical alteration 

produces in-situ dis-

aggregation, see grain 

boundary conditions.

FRACTURE DENSITY

Observed Fracture Density

Unfractured

Very slightly fractured

Slightly fractured

Moderately fractured

Intensely fractured

Very intensely fractured

Lengths greater than 3 feet.

No fractures.

Mostly chips and fragments with a few scattered short core lengths.

Description

Lengths from 1 to 3 feet with few lengths less than 1 foot or

greater than 3 feet.

Combination descriptors (such as "Very intensely to intensely fractured") are used where equal 

distribution of both fracture density characteristics is present over a significant interval or 

exposure, or where characteristics are "in between" the descriptor definitions. Only two adjacent 

descriptors may be combined.

ROCK HARDNESS

Criteria

Very Soft

Soft

Hard

Very Hard

Description

PERCENT CORE RECOVERY (REC) & ROCK QUALITY DESIGNATION (RQD)

x 100%REC =

RQD = x 100%

>

Top Hole El.

B
o
r
in

g
 

lo
c
a
ti

o
n

Hole I.D.

REC=100%

RQD=50%

REC=100%

RQD=80%

REC=88%

RQD=0%

Boring Date

End drilled interval

Begin drilled interval

Begin drilled interval

End drilled interval

Begin drilled interval

End drilled interval

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (JUNE 2007)

Specimen can be scratched with a pocket knife or sharp pick with difficulty (heavy 

pressure). Heavy hammer blows required to break specimen.

Specimen can be scratched with pocket knife or sharp pick with light or moderate 

pressure. Core breaks with moderate hammer pressure.

Specimen can be grooved or gouged easily by a pocket knife or sharp pick with light 

pressure, can be scratched with fingernail. Breaks with light to moderate manual pressure.

Extremely Hard

Moderately Soft

Moderately Hard

Specimen cannot be scratched with a pocket knife or sharp pick; can only be chipped with 

repeated heavy hammer blows.

Specimen cannot be scratched with a pocket knife or sharp pick. Breaks with repeated 

heavy hammer blows.

Specimen can be readily indented, grooved or gouged with fingernail, or carved with a 

pocket knife. Breaks with light manual pressure.

Term

Strong

Weak

Very Weak

Very Strong 

> 30,000

14,500 - 30,000

7,000 - 14,500

3,500 - 7,000

700 - 3,500

150 - 700

< 150

RELATIVE STRENGTH OF INTACT ROCK

Uniaxial Compressive Strength (PSI)

Extremely Strong

Medium Strong

Extremely Weak

Description Thickness / Spacing

Massive Greater than 10 ft

3 to 10 ft

1 to 3 ft

Moderately bedded

Very thinly bedded

Laminated 

Very thickly bedded

BEDDING SPACING

Combination descriptors (such as "slightly weathered to fresh") are permissible where equal distribution of both weathering characteristics is present over 

significant intervals or where characteristics present are "in between" the diagnostic feature. However, combination descriptors should not be used where 

significant, identifiable zones can be delineated. Only two adjacent descriptors may be combined. "Very intensely weathered" is the combination descriptor for 

"intensely weathered to decomposed."

Thickly bedded

Thinly bedded

Lengths mostly in 4" to 1 foot range with most lengths about 8"

Length of intact core pieces   4"

Specimen can be grooved 1/6" deep with a pocket knife or sharp pick with moderate 

or heavy pressure. Breaks with light hammer blow or heavy manual pressure.

3-5/8" to 1 ft

1-1/4" to 3-5/8"

3/8" to 1-1/4"

Less than 3/8"

Lengths average from 1 to 4" with scattered fragmented

intervals with lengths less than 4"

Total length of core run (inches)

Total length of core run (inches)

Length of the recovered core pieces (inches)
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Horz:1"=50’
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PROFILE
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STATIONING "SR-57" = "B" Line
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CPT-08-013

360 360

370 370

R. Bethapudi

Retaining Wall No. 630

1"=50’

RETAINING WALL NO. 630

23 26

Horizontal coordinates are CCS NAD-83, Zone 6.

vertical control based on North American Vertical Datum 1988.

Pt 1150: N2277373.804, E6066685.179, Elev 331.888

To Pomona

To Santa Ana

� SR-57 = "B" Line

02/18/09

K. Reyes

H. Nofal

Approx OG

at Wall LOL

8"

631

631 632 633 634629628627626 636 637 638 639 641
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SAMPLER TYPES:

California modified ring sampler

standard penetration test sampler

HAMMER TYPE:

Automatic hammer
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To convert from California modified ring

sampler blow count to equivalent standard

penetration test sampler blow count, for

granular and cohesive soil, multiply by 0.67.

Elev 346.86’ S
T

A
 6

3
1
+

2
0
.1

1

CPT-08-013

6
9

.
8

7
’
 
R

t
,
 
S

R
-
5

7

Friction

Ratio (%)

Tip Bearing

(tsf)

1000268 4 200 300 400

7/1/08

Elev 311.73’ 

Groundwater Not Encountered

Very Old Aluvium Fan Deposits (Qvof):

A-08-015

DS

M

Artificial Fill (Af):
1

1

2

3

4

5

6

20.6

14.7

14.53

14.2

22.5

21.9

100.7

117.4

105.5

32

25

50/5"

36

73

22

Elev 341.06’
8"

S
T

A
 6

3
4
+

8
2
.7

2

6
9

.
8

0
’
 
R

t
,
 
S

R
-
5

7

PICN

CR EI CP PI

PI PA DS

8.0

2.4

1.4

2.4

2.4

1.4

1.4

LEAN CLAY with SAND (CL): dark brown, moist,

medium plastic fines, fine sand

SANDY LEAN CLAY (CL):  hard, yellowish-brown,

medium plastic fines, fine to medium sand

FAT CLAY (CH):  hard, light brown, moist, high 

plastic fines, some sand

PI DS

PI

M

BULK

7/9/08

Elev 309.56’

Hammer Energy Ratio (ERi)=78%

Groundwater Not Encountered

M

635

632

633
634

Begin Retaining Wall No. 630

10+00 =

117.81’Rt "B" 631+12.28 

FAT CLAY (CL):  hard, pale olive, moist, 95% 

high plastic fines, 5% fine to medium sand

LEAN CLAY (CL): hard, brown, moist, with

trace caliche

yellowish-brown, medium plastic 

fines, with trace caliche

olive-gray
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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
t
i
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
t
i
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

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)

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"

Weak

Hollow Stem Auger Boring (HSA)B

SOIL LEGENDK. Reyes

H. Nofal

R. Bethapudi
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RETAINING WALL NO. 630



240
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Horz:1"=50’
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PROFILE

8
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645

A-08-017

290 290

300 300

R. Bethapudi
K. Reyes

15

1"=50’

RETAINING WALL NO. 642

Retaining Wall No. 642

Horizontal coordinates are CCS NAD-83, Zone 6.

Vertical control based on North American Vertical Datum 1988.

Pt 1068: N2277999.248, E6066394.642, Elev 310.252

Pt 1069: N2278210.836, E6066285.157, Elev 305.442

To Santa Ana

To Pomona

02/18/09

Approx OG

at Wall LOL

� Associated Rd = 

"AR" Line

H. Nofal

8" 47

642 643 644 646 647 648 649 651 652 653 644 656 657

LOG OF TEST BORINGS SHEET 1 OF 3

"J-5" Line

� SR-57 = "B" Line

19.62
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CORRECTION FACTOR:

SAMPLER TYPES:

California modified ring sampler

standard penetration test sampler

HAMMER TYPE:

Automatic hammer
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To convert from California modified ring

sampler blow count to equivalent standard

penetration test sampler blow count, for

granular and cohesive soil, multiply by 0.67.

A-08-017

 Artificial Fill (Af):

 Young Alluvium Fan Deposit (Qyf):

UW

 Very Old Alluvium Fan Deposit (Qvof):

8"

FAT CLAY (CH):  hard, dark olive, wet, high plastic

grades with more sand

5" Asphalt Concrete layer over 18" base course layer

ELEV 301.97’

S
T

A
 6

4
1
+

5
1
.0

8

1
6
1
.
3
1
’
 
R

t
,
 
S

R
-
5
7

1.44

32 2.4

20 1.4
Elev 283.97’GWS

9/11/08 51 2.4

1.4

2.4

1.4

2.464

17

32

19

33 1.4

2.450/4"

32 1.4

2.482/11"

23 1.4

2.468/11" 14 100.2 24.4

13

12 102.9

11

10

9

8

7

6

5

4

UU24.6100.5

DS22.7106.1

22.0105.1

23.5

26.097.8162.450/6"

29 1.4 15 PI

DSPI21.99104.22

3

1

PI

PI

PI

PI UU

UW

UW LEAN CLAY (CL):  hard, olive-brown, wet, medium 

plastic fines

LEAN CLAY (CL):  hard, olive-brown, wet, moderate

plastic fines

LEAN CLAY (CL):  hard, olive-brown, wet, medium plastic 

fines, trace reddish-brown to orange-brown, fine sand

9/11/08

Elev 220.47’ 

Hammer Energy Ratio (ERi)=78%

640
645

45

46

44

43

42

41

5
9
5

641 6426

4

3

644 646
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4

7

647

648
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9
3

5
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4

648

CPT-08-016

7/07/08, Elev 259.39’

Elev 309.52’

CPT-08-016

S
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A
 6

4
6
+

0
5
.9
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4
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.
9
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’
 
R

t
,
 
S

R
-
5

7

68 4 0 200 300 400100

Friction

Ratio (%)

2

Tip Bearing

(tsf)

7/07/08

GWS Elev 282.5’

310310

Begin Retaining Wall No. 642

10+00 =

35.50’ Rt "J-5"41+88.00

End Retaining Wall No. 642

LOL 13+34.50 =

35.48’ Rt "J-5" 44+91.44 

LEAN CLAY WITH SAND (CL):  dark olive-brown,

moist, medium plastic fines, fine to medium sand

medium stiff

LEAN CLAY WITH SAND (CL):  hard, dark

olive-brown, moist, medium plastic fines, fine sand,

with trace caliche

hard, olive, wet

very stiff

very stiff, olive-brown, trace fine sand

FAT CLAY (CH):  hard, olive-gray, wet, high

plastic fines

very stiff

FAT CLAY (CH):  hard, yellowish-brown, wet, high

plastic fines

06/08/09

06/08/09

13



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
t
i
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
t
i
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

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)

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"

Weak

Hollow Stem Auger Boring (HSA)B
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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
i
z
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
t
i
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
t
i
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
t
i
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
t
i
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

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)

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"

Weak

Hollow Stem Auger Boring (HSA)B
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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
t
i
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
t
i
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

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)

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"

Weak

Hollow Stem Auger Boring (HSA)B

SOIL LEGENDK. Reyes

H. Nofal

R. Bethapudi
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Retaining Wall No. 684
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Horizontal coordinates are CCS Nad-83, Zone 6.
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Pt 1160: N2281521.621, E6067030.125, Elev 356.584
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CORRECTION FACTOR:

SAMPLER TYPES:

California modified ring sampler

standard penetration test sampler

HAMMER TYPE:

Automatic hammer
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FIELD INVESTIGATION BY:

DATE

Ayman Salama

To convert from California modified ring

sampler blow count to equivalent standard

penetration test sampler blow count, for

granular and cohesive soil, multiply by 0.67.

A-08-023

Very Old Alluvium Fan Deposits (Qvof):

Artificial Fill (Af):

SANDY SILT (ML):  very dense, olive-gray, moist, 

non plastic to low plastic fines, fine to medium 

sand, trace gravel

LEAN CLAY (CL): hard, yellowish-brown, moist,

medium plastic fines, some fine to medium sand
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21 1.4 2
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CRPI13.61
41.427

50/5" 2.4

2.487 5 119.0 11.7

30 1.4 6

7 117.5 14.2 UU
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2.431

31 1.4

2.4

1.450/6"

50/6"

75 2.4 11 108.4 18.9
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DSPA9.5116.09

12

13 106.2 DS22.5
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18.1112.315

161.427

2.482

33 1.4

2.450/6"

18 1.4

Elev 315.34’GWS

7/10/08

8"

DSPI

PIPI

PA

PI UU

PI UU

BULK

7/14/08

Elev 308.84’

Hammer Energy Ratio (ERi)=78%

UW

Artificial Fill (Af):

M
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A-08-024

PA

UW

UW

M

PA M

SILTY SAND (SM):  very dense, dark olive-brown,

moist, fine to medium sand, low plastic

fines, with caliche

SANDY SILT (ML):  very dense, light brown, 

moist, low plastic fines, fine to medium sand, 

with caliche

7/10/08

Elev 362.85’

Hammer Energy Ratio (ERi)=78%

Groundwater Not Encountered

1612

685
686

687 688

LOG OF TEST BORINGS SHEET 1 OF 5

HISHAM M. NOFAL
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Beg Retaining Wall No. 684

LOL 10+00 =

106.48’ Rt "B" 683+67.03

PI

LEAN CLAY (CL):  hard, olive, dry, 

59% low plastic fines, 30% fine to 

coarse sand, 11% fine to coarse gravel

SANDY CLAY (CL):  hard, brown, dry to moist,

medium plastic fines, fine to medium sand

CLAYEY SAND (SC):  dense, olive-gray,

56% fine to coarse sand, 42% medium

plastic fines, trace gravel

very dense, dark brown, mottling

CLAYEY SAND (SC): dense, brown, moist, fine

to medium sand, medium plastic fines, mottling

SILTY CLAY with SAND (CL-ML):  hard,

grayish-brown, moist, low plastic fines, fine 

to medium sand

brown

SILTY SAND (SM):  very dense, yellowish-brown,

moist, 67% fine to medium sand, 33% non

plastic to low plastic fines

POORLY GRADED SAND with SILT (SP-SM):  very dense,

brown, moist, 92% fine to medium sand, 7%

non plastic to low plastic fines, trace fine gravel

very stiff

hard, brown, trace gravel

PI
LEAN CLAY with SAND (CL): olive, moist, 

74% medium plastic fines, 24% fine to coarse 

sand, trace fine gravel

SANDY LEAN CLAY (CL):  hard, olive-brown, 

moist, 66% medium plastic fines, 30% 

fine to coarse sand, trace fine gravel

CLAYEY SAND (SC):  dense, olive-gray

moist,  50% fine to coarse sand, 44% 

medium plastic fines, 6% fine gravel

CLAYEY SAND (SC):  dense, grayish-brown,

moist, fine to medium sand, trace coarse sand,

medium plastic fines

CLAYEY SAND (SC): very dense, light gray, moist, 

54% fine to coarse sand, 43% low plastic fines, 

trace fine gravel 

06/08/09

06/08/09

wet

yellowish-brown, wet
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To Pomona
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Pt 1079: N2282339.808, E6067144.835, Elev 407.210

Pt 1160: N2281521.621, E6067030.125, Elev 356.584
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690

695

689
691

692
693

685 686 687 688 689 691 692 693 694 696 697 698 699

H. Nofal
20.42

04/07/09 04/17/09

55E0096

CORRECTION FACTOR:

SAMPLER TYPES:

California modified ring sampler

standard penetration test sampler

HAMMER TYPE:

Automatic hammer
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FIELD INVESTIGATION BY:

DATE

Ayman Salama

To convert from California modified ring

sampler blow count to equivalent standard

penetration test sampler blow count, for

granular and cohesive soil, multiply by 0.67.
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Friction

Ratio (%)

TIP BEARING

(tsf)

1000268 4 200 300 400

7/11/08

Elev 367.48’

Groundwater Not Encountered

Very Old Alluvium Fan Deposits (Qvof):

A-08-025

Artificial Fill (Af):

UW

M
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5" Asphalt concrete layer over 9" base course layer
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8"

LEAN CLAY (CL): hard, olive-gray, moist, medium 

plastic fines, some fine to medium sand

LEAN CLAY (CL):  hard, olive-brown, moist, silty sand

interbeds, some mottling, medium plastic fines, fine sand

UW

PI UU

PA DS

PI UU

PA DS

PI UU

PI

PI

PI CR

BULK

BULK

WELL GRADED SAND with SILT and GRAVEL (SW-SM):  very 

dense, gray, moist, 49% fine to coarse sand, 7% 

non-plastic fines, 44% fine gravel

LEAN CLAY with SAND (CL):  hard, olive, moist, 78%

medium plastic fines, 21% fine to coarse sand,

trace fine gravel

7/12/08

Elev 336.10’

Hammer Energy Ratio (ERi)=78%

Groundwater Not Encountered
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106.48 Rt "B" 693+93.38 

PI

very stiff

very stiff, olive-brown, trace gravel

hard, olive

SANDY LEAN CLAY (CL): hard, dark brown,

moist, medium plastic fines, fine sand

very stiff, dark brown, mottling

LEAN CLAY with SAND (CL):  hard, moist, brown,

medium plastic fines, fine sand

SANDY LEAN CLAY (CL): hard, dark olive, moist, 

medium plastic fines, fine sand

stiff

hard, brown, 53% medium plastic fines 44% 

fine to coarse sand, trace fine gravel

dark brown, moist, medium plastic

fines, fine sand

06/08/09

06/08/09



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
t
i
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
t
i
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

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)

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"

Weak

Hollow Stem Auger Boring (HSA)B

SOIL LEGENDK. Reyes
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R. Bethapudi
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370
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Horz:1"=50’
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PROFILE
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PLAN

410

695
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420

BENCHMARK:

430

420

CPT-8-08-023

430

A-08-27

A-08-28

R. Bethapudi
K. Reyes RETAINING WALL NO. 698

2018

Retaining Wall No. 698

1"=50’

Horizontal coordinates are CCS NAD-83, Zone 6.

vertical control based on North American Vertical Datum 1988.

Pt 1079: N2282339.808, E6067144.835, Elev 407.210

Pt 1081: N2282931.290, E6067198.604, Elev 422.355

Pt 1152: N2283540.401, E6067209.856, Elev 435.405
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CORRECTION FACTOR:

SAMPLER TYPES:

California modified ring sampler

standard penetration test sampler

HAMMER TYPE:

Automatic hammer
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DATE

Ayman Salama

To convert from California modified ring

sampler blow count to equivalent standard

penetration test sampler blow count, for

granular and cohesive soil, multiply by 0.67.

Artificial Fill (Af):

A-08-028

8"

S
T

A
 7

0
2

+
9

2
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0

1
4

8
.
7

4
 
R

T
,
 
S

R
-
5

7

UW

1

1

2

3

4

5

6

8.7

12.3

14.3

116.4

115.3

CP

DS

PA

PI

78

33

50/5"

44

50/5"

42

DS CR R

2.4

1.4

2.4

2.4

1.4

1.4
LEAN CLAY (CL): hard, brown, moist, medium plastic

fines, some fine to medium sand

CLAYEY SAND (SC): very dense, brown, moist, fine

to medium sand, medium plastic fines

PA

PA

PA

PI PA

UW

BULK

7/17/08

Elev 398.19’

Hammer Energy Ratio (ERi)=78%

Groundwater Not Encountered

Elev 429.69’

Artificial Fill (Af):

A-08-027
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+

0
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.
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UW

UW

7" Asphalt concrete layer over 12" Base course layer1

1

2

3

4

5

6

10.7

9.9

13.3

122.7

119.23

DS

PAPI

DS

79

37

50/6"

39

50/6"

32

EI

2.4

1.4

2.4

2.4

1.4

1.4

CRCPPA
8"

PA

PA DS

SANDY LEAN CLAY with GRAVEL (CL): hard, 

yellowish-brown, moist, medium plastic fines, fine

sand, fine gravel
7/17/08

Elev 398.63’

Hammer Energy Ratio (ERi)=78%

Groundwater Not Encountered

Elev 430.13’

BULK
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A
 6

9
6

+
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9
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.
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,
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R
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CPT-08-023

Elev 421.85’

3002001000246 4008

Tip Bearing

(tsf)

Friction

Ratio (%)

7/14/08

Elev 386.74’

Groundwater Not Encountered

7

0

0

10
9

11
12

13

14

15

6976
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Beg Retaining Wall No. 698

LOL 10+00 =

106.50’ Rt "B" 695+68.22
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g

 

W
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l

 

N

o

.

 

6

9

8

LOL 19+25.67 =

33.40’ Rt "K-2" 14+98.60

PI
PI SANDY LEAN CLAY with GRAVEL (CL): olive, moist,

61% medium plastic fines, 23% fine to 

coarse sand,  16% fine to coarse gravel

LEAN CLAY with SAND (CL): hard, olive, moist, 

75% medium plastic fines, 24% fine to

coarse sand, trace fine gravel 

SANDY LEAN CLAY (CL): hard, olive, moist, 

64% medium plastic fines, 36% fine to medium sand

CLAYEY SAND (SC): very dense, grayish-brown,

moist, 50% fine to coarse sand, 48% medium

plastic fines, trace fine gravel

pale olive, moist, 41% fine to

coarse sand, 45% medium plastic fines, 14% fine to

coarse gravel

SANDY LEAN CLAY (CL): pale olive, moist,  

53% medium plastic fines, 39% fine to coarse sand,

8% fine to coarse gravel

hard

SILTY CLAYEY SAND (SC-SM): very dense, olive-brown,

51% fine to coarse sand, 43% low plastic 

fines, 6% fine gravel

SANDY LEAN CLAY (CL): hard, dark brown, moist, 

58% medium plastic fines, 42% fine to coarse sand

CLAYEY SAND with GRAVEL (SC): very dense,

olive-brown, moist, 38% fine to medium sand,

42% medium plastic fines, 20% fine to coarse gravel

06/08/09

06/08/09



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
t
i
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
t
i
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

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)

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"

Weak

Hollow Stem Auger Boring (HSA)B

SOIL LEGENDK. Reyes

H. Nofal

R. Bethapudi

LOG OF TEST BORINGS SHEET 2 OF 3

04/07/0902/12/09
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RETAINING WALL NO. 698



230

220

595 6 7 82 3 4

Horz:1"=50’

Vert: 1"=10’

1

PROFILE

230

220

260

250

270

260

250

240

PLAN

270

5908 9

280280

TO SANTA ANA

TO POMONA

A-08-001

R Bethapudi

BENCHMARK:

290 290

K. Reyes

9

CPT-08-003

7

HORIZONTAL COORDINATES ARE CCS NAD-83, ZONE 6.

VERTICAL CONTROL BASED ON NORTH AMERICAN VERTICAL DATUM 1988.

Pt 1057: N2273578.007, E6066831.271, Elev 294.844

585 64

M
A

T
C

H
 L
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E

240

SOUND WALL No. 589

1"=50’

SOUND WALL NO. 589

CORRECTION FACTOR:

SAMPLER TYPES:

CALIFORNIA MODIFIED RING SAMPLER

STANDARD PENETRATION TEST SAMPLER

HAMMER TYPE:

AUTOMATIC HAMMER

TO CONVERT FROM CALIFORNIA MODIFIED RING

SAMPLER BLOW COUNT TO EQUIVALENT STANDARD

PENETRATION TEST SAMPLER BLOW COUNT, FOR

GRANULAR AND COHESIVE SOIL, MULTIPLY BY 0.67.

STATIONING "B" LINE

H. Nofal

"B" LINE

8"

Approx OG

AT WALL LOL

Elev 286.17’

6/26/08

Elev 254.67’

HAMMER ENERGY RATIO (ERI)=78%

GROUNDWATER NOT ENCOUNTERED

FRICTION

RATIO (%)

TIP BEARING

(TSF)

6/26/08

Elev 260.80’

GROUNDWATER NOT ENCOUNTERED

LOG OF TEST BORINGS SHEET 1 OF 3

02/17/09 04/07/09

Beg SOUND WALL No. 589

LOL 10+00 =

110.24’ Lt "B" 588+21

HISHAM M. NOFAL

2765

09/30/09

06/15/09

06/15/09
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DESIGN OVERSIGHT

SIGN OFF DATE

DRAWN BY

CHECKED BY

FIELD INVESTIGATION BY:

DATE

Ayman Salama

8 9
1 2 3 4 6590 595

A-08-001

POORLY GRADED SAND with SILt (SP-SM):  very

74

88/11"

50/5"

23

3 108.4 4.4

2

1 107.24.3

8.51 PA CR CP

PA

PA

4

83 5 101.21.9

PA626

8"
1

DS UW2.4

2.4

2.4

1.4

1.4

1.4

Very Old Alluvium Fan Deposits (Qvof):

SANDY LEAN CLAY (CL): olive-brown, moist, 

medium sand, trace fine gravel

medium sand

CLAYEY SAND (SC): very dense, moist, brown, 

fine to medium sand, medium plastic fines

moist, fine sand, low plastic fines

fine to medium sand, 7% low plastic fines

sand, 10% low plastic fines, trace fine gravel

SILtY SAND (SM): very dense, light brown, 

moist, fine to medium sand, low plastic fines

plastic fines, 43% fine to medium sand

UW

DS PA

BULK

Very Old Alluvium Fan Deposits (Qvof):

Artificial Fill (Af):

SANDY LEAN CLAY (CL) to CLAYEY SAND (SC): 

olive-brown, moist 

51% medium plastic fines, 48% fine to 

hard, brown, 57% medium 

59% medium plastic fines, 41% fine to 

SILtY SAND (SM): dense, light brown, 

dense, yellowish-brown, moist, 93% 

WELL-GRADED SAND with SILt (SW-SM):  

dense, brown, moist, 88% fine to coarse 
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CPT-08-003

Elev 290.94’

300 40020010002468

6/26/08

Elev 260.80’

GROUNDWATER NOT ENCOUNTERED

FRICTION

RATIO (%)

TIP BEARING

(TSF)
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"B" LINE

TO SANTA ANA

TO POMONA

CPT-08-005A-08-003

A-08-005

BENCHMARK:

HORIZONTAL COORDINATES ARE CCS NAD-83, ZONE 6.

VERTICAL CONTROL BASED ON NORTH AMERICAN VERTICAL DATUM 1988.

Pt 1057: N2273578.007, E6066831.271, Elev 294.844

240

230

595 6 7 82 3 4

Horz:1"=50’

Vert: 1"=10’

1

270

260

250

PLAN

280

290

R. Bethapudi

300

K. Reyes

9 600 21

240

230

270

260
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290

300
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SOUND WALL No. 589

1"=50’

PROFILE

605 63 4

SOUND WALL NO. 589

CORRECTION FACTOR:

SAMPLER TYPES:

CALIFORNIA MODIFIED RING SAMPLER

STANDARD PENETRATION TEST SAMPLER

HAMMER TYPE:

AUTOMATIC HAMMER

TO CONVERT FROM CALIFORNIA MODIFIED RING

SAMPLER BLOW COUNT TO EQUIVALENT STANDARD

PENETRATION TEST SAMPLER BLOW COUNT, FOR

GRANULAR AND COHESIVE SOIL, MULTIPLY BY 0.67.

H. Nofal

Elev 294.96’

6/26/08

Elev 263.46’

HAMMER ENERGY RATIO (ERI)=78%

GROUNDWATER NOT ENCOUNTERED
6/26/08

Elev 264.99’

GROUNDWATER NOT ENCOUNTERED

TIP BEARING

(TSF)

FRICTION

RATIO (%)

Elev 295.15’

Elev 292.23’

6/26/08

Elev 260.73’

HAMMER ENERGY RATIO (ERI)=78%

GROUNDWATER NOT ENCOUNTERED

Approx OG

AT WALL LOL

STATIONING "B" LINE

8"
8"

B
A

S
T

A
N

C
H

U
R

Y
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O
A

D
"
B

R
"
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E

LOG OF TEST BORINGS SHEET 2 OF 3

04/07/0902/17/09

END SOUND WALL No. 589

LOL 22+25.33 =

114.61’ Lt "B" 600+48

HISHAM M. NOFAL

2765

09/30/09

06/15/09

06/15/09

SW-6DEPARTMENT OF TRANSPORTATION

PREPARED FOR THE

STATE OF CALIFORNIA
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DESIGN OVERSIGHT

SIGN OFF DATE

DRAWN BY

CHECKED BY

FIELD INVESTIGATION BY:

DATE

Ayman Salama

9

2
0

1

7 8 9 1 2 3600

CR CP

94.7

9.28

1

2

109.6 4.53

4

5

6 PI27

50/6"

69

89

19

57 PA

PA

DS8.0

A-08-003

1

2.4

1.4

2.4

2.4

1.4

1.4

Very Old Alluvium Fan Deposits (Qvof):8"

PA

UW

BULK

SILtY SAND with GRAVEL (SM): very dense, brown,

moist, fine to coarse sand, low plastic fines, 

rounded to subangular fine gravel

POORLY GRADED GRAVEL with SAND (GP): very

dense, brown, dry, fine to coarse, rounded to

subrounded gravel, fine to coarse sand

SANDY LEAN CLAY (CL): yellowish-brown, moist,

58% medium plastic fines, 41% fine to 

medium, trace fine gravel

SILtY SAND (SM): medium dense, brown, moist,

81% fine sand, 17% low plastic fines, 

trace fine gravel
very dense, light brown

SANDY LEAN CLAY (CL): hard, yellowish-brown,

moist, medium plastic fines, fine sand
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SANDY SILtY CLAY (CL-ML): hard, yellowish-brown,

moist, 62% low plastic fines, 38% fine sand

Very Old Alluvium Fan Deposits (Qvof):

A-08-005

50/4"

98/11"

87/11"

42

50/5"

4

5 115.3 DS PI16.5

8.7102.63

2

1 108.8 8.2

38 6

3.7 PA DS CR CP
1

PI

2.4

1.4

2.4

2.4

1.4

1.4

PA DS

PA

DS

PA PI

8"BULK

SILtY SAND (SM):  very dense, yellowish-brown, moist,

fine to medium sand, low plastic fines

LEAN CLAY (CL): hard, yellowish-brown, moist, medium

plastic fines, some fine sand

SANDY LEAN CLAY (CL):  hard, olive-yellow, moist,

51% medium plastic fines, 48% fine sand, 

trace fine gravel

SANDY SILt (ML):  very dense, yellowish-brown,

moist, 51% low plastic fines, 49% fine sand
SILtY GRAVEL with SAND (GM): very dense, brown, moist,

41% fine to coarse, rounded to angular gravel

21% low plastic fines, 38% fine to coarse sand

SANDY LEAN CLAY (CL): hard, olive-brown, moist,

66% medium plastic fines, 34% fine sand

olive-gray
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S
t
a
 
6

0
0

+
4

1
.
0

2

300 40020010002468

1
0
0
.
4
7
 
L

t
,
 
"
B

"
 
L

i
n
e



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
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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
t
i
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
t
i
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

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)

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"

Weak

Hollow Stem Auger Boring (HSA)B

K. Reyes

H. Nofal

R. Bethapudi

04/07/0902/12/09

06/15/09

06/15/09

SOIL LEGEND

SOUND WALL No. 589
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DESIGN OVERSIGHT

SIGN OFF DATE

DRAWN BY

CHECKED BY

FIELD INVESTIGATION BY:

DATE

Ayman Salama



240

230

600

Horz:1"=50’

Vert: 1"=10’

PROFILE

240

230

270

260

250

280

270

260

250

PLAN

280

290290

"B" LINE

TO SANTA ANA

TO POMONA

A-08-002

BENCHMARK:

300 300

A-08-004CPT-08-004

HORIZONTAL COORDINATES ARE CCS NAD-83, ZONE 6.

VERTICAL CONTROL BASED ON NORTH AMERICAN VERTICAL DATUM 1988.

Pt 1057: N2273578.007, E6066831.271, Elev 294.844

RETAINING WALL No. 592

1"=50’

RETAINING WALL No. 592

R-4

CORRECTION FACTOR:

SAMPLER TYPES:

CALIFORNIA MODIFIED RING SAMPLER

STANDARD PENETRATION TEST SAMPLER

HAMMER TYPE:

AUTOMATIC HAMMER

TO CONVERT FROM CALIFORNIA MODIFIED RING

SAMPLER BLOW COUNT TO EQUIVALENT STANDARD

PENETRATION TEST SAMPLER BLOW COUNT, FOR

GRANULAR AND COHESIVE SOIL, MULTIPLY BY 0.67.

Elev 288.82’

Elev 291.56’

FRICTION

RATIO (%)

7/01/08

Elev 261.40’

GROUNDWATER NOT ENCOUNTERED

Elev 294.36’

K. Reyes
R. Bethapudi

8"
8"

STATIONING "B" LINE

H. Nofal

02/17/09 04/07/09

APPROX OG

AT WALL LOL

4321987643219 590 595
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7/2/08

Elev 262.86’

HAMMER ENERGY RATIO (ERI)=78%

GROUNDWATER NOT ENCOUNTERED

TIP BEARING

(TSF)7/9/08

Elev 257.32’

HAMMER ENERGY RATIO (ERI)=78%

GROUNDWATER NOT ENCOUNTERED

BEGIN RETAINING WALL No. 592

LOL 10+00 =

93.96’ Rt "B" 593+07.63 

END RETAINING WALL No. 592

LOL 14+75 =

93.81’ Rt "B" 597+82.01 

LOG OF TEST BORINGS SHEET 1 OF 2
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12 Ora 57 18.4/20.9

OCTA

550 S. MAIN STREET

ORANGE, CA 92863

CH2M HILL

6 HUTTON CENTRE DRIVE, SUITE 700
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HISHAM M. NOFAL
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DESIGN OVERSIGHT

SIGN OFF DATE

DRAWN BY

CHECKED BY

FIELD INVESTIGATION BY:

DATE

Ayman Salama

3 4 6 7 8 9 1595 600
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CPT-08-004

300 40020010002468

34

7

45

20 4

3

2

1

1

109.7 15.7

A-08-002

R7.5

2.4

2.4

2.4

1.4

1.4

1.4

Very Old Alluvium Fan Deposits (Qvof):BULK

5

6

EIPA

PI

PI

CP

CN

46

56

CR DS

8"

FAT CLAY (CH): hard, olive-brown, moist, 

high plastic fines, fine sand

PA

PA

PI
SANDY LEAN CLAY (CL):  brown, 

moist, 58% medium plastic fines, 

42% medium to fine sand

hard

stiff, about 70% medium 

plastic fines, 30% fine sand

SANDY LEAN CLAY (CL):  very stiff, brown, 

moist, 51% medium plastic fines, 

49% medium to fine sand

hard

A-08-004

EI

POORLY GRADED GRAVEL with SAND (GP): very

LEAN CLAY with SAND (CL): hard, yellowish-brown,

sand

Very Old Alluvium Fan Deposits (Qvof):

dense, brown, moist, fine to coarse rounded 

to angular gravel, fine to coarse sand

8"
1

1

2

3

4

5

6

4.78

18.15

112.7

107.8

DSCP

DS50/4"

34

50/4"

28

93/8"

42

PA CR3.4

2.4

2.4

2.4

1.4

1.4

1.4

PA

PA

PA DS

PA

BULK
POORLY GRADED SAND with SILt (SP-SM): brown, moist,

72% fine to medium sand, 7% low plastic fines,

21% fine to coarse, rounded to angular gravel

PI

WELL GRADED SAND with SILt and GRAVEL (SW-SM): 

very dense, brown, moist, 54% fine to coarse 

sand, 9% low plastic fines, 37% fine to coarse, 

rounded to angular gravel

CLAYEY SAND (SC): very dense, olive, moist, 38%

fine to medium sand, 49% medium plastic fines, 13%

fine gravel

SANDY LEAN CLAY (CL):  hard, brown, moist, 

moist, 81% medium plastic fines, 19% fine

61% medium plastic fines, 39% fine sand
7/2/08

S
t
a
 
6

0
0

+
0

5
.
6

7



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
t
i
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
t
i
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

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)

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"

Weak

Hollow Stem Auger Boring (HSA)B

K. Reyes

H. Nofal

R. Bethapudi

04/07/0902/12/09

R-5

06/15/09

LOG OF TEST BORINGS SHEET 2 OF 2

SOIL LEGEND

RETAINING WALL No. 592
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DESIGN OVERSIGHT

SIGN OFF DATE

DRAWN BY

CHECKED BY

FIELD INVESTIGATION BY:

DATE

Ayman Salama



240

230

600 1 2 37 8 9

Horz:1"=50’

Vert: 1"=10’

6

PROFILE

240

230

270

260

250

280

270

260

250

PLAN

280

595

290290

"B" LINE

TO SANTA ANA

TO POMONA

BENCHMARK:

300 300

6054 6

A-08-004

HORIZONTAL COORDINATES ARE CCS NAD-83, ZONE 6.

VERTICAL CONTROL BASED ON NORTH AMERICAN VERTICAL DATUM 1988.

Pt 1048: N2273923.989, E6066816.158, Elev 297.698

Pt 1057: N2273578.007, E6066831.271, Elev 294.844

RETAINING WALL No. 598

1"=50’

STATIONING "B" LINE

"
B

R
"
 L

I
N

E

CORRECTION FACTOR:

SAMPLER TYPES:

CALIFORNIA MODIFIED RING SAMPLER

STANDARD PENETRATION TEST SAMPLER

HAMMER TYPE:

AUTOMATIC HAMMER

TO CONVERT FROM CALIFORNIA MODIFIED RING

SAMPLER BLOW COUNT TO EQUIVALENT STANDARD

PENETRATION TEST SAMPLER BLOW COUNT, FOR

GRANULAR AND COHESIVE SOIL, MULTIPLY BY 0.67.

8"
8"

A-08-030

Elev 294.36’

7/2/08

Elev 262.86’

HAMMER ENERGY RATIO (ERi)=78%

GROUNDWATER NOT ENCOUNTERED

K. Reyes
R. Bethapudi

H. Nofal

Elev 295.01’

7/16/08

Elev 233.51’

HAMMER ENERGY RATIO (ERI)=78%

GROUNDWATER NOT ENCOUNTERED

RETAINING WALL No. 598

02/17/09 04/07/09

R-9

BRIDGE NO.

1 2 3 4

Approx OG

AT WALL LOL

B
A

S
T

A
N

C
H

U
R

Y
 

R
O

A
D

BEGIN RETAINING WALL No. 598

LOL 10+00 =

105.81’ Rt "B" 597+50.57  
END RETAINING WALL No. 598

LOL 13+91.15 =

94.48’ Rt "B" 601+41.42 , 

06/15/09

06/15/09

LOG OF TEST BORINGS SHEET 1 OF 3DEPARTMENT OF TRANSPORTATION

PREPARED FOR THE

STATE OF CALIFORNIA

T
I
M

E
 P

L
O

T
T

E
D

 =
>

D
A

T
E

 P
L

O
T

T
E

D
 =

>
0
9
:
5
8

0
6
-
N

O
U

S
E

R
N

A
M

E
 =

>
r
m

i
t
r

PROJECT ENGINEER

CU

EA

c0F032qbFILE =>

DISREGARD PRINTS BEARING

EARLIER REVISION DATES

BRIDGE NO.

                                                                        

REVISION DATES (PRELIMINARY STAGE ONLY) SHEET OF

POST MILES

ORIGINAL SCALE IN INCHES

FOR REDUCED PLANS
0 1 2 3

The State of California or its officers or agentsshall  not be responsible for the accuracy orcompleteness of electronic copies of this plan sheet.     

DIST COUNTY ROUTE
SHEET TOTAL

PLANS APPROVAL DATE

No.

Exp.

S

T
A

TE
OF C AL I FOR N

I A

GEOTECHNICAL PROFESSIONAL

NoTOTAL PROJECT SHEETS

POST MILES

2765

DATE

12 Ora 57 18.4/20.9

OCTA

550 S. MAIN STREET

ORANGE, CA 92863

CH2M HILL

6 HUTTON CENTRE DRIVE, SUITE 700

SANTA ANA, CA 92707

HISHAM M. NOFAL

D

P
R O F E S S I O N

A

L

R
E

G
I

S
T

E
R

E E
N

G
I

N
E

E
R

09/30/11
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0F0321
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DESIGN OVERSIGHT

SIGN OFF DATE

DRAWN BY

CHECKED BY

FIELD INVESTIGATION BY:

DATE

Ayman Salama

2
0

1

2

6 7 8 9 1 2 3

600
Very Old Alluvium Fan Deposits (Qvof):

1

2

3

4

1

5

2

6

7

8

9

10

11

12

14.9

11.1

5.88

20.96

16.6

18.6

116.1

110.7

99.6

106.1

111

EI

PI

DS

DS

PA

PA

PI

PA

DS

PA

CLAYEY SAND (SC): very dense, brown, moist, fine

to medium sand, medium plastic fines

grades with 42% fines

SANDY LEAN CLAY (CL): hard, light olive-brown,

LEAN CLAY with SAND (CL): hard, yellowish-brown,

80

50/4"

50/3"

36

50/5"

33

50/5"

46

50/5"

27

50/4"

60

CR

UU

A-08-030

8"

UW

2.4

1.4

1.4

2.4

1.4

2.4

1.4

2.4

1.4

2.4

1.4

PA PI

PA

5" Asphalt concrete layer, 9" Base Coarse Layer

2.4

BULK

BULK

SILtY SAND with GRAVEL (SM): very dense,

yellowish-brown, moist, fine to coarse sand,

rounded to subangular gravel up to�" size

SANDY LEAN CLAY (CL): hard, olive-brown, moist,

57% medium plastic fines, 41% fine to coarse

sand, trace gravel

FAT CLAY with sand (CH): hard,

yellowish-brown, moist, fine to coarse 
PI

brown, moist, low plastic fines, fine sand

moist, trace fine gravel, 43% sand

moist, medium plastic fines, 15% fine sand

SANDY LEAN CLAY (CL): hard, brown, moist, 70%

medium plastic fines, 30% fine to medium sand

yellowish-brown

very stiff

LEAN CLAY with SAND (CL): hard, brown, moist,

85% medium plastic fines, 15% fine sand

6
7

.
5

6
 
R

t
 
"
B

"
 
L
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A-08-004

EI

POORLY GRADED GRAVEL with SAND (GP): very

LEAN CLAY with SAND (CL): hard, yellowish-brown,

sand

Very Old Alluvium Fan Deposits (Qvof):

dense, brown, moist, fine to coarse rounded 

to angular gravel, fine to coarse sand

8"
1

1

2

3

4

5

6

4.78

18.15

112.7

107.8

DSCP

DS50/4"

34

50/4"

28

93/8"

42

PA CR3.4

2.4

2.4

2.4

1.4

1.4

1.4

PA

PA

PA DS

PA

BULK
POORLY GRADED SAND with SILt (SP-SM): brown, moist,

72% fine to medium sand, 7% low plastic fines,

21% fine to coarse, rounded to angular gravel

PI

WELL GRADED SAND with SILt and GRAVEL (SW-SM): 

very dense, brown, moist, 54% fine to coarse 

sand, 9% low plastic fines, 37% fine to coarse, 

rounded to angular gravel

CLAYEY SAND (SC): very dense, olive, moist, 38%

fine to medium sand, 49% medium plastic fines, 13%

fine gravel

SANDY LEAN CLAY (CL):  hard, brown, moist, 

moist, 81% medium plastic fines, 19% fine

61% medium plastic fines, 39% fine sand
7/2/08
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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
t
i
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
t
i
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
t
i
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

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)

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"

Weak

Hollow Stem Auger Boring (HSA)B

K. Reyes

H. Nofal

R. Bethapudi

04/07/0902/12/09 06/15/09

SOIL LEGEND

RETAINING WALL No. 598

LOG OF TEST BORINGS SHEET 2 OF 3 R-10

06/15/09
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H. Nofal

Elev 294.96’

6/26/08

Elev 263.46’
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Very Old Alluvium Fan Deposits (Qvof):

A-08-005

50/4"

98/11"

87/11"

42

50/5"
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5 115.3 DS PI16.5

8.7102.63
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1 108.8 8.2

38 6

3.7 PA DS CR CP
1

PI

2.4
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1.4
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PA DS

PA

DS

PA PI

8"BULK

SILtY SAND (SM):  very dense, yellowish-brown, moist,

fine to medium sand, low plastic fines

LEAN CLAY (CL): hard, yellowish-brown, moist, medium

plastic fines, some fine sand

SANDY LEAN CLAY (CL):  hard, olive-yellow, moist,

51% medium plastic fines, 48% fine sand, 

trace fine gravel

SANDY SILt (ML):  very dense, yellowish-brown,

moist, 51% low plastic fines, 49% fine sand
SILtY GRAVEL with SAND (GM): very dense, brown, moist,

41% fine to coarse, rounded to angular gravel

21% low plastic fines, 38% fine to coarse sand

SANDY LEAN CLAY (CL): hard, olive-brown, moist,

66% medium plastic fines, 34% fine sand

olive-gray

CPT-08-005
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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
t
i
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
t
i
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
t
i
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

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)

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"

Weak

Hollow Stem Auger Boring (HSA)B

K. Reyes

H. Nofal

R. Bethapudi

04/07/0902/12/09

SW-14

06/15/09

06/15/09
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HORIZONTAL COORDINATES ARE CCS NAD-83, ZONE 6.

VERTICAL CONTROL BASED ON NORTH AMERICAN VERTICAL DATUM 1988.

Pt 1048: N2273923.989, E6066816.158, Elev 297.698

Pt 1065: N2276096.906, E6066849.261, Elev 345.199

CPT-08-006

8 9

SOUND WALL No. 603

1"=50’

SOUND WALL NO. 603

CORRECTION FACTOR:

SAMPLER TYPES:

CALIFORNIA MODIFIED RING SAMPLER

STANDARD PENETRATION TEST SAMPLER

HAMMER TYPE:

AUTOMATIC HAMMER

TO CONVERT FROM CALIFORNIA MODIFIED RING

SAMPLER BLOW COUNT TO EQUIVALENT STANDARD

PENETRATION TEST SAMPLER BLOW COUNT, FOR

GRANULAR AND COHESIVE SOIL, MULTIPLY BY 0.67.

Elev 301.4’
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HAMMER ENERGY RATIO (ERI)=78%

GROUNDWATER NOT ENCOUNTERED
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FRICTION

RATIO (%)

TIP BEARING

(TSF)
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09/30/09

GE OT E C H N I C A L
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12220

DESIGN OVERSIGHT

SIGN OFF DATE

DRAWN BY

CHECKED BY

FIELD INVESTIGATION BY:

DATE

Ayman Salama

2
0

1

2

2 3 4 6 7 8 9605 610

Very Old Alluvium Fan Deposits (Qvof):

1

1

2

3

4

5

6

8.2

7.0

9.3

12.7

11.7

121.5

110.4

CR

DS

PA

PA

5" Asphalt concrete layer over 9" Base course layer

fine to medium sand, 45% medium plastic fines, 5%

fine gravel

SILtY CLAYEY SAND (SC-SM):  very dense,

sand, 49% low plastic fines, trace fine gravel

SANDY SILtY CLAY (CL-ML): hard, olive-brown,

medium sand, trace fine gravel

77

32

50/4"

42

78

13

CP R

A-08-009

8"

2.4

1.4

2.4

2.4

1.4

1.4

50% medium plastic fines, 49% fine to medium 

sand, trace fine gravel

PA

UW

PA UW

BULK
CLAYEY SAND (SC): olive-brown, moist, 50%

yellowish-brown, moist, 50% fine to coarse

SANDY LEAN CLAY (CL): hard, brown, moist,

moist, 53% low plastic fines, 44% fine to

very stiff
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Horz:1"=50’

Vert: 1"=10’

PROFILE

270

260

250

280

270

260

250

280

290290

TO SANTA ANA

TO POMONA

R. Bethapudi

300 300

K. Reyes

BENCHMARK:

615 6 72 3 41610 8 6209 21
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E

CPT-08-007

M
A

T
C

H
 L
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E

CPT-08-009

310 310

320 320

7 8 9

HORIZONTAL COORDINATES ARE CCS NAD-83, ZONE 6.

VERTICAL CONTROL BASED ON NORTH AMERICAN VERTICAL DATUM 1988.

Pt 1048: N2273923.989, E6066816.158, Elev 297.698

Pt 1065: N2276096.906, E6066849.261, Elev 345.199

SOUND WALL No. 603

1"=50’

SOUND WALL NO. 603

"B" LINE

Approx OG

AT WALL LOL
Elev 313.71’

FRICTION

RATIO (%)

TIP BEARING

(TSF)

6/30/08

Elev 283.49’

GROUNDWATER NOT ENCOUNTERED

Elev 319.27’

FRICTION

RATIO (%)

TIP BEARING

(TSF)

6/30/08

Elev 289.06’

GROUNDWATER NOT ENCOUNTERED

H. Nofal

STATIONING "B" Line

02/17/09 04/07/09
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280

Horz:1"=50’

Vert: 1"=10’

PROFILE

280

310

300

290

320

310

300

290

320

330330

TO SANTA ANA

TO POMONA

R. Bethapudi

340 340

K. Reyes

A-08-011

BENCHMARK:

R
O
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D

R

625 6 72 3 41620 8 6309 1

PLAN

M
A

T
C

H
 L

I
N

E

CPT-08-011

6 7 8 9

HORIZONTAL COORDINATES ARE CCS NAD-83, ZONE 6.

VERTICAL CONTROL BASED ON NORTH AMERICAN VERTICAL DATUM 1988.

Pt 1048: N2273923.989, E6066816.158, Elev 297.698

Pt 1065: N2276096.906, E6066849.261, Elev 345.199

SOUND WALL No. 603

1"=50’

SOUND WALL NO. 603

CORRECTION FACTOR:

SAMPLER TYPES:

CALIFORNIA MODIFIED RING SAMPLER

STANDARD PENETRATION TEST SAMPLER

HAMMER TYPE:

AUTOMATIC HAMMER

TO CONVERT FROM CALIFORNIA MODIFIED RING

SAMPLER BLOW COUNT TO EQUIVALENT STANDARD

PENETRATION TEST SAMPLER BLOW COUNT, FOR

GRANULAR AND COHESIVE SOIL, MULTIPLY BY 0.67.

"B" LINE

Approx OG

AT WALL LOL

STATIONING "B" Line

Elev 332.4’

6/29/08

Elev 300.9’

HAMMER ENERGY RATIO (ERI)=78%

GROUNDWATER NOT ENCOUNTERED

Elev 339.70’

FRICTION

RATIO (%)

TIP BEARING

(TSF)

6/30/08

Elev 309.55’

GROUNDWATER NOT ENCOUNTERED

H. Nofal

8"

02/17/09 04/07/09

LOG OF TEST BORINGS SHEET 3 OF 4 SW-27
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12 Ora 57 18.4/20.9
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550 S. MAIN STREET

ORANGE, CA 92863

CH2M HILL

6 HUTTON CENTRE DRIVE, SUITE 700

SANTA ANA, CA 92707

HISHAM M. NOFAL
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09/30/09

GE OTE C H N I C A L

0F0321

12220

DESIGN OVERSIGHT

SIGN OFF DATE

DRAWN BY

CHECKED BY

FIELD INVESTIGATION BY:

DATE

Ayman Salama

1 2 3 4 6
7

8

620 625

2
5

6

7

Very Old Alluvium Fan Deposits (Qvof):
1

1

2

3

4

5

6

12.2

7.7

9.9

4.1

4.7

16.9

109.4

121.2

102.3

CR

PA

DS

PA

DS

PA

PI

14

8

53

14

63

28

DS CP

A-08-011

8"

2.4

M

M

1.4

2.4

2.4

1.4

1.4

UW

BULK
CLAYEY SAND (SC): yellowish-brown, moist, 

55% fine to medium sand, 43% medium plastic 

fines, trace fine gravel

SILtY SAND (SM):  medium dense, yellowish-brown,

moist, 78% fine to medium sand, 22% low

plastic fines

POORLY GRADED SAND (SP): medium dense, moist, 

brown, fine to medium sand

SILtY CLAYEY SAND (SC-SM): very dense,

yellowish-brown, moist, 64% fine to 

medium sand, 36% low plastic fines

SILtY SAND (SM): medium dense, brown, moist, 

fine to medium sand, low plastic fines

dense, light brown

LEAN CLAY (CL): hard, brown, moist, medium

plastic fines, some fine to medium sand
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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
t
i
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
t
i
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

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)

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"

Weak

Hollow Stem Auger Boring (HSA)B

K. Reyes

H. Nofal

R. Bethapudi

04/07/0902/12/09

SW-28

06/15/09

06/15/09

SOIL LEGEND

SOUND WALL No. 603

LOG OF TEST BORINGS SHEET 4 OF 4DEPARTMENT OF TRANSPORTATION

PREPARED FOR THE

STATE OF CALIFORNIA

T
I
M

E
 P

L
O

T
T

E
D

 =
>

D
A

T
E

 P
L

O
T

T
E

D
 =

>
1

2
:
2

1
1

5
-
J
U

U
S

E
R

N
A

M
E

 =
>

j
e
l
l
i

PROJECT ENGINEER

CU

EA

c0F032rcFILE =>

DISREGARD PRINTS BEARING

EARLIER REVISION DATES

BRIDGE NO.

                                                                        

REVISION DATES (PRELIMINARY STAGE ONLY) SHEET OF

POST MILES

ORIGINAL SCALE IN INCHES

FOR REDUCED PLANS
0 1 2 3

The State of California or its officers or agentsshall  not be responsible for the accuracy orcompleteness of electronic copies of this plan sheet.     

DIST COUNTY ROUTE
SHEET TOTAL

PLANS APPROVAL DATE

No.

Exp.

S

T
A

T
E

OF CAL I FOR N
I A

GEOTECHNICAL PROFESSIONAL

NoTOTAL PROJECT SHEETS

POST MILES

2765

DATE

12 Ora 57 18.4/20.9

OCTA

550 S. MAIN STREET

ORANGE, CA 92863

CH2M HILL

6 HUTTON CENTRE DRIVE, SUITE 700

SANTA ANA, CA 92707

HISHAM M. NOFAL

D

P
R O F E S S I O N

A
L

R
E

G
I

S
T

E
R

E E
N

G
I

N
E

E
R

09/30/09

GE O T E C H N I C A L

0F0321

12220

DESIGN OVERSIGHT

SIGN OFF DATE

DRAWN BY

CHECKED BY

FIELD INVESTIGATION BY:

DATE

Ayman Salama



270

260

610 1 2 37 8 9
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PROFILE

270

260

300

290

310

300

290

280

PLAN

310

6053 4

320320

TO SANTA ANA

TO POMONA

R. Bethapudi

BENCHMARK:

HORIZONTAL COORDINATES ARE CCS NAD-83, ZONE 6.

VERTICAL CONTROL BASED ON NORTH AMERICAN VERTICAL DATUM 1988.

Pt 1058: N2274248.722, E6066795.515, Elev 299.982

330 330

K. Reyes

4

RETAINING WALL No. 604

RETAINING WALL No. 604

1"=50’

Approx OG

"B" LINE

STATIONING "B" Line

CORRECTION FACTOR:

SAMPLER TYPES:

CALIFORNIA MODIFIED RING SAMPLER

STANDARD PENETRATION TEST SAMPLER

HAMMER TYPE:

AUTOMATIC HAMMER

TO CONVERT FROM CALIFORNIA MODIFIED RING

SAMPLER BLOW COUNT TO EQUIVALENT STANDARD

PENETRATION TEST SAMPLER BLOW COUNT, FOR

GRANULAR AND COHESIVE SOIL, MULTIPLY BY 0.67.

BASTANCHURY ROAD

A-08-007

Elev 296.82’

8"

H. Nofal

02/17/09 04/07/09

R-16

7/1/08

BORING TERMINATED AT Elev 284.82’ 

DUE TO RIG REFUSAL

HAMMER ENERGY RATIO (ERI)=78%

GROUNDWATER NOT ENCOUNTERED

600 1 29

PA

Beg RW No. 604 LOL 10+00.00 =

94.48’ Rt "B" 603+04.36

Beg Conc BARRIER (TYPE 736A)
END Ret WALL No. 604 LOL 17+61 =

93.81’ RT "B" 610+65.36

END Conc BARRIER (TYPE 60D)

8" A-08-008

Elev 299.18’

7/1/08

Elev 267.68’

HAMMER ENERGY RATIO (ERI)=78%

GROUNDWATER NOT ENCOUNTERED
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SILtY SAND (SM): very dense, brown, dry to moist, 

fine to medium sand, low plastic fines, trace

fine to coarse rounded to angular gravel

280

06/15/09

HISHAM M. NOFAL

2765
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1

2

2 3 4 6 7 8 9
605 610

A-08-008

M

UW

UW

UW

5" Asphalt Concrete on 6" Base course

Very Old Alluvium Fan Deposits (Qvof) :

8"

1
1

2

3

4

5

6

4.7
21.98

14.1

22.5

108.7

119.4

102.5

CRCP

CN

PA

DS

DS

PA

PA

52

20

50/4"

50

50/6"

34

DS EI

PAPI

2.4

1.4

2.4

2.4

1.4

1.4

BULK

FAT CLAY (CH): very stiff, yellowish-brown, 

moist, 90% high plastic fines with caliche, 

10% fine sand

LEAN CLAY (CL): hard, yellowish-brown, moist,

medium plastic fines
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LEAN CLAY with SAND (CL): hard, dark brown, 

moist, 85% medium plastic fines, 15% 

fine to medium sand

SILtY SAND (SM):  dense, grayish-brown, moist,

63% fine sand, 37% low plastic fines

LEAN CLAY (CL): hard, olive-brown, moist, 

98% medium plastic fines, trace fine 

to medium sand

Very Old Alluvium Fan Deposits (Qvof):

A-08-007

1

2

3.299 DSPA66

41

2.4

1.4

4" Asphalt Concrete over 6" Base course layer

PA

fine sand, 14% low plastic fines, grades with 

gravel

8"

fine to medium sand, low plastic fines, trace

fine to coarse rounded to angular gravel

very dense, yellowish-brown, 86% 
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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
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e
S
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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
t
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o
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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
t
i
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
t
i
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

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)

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"

Weak

Hollow Stem Auger Boring (HSA)B

K. Reyes

H. Nofal

R. Bethapudi

04/07/0902/12/09

SOIL LEGEND

RETAINING WALL No. 604

LOG OF TEST BORINGS SHEET 2 OF 3 R-17
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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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280

Horz:1"=50’

Vert: 1"=10’

PROFILE

280

310

300

290

320

310

300

290

320

330330

"B" LINE

TO SANTA ANA

TO POMONA

R. Bethapudi

340 340

K. Reyes

A-08-014

BENCHMARK:

635 6 72 3 41630 8

PLAN

M
A

T
C

H
 L

I
N

E

CPT-08-012

6 7 8 9

HORIZONTAL COORDINATES ARE CCS NAD-83, ZONE 6.

VERTICAL CONTROL BASED ON NORTH AMERICAN VERTICAL DATUM 1988.

Pt 1049: N2276409.426, E6066857.705, Elev 348.344

Pt 1050: N2277373.804, E6066685.179, Elev 331.888

6253 4

SOUND WALL No. 627

1"=50’

SOUND WALL NO. 627

CORRECTION FACTOR:

SAMPLER TYPES:

CALIFORNIA MODIFIED RING SAMPLER

STANDARD PENETRATION TEST SAMPLER

HAMMER TYPE:

AUTOMATIC HAMMER

TO CONVERT FROM CALIFORNIA MODIFIED RING

SAMPLER BLOW COUNT TO EQUIVALENT STANDARD

PENETRATION TEST SAMPLER BLOW COUNT, FOR

GRANULAR AND COHESIVE SOIL, MULTIPLY BY 0.67.

Approx OG

AT WALL LOL

STATIONING "B" LINE

Elev 342.13’

FRICTION

RATIO (%)

TIP BEARING

(TSF)

7/08/08

Elev 311.98’

GROUNDWATER NOT ENCOUNTERED

Elev 339.84’

7/8/08

Elev 308.34’

HAMMER ENERGY RATIO (ERI)=78%

GROUNDWATER NOT ENCOUNTERED

H. Nofal

8"

02/17/09 04/07/09

LOG OF TEST BORINGS SHEET 1 OF 4 SW-39

"RH" LINE = ROLLING HILLS Dr

BEGIN SOUND WALL No. 627

LOL 10+00 =

78.00’ Lt "B" 627+83.83 
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FIELD INVESTIGATION BY:

DATE

Ayman Salama

7

8

9

1
2

3 4

630

635

6

7

8

Very Old Alluvium Fan Deposits (Qvof):
8"

A-08-014

UW

M

M

M

POORLY GRADED SAND with SILt (SP-SM): very

medium plastic fines, 10% fine sand

SANDY LEAN CLAY with GRAVEL (CL): hard, brown,

dense, yellowish-brown, moist, fine to medium 

sand, low plastic fines

moist, medium plastic fines, fine to medium 

sand, rounded to subangular fine gravel

1 7.6
CPCRDS

8.178.012.450/2"

64 1.4 2 12.3

DS7.8109.232.450/3"

36 1.4 4 19.9 PA

52.450/5"

33 1.4 6 24.1 PI

POORLY GRADED SAND with GRAVEL (SP): very dense

brown, moist, fine to medium sand, some caliche

SILtY SAND with GRAVEL (SM): very dense,

yellowish-brown, dry, fine to medium sand, 

rounded to subrounded fine gravel

FAT CLAY (CH): hard, olive, moist, high plastic 

fines, some fine sand

PA
BULK

CLAYEY SAND (SC): yellowish-brown, dry,  

51% fine to medium sand, 41% medium plastic 

fines, 8% fine gravel

LEAN CLAY (CL): hard, olive, moist, 90%
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2
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+
9

2
.
6

4

CPT-08-012

300 40020010002468



280

Horz:1"=50’

Vert: 1"=10’

PROFILE

280

310

300

290

320

310

300

290

320

330330

"B" LINE

TO SANTA ANA

TO POMONA

R. Bethapudi

340 340

K. Reyes

BENCHMARK:

635 6 72 3 41 8 6409 1

PLAN

M
A

T
C

H
 L

I
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E

CPT-08-014

645 62 3 4

HORIZONTAL COORDINATES ARE CCS NAD-83, ZONE 6.

VERTICAL CONTROL BASED ON NORTH AMERICAN VERTICAL DATUM 1988.

Pt 1049: N2276409.426, E6066857.705, Elev 348.344

Pt 1050: N2277373.804, E6066685.179, Elev 331.888

SOUND WALL No. 627

1"=50’

SOUND WALL NO. 627

Approx OG

AT WALL LOL

STATIONING "B" LINE

Elev 329.63’

FRICTION

RATIO (%)

TIP BEARING

(TSF)

7/08/08

Elev 299.53’

GROUNDWATER NOT ENCOUNTERED

H. Nofal

02/17/09 04/07/09

SW-40LOG OF TEST BORINGS SHEET 2 OF 4

"AR" LINE = ASSOCIATED Rd

END SOUND WALL No. 627

LOL 19+10.51 =

73.00’ Lt "B" 637+17
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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
t
i
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
t
i
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
t
i
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

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)

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"

Weak

Hollow Stem Auger Boring (HSA)B

K. Reyes

H. Nofal

R. Bethapudi

04/07/0902/12/09

SW-41

06/15/09

06/15/09
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SOIL LEGEND

SOUND WALL No. 627
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SOUND WALL NO. 627

SW-42



BENCHMARK:

340

330

320

310

300

290

280

270

260

660 1 2 3 47 8 9

Horz:1"=50’

Vert: 1"=10’

6

PROFILE

PLAN

6 7 8 95

"B" LINE

340

330

320

310

300

290

280

270

260

665

A-08-021

CPT-08-018

TO SANTA ANA

TO POMONA

670

HORIZONTAL COORDINATES ARE CCS NAD-83, ZONE 6.

VERTICAL CONTROL BASED ON NORTH AMERICAN VERTICAL DATUM 1988.

Pt 1050: N2279503.786, E6066168.912, Elev 326.908

                      

R. Bethapudi
K. Reyes

RETAINING WALL No. 658

RETAINING WALL No. 658

1"=50’

Approx OG

STATIONING "B" LINE

"J-6" LINE

"C" LINE

Elev 332.29’

7/11/08

Elev 302.14’

GROUNDWATER NOT ENCOUNTERED

FRICTION

RATIO (%)

Elev 339.53’

Elev 309.5’

8"

CORRECTION FACTOR:

SAMPLER TYPES:

CALIFORNIA MODIFIED RING SAMPLER

STANDARD PENETRATION TEST SAMPLER

HAMMER TYPE:

AUTOMATIC HAMMER

TO CONVERT FROM CALIFORNIA MODIFIED RING

SAMPLER BLOW COUNT TO EQUIVALENT STANDARD

PENETRATION TEST SAMPLER BLOW COUNT, FOR

GRANULAR AND COHESIVE SOIL, MULTIPLY BY 0.67.

H. Nofal

02/17/09 04/07/09

R-24

7/10/08

Elev 308.03’

HAMMER ENERGY RATIO (ERI)=78%

TIP BEARING

(TSF)

1
3

3
.
2

5
’
 
R

t
,
 
"
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"
 
L
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e

BEGIN RETAINING WALL No. 658

LOL 10+00 BC =

34.81’ Rt "J-6" 59+15.03

END RETAINING WALL No. 658

LOL 16+77.56 =

22.81 Rt "J-6" 67+26.13

06/15/09
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DATE

Ayman Salama

9

1

2
3 4 6 7

660

665

9

60

1

2

3
4

65 6 7

9

660

1

2
3

Very Old Alluvium Fan Deposits (Qvof):

A-08-021

8"

low plastic fines

1

1

2

3

4

5

6

14.8

12.6

3.3

17.7

114.5

96.5

116.1

CR

DS

PI

PA

PA50/5"

58

50/5"

49

62

13

CP

Elev 309.5’

7/10/08

2.4

2.4

1.4

1.4

2.4

1.4

PA

PA UW

PA UW

BULK

SANDY LEAN CLAY (CL): hard, brown, moist,

medium plastic fines, fine sand

PI
LEAN CLAY with SAND (CL): yellowish-brown, 

moist, 70% medium plastic fines, 28% 

fine sand, trace fine gravel

hard, 74% medium plastic fines, 

25% fine to medium sand, trace fine gravel

POORLY GRADED SAND with SILt (SP-SM): very

dense, brown, moist, 92% fine sand, 8% 

low plastic fines

olive-brown, 94% fine sand, 6% 

CLAYEY SAND (SC): very dense, yellowish-brown, 

moist, 55% fine sand, 45% medium plastic fines

very stiff, wet
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X

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
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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
t
i
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
t
i
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
t
i
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

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)

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"

Weak

Hollow Stem Auger Boring (HSA)B

K. Reyes

H. Nofal

R. Bethapudi

04/07/0902/12/09 06/15/09

06/15/09

SOIL LEGEND

RETAINING WALL No. 658
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PROFILE

PLAN

6 7 8
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300
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675

A-08-022 CPT-08-019

R. Bethapudi
K. Reyes

1"=50’

        

Horizontal coordinates are cCCS NAD-83, Zone 6.

vertical control based on North American Vertical Datum 1988.

Pt 1050: N2279503.786, E6066168.912, Elev 326.908

Pt 1160: N2281521.621, E6067030.125, Elev 356.584

TO POMONA

TO SANTA ANA

  

SOUND WALL NO. 668

6653 4

SOUND WALL NO. 668

CORRECTION FACTOR:

SAMPLER TYPES:

CALIFORNIA MODIFIED RING SAMPLER

STANDARD PENETRATION TEST SAMPLER

HAMMER TYPE:

AUTOMATIC HAMMER

TO CONVERT FROM CALIFORNIA MODIFIED RING

SAMPLER BLOW COUNT TO EQUIVALENT STANDARD

PENETRATION TEST SAMPLER BLOW COUNT, FOR

GRANULAR AND COHESIVE SOIL, MULTIPLY BY 0.67.

H. Nofal

STATIONING "B" LINE

"B" LINE

ELEV 353.99’

TIP BEARING

(TSF)

7/10/08

ELEV 323.87’

GROUNDWATER NOT ENCOUNTERED

FRICTION

RATIO (%)

ELEV 349.86’

7/10/08

ELEV 318.36’

HAMMER ENERGY RATIO (ERI)=78%

GROUNDWATER NOT ENCOUNTERED

8"

APPROX OG

AT WALL LOL

"J-6" LINE

02/17/09 04/07/09

SW-45

Beg SOUND WALL NO. 668

LOL 10+00 =

22’ Rt "J-6" 68+45.36

END SOUND WALL NO. 668

LOL 14+23.00 =

110.55’ Rt "B" 672+77.72 
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DESIGN OVERSIGHT

SIGN OFF DATE

DRAWN BY

CHECKED BY

FIELD INVESTIGATION BY:

DATE

Ayman Salama
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CPT-08-019

Artificial Fill (Af):

Very Old Alluvial Fan Deposits (Qvof):

A-08-022
8"

UW

M SANDY LEAN CLAY (CL): hard, brown, moist,

medium plastic fines, fine to medium sand

1

1

2

3

4

5

6

6.1

13.6

8.5

18.5

6.2

13.8

121.8

111.0

100.6

CR

DS

PA

PI

70

29

50/6"

19

50/4"

35

CP R

2.4

1.4

2.4

1.4

2.4

1.4

M

PA

PA

PA

UW

BULK

SANDY LEAN CLAY (CL): very stiff, brown, moist,

medium plastic fines, fine to medium sand

SILtY SAND (SM): very dense, yellowish-brown,

moist, fine to medium sand, low plastic fines

PI CLAYEY SAND (SC): brown, moist, 52% 

fine to medium sand, 47% medium plastic 

fines, trace fine to coarse gravel
very dense, 57% fine to medium sand,

43% medium plastic fines

59% fine to medium sand, 40% medium plastic

fines, trace fine gravel

SILtY SAND (SM): very dense, brown, moist, 

74% fine to medium sand, 26% low plastic fines
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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
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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
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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
t
i
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
t
i
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
t
i
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

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)

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"

Weak

Hollow Stem Auger Boring (HSA)B

K. Reyes

H. Nofal

R. Bethapudi

04/07/0902/12/09

SW-46

06/15/09

06/15/09

SOIL LEGEND

SOUND WALL No. 668
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DESIGN OVERSIGHT

SIGN OFF DATE

DRAWN BY

CHECKED BY

FIELD INVESTIGATION BY:

DATE

Ayman Salama



360

350

340

695 6 7 8 92 3 4

Horz:1"=50’

Vert: 1"=10’

1

PROFILE

1 2 3700

390

380

370

PLAN

400

8

410

BENCHMARK:

"B" LINE

TO SANTA ANA

TO POMONA

HORIZONTAL COORDINATES ARE CCS NAD-83, ZONE 6.

VERTICAL CONTROL BASED ON NORTH AMERICAN VERTICAL DATUM 1988.

Pt 1079: N2282339.808, E6067144.835, Elev 407.210

Pt 1081: N2282931.290, E6067198.604, Elev 422.355

A-08-25

420

A-08-26

360

350

340

390

380

370

400

410

420

310

300

290

340

330

320

350

360

370

310

300

290

340

330

320

350

360

370

RETAINING WALL No. 694

RETAINING WALL No. 696

1"=50’

STATIONING "B" LINE

1
1
5
0

9

2

CORRECTION FACTOR:

SAMPLER TYPES:

CALIFORNIA MODIFIED RING SAMPLER

STANDARD PENETRATION TEST SAMPLER

HAMMER TYPE:

AUTOMATIC HAMMER

TO CONVERT FROM CALIFORNIA MODIFIED RING

SAMPLER BLOW COUNT TO EQUIVALENT STANDARD

PENETRATION TEST SAMPLER BLOW COUNT, FOR

GRANULAR AND COHESIVE SOIL, MULTIPLY BY 0.67.

K. Reyes

Elev 413.10’

Elev 371.58’

9/02/08

Elev 290.08’

HAMMER ENERGY RATIO (ERI)=78%

Elev 360.58’GWS

9/2/08

R. Bethapudi

8"

8"

H. Nofal

02/17/09 04/07/09

R-28

Approx OG

Approx OG

"UP" LINE (Abn) 

S
t
a
 
6
9
3
+

4
7
.
7
2

6
8

.
6

5
’
 
R

t
,
 
"
B

"
 
L

i
n

e

7/12/08

Elev 336.10’

HAMMER ENERGY RATIO (ERI)=78%

GROUNDWATER NOT ENCOUNTERED

RETAINING WALL No. 694

BEGIN RETAINING WALL No. 694

LOL 10+00 =

174.61’ Rt "B" 693+86.49 

END RETAINING WALL No. 694

LOL 10+37.33 =

173.32’ Rt "B" 694+22.54

LEAN CLAY (CL):  very stiff, light brown, wet, medium

LOG OF TEST BORINGS SHEET 1 OF 2
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06/15/09

DEPARTMENT OF TRANSPORTATION

PREPARED FOR THE

STATE OF CALIFORNIA

T
I
M

E
 P

L
O

T
T

E
D

 =
>

D
A

T
E

 P
L

O
T

T
E

D
 =

>
0
9
:
5
8

0
6
-
N

O
U

S
E

R
N

A
M

E
 =

>
r
m

i
t
r

PROJECT ENGINEER

CU

EA

c0F032qeFILE =>

DISREGARD PRINTS BEARING

EARLIER REVISION DATES

BRIDGE NO.

                                                                        

REVISION DATES (PRELIMINARY STAGE ONLY) SHEET OF

POST MILES
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12 Ora 57 18.4/20.9
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550 S. MAIN STREET
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CH2M HILL

6 HUTTON CENTRE DRIVE, SUITE 700
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GE O T E C H N I C A L
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DESIGN OVERSIGHT

SIGN OFF DATE

DRAWN BY

CHECKED BY

FIELD INVESTIGATION BY:

DATE

Ayman Salama

1

2

3
4

6 7 8 9
695

9

1

A-08-026

UW

CLAYEY SAND (SC):  dense, yellowish-brown, wet,

plastic fines, some fine sand

medium plastic fines, fine sand

LEAN CLAY (CL):  hard, brown, wet, medium plastic

fines, some fine sand

POORLY GRADED SAND with SILt (SP-SM):  very

dense, yellowish-brown, wet, 89% medium to fine,

11% non plastic fines

LEAN CLAY (CL):  hard, brown, wet, medium plastic

fines, trace fine to medium sand

medium plastic fines, fine sand

LEAN CLAY (CL):  hard, light brown, wet, medium

plastic fines

Very Old Alluvium Fan Deposits (Qvof) :

trace fine gravel

1

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

12.68

13.1

16.9

32.2

24.6

20

16.2

122.4

111.8

90.4

101.9

109.6

116.2

9

40

50/5"

62

28

50/4"

35

45

15

36

14

50/3"

64

50/4"

25

50/5"

PA

PI

PI

DS

PA CR PI

1.4

2.4

1.4

2.4

1.4

2.4

1.4

2.4

1.4

2.4

1.4

2.4

1.4

2.4

1.4

2.4

9/2/08

DS

UU

CN

8"
CLAYEY SAND (SC):  gray, moist, fine to coarse

sand, medium plastic fines

LEAN CLAY (CL):  hard, dark brown, wet, medium

plastic fines, trace fine sand

LEAN CLAY (CL):  hard, yellowish-brown, wet,

medium plastic fines, some fine sand, trace fine 

gravel

PA

PI

PA

PI

PA DS

UW

BULK

SANDY LEAN CLAY (CL):  stiff, yellowish-brown,

moist, 67% medium plastic fines, 31% fine

to coarse sand and trace fine gravel

SILtY SAND with GRAVEL (SM):  dense, light

olive-brown, moist, 51% fine to coarse sand 22%

low plastic fines, 27% fine to coarse gravel

very dense, wet

SANDY LEAN CLAY (CL):  hard, light 

olive-brown,wet, 55% medium plastic fines, 

45% fine to coarse sand

54% fine sand, 42% medium plastic fines,

hard, yellowish-brown

LEAN CLAY with SAND (CL):  very stiff, brown, wet,

LEAN CLAY with SAND (CL):  hard, brown, wet,
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Very Old Alluvium Fan Deposits (Qvof):

A-08-025

Artificial Fill (Af):

UW

M

M

5" Asphalt concrete layer over 9" base course layer

PA14.8118.21

2

18.7111.33

CR

15.4

8.251

4

DSPI18.2109.05
16.092

6

16.6109.47

18.28

2.4

1.4

2.4

1.4

2.4

1.4

2.4

1.415

65

26

51

20

62

15

78

2.01123.992.450/6"

101.421

11.1118.611

121.48

2.436

10.5123.4132.450/6"

22 1.4 14

13.6115.4152.450/4"

8"

LEAN CLAY (CL): hard, olive-gray, moist, medium 

plastic fines, some fine to medium sand

LEAN CLAY (CL):  hard, olive-brown, moist, silty sand

interbeds, some mottling, medium plastic fines, fine sand

UW

PI UU

PA DS

PI UU

PA DS

PI UU

PI

PI

PI CR

BULK

BULK

WELL GRADED SAND with SILt and GRAVEL (SW-SM):  very 

dense, gray, moist, 49% fine to coarse sand, 7% 

non-plastic fines, 44% fine gravel

LEAN CLAY with SAND (CL):  hard, olive, moist, 78%

medium plastic fines, 21% fine to coarse sand,

trace fine gravel

PI

very stiff

very stiff, olive-brown, trace gravel

hard, olive

SANDY LEAN CLAY (CL): hard, dark brown,

moist, medium plastic fines, fine sand

SANDY LEAN CLAY (CL): hard, dark olive, moist, 

medium plastic fines, fine sand

LEAN CLAY with SAND (CL):  hard, moist, brown,

medium plastic fines, fine sand

stiff

hard, brown, 53% medium plastic fines 44% 

fine to coarse sand, trace fine gravel

dark brown, moist, medium plastic

fines, fine sand

very stiff, dark brown, mottling
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t
a
 
6
9
3
+

4
7
.
7
2



X

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
t
i
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
t
i
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
t
i
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

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)

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"

Weak

Hollow Stem Auger Boring (HSA)B

K. Reyes

H. Nofal

R. Bethapudi

04/07/0902/12/09

R-29

06/15/09

SOIL LEGEND

LOG OF TEST BORINGS SHEET 2 OF 2

RETAINING WALL No. 694
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Ayman Salama
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360

350

340

695 6 7 8 92 3 4

Horz:1"=50’

Vert: 1"=10’

1

PROFILE

1 2 3700

390

380

370

PLAN

400

8

410

BENCHMARK:

"B" LINE

TO SANTA ANA

TO POMONA

HORIZONTAL COORDINATES ARE CCS NAD-83, ZONE 6.

VERTICAL CONTROL BASED ON NORTH AMERICAN VERTICAL DATUM 1988.

Pt 1079: N2282339.808, E6067144.835, Elev 407.210

Pt 1081: N2282931.290, E6067198.604, Elev 422.355

A-08-25

420

 LINE  SURFACE  OFFSET 

Exist-Topo 0.00

Scaled 5.0000 Times Ver.

Scaled 1.0000 Times Hor.

370

380380

370

380380

10+00 11+00

RW-694-F

-

A-08-26

360

350

340

390

380

370

400

410

420

310

300

290

340

330

320

350

360

370

310

300

290

340

330

320

350

360

370

 LINE  SURFACE  OFFSET 

Exist-Topo 0.00

Scaled 5.0000 Times Ver.

Scaled 1.0000 Times Hor.

370

380380

370

380380

10+00 11+00

RW-696-F

-

RETAINING WALL No. 694

RETAINING WALL No. 696

1"=50’

STATIONING "B" LINE

1
1
5
0

9

2

CORRECTION FACTOR:

SAMPLER TYPES:

CALIFORNIA MODIFIED RING SAMPLER

STANDARD PENETRATION TEST SAMPLER

HAMMER TYPE:

AUTOMATIC HAMMER

TO CONVERT FROM CALIFORNIA MODIFIED RING

SAMPLER BLOW COUNT TO EQUIVALENT STANDARD

PENETRATION TEST SAMPLER BLOW COUNT, FOR

GRANULAR AND COHESIVE SOIL, MULTIPLY BY 0.67.

K. Reyes

Elev 413.10’

Elev 371.58’

9/02/08

Elev 290.08’

HAMMER ENERGY RATIO (ERI)=78%

Elev 360.58’GWS

9/2/08

R. Bethapudi

8"

8"

H. Nofal

02/17/09 04/07/09

R-32

Approx OG

Approx OG

"UP" LINE (Abn) 
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.
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7/12/08

Elev 336.10’

HAMMER ENERGY RATIO (ERI)=78%

GROUNDWATER NOT ENCOUNTERED

RETAINING WALL No. 696

END RETAINING WALL No. 696

LOL 10+57 =

165.73’ Rt "B" 695+77.56

BEGIN RETAINING WALL No. 696

LOL 10+00 =

165.25’ Rt "B" 695+22.39

LEAN CLAY (CL):  very stiff, light brown, wet, medium

06/15/09

LOG OF TEST BORINGS SHEET 1 OF 2

06/15/09
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PREPARED FOR THE

STATE OF CALIFORNIA

T
I
M

E
 P

L
O

T
T

E
D

 =
>

D
A

T
E

 P
L

O
T

T
E

D
 =

>
0
9
:
5
8

0
6
-
N

O
U

S
E

R
N

A
M

E
 =

>
r
m

i
t
r

PROJECT ENGINEER

CU

EA

c0F032qfFILE =>

DISREGARD PRINTS BEARING

EARLIER REVISION DATES

BRIDGE NO.

                                                                        

REVISION DATES (PRELIMINARY STAGE ONLY) SHEET OF

POST MILES

ORIGINAL SCALE IN INCHES

FOR REDUCED PLANS
0 1 2 3

The State of California or its officers or agentsshall  not be responsible for the accuracy orcompleteness of electronic copies of this plan sheet.     

DIST COUNTY ROUTE
SHEET TOTAL

PLANS APPROVAL DATE

No.

Exp.

S

T
A

TE
OF C AL I FOR N

I A

GEOTECHNICAL PROFESSIONAL

NoTOTAL PROJECT SHEETS

POST MILES

2765

DATE
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550 S. MAIN STREET

ORANGE, CA 92863

CH2M HILL

6 HUTTON CENTRE DRIVE, SUITE 700

SANTA ANA, CA 92707
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DESIGN OVERSIGHT

SIGN OFF DATE

DRAWN BY

CHECKED BY

FIELD INVESTIGATION BY:

DATE

Ayman Salama

1

2

3
4

6 7 8 9
695

9

1

A-08-026

UW

CLAYEY SAND (SC):  dense, yellowish-brown, wet,

plastic fines, some fine sand

medium plastic fines, fine sand

LEAN CLAY (CL):  hard, brown, wet, medium plastic

fines, some fine sand

POORLY GRADED SAND with SILt (SP-SM):  very

dense, yellowish-brown, wet, 89% medium to fine,

11% non plastic fines

LEAN CLAY (CL):  hard, brown, wet, medium plastic

fines, trace fine to medium sand

medium plastic fines, fine sand

LEAN CLAY (CL):  hard, light brown, wet, medium

plastic fines

Very Old Alluvium Fan Deposits (Qvof) :

trace fine gravel

1

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

12.68

13.1

16.9

32.2

24.6

20

16.2

122.4

111.8

90.4

101.9

109.6

116.2

9

40

50/5"

62

28

50/4"

35

45

15

36

14

50/3"

64

50/4"

25

50/5"

PA

PI

PI

DS

PA CR PI

1.4

2.4

1.4

2.4

1.4

2.4

1.4

2.4

1.4

2.4

1.4

2.4

1.4

2.4

1.4

2.4

9/2/08

DS

UU

CN

8"
CLAYEY SAND (SC):  gray, moist, fine to coarse

sand, medium plastic fines

LEAN CLAY (CL):  hard, dark brown, wet, medium

plastic fines, trace fine sand

LEAN CLAY (CL):  hard, yellowish-brown, wet,

medium plastic fines, some fine sand, trace fine 

gravel

PA

PI

PA

PI

PA DS

UW

BULK

SANDY LEAN CLAY (CL):  stiff, yellowish-brown,

moist, 67% medium plastic fines, 31% fine

to coarse sand and trace fine gravel

SILtY SAND with GRAVEL (SM):  dense, light

olive-brown, moist, 51% fine to coarse sand 22%

low plastic fines, 27% fine to coarse gravel

very dense, wet

SANDY LEAN CLAY (CL):  hard, light 

olive-brown,wet, 55% medium plastic fines, 

45% fine to coarse sand

54% fine sand, 42% medium plastic fines,

hard, yellowish-brown

LEAN CLAY with SAND (CL):  very stiff, brown, wet,

LEAN CLAY with SAND (CL):  hard, brown, wet,
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Very Old Alluvium Fan Deposits (Qvof):

A-08-025

Artificial Fill (Af):

UW

M

M

5" Asphalt concrete layer over 9" base course layer

PA14.8118.21

2

18.7111.33

CR

15.4

8.251

4

DSPI18.2109.05
16.092

6

16.6109.47

18.28

2.4

1.4

2.4

1.4

2.4

1.4

2.4

1.415

65

26

51

20

62

15

78

2.01123.992.450/6"

101.421

11.1118.611

121.48

2.436

10.5123.4132.450/6"

22 1.4 14

13.6115.4152.450/4"

8"

LEAN CLAY (CL): hard, olive-gray, moist, medium 

plastic fines, some fine to medium sand

LEAN CLAY (CL):  hard, olive-brown, moist, silty sand

interbeds, some mottling, medium plastic fines, fine sand

UW

PI UU

PA DS

PI UU

PA DS

PI UU

PI

PI

PI CR

BULK

BULK

WELL GRADED SAND with SILt and GRAVEL (SW-SM):  very 

dense, gray, moist, 49% fine to coarse sand, 7% 

non-plastic fines, 44% fine gravel

LEAN CLAY with SAND (CL):  hard, olive, moist, 78%

medium plastic fines, 21% fine to coarse sand,

trace fine gravel

PI

very stiff

very stiff, olive-brown, trace gravel

hard, olive

SANDY LEAN CLAY (CL): hard, dark brown,

moist, medium plastic fines, fine sand

SANDY LEAN CLAY (CL): hard, dark olive, moist, 

medium plastic fines, fine sand

LEAN CLAY with SAND (CL):  hard, moist, brown,

medium plastic fines, fine sand

stiff

hard, brown, 53% medium plastic fines 44% 

fine to coarse sand, trace fine gravel

dark brown, moist, medium plastic

fines, fine sand

very stiff, dark brown, mottling

S
t
a
 
6
9
3
+

4
7
.
7
2



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
t
i
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
t
i
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
t
i
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

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)

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"

Weak

Hollow Stem Auger Boring (HSA)B

K. Reyes

H. Nofal

R. Bethapudi

04/07/0902/12/09

06/15/09
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Geotechnical Boring Logs 
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REPORT TITLE

DIST. COUNTY ROUTE POSTMILE

BRIDGE NUMBER PREPARED BY DATE

EA

SHEET

12 Orange SR-57 18.4/20.9 12-0F0321

1 OF 3XXX

BORING LOG LEGEND

GW

GP

GW-GM

GW-GC

GP-GM

GP-GC

GM

GC

GC-GM

SW

SP

CL

CL-ML

ML

OL

OL

CH

MH

SW-SM

SW-SC

SP-SM

SP-SC

SM

SC

SC-SM

PT

OL/OH

OH

OH

Graphic/Symbol

Well-graded GRAVEL

Well-graded GRAVEL with SAND

Group Names

Poorly graded GRAVEL

Poorly graded GRAVEL with SAND

Well-graded GRAVEL with SILT

Well-graded GRAVEL with SILT and SAND

Well-graded GRAVEL with CLAY (or SILTY CLAY)

Well-graded GRAVEL with CLAY and SAND

(or SILTY CLAY and SAND)

Poorly graded GRAVEL with SILT

Poorly graded GRAVEL with SILT and SAND

Poorly graded GRAVEL with CLAY(or SILTY CLAY)

Poorly graded GRAVEL with CLAY and

SAND (or SILTY CLAY and SAND)

SILTY GRAVEL

SILTY GRAVEL with SAND

CLAYEY GRAVEL

CLAYEY GRAVEL with SAND

SILTY, CLAYEY GRAVEL

SILTY, CLAYEY GRAVEL with SAND

Well-graded SAND

Well-graded SAND with GRAVEL

Poorly graded SAND

Poorly graded SAND with GRAVEL

Well-graded SAND with SILT and GRAVEL

Well-graded SAND with SILT

Well-graded SAND with CLAY (or SILTY CLAY)

Well-graded SAND with CLAY and GRAVEL

(or SILTY CLAY and GRAVEL)

Poorly graded SAND with SILT

Poorly graded SAND with SILT and GRAVEL

Poorly graded SAND with CLAY (or SILTY CLAY)

Poorly graded SAND with CLAY and

GRAVEL (or SILTY CLAY and GRAVEL)

SILTY SAND

SILTY SAND with GRAVEL

CLAYEY SAND

CLAYEY SAND with GRAVEL

SILTY, CLAYEY SAND

SILTY, CLAYEY SAND with GRAVEL

PEAT

COBBLES

COBBLES and BOULDERS

BOULDERS

Lean CLAY

Lean CLAY with SAND

Lean CLAY with GRAVEL

SANDY lean CLAY

SANDY lean CLAY with GRAVEL

GRAVELLY lean CLAY

GRAVELLY lean CLAY 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

SILT with SAND

SILT with GRAVEL

SANDY SILT

SANDY SILT with GRAVEL

GRAVELLY SILT with SAND

GRAVELLY SILT

ORGANIC lean CLAY

ORGANIC lean CLAY with SAND

ORGANIC lean CLAY with GRAVEL

SANDY ORGANIC lean CLAY

SANDY ORGANIC lean CLAY with GRAVEL

GRAVELLY ORGANIC lean CLAY

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

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

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

Fat CLAY

Fat CLAY with SAND

Fat CLAY with GRAVEL

Elastic SILT with SAND

Elastic SILT with GRAVEL

Elastic SILT

Graphic/Symbol Group Names

Pocket Penetrometer

Pressure Meter

Pocket Torvane

Consolidation (ASTM D 2435)

Collapse Potential (ASTM D 5333)

Compaction Curve (CTM 216)

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) 

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)

Unit Weight (ASTM D 4767)

Vane Shear (AASHTO T 223)

CP

C

UU

CU

CR

EI

UC

PI

PP

TV

M

OC

SE

UW

VS

DS

SG

PL

SL

CL

R

SW

PA

P

PM

Corrosivity Testing (CTM 643, CTM 422, CTM 417)

Consolidated Undrained Triaxial (ASTM D 4767)

Unconfined Compression-Rock (ASTM D 2938)

Unconfined Compression-Soil (ASTM D 2166)

Unconsolidated Undrained Triaxial (ASTM D 2850)

Plasticity Index (AASHTO T 90)

Liquid Limit (AASHTO T 89)

FIELD AND LABORATORY TESTINGGROUP SYMBOLS AND NAMES

DYNAMIC CONE PENETRATION BORING CONE PENETRATION TEST (CPT) SOUNDING

HAND BORINGROTARY BORING

GRAVELLY ORGANIC lean CLAY with SAND

BOREHOLE IDENTIFICATION

SAMPLER TYPES

CORRECTION FACTOR

Description
Hole

TypeSymbol

A 

R 

P

R

HD 

HA

D

B

CPT

O Other

Cone Penetration Test (ASTM D 5778-95)

Hollow Stem Auger Boring (HSA)

Dynamic Cone Penetration Boring

Hand driven (1-inch soil tube)

Hand Auger

Rotary drilled diamond core

Rotary drilled boring 

Rotary percussion boring (air)

Auger Boring

Note: Size in inches.

Standard Split-spoon Drive Sampler, 2.0-

inch Outside Diameter, 1.4 inch Inside

Diameter (Without liners)

Modified California Split-spoon Drive

Sampler 3.0-inch Outside Diameter, 2.4-

inch Inside Diameter (With Liners)

Bulk Sample Collected From Drill Cuttings

(S)

(D)

(B)

To convert from California modified ring

sampler blow count to equivalent standard

penetration test sampler blow count, for

granular and cohesive soil, multiply by 0.67.

Blows per 12"

(Using 28 lb hand 

hammer with a 12"

drop or as noted)

Top Hole El.

L
o
c
a
ti

o
n
 

Hole I.D.

Ground water surface

Pulled Pipe

Boring Date

Terminated at Elev

taken
Sample

materials
Description of 
Date measured

L
o
c
a
ti

o
n
 

Hole I.D.
Top Hole El.

Casing driven

Size of Sampler 

(inches)

SPT N-Value

(per ASTM 1586-99),

P = push sample,

or as noted

Description of material

Field & Lab Tests

Date measured
Material change

Estimated material change

Soil/Rock boundary

Boring Date

Hammer Energy Ratio (ER ) =   %
Terminated at Elev

i

L
o
c
a
ti

o
n
 

Hole I.D.
Top Hole El.

No count recorded

Pushed

Driving rate in

seconds per 12"

(using a Stanley

MB 156 percussion

hammer and a 2.2"

cone, or as noted)

Date measured

Boring Date

L
o
c
a
ti

o
n
 

Hole I.D.

Top Hole El.

Pressure measured

along sleeve friction

element (34.88 in

area) divided by 

pressure measured

on tip element.

2
on tip element

(2.33 in  area)

Friction Ratio (%)

Boring Date

Tip Bearing (MPa)

2

Pressure measured

SR-57 NORTHBOUND WIDENING

PROJECT
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Absence of moisture, dusty, dry to the 

touch

Damp but no visible water

Visible free water, usually soil is 

below water table

Dry

Moist

Wet

Description SPT N   (Blows / 12 inches)
60

0 - 4

5 - 10

11 - 30

31 - 50

   > 50

Very loose

Loose

Medium Dense

Dense

Very Dense

> 4.0Hard

Very Stiff 2 to 4 2 to 4 1.0 to 2.0 Readily indented by thumbnail

> 2.0

0.50 to 1.01 to 21 to 2Stiff

Medium Stiff

Field ApproximationTorvane

Measurement (tsf)

< 0.12

0.12 to 0.25

0.25 to 0.500.50 to 1.0

0.25 to 0.50

< 0.25< 0.25

0.25 to 0.50Soft

Very Soft

0.50 to 1.0

Description Unconfined Compressive

Strength (tsf)

Pocket Penetrometer

Measurement (tsf)

Easily penetrated several inches by fist

Easily penetrated several inches by thumb

Penetrated several inches by thumb

with moderate effort

Readily indented by thumb but penetrated

only with great effort

Indented by thumbnail with difficulty> 4.0

CONSISTENCY OF COHESIVE SOILS

APPARENT DENSITY OF COHESIONLESS SOILS MOISTURE

Description Criteria

A 1/8-inch thread cannot be rolled at any water content.Nonplastic

Description

Low

Medium

High

Description Criteria

Crumbles or breaks with handling or 

little finger pressure.
Weak

Moderate Crumbles or breaks with considerable 

finger pressure.

Will not crumble or break with finger 

pressure.
Strong

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.

Criteria

CEMENTATION

PLASTICITY OF FINE-GRAINED SOILS

Description

Trace

Few

Little

Some

Mostly 50 to 100%

30 to 45%

15 to 25%

5 to 10%

Particles are present but estimated to 

be less than 5%

Criteria Description Size

> 12"

3" to 12"

3/4" to 3"

No. 4 to 3/4"

No. 10 to No. 4

No. 40 to No. 10

No. 200 to No. 40Fine

Medium

Coarse

Fine

Coarse
Gravel

Sand

Cobble

Boulder

PARTICLE SIZEPERCENT OR PROPORTION OF SOILS

NOTE: This legend sheet provides descriptors and

associated criteria for required soil description components

only.  refer to Caltrns Soil and Rock Logging, classification,

and Presentation Manual (July 2007), section 2, for tables of

aditional soil description components and discussion of soil

description and identification.

REPORT TITLE

DIST. COUNTY ROUTE POSTMILE

BRIDGE NUMBER PREPARED BY DATE

EA

SHEET

12 Orange SR-57 18.4/20.9 12-0F0321

2 OF 3XXX

BORING LOG LEGEND
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REPORT TITLE

DIST. COUNTY ROUTE POSTMILE

BRIDGE NUMBER PREPARED BY DATE

EA

SHEET

12 Orange SR-57 18.4/20.9 12-0F0321

3 OF 3XXX

BORING ROCK LEGEND

LEGEND OF ROCK MATERIALS BEDDING SPACING

METAMORPHIC ROCK

SEDIMENTARY ROCK

IGNEOUS ROCK

Description Thickness / Spacing

Massive

Very thickly bedded

Thickly bedded

Moderately bedded

Thinly bedded

Very thinly bedded

Laminated 

Greater than 10 ft

3 to 10 ft

1 to 3 ft

3-5/8" to 1 ft

1-1/4" to 3-5/8"

3/8" to 1-1/4"

Less than 3/8"

Body of RockDescription

Fresh
No discoloration, not 

oxidized.

No discoloration

or oxidation.

Diagnostic features

Texture and Solutioning

Texture Solutioning

Preserved.

No solutioning.No change.

Decomposed

Resembles a soil, partial

or complete remnant rock

structure may be preserved;

leaching of soluble

minerals usually complete.

Complete separation

of grain boundaries

(disaggregated).

Generally

preserved.

Partial separation of

boundaries visible.

No visible separation,

intact (tight).

No separation, intact

(tight).

General Characteristics

Hammer rings when crystalline 

rocks are struck. 

Hammer rings when crystalline 

rocks are struck. Body of 

rock not weakened. 

Hammer does not ring when 

rock is struck. Body of rock 

is slightly weakened. 

Can be granulated by hand.

Resistant minerals such as 

quartz may be present as 

"stringers" or "dikes."

Slightly

Weathered

Moderately

Weathered

Intensely

Weathered

Minor to complete 

discoloration or 

oxidation of most 

surfaces.

All fracture surfaces 

are discolored or

oxidized.

All fracture surfaces 

are discolored or 

oxidized, surfaces 

friable.

Partial separation, rock 

is friable; in semiarid 

conditions granitics are

disaggregated.

Combination descriptors (such as "slightly weathered to fresh") are permissible where equal distribution of both weathering characteristics is present over 

significant intervals or where characteristics present are "in between" the diagnostic feature. However, combination descriptors should not be used where 

significant, identifiable zones can be delineated. Only two adjacent descriptors may be combined. "Very intensely weathered" is the combination descriptor for 

"intensely weathered to decomposed."

WEATHERING DESCRIPTORS FOR INTACT ROCK

ROCK HARDNESS

FRACTURE DENSITY

Criteria

Very Soft

Soft

Hard

Very Hard

Description

Specimen can be scratched with a pocket knife or sharp pick with difficulty (heavy 

pressure). Heavy hammer blows required to break specimen.

Specimen can be scratched with pocket knife or sharp pick with light or moderate 

pressure. Core breaks with moderate hammer pressure.

Specimen can be grooved or gouged easily by a pocket knife or sharp pick with light 

pressure, can be scratched with fingernail. Breaks with light to moderate manual pressure.

Extremely Hard

Moderately Soft

Moderately Hard

Specimen can be grooved 1/6" deep with a pocket knife or sharp pick with moderate 

or heavy pressure. Breaks with light hammer blow or heavy manual pressure.

Specimen cannot be scratched with a pocket knife or sharp pick; can only be

chipped with repeated heavy hammer blows.

Specimen cannot be scratched with a pocket knife or sharp pick. Breaks with

repeated heavy hammer blows.

Specimen can be readily indented, grooved or gouged with fingernail, or

carved with a pocket knife. Breaks with light manual pressure.

Observed Fracture Density

Unfractured

Very slightly fractured

Slightly fractured

Moderately fractured

Intensely fractured

Very intensely fractured

Lengths greater than 3 feet.

No fractures.

Mostly chips and fragments with a few scattered short core lengths.

Description

Lengths from 1 to 3 feet with few lengths less than 1 foot or

greater than 3 feet.

Combination descriptors (such as "Very intensely to intensely fractured") are used where equal 

distribution of both fracture density characteristics is present over a significant interval or 

exposure, or where characteristics are "in between" the descriptor definitions. Only two adjacent 

descriptors may be combined.

Lengths mostly in 4" to 1 foot range with most lengths about 8"

Lengths average from 1 to 4" with scattered fragmented

intervals with lengths less than 4"

Chemical Weathering-Discoloration and/or oxidation Mechanical Weathering-

Grain boundary conditions

(disaggregation)primarily

for granitics and some

coarse-grained sediments

Fracture Surfaces

Discoloration or oxidation is

limited to surface of, or short

distance from, fractures;

some feldspar crystals are

dull.

Minor leaching

of some soluble

minerals may be

noted.

Soluble minerals

may be mostly

leached.

Leaching of 

soluble minerals

may be complete.

Texture

altered by

chemical

disintegration

(hydration,

argillation).

Discoloration or oxidation

extends from fractures

usually throughout; Fe-Mg

minerals are "rusty," feldspar 

crystals are "cloudy."

Discoloration or oxidation

throughout; all feldspars and

Fe-Mg minerals are altered to

clay to some extent; or

chemical alteration produces

in-situ disaggregation, see

grain boundary conditions.

Discolored or oxidized

throughout, but resistant

minerals such as quartz may

be unaltered; all feldspars

and Fe-Mg minerals are

completely altered to clay.

Dull sound when struck with 

hammer, usually can be broken 

with moderate to heavy manual 

pressure or by light hammer 

blow without reference to 

planes of weakness such as 

incipient or hairline fractures,

or veinlets. Rock is significantly

weakened.

Term

Strong

Weak

Very Weak

Very Strong 

> 30,000

14,500 - 30,000

7,000 - 14,500

3,500 - 7,000

700 - 3,500

150 - 700

< 150

Uniaxial Compressive Strength (PSI)

Extremely Strong

Medium Strong

Extremely Weak

RELATIVE STRENGTH OF INTACT ROCK

PERCENT CORE RECOVERY (REC) & 

ROCK QUALITY DESIGNATION (RQD)

Total length of core run (inches)

Length of the recovered core pieces (inches)
REC =

RQD =
Length of intact core pieces   4"

Total length of core run (inches)
x 100%

x 100%

>

B
o
ri

n
g
 

lo
c
a
ti

o
n

Hole I.D.
Top Hole El.

Begin drilled interval

End drilled interval

Begin drilled interval

End drilled interval

Begin drilled interval

End drilled interval

Boring Date

REC=88%

RQD=0%

REC=100%

RQD=80%

REC=100%

RQD=50%
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8.5

4.3

4.4

1.9

Artificial Fill (Af):
SANDY LEAN CLAY (CL) to CLAYEY SAND
(SC): olive-brown, moist

Very Old Alluvium Fan Deposits (Qvof):
SANDY LEAN CLAY (CL): olive-brown, moist,
51% medium plastic fines, 48% fine to medium
sand, trace fine gravel
hard, brown, 57% medium plastic fines, 43% fine to
medium sand

59% medium plastic fines, 41% fine to medium sand

SILTY SAND (SM): very dense, light brown, moist,
fine to medium sand, low plastic fines

CLAYEY SAND (SC): very dense, moist, brown,
fine to medium sand, medium plastic fines

SILTY SAND (SM):  dense, light brown, moist, fine
sand, low plastic fines

POORLY GRADED SAND with SILT (SP-SM):
very dense, yellowish-brown, moist, 93% fine to
medium sand, 7% low plastic fines
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TYPE OF DRILL RIG

DATE FINISHED
LOGGED BY

BORING DESIG.

CONTACTBULK SAMPLE

T TUBE SAMPLES

91.38 LT

SPLIT SPOON

D DRIVE SAMPLE
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SAMPLE TYPES:

6/26/08
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GEOTECHNICAL BORING LOG
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WELL-GRADED SAND with SILT (SW-SM):
dense, brown, moist, 88% fine to coarse sand, 10%
low plastic fines, trace fine gravel
Boring completed to a depth of 31.5 feet below
ground surface.
No groundwater encountered.
Borehole backfilled with soil cuttings.
Hammer efficiency = 78%
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BORING DESIG.

CONTACTBULK SAMPLE

T TUBE SAMPLES

91.38 LT
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D DRIVE SAMPLE
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SAMPLE TYPES:

6/26/08
RB

A-08-001

F

GW   HRS.

GEOTECHNICAL BORING LOG
PROJECT NAME
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140- lb. Auto Hammer
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7.5

15.7

Very Old Alluvium Fan Deposits (Qvof):
SANDY LEAN CLAY (CL):  brown, moist, 42%
medium to fine sand, 58% medium plastic fines

hard

stiff, 70% medium plastic fines, 30% fine sand

FAT CLAY (CH): hard, olive-brown, moist, high
plastic fines, fine sand

SANDY LEAN CLAY (CL): very stiff, brown,
moist, 51% medium plastic fines, 49% medium to
fine sand

hard
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TESTSSOIL DESCRIPTION
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TYPE OF DRILL RIG

DATE FINISHED
LOGGED BY

BORING DESIG.

CONTACTBULK SAMPLE

T TUBE SAMPLES

85.42 RT

SPLIT SPOON

D DRIVE SAMPLE

FAULT

SAMPLE TYPES:

7/9/08
RB

A-08-002
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GW   HRS.

GEOTECHNICAL BORING LOG
PROJECT NAME
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140- lb. Auto Hammer
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Boring completed to a depth of 31.5 feet below
ground surface.
No groundwater encountered.
Borehole backfilled with soil cuttings.
Hammer efficiency = 78%
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BORING DESIG.

CONTACTBULK SAMPLE

T TUBE SAMPLES

85.42 RT

SPLIT SPOON

D DRIVE SAMPLE

FAULT

SAMPLE TYPES:

7/9/08
RB

A-08-002

F

GW   HRS.

GEOTECHNICAL BORING LOG
PROJECT NAME

B C

140- lb. Auto Hammer

SR-57 Northbound Widening
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9.3

8.0

4.5

Very Old Alluvium Fan Deposits (Qvof):
SANDY LEAN CLAY (CL): yellowish-brown,
moist, 58% medium plastic fines, 41% fine to
medium sand, trace fine gravel

SANDY SILTY CLAY (CL-ML): hard,
yellowish-brown, moist, 62% low plastic fines, 38%
fine sand

SILTY SAND (SM): medium dense, brown, moist,
81% fine sand, 17% low plastic fines, trace fine
gravel

very dense, light brown

SILTY SAND with GRAVEL (SM): very dense,
brown, moist, fine to coarse sand, low plastic fines,
rounded to subangular fine gravel

POORLY GRADED GRAVEL with SAND (GP):
very dense, brown, dry, fine to coarse, rounded to
subrounded gravel, fine to coarse sand
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DATE FINISHED
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BORING DESIG.

CONTACTBULK SAMPLE

T TUBE SAMPLES

98.00 LT

SPLIT SPOON

D DRIVE SAMPLE
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SAMPLE TYPES:

6/26/08
RB

A-08-003

F

GW   HRS.

GEOTECHNICAL BORING LOG
PROJECT NAME
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140- lb. Auto Hammer
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SANDY LEAN CLAY (CL):  hard,
yellowish-brown, moist, medium plastic fines, fine
sand
Boring completed to a depth of 31.5 feet below
ground surface.
No groundwater encountered.
Borehole backfilled with soil cuttings.
Hammer efficiency = 78%
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TYPE OF DRILL RIG

DATE FINISHED
LOGGED BY

BORING DESIG.

CONTACTBULK SAMPLE

T TUBE SAMPLES

98.00 LT

SPLIT SPOON

D DRIVE SAMPLE

FAULT

SAMPLE TYPES:

6/26/08
RB

A-08-003

F

GW   HRS.

GEOTECHNICAL BORING LOG
PROJECT NAME

B C

140- lb. Auto Hammer

SR-57 Northbound Widening
370900.03.GE.FR
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3.4

4.8

18.2

Very Old Alluvium Fan Deposits (Qvof):
POORLY GRADED SAND with SILT (SP-SM):
brown, moist, 72% fine to medium sand, 7% low
plastic fines, 21% fine to coarse, rounded to angular
gravel

WELL GRADED SAND with SILT and GRAVEL
(SW-SM): very dense, brown, moist, 54% fine to
coarse sand, 9% low plastic fines, 37% fine to
coarse, rounded to angular gravel

CLAYEY SAND (SC):  very dense, olive, moist,
38% fine to medium sand, 49% medium plastic
fines, 13% fine gravel

POORLY GRADED GRAVEL with SAND (GP):
very dense, brown, moist, fine to coarse rounded to
angular gravel, fine to coarse sand

SANDY LEAN CLAY (CL):  hard, brown, moist,
39% fine sand, 61% medium plastic fines

LEAN CLAY with SAND (CL): hard,
yellowish-brown, moist, 81% medium  plastic fines,
19% fine sand
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TYPE OF DRILL RIG

DATE FINISHED
LOGGED BY

BORING DESIG.

CONTACTBULK SAMPLE

T TUBE SAMPLES

69.33 RT

SPLIT SPOON

D DRIVE SAMPLE

FAULT

SAMPLE TYPES:

7/2/08
RB

A-08-004

F

GW   HRS.

GEOTECHNICAL BORING LOG
PROJECT NAME

B C

140- lb. Auto Hammer
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Borehole completed to a depth of 31.5 feet below
ground surface.
No groundwater encountered.
Borehole backfilled with soil cuttings.
Hammer efficiency = 78%
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DATE FINISHED
LOGGED BY

BORING DESIG.

CONTACTBULK SAMPLE

T TUBE SAMPLES

69.33 RT

SPLIT SPOON

D DRIVE SAMPLE

FAULT

SAMPLE TYPES:

7/2/08
RB

A-08-004

F

GW   HRS.

GEOTECHNICAL BORING LOG
PROJECT NAME

B C

140- lb. Auto Hammer
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3.7

8.2

8.7

16.5

Very Old Alluvium Fan Deposits (Qvof):
SANDY LEAN CLAY (CL):  olive-yellow, moist,
51% medium plastic fines, 48% fine sand, trace fine
gravel

SANDY SILT (ML):  very dense, yellowish-brown,
moist, 51% low plastic fines, 49% fine sand

SILTY GRAVEL with SAND (GM): very dense,
brown, moist, 41% fine to coarse, rounded to
angular gravel, 21% low plastic fines, 38% fine to
coarse sand

SILTY SAND (SM):  very dense, yellowish-brown,
moist, fine to medium sand, low plastic fines

SANDY LEAN CLAY (CL): hard, olive-brown,
moist, 66% medium plastic fines, 34% fine sand

LEAN CLAY (CL): hard, yellowish-brown, moist,
medium plastic fines, some fine sand
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DATE FINISHED
LOGGED BY

BORING DESIG.

CONTACTBULK SAMPLE

T TUBE SAMPLES

100.31 LT

SPLIT SPOON

D DRIVE SAMPLE
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SAMPLE TYPES:
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olive-gray

Boring completed to a depth of 31.5 feet below
ground surface.
No groundwater encountered.
Borehole backfilled with soil cuttings.
Hammer efficiency = 78%
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TYPE OF DRILL RIG

DATE FINISHED
LOGGED BY

BORING DESIG.

CONTACTBULK SAMPLE

T TUBE SAMPLES

100.31 LT

SPLIT SPOON

D DRIVE SAMPLE

FAULT

SAMPLE TYPES:

6/26/08
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A-08-005
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5.6

10.3

11.6

12.4

19.6

18.5

5" Asphalt concrete layer over 6" Base course layer

Artificial Fill (Af):
CLAYEY SAND with GRAVEL (SC): dark brown,
moist, 52% fine to coarse sand, 44% medium plastic
fines, trace gravel

Young Alluvium Fan Deposits (Qyf):
SANDY LEAN CLAY (CL):  very stiff, dark brown,
moist, medium plastic fines, fine to medium sand

stiff, olive-brown, with caliche

Very Old Alluvium Fan Deposits (Qvof):
LEAN CLAY with SAND (CL): hard, brown to dark
brown, moist, medium plastic fines, fine sand

yellowish-brown
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BORING DESIG.

CONTACTBULK SAMPLE

T TUBE SAMPLES

175.75 RT

SPLIT SPOON

D DRIVE SAMPLE
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SAMPLE TYPES:
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A-08-006

F

GW   HRS.

GEOTECHNICAL BORING LOG
PROJECT NAME

B C

140- lb. Auto Hammer

SR-57 Northbound Widening
370900.03.GE.FR

OFFSET (FT)

270

265

260

255

250

245

DROP (IN)

(F
E

E
T

)

B
LO

W
S

/F
T



19.4light brown

Boring completed to a depth of 31.5 feet below
ground surface.
No groundwater encountered.
Borehole backfilled with soil cuttings and cold patch
asphalt at the surface.
Hammer efficiency = 78%

109.1

6D 81

PI, UW

COMMENTS

D
E

P
T

H

S
A

M
P

LE

2R Drilling

ROCK CORE

B

(P
C

F
)

LAB

S

T
Y

P
E

S
A

M
P

LE

O
R

R
E

C
/R

Q
D

9/25/08

0.0

SHEAR

601+90

M
O

IS
T

U
R

E
C

O
N

T
E

N
T

%

PROJECT NO
DATE STARTED
DRILLER

STATION (FT)

P PITCHER TUBE

GW  WHILE DRILLING

E
LE

V

GW DEPTH (FT)
DRIVE WT (LBS)

NE

BEDDING PLANE

J JOINTING

GSE (FT)

SHEET 2 OF 2

C

30
274.16

CME 55

TESTSSOIL DESCRIPTION

G
R

A
P

H
IC

LO
G

GROUND WATER ELEV
TYPE OF DRILL RIG

DATE FINISHED
LOGGED BY

BORING DESIG.

CONTACTBULK SAMPLE

T TUBE SAMPLES

175.75 RT

SPLIT SPOON

D DRIVE SAMPLE

FAULT

SAMPLE TYPES:

9/25/08
A.Thakur

A-08-006

F

GW   HRS.

GEOTECHNICAL BORING LOG
PROJECT NAME

B C

140- lb. Auto Hammer

SR-57 Northbound Widening
370900.03.GE.FR

OFFSET (FT)

240

DROP (IN)

(F
E

E
T

)

B
LO

W
S

/F
T



3.2

4" Asphalt Concrete over 6" Base course layer

Very Old Alluvium Fan Deposits (Qvof):
SILTY SAND (SM): brown, dry to moist, fine to
medium sand, low plastic fines, trace fine to coarse,
rounded to angular gravel

very dense, yellowish-brown, 86% fine sand, 14%
low plastic fines

grades with gravel

brown, 83% fine sand, 17% low plastic fines

Borehole terminated at a depth of 12 feet below
ground surface due to rig refusal.
No groundwater encountered.
Borehole backfilled with soil cuttings and cold patch
asphalt at the surface.
Hammer efficiency = 78%

99.0

1

2

Rig shattering @ 7.5'

Rig shattering @ 11.5'

D

S

66

41

PA, DS

PA

COMMENTS

D
E

P
T

H

S
A

M
P

LE

2R Drilling

ROCK CORE

B

(P
C

F
)

LAB

S

T
Y

P
E

S
A

M
P

LE

O
R

R
E

C
/R

Q
D

7/1/08

0.0

SHEAR

603+52.10

M
O

IS
T

U
R

E
C

O
N

T
E

N
T

%

PROJECT NO
DATE STARTED
DRILLER

STATION (FT)

P PITCHER TUBE

GW  WHILE DRILLING

E
LE

V

GW DEPTH (FT)
DRIVE WT (LBS)

NE

5

10

BEDDING PLANE

J JOINTING

GSE (FT)

SHEET 1 OF 1

C

30
296.82

CME 55

TESTSSOIL DESCRIPTION

G
R

A
P

H
IC

LO
G

GROUND WATER ELEV
TYPE OF DRILL RIG

DATE FINISHED
LOGGED BY

BORING DESIG.

CONTACTBULK SAMPLE

T TUBE SAMPLES

71.96 RT

SPLIT SPOON

D DRIVE SAMPLE

FAULT

SAMPLE TYPES:

7/1/08
RB

A-08-007

F

GW   HRS.

GEOTECHNICAL BORING LOG
PROJECT NAME

B C

140- lb. Auto Hammer

SR-57 Northbound Widening
370900.03.GE.FR

OFFSET (FT)

295

290

285

DROP (IN)

(F
E

E
T

)

B
LO

W
S

/F
T



4.7

22.0

14.1

22.5

5" Asphalt Concrete on 6" Base course

Very Old Alluvium Fan Deposits (Qvof):
LEAN CLAY with SAND (CL): hard, dark brown,
moist, 85% medium plastic fines, 15% fine to
medium sand

hard

FAT CLAY (CH): very stiff, yellowish-brown,
moist, 90% high plastic fines with caliche, 10% fine
sand

LEAN CLAY (CL): hard, yellowish-brown, moist,
medium plastic fines

SILTY SAND (SM):  very dense, grayish-brown,
moist, 63% fine sand, 37% low plastic fines

LEAN CLAY (CL): hard, olive-brown, moist, 98%
medium plastic fines, trace fine to medium sand

108.7

119.4

102.5

1

1

2

3

4

5

B

D

S

D

S

D

52

20

50/4"

50

50/6"

PA, CP,
DS, EI,
CR, PI

DS, CN

PA, PI

DS, UW

PA

PA, UW

COMMENTS

D
E

P
T

H

S
A

M
P

LE

2R Drilling

ROCK CORE

B

(P
C

F
)

LAB

S

T
Y

P
E

S
A

M
P

LE

O
R

R
E

C
/R

Q
D

7/1/08

0.0

SHEAR

606+56.07

M
O

IS
T

U
R

E
C

O
N

T
E

N
T

%

PROJECT NO
DATE STARTED
DRILLER

STATION (FT)

P PITCHER TUBE

GW  WHILE DRILLING

E
LE

V

GW DEPTH (FT)
DRIVE WT (LBS)

NE

5

10

15

20

25

BEDDING PLANE

J JOINTING

GSE (FT)

SHEET 1 OF 2

C

30
299.18

CME 55

TESTSSOIL DESCRIPTION

G
R

A
P

H
IC

LO
G

GROUND WATER ELEV
TYPE OF DRILL RIG

DATE FINISHED
LOGGED BY

BORING DESIG.

CONTACTBULK SAMPLE

T TUBE SAMPLES

69.92 RT

SPLIT SPOON

D DRIVE SAMPLE

FAULT

SAMPLE TYPES:

7/1/08
RB

A-08-008

F

GW   HRS.

GEOTECHNICAL BORING LOG
PROJECT NAME

B C

140- lb. Auto Hammer

SR-57 Northbound Widening
370900.03.GE.FR

OFFSET (FT)

295

290

285

280

275

270

DROP (IN)

(F
E

E
T

)

B
LO

W
S

/F
T



Boring Completed to a depth of 31.5 feet below
ground surface.
No groundwater encountered.
Borehole backfilled with soil cuttings and cold patch
asphalt at the surface.
Hammer efficiency = 78%

6S 34

COMMENTS

D
E

P
T

H

S
A

M
P

LE

2R Drilling

ROCK CORE

B

(P
C

F
)

LAB

S

T
Y

P
E

S
A

M
P

LE

O
R

R
E

C
/R

Q
D

7/1/08

0.0

SHEAR

606+56.07

M
O

IS
T

U
R

E
C

O
N

T
E

N
T

%

PROJECT NO
DATE STARTED
DRILLER

STATION (FT)

P PITCHER TUBE

GW  WHILE DRILLING

E
LE

V

GW DEPTH (FT)
DRIVE WT (LBS)

NE

BEDDING PLANE

J JOINTING

GSE (FT)

SHEET 2 OF 2

C

30
299.18

CME 55

TESTSSOIL DESCRIPTION

G
R

A
P

H
IC

LO
G

GROUND WATER ELEV
TYPE OF DRILL RIG

DATE FINISHED
LOGGED BY

BORING DESIG.

CONTACTBULK SAMPLE

T TUBE SAMPLES

69.92 RT

SPLIT SPOON

D DRIVE SAMPLE

FAULT

SAMPLE TYPES:

7/1/08
RB

A-08-008

F

GW   HRS.

GEOTECHNICAL BORING LOG
PROJECT NAME

B C

140- lb. Auto Hammer

SR-57 Northbound Widening
370900.03.GE.FR

OFFSET (FT)

265

DROP (IN)

(F
E

E
T

)

B
LO

W
S

/F
T



8.2

7.0

9.3

12.7

5" Asphalt concrete layer over 9" Base course layer

Very Old Alluvium Fan Deposits (Qvof):
CLAYEY SAND (SC): olive-brown, moist, 50% fine
to medium sand, 45% medium plastic fines, 5% fine
gravel

SILTY CLAYEY SAND (SC-SM):  very dense,
yellowish-brown, moist, 50% fine to coarse sand,
49% low plastic fines, trace fine gravel

SANDY LEAN CLAY (CL): hard, brown, moist,
50% medium plastic fines, 49% fine to medium
sand, trace fine gravel

SANDY SILTY CLAY (CL-ML): hard, olive-brown,
moist, 53% low plastic fines, 44% fine to medium
sand, trace fine gravel

11.7

121.5

110.4

1

1

2

3

4

5

B

D

S

D

S

D

77

32

50/4"

42

78

PA, CR,
CP, R

PA, DS

PA

UW

PA, UW

COMMENTS

D
E

P
T

H

S
A

M
P

LE

2R Drilling

ROCK CORE

B

(P
C

F
)

LAB

S

T
Y

P
E

S
A

M
P

LE

O
R

R
E

C
/R

Q
D

7/8/08

0.0

SHEAR

609+78.74

M
O

IS
T

U
R

E
C

O
N

T
E

N
T

%

PROJECT NO
DATE STARTED
DRILLER

STATION (FT)

P PITCHER TUBE

GW  WHILE DRILLING

E
LE

V

GW DEPTH (FT)
DRIVE WT (LBS)

NE

5

10

15

20

25

BEDDING PLANE

J JOINTING

GSE (FT)

SHEET 1 OF 2

C

30
301.44

CME 55

TESTSSOIL DESCRIPTION

G
R

A
P

H
IC

LO
G

GROUND WATER ELEV
TYPE OF DRILL RIG

DATE FINISHED
LOGGED BY

BORING DESIG.

CONTACTBULK SAMPLE

T TUBE SAMPLES

68.66 LT

SPLIT SPOON

D DRIVE SAMPLE

FAULT

SAMPLE TYPES:

7/8/08
RB

A-08-009

F

GW   HRS.

GEOTECHNICAL BORING LOG
PROJECT NAME

B C

140- lb. Auto Hammer

SR-57 Northbound Widening
370900.03.GE.FR

OFFSET (FT)

300

295

290

285

280

275

DROP (IN)

(F
E

E
T

)

B
LO

W
S

/F
T



very stiff

Boring completed to a depth of 31.5 feet below
ground surface.
No groundwater encountered.
Borehole backfilled with soil cuttings and cold patch
asphalt at the surface.
Hammer efficiency = 78%

6S 13

COMMENTS

D
E

P
T

H

S
A

M
P

LE

2R Drilling

ROCK CORE

B

(P
C

F
)

LAB

S

T
Y

P
E

S
A

M
P

LE

O
R

R
E

C
/R

Q
D

7/8/08

0.0

SHEAR

609+78.74

M
O

IS
T

U
R

E
C

O
N

T
E

N
T

%

PROJECT NO
DATE STARTED
DRILLER

STATION (FT)

P PITCHER TUBE

GW  WHILE DRILLING

E
LE

V

GW DEPTH (FT)
DRIVE WT (LBS)

NE

BEDDING PLANE

J JOINTING

GSE (FT)

SHEET 2 OF 2

C

30
301.44

CME 55

TESTSSOIL DESCRIPTION

G
R

A
P

H
IC

LO
G

GROUND WATER ELEV
TYPE OF DRILL RIG

DATE FINISHED
LOGGED BY

BORING DESIG.

CONTACTBULK SAMPLE

T TUBE SAMPLES

68.66 LT

SPLIT SPOON

D DRIVE SAMPLE

FAULT

SAMPLE TYPES:

7/8/08
RB

A-08-009

F

GW   HRS.

GEOTECHNICAL BORING LOG
PROJECT NAME

B C

140- lb. Auto Hammer

SR-57 Northbound Widening
370900.03.GE.FR

OFFSET (FT)

270

DROP (IN)

(F
E

E
T

)

B
LO

W
S

/F
T



4.9

12.4

10.6

Artificial Fill (Af):
CLAYEY SAND (SC): brown, moist, 53% fine to
coarse sand, 44% medium plastic fines, trace fine to
coarse gravel

very dense

SILTY SAND (SM): medium dense, brown, moist,
58% medium to coarse sand, 42% non plastic fines

Very Old Alluvium Fan Deposits (Qvof):
LEAN CLAY (CL): hard, dark brown, moist, fine
sand, medium plastic fines

SANDY LEAN CLAY (CL):  hard, dark brown,
moist, 51% medium plastic fines, 49% medium to
fine sand

CLAYEY SAND (SC):  dense, olive-brown, moist,
fine to medium sand, medium plastic fines

124.6

125.9

1

1

2

3

4

5

B

D

S

D

S

D

53

13

73

22

42

PA, CP,
DS, EI,
CR, PI

PA

PI, DS

PA, PI

UU

COMMENTS

D
E

P
T

H

S
A

M
P

LE

2R Drilling

ROCK CORE

B

(P
C

F
)

LAB

S

T
Y

P
E

S
A

M
P

LE

O
R

R
E

C
/R

Q
D

7/2/08

0.0

SHEAR

611+86.12

M
O

IS
T

U
R

E
C

O
N

T
E

N
T

%

PROJECT NO
DATE STARTED
DRILLER

STATION (FT)

P PITCHER TUBE

GW  WHILE DRILLING

E
LE

V

GW DEPTH (FT)
DRIVE WT (LBS)

NE

5

10

15

20

25

BEDDING PLANE

J JOINTING

GSE (FT)

SHEET 1 OF 2

C

30
302.84

CME 55

TESTSSOIL DESCRIPTION

G
R

A
P

H
IC

LO
G

GROUND WATER ELEV
TYPE OF DRILL RIG

DATE FINISHED
LOGGED BY

BORING DESIG.

CONTACTBULK SAMPLE

T TUBE SAMPLES

125.05 RT

SPLIT SPOON

D DRIVE SAMPLE

FAULT

SAMPLE TYPES:

7/2/08
RB

A-08-010

F

GW   HRS.

GEOTECHNICAL BORING LOG
PROJECT NAME

B C

140- lb. Auto Hammer

SR-57 Northbound Widening
370900.03.GE.FR

OFFSET (FT)

300

295

290

285

280

275

DROP (IN)

(F
E

E
T

)

B
LO

W
S

/F
T



Boring completed to a depth of 31.5 feet below
ground surface.
No groundwater encountered.
Borehole backfilled with soil cuttings.
Hammer efficiency = 78%

6S 24

COMMENTS

D
E

P
T

H

S
A

M
P

LE

2R Drilling

ROCK CORE

B

(P
C

F
)

LAB

S

T
Y

P
E

S
A

M
P

LE

O
R

R
E

C
/R

Q
D

7/2/08

0.0

SHEAR

611+86.12

M
O

IS
T

U
R

E
C

O
N

T
E

N
T

%

PROJECT NO
DATE STARTED
DRILLER

STATION (FT)

P PITCHER TUBE

GW  WHILE DRILLING

E
LE

V

GW DEPTH (FT)
DRIVE WT (LBS)

NE

BEDDING PLANE

J JOINTING

GSE (FT)

SHEET 2 OF 2

C

30
302.84

CME 55

TESTSSOIL DESCRIPTION

G
R

A
P

H
IC

LO
G

GROUND WATER ELEV
TYPE OF DRILL RIG

DATE FINISHED
LOGGED BY

BORING DESIG.

CONTACTBULK SAMPLE

T TUBE SAMPLES

125.05 RT

SPLIT SPOON

D DRIVE SAMPLE

FAULT

SAMPLE TYPES:

7/2/08
RB

A-08-010

F

GW   HRS.

GEOTECHNICAL BORING LOG
PROJECT NAME

B C

140- lb. Auto Hammer

SR-57 Northbound Widening
370900.03.GE.FR

OFFSET (FT)

270

DROP (IN)

(F
E

E
T

)

B
LO

W
S

/F
T



12.2

7.7

9.9

4.1

4.7

Very Old Alluvium Fan Deposits (Qvof):
CLAYEY SAND (SC): yellowish-brown, moist,
55% fine to medium sand, 43% medium plastic
fines, trace fine gravel

SILTY SAND (SM):  medium dense,
yellowish-brown, moist, 78% fine to medium sand,
22% low plastic fines

POORLY GRADED SAND (SP):  medium dense,
moist, brown, fine to medium sand

SILTY CLAYEY SAND (SC-SM):  very dense,
yellowish-brown, moist, 64% fine to medium sand,
36% low plastic fines

SILTY SAND (SM): medium dense, brown, moist,
fine to medium sand, low plastic fines

very dense, light brown

109.4

121.2

102.3

1

1

2

3

4

5

B

D

S

D

S

D

14

8

53

14

63

PA, CR,
DS, CP

DS, PA

PA, DS

M

UW

COMMENTS

D
E

P
T

H

S
A

M
P

LE

2R Drilling

ROCK CORE

B

(P
C

F
)

LAB

S

T
Y

P
E

S
A

M
P

LE

O
R

R
E

C
/R

Q
D

6/29/08

0.0

SHEAR

621+17.88

M
O

IS
T

U
R

E
C

O
N

T
E

N
T

%

PROJECT NO
DATE STARTED
DRILLER

STATION (FT)

P PITCHER TUBE

GW  WHILE DRILLING

E
LE

V

GW DEPTH (FT)
DRIVE WT (LBS)

NE

5

10

15

20

25

BEDDING PLANE

J JOINTING

GSE (FT)

SHEET 1 OF 2

C

30
332.43

CME 55

TESTSSOIL DESCRIPTION

G
R

A
P

H
IC

LO
G

GROUND WATER ELEV
TYPE OF DRILL RIG

DATE FINISHED
LOGGED BY

BORING DESIG.

CONTACTBULK SAMPLE

T TUBE SAMPLES

69.63 LT

SPLIT SPOON

D DRIVE SAMPLE

FAULT

SAMPLE TYPES:

6/29/08
RB

A-08-011

F

GW   HRS.

GEOTECHNICAL BORING LOG
PROJECT NAME

B C

140- lb. Auto Hammer

SR-57 Northbound Widening
370900.03.GE.FR

OFFSET (FT)

330

325

320

315

310

305

DROP (IN)

(F
E

E
T

)

B
LO

W
S

/F
T



16.9LEAN CLAY (CL):  hard, brown, moist, medium
plastic fines, some fine to medium sand

Boring completed to a depth of 31.5 feet below
ground surface.
No groundwater encountered.
Borehole backfilled with soil cuttings.
Hammer efficiency = 78%

6S 28

PI, M

COMMENTS

D
E

P
T

H

S
A

M
P

LE

2R Drilling

ROCK CORE
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C

F
)
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C
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Q
D

6/29/08

0.0

SHEAR

621+17.88

M
O
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T
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R

E
C

O
N

T
E

N
T

%

PROJECT NO
DATE STARTED
DRILLER

STATION (FT)

P PITCHER TUBE

GW  WHILE DRILLING

E
LE

V

GW DEPTH (FT)
DRIVE WT (LBS)

NE

BEDDING PLANE

J JOINTING

GSE (FT)

SHEET 2 OF 2

C

30
332.43

CME 55

TESTSSOIL DESCRIPTION

G
R

A
P

H
IC

LO
G

GROUND WATER ELEV
TYPE OF DRILL RIG

DATE FINISHED
LOGGED BY

BORING DESIG.

CONTACTBULK SAMPLE

T TUBE SAMPLES

69.63 LT

SPLIT SPOON

D DRIVE SAMPLE

FAULT

SAMPLE TYPES:

6/29/08
RB

A-08-011

F

GW   HRS.

GEOTECHNICAL BORING LOG
PROJECT NAME

B C

140- lb. Auto Hammer

SR-57 Northbound Widening
370900.03.GE.FR

OFFSET (FT)

300

DROP (IN)

(F
E

E
T

)

B
LO

W
S

/F
T



21.7

12.9

20.6

16.4

Very Old Alluvial Fan Deposits (Qvof)
SANDY LEAN CLAY (CL): brown, moist, medium
plastic fines, fine to medium sand

hard

FAT CLAY (CH): very stiff, olive-brown, moist,
90% high plasticity fines, 10% fine sand

SEDIMENTARY ROCK:  La Habra formation
(Qlh)
CLAYSTONE,  olive-brown, moist, very intensely
weathered, extremely weak, soft to very soft,
contains clay with medium plastic fines

olive, contains clay with high plastic fines

107.0

115.5

1

2

3
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5

D

S

D

S

D

47

18

50/6"

37

79/10"

PA, PI,
M

PI, DS,
UW

M

PI, UU

COMMENTS

D
E
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T
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S
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M
P

LE

2R Drilling

ROCK CORE

B

(P
C

F
)

LAB

S

T
Y

P
E
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A

M
P

LE

O
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R
E

C
/R

Q
D

7/15/08

290.9

SHEAR

626+09.55

M
O

IS
T

U
R

E
C

O
N

T
E

N
T

%

PROJECT NO
DATE STARTED
DRILLER

STATION (FT)

P PITCHER TUBE

GW  WHILE DRILLING

E
LE

V

GW DEPTH (FT)
DRIVE WT (LBS)

69.8

5

10

15

20

25

BEDDING PLANE

J JOINTING

GSE (FT)

SHEET 1 OF 3

C

30
360.74

CME 75 Limited Access Rig

TESTSSOIL DESCRIPTION

G
R

A
P

H
IC

LO
G

GROUND WATER ELEV
TYPE OF DRILL RIG

DATE FINISHED
LOGGED BY

BORING DESIG.

CONTACTBULK SAMPLE

T TUBE SAMPLES

116.06 RT

SPLIT SPOON

D DRIVE SAMPLE

FAULT

SAMPLE TYPES:

7/15/08
RB

A-08-012

F

GW   HRS.

GEOTECHNICAL BORING LOG
PROJECT NAME

B C

140- lb. Auto Hammer

SR-57 Northbound Widening
370900.03.GE.FR

OFFSET (FT)

360

355

350

345

340

335

DROP (IN)

(F
E

E
T

)

B
LO

W
S

/F
T



16.8

9.4

18.6

16.0
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18.1olive, contains clay with high plastic fines

Boring completed to a depth of 71.5 feet below
ground surface.
Groundwater encountered at 69.8 feet bgs.
Borehole backfilled with soil cuttings.
Hammer efficiency = 78%
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21.7

12.9

20.6

16.4

Very Old Alluvial Fan Deposits (Qvof)
SANDY LEAN CLAY (CL): brown, moist, medium
plastic fines, fine to medium sand

very stiff

FAT CLAY (CH): Very stiff, olive-brown, moist,
90% high plasticity fines, 10% fine sand

La Habra formation (Qlh)
LEAN CLAY (CL): hard, olive brown, moist,
medium plastic fines, some fine sand

FAT CLAY (CH): hard, olive, moist, high plasticity
fines
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16.8

9.4

18.6

16.0

LEAN CLAY (CL):  very stiff, yellowish-brown,
moist, medium plastic fines, some fine sand

hard

becomes very stiff

LEAN CLAY with SAND (CL): hard, brown, moist,
medium plastic fines, fine sand

very stiff

hard
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18.1FAT CLAY (CH): hard, olive, moist, high plastic
fines

wet

Boring completed to a depth of 71.5 feet below
ground surface.
No groundwater encountered.
Borehole backfilled with soil cuttings.
Hammer efficiency = 78%

113.5

12

13

14

S

D

S

37

50/4"

41

PI, UW

COMMENTS

D
E

P
T

H

S
A

M
P

LE

2R Drilling

ROCK CORE

B

(P
C

F
)

LAB

S

T
Y

P
E

S
A

M
P

LE

O
R

R
E

C
/R

Q
D

7/15/08

290.9

SHEAR

626+09.55

M
O

IS
T

U
R

E
C

O
N

T
E

N
T

%

PROJECT NO
DATE STARTED
DRILLER

STATION (FT)

P PITCHER TUBE

GW  WHILE DRILLING

E
LE

V

GW DEPTH (FT)
DRIVE WT (LBS)

69.8

65

70

BEDDING PLANE

J JOINTING

GSE (FT)

SHEET 3 OF 3

C

30
360.74

CME 75 Limited Access Rig

TESTSSOIL DESCRIPTION

G
R

A
P

H
IC

LO
G

GROUND WATER ELEV
TYPE OF DRILL RIG

DATE FINISHED
LOGGED BY

BORING DESIG.

CONTACTBULK SAMPLE

T TUBE SAMPLES

116.06 RT

SPLIT SPOON

D DRIVE SAMPLE
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20.7

17.1

23.8

15.0

14.4

6.0

SEDIMENTARY ROCK:  La Habra formation
(Qlh)
CLAYSTONE:  olive-gray, very intensely weathered,
extremely weak, soft to very soft, contains clay with
medium plastic fines

gray

olive-gray, contains clay with high plastic fines, fine
sand

gray, contains clay with medium plastic fines, some
fine sand

olive

contains clay with high plastic fines

107.2

103.2

1

2

3

1

4

5

2

D

S

D

B

S

D

B

61

38

50/5"

53

95/9"

UW

PI, M

PI, DS,
UW

PI, EI,
CR

M

PI, DS

PI, EI,
CR

COMMENTS

D
E

P
T

H

S
A

M
P

LE

2R Drilling

ROCK CORE

B

(P
C

F
)

LAB

S

T
Y

P
E

S
A

M
P

LE

O
R

R
E

C
/R

Q
D

6/27/08

289.9

SHEAR

628+28.01

M
O

IS
T

U
R

E
C

O
N

T
E

N
T

%

PROJECT NO
DATE STARTED
DRILLER

STATION (FT)

P PITCHER TUBE

GW  WHILE DRILLING

E
LE

V

GW DEPTH (FT)
DRIVE WT (LBS)

57.5

5

10

15

20

25

BEDDING PLANE

J JOINTING

GSE (FT)

SHEET 1 OF 3

C

30
347.39

CME 55

TESTSSOIL DESCRIPTION

G
R

A
P

H
IC

LO
G

GROUND WATER ELEV
TYPE OF DRILL RIG

DATE FINISHED
LOGGED BY

BORING DESIG.

CONTACTBULK SAMPLE

T TUBE SAMPLES

68.82 RT

SPLIT SPOON

D DRIVE SAMPLE

FAULT

SAMPLE TYPES:

6/27/08
RB

A-08-013

F

GW   HRS.

GEOTECHNICAL BORING LOG
PROJECT NAME

B C

140- lb. Auto Hammer

SR-57 Northbound Widening
370900.03.GE.FR

OFFSET (FT)

345

340

335

330

325

320

DROP (IN)

(F
E

E
T

)

B
LO

W
S

/F
T



19.2

19.0

24.5

18.8

19.0

17.0

olive-brown, contains clay with medium plastic
fines, fine sand

contains clay with high plastic fines

contains clay with medium plastic fines

brown, contains clay with medium plastic fines, fine
sand
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contains clay with medium plastic fines and fine
sand

olive-gray, some fine sand

brown, contains clay with medium plastic fines,
some fine sand
Boring completed to a depth of 71.5' below ground
surface (bgs).
Groundwater encountered at 57.5 feet bgs.
Borehole backfilled with soil cuttings.
Hammer efficiency = 78%
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20.7

17.1

23.8

15.0

14.4

6.0

La Habra formation (Qlh)
LEAN CLAY (CL): hard, olive gray, dry to moist,
medium plastic fines

gray

FAT CLAY with SAND (CH): hard, olive gray, dry
to moist, high plastic fines, fine sand

LEAN CLAY (CL): hard, gray, dry to moist,
medium plastic fines, some fine sand

olive

FAT CLAY (CH): hard, olive, dry to moist, high
plasticity fines
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19.2

19.0

24.5

18.8

19.0

17.0

LEAN CLAY (CL):, hard, olive brown, dry to moist,
87% medium plastic fines, 13% fine sand

FAT CLAY (CH):  hard, olive-brown, moist, high
plastic fines

LEAN CLAY (CL): hard, olive brown, moist,
medium plastic fines

SANDY LEAN CLAY (CL):  hard, brown, moist,
medium plastic fines, fine sand
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wet, 41% fine sand, 59% low plastic fines

SILT (ML): hard, olive-gray, wet, low plastic fines,
trace fine sand

LEAN CLAY (CL): hard, brown, wet, medium
plastic fines, some fine sand
Boring completed to a depth of 71.5.' Borehole
backfilled with soil cuttings.
Hammer efficiency = 78%
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7.6

8.1

12.3

7.8

19.9

Very Old Alluvium Fan Deposits (Qvof):
CLAYEY SAND (SC): yellowish-brown, dry, 51%
fine to medium sand, 41% medium plastic fines, 8%
fine gravel

POORLY GRADED SAND with GRAVEL (SP):
very dense, brown, moist, fine to medium sand,
some caliche

SILTY SAND with GRAVEL (SM): very dense,
yellowish-brown, dry, fine to medium sand, rounded
to subrounded fine gravel

POORLY GRADED SAND with SILT (SP-SM):
very dense, yellowish-brown, moist, fine to medium
sand, low plastic fines

LEAN CLAY (CL): hard, olive, moist, 90% medium
plastic fines, 10% fine sand

SANDY LEAN CLAY with GRAVEL (CL): hard,
brown, moist, medium plastic fines, fine to medium
sand, rounded to subangular fine gravel
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SHEET 1 OF 2
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TESTSSOIL DESCRIPTION
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H
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GROUND WATER ELEV
TYPE OF DRILL RIG

DATE FINISHED
LOGGED BY

BORING DESIG.

CONTACTBULK SAMPLE

T TUBE SAMPLES

71.44 LT

SPLIT SPOON

D DRIVE SAMPLE

FAULT

SAMPLE TYPES:

7/8/08
RB

A-08-014

F

GW   HRS.

GEOTECHNICAL BORING LOG
PROJECT NAME

B C

140- lb. Auto Hammer

SR-57 Northbound Widening
370900.03.GE.FR

OFFSET (FT)

335
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320

315
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DROP (IN)
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24.1FAT CLAY (CH): hard, olive, moist, high plastic
fines, some fine sand

Boring completed to a depth of 31.5 feet below
ground surface.
No groundwater encountered.
Borehole backfilled with soil cuttings.
Hammer efficiency = 78%
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TESTSSOIL DESCRIPTION
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GROUND WATER ELEV
TYPE OF DRILL RIG

DATE FINISHED
LOGGED BY

BORING DESIG.

CONTACTBULK SAMPLE

T TUBE SAMPLES

71.44 LT

SPLIT SPOON

D DRIVE SAMPLE

FAULT

SAMPLE TYPES:

7/8/08
RB

A-08-014

F

GW   HRS.

GEOTECHNICAL BORING LOG
PROJECT NAME

B C

140- lb. Auto Hammer

SR-57 Northbound Widening
370900.03.GE.FR

OFFSET (FT)
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8.0

20.6

14.7

14.5

14.2

22.5

Artificial Fill (Af):
LEAN CLAY with SAND (CL): dark brown, moist,
medium plastic fines, fine sand

FAT CLAY (CH):  hard, pale olive, moist, 95% high
plastic fines, 5% fine to medium sand

 Very Old Alluvium Fan Deposits (Qvof):
LEAN CLAY (CL):  hard, brown, moist, medium
plastic fines, fine sand, with trace caliche

yellowish-brown, medium plastic fines, with trace
caliche

SANDY LEAN CLAY (CL): hard, yellowish-brown,
medium plastic fines, fine to medium sand

FAT CLAY (CH):  hard, light brown, moist, high
plastic fines, some sand
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TESTSSOIL DESCRIPTION
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GROUND WATER ELEV
TYPE OF DRILL RIG

DATE FINISHED
LOGGED BY

BORING DESIG.

CONTACTBULK SAMPLE

T TUBE SAMPLES

69.80 RT

SPLIT SPOON

D DRIVE SAMPLE

FAULT

SAMPLE TYPES:

7/9/08
RB

A-08-015

F

GW   HRS.

GEOTECHNICAL BORING LOG
PROJECT NAME

B C

140- lb. Auto Hammer

SR-57 Northbound Widening
370900.03.GE.FR

OFFSET (FT)
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21.9olive-gray

Boring completed to a depth of 31.5 feet below
ground surface.
No groundwater encountered.
Borehole backfilled with soil cuttings and cold patch
asphalt at the surface.
Hammer efficiency = 78%
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TESTSSOIL DESCRIPTION
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GROUND WATER ELEV
TYPE OF DRILL RIG

DATE FINISHED
LOGGED BY

BORING DESIG.

CONTACTBULK SAMPLE

T TUBE SAMPLES

69.80 RT

SPLIT SPOON

D DRIVE SAMPLE

FAULT

SAMPLE TYPES:

7/9/08
RB

A-08-015

F

GW   HRS.

GEOTECHNICAL BORING LOG
PROJECT NAME

B C

140- lb. Auto Hammer

SR-57 Northbound Widening
370900.03.GE.FR

OFFSET (FT)
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12.8

12.6

16.3

17.2

11.0

7" Asphalt concrete layer, 9" base course layer

Artificial Fill (Af):
LEAN CLAY (CL):  hard, dark brown, moist,
medium plastic fines, some fine sand

SANDY LEAN CLAY (CL):  very stiff, brown,
moist, medium plastic fines, fine sand

LEAN CLAY with SAND (CL),  hard,
yellowish-brown, moist, medium plastic fines, fine
sand

LEAN CLAY (CL):  hard, brown, moist, medium
plastic fines

LEAN CLAY with SAND (CL): hard,
yellowish-brown, moist, medium plastic fines, fine
sand
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TESTSSOIL DESCRIPTION
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GROUND WATER ELEV
TYPE OF DRILL RIG

DATE FINISHED
LOGGED BY

BORING DESIG.

CONTACTBULK SAMPLE

T TUBE SAMPLES

78.93 RT

SPLIT SPOON

D DRIVE SAMPLE

FAULT

SAMPLE TYPES:

7/7/08
RB

A-08-016

F

GW   HRS.

GEOTECHNICAL BORING LOG
PROJECT NAME

B C

140- lb. Auto Hammer

SR-57 Northbound Widening
370900.03.GE.FR

OFFSET (FT)
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16.7

22.4

18.3

20.5

26.0

28.4

LEAN CLAY (CL): very stiff, dark brown, moist,
medium plastic fines, some fine sand

Young Alluvium Fan Deposits (Qyf):
LEAN CLAY (CL):  hard, dark olive-brown, moist,
medium plastic fines

very stiff, dark brown, moist

brown, wet

stiff, dark gray, some fine sand

LEAN CLAY with SAND (CL):  stiff, pale olive,
wet, 72% medium plastic fines and 28% fine to
medium sand
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97.2
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PROJECT NO
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STATION (FT)
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GW DEPTH (FT)
DRIVE WT (LBS)
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SHEET 2 OF 3
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TESTSSOIL DESCRIPTION
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GROUND WATER ELEV
TYPE OF DRILL RIG

DATE FINISHED
LOGGED BY

BORING DESIG.

CONTACTBULK SAMPLE

T TUBE SAMPLES

78.93 RT

SPLIT SPOON

D DRIVE SAMPLE

FAULT

SAMPLE TYPES:

7/7/08
RB

A-08-016

F

GW   HRS.

GEOTECHNICAL BORING LOG
PROJECT NAME

B C

140- lb. Auto Hammer

SR-57 Northbound Widening
370900.03.GE.FR

OFFSET (FT)
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24.2

22.5

22.9

20.7

23.1

SANDY LEAN CLAY (CL): medium stiff, olive,
wet, 58% medium plastic fines, 42% fine to medium
sand

Very Old Alluvium Fan Deposits (Qvof):
CLAYEY SAND (SC):  very dense, olive-brown,
wet, fine sand, medium plastic fines

SANDY LEAN CLAY (CL):  hard, olive-gray, wet,
57% medium plastic fines, 41% fine sand, trace
gravel up to ¾" diameter particles

LEAN CLAY (CL): hard, olive-gray, wet, medium
plastic fines

Boring completed to a depth of 81.5' below ground
surface (bgs).
Groundwater encountered at 49 feet bgs.
Borehole backfilled with soil cuttings and cold patch
asphalt at the surface.
Hammer efficiency = 78%
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TESTSSOIL DESCRIPTION
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TYPE OF DRILL RIG

DATE FINISHED
LOGGED BY

BORING DESIG.

CONTACTBULK SAMPLE

T TUBE SAMPLES

78.93 RT

SPLIT SPOON

D DRIVE SAMPLE

FAULT

SAMPLE TYPES:

7/7/08
RB

A-08-016

F

GW   HRS.

GEOTECHNICAL BORING LOG
PROJECT NAME

B C

140- lb. Auto Hammer

SR-57 Northbound Widening
370900.03.GE.FR

OFFSET (FT)
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22.0

5" Asphalt Concrete layer over 18" base course layer

 Artificial Fill (Af):
LEAN CLAY with SAND (CL): soft, dark
olive-brown, moist, medium plastic fines, fine to
medium sand

medium stiff

Young Alluvium Fan Desposits (Qyf):
LEAN CLAY with SAND (CL):  hard, dark
olive-brown, moist, medium plastic fines, fine sand,
with trace caliche

very stiff

hard, olive, wet

very stiff, olive-brown, trace fine sand
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TESTSSOIL DESCRIPTION
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GROUND WATER ELEV
TYPE OF DRILL RIG

DATE FINISHED
LOGGED BY

BORING DESIG.

CONTACTBULK SAMPLE

T TUBE SAMPLES

161.31 RT

SPLIT SPOON

D DRIVE SAMPLE

FAULT

SAMPLE TYPES:

9/11/08
HMN

A-08-017

F

GW   HRS.

GEOTECHNICAL BORING LOG
PROJECT NAME

B C

140- lb. Auto Hammer

SR-57 Northbound Widening
370900.03.GE.FR

OFFSET (FT)
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24.6

22.7

22.0

FAT CLAY (CH):  hard, olive-gray, wet, high plastic
fines

very stiff

Very Old Alluvium Fan Deposits (Qvof):
LEAN CLAY (CL): hard, olive, wet, medium plastic
fines

trace reddish-brown to orange-brown, fine sand

FAT CLAY (CH): hard, dark olive, wet, high plastic
fines
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TESTSSOIL DESCRIPTION
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GROUND WATER ELEV
TYPE OF DRILL RIG

DATE FINISHED
LOGGED BY

BORING DESIG.

CONTACTBULK SAMPLE

T TUBE SAMPLES

161.31 RT

SPLIT SPOON

D DRIVE SAMPLE

FAULT

SAMPLE TYPES:

9/11/08
HMN

A-08-017

F

GW   HRS.

GEOTECHNICAL BORING LOG
PROJECT NAME

B C

140- lb. Auto Hammer

SR-57 Northbound Widening
370900.03.GE.FR

OFFSET (FT)
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23.5

24.4

26.0

LEAN CLAY (CL): hard, olive-brown, wet, medium
plastic fines

grades with more sand

FAT CLAY (CH):  hard, yellowish-brown, wet, high
plastic fines

LEAN CLAY (CL): hard, olive-brown, wet, medium
plastic fines

Boring completed to a depth of 81.5 feet below
ground surface (bgs).
Groundwater encountered at 18 feet bgs.
Borehole backfilled with bentonite and surface
patched with cold asphalt at the surface.
Hammer efficiency = 78%
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TESTSSOIL DESCRIPTION
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GROUND WATER ELEV
TYPE OF DRILL RIG

DATE FINISHED
LOGGED BY

BORING DESIG.

CONTACTBULK SAMPLE

T TUBE SAMPLES

161.31 RT

SPLIT SPOON

D DRIVE SAMPLE

FAULT

SAMPLE TYPES:

9/11/08
HMN

A-08-017

F

GW   HRS.

GEOTECHNICAL BORING LOG
PROJECT NAME

B C

140- lb. Auto Hammer

SR-57 Northbound Widening
370900.03.GE.FR
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16.3

6" Asphalt concrete layer, 8" base course layer

Artificial Fill (Af):
SANDY LEAN CLAY (CL):  dark brown, moist,
53% medium plastic fines, 47% fine to medium sand

hard, brown

very stiff, yellowish-brown, 54% medium plastic
fines, 46% fine sand

Boring completed to a depth of 11.5 feet below
ground surface.
No groundwater encountered.
Borehole backfilled with soil cuttings and cold patch
asphalt at the surface.
Hammer efficiency = 78%
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V

GW DEPTH (FT)
DRIVE WT (LBS)

NE

5

10

BEDDING PLANE

J JOINTING

GSE (FT)

SHEET 1 OF 1

C

30
308.65

CME 55

TESTSSOIL DESCRIPTION

G
R

A
P

H
IC

LO
G

GROUND WATER ELEV
TYPE OF DRILL RIG

DATE FINISHED
LOGGED BY

BORING DESIG.

CONTACTBULK SAMPLE

T TUBE SAMPLES

280.67 RT

SPLIT SPOON

D DRIVE SAMPLE

FAULT

SAMPLE TYPES:

7/2/08
RB

A-08-018

F

GW   HRS.

GEOTECHNICAL BORING LOG
PROJECT NAME

B C

140- lb. Auto Hammer

SR-57 Northbound Widening
370900.03.GE.FR

OFFSET (FT)

305

300

DROP (IN)

(F
E

E
T

)

B
LO

W
S

/F
T



17.5

16.3

18.6

Artificial Fill (Af):
CLAYEY SAND (SC): orange-brown, moist, fine
sand, medium plastic fines

medium dense

Very Old Alluvium Fan Deposits (Qvof):
LEAN CLAY (CL):  hard, brown, moist, medium
plastic fines, trace white caliche

SILT with SAND (ML): very stiff, yellow, moist,
low plastic fines, fine sand, trace caliche

LEAN CLAY (CL): yellowish-brown, moist,
medium plastic fines, some fine sand

hard

SANDY SILT (ML):  dense, light brown, moist, low
plastic fines, fine sand

114.4

103.9

1

2

3

1

4

5

S

D

S

B

D

S

19

36

17

82

24

DS, CN,
PI

PI

DS, CR,
CP

DS, PI

COMMENTS

D
E

P
T

H

S
A

M
P

LE

2R Drilling

ROCK CORE

B

(P
C

F
)

LAB

S

T
Y

P
E

S
A

M
P

LE

O
R

R
E

C
/R

Q
D

8/28/08

299.8

SHEAR

654+15.00

M
O

IS
T

U
R

E
C

O
N

T
E

N
T

%

PROJECT NO
DATE STARTED
DRILLER

STATION (FT)

P PITCHER TUBE

GW  WHILE DRILLING

E
LE

V

GW DEPTH (FT)
DRIVE WT (LBS)

42

5

10

15

20

25

BEDDING PLANE

J JOINTING

GSE (FT)

SHEET 1 OF 2

C

30
341.80

CME 75 Limited

TESTSSOIL DESCRIPTION

G
R

A
P

H
IC

LO
G

GROUND WATER ELEV
TYPE OF DRILL RIG

DATE FINISHED
LOGGED BY

BORING DESIG.

CONTACTBULK SAMPLE

T TUBE SAMPLES

140.45 RT

SPLIT SPOON

D DRIVE SAMPLE

FAULT

SAMPLE TYPES:

8/28/08
J. Lee

A-08-019

F

GW   HRS.

GEOTECHNICAL BORING LOG
PROJECT NAME

B C

140- lb. Auto Hammer

SR-57 Northbound Widening
370900.03.GE.FR

OFFSET (FT)

340

335

330

325

320

315

DROP (IN)

(F
E

E
T

)

B
LO

W
S

/F
T



23.9

29.4

LEAN CLAY with SAND (CL): hard, olive-brown,
81% medium plastic fines, 19% fine sand

LEAN CLAY (CL):  very stiff, brown, moist,
medium plastic fines, some fine sand

FAT CLAY (CH): hard, olive-brown, wet, high
plastic fines, some fine sand

SANDY SILT (ML): dense, brown, wet, low plastic
fines, fine sand

Boring completed to a depth of 46.5 feet below
ground surface (bgs).
Groundwater encountered at 42 feet bgs.
Borehole backfilled with soil cuttings.
Hammer efficiency = 78%

102.6

102.7

6

7

8

9

D

S

D

S

73

15

46

33

PA, UW

DS, PI

COMMENTS

D
E

P
T

H

S
A

M
P

LE

2R Drilling

ROCK CORE

B

(P
C

F
)

LAB

S

T
Y

P
E

S
A

M
P

LE

O
R

R
E

C
/R

Q
D

8/28/08

299.8

SHEAR

654+15.00

M
O

IS
T

U
R

E
C

O
N

T
E

N
T

%

PROJECT NO
DATE STARTED
DRILLER

STATION (FT)

P PITCHER TUBE

GW  WHILE DRILLING

E
LE

V

GW DEPTH (FT)
DRIVE WT (LBS)

42

35

40

45

BEDDING PLANE

J JOINTING

GSE (FT)

SHEET 2 OF 2

C

30
341.80

CME 75 Limited

TESTSSOIL DESCRIPTION

G
R

A
P

H
IC

LO
G

GROUND WATER ELEV
TYPE OF DRILL RIG

DATE FINISHED
LOGGED BY

BORING DESIG.

CONTACTBULK SAMPLE

T TUBE SAMPLES

140.45 RT

SPLIT SPOON

D DRIVE SAMPLE

FAULT

SAMPLE TYPES:

8/28/08
J. Lee

A-08-019

F

GW   HRS.

GEOTECHNICAL BORING LOG
PROJECT NAME

B C

140- lb. Auto Hammer

SR-57 Northbound Widening
370900.03.GE.FR

OFFSET (FT)

310

305

300

DROP (IN)

(F
E

E
T

)

B
LO

W
S

/F
T



25.0

27.9

10.3

10.7

Artificial Fill (Af):
SILTY SAND (SM): brown to dark brown, moist,
fine to medium sand, low plastic fines

Very Old Alluvium Fan Deposits (Qvof):
FAT CLAY (CH):  hard, brown, moist, high plastic
fines, some fine to medium sand

olive-brown

LEAN CLAY with SAND (CL): hard,
reddish-brown, moist, medium plastic fines, thin
sandy interlayers

SANDY LEAN CLAY (CL): hard, light
olive-brown, moist, 54% medium plastic fines, 46%
fine to medium sand

LEAN CLAY (CL): hard, brown, moist, medium
plastic fines, some fine to medium sand

96.5

118.3

1

2

3

1

4

5

D

S

D

B

S

D

47

32

50/4"

66

50/5"

PI, DS

PI, M

DS, CR,
CP

PA

UW

COMMENTS

D
E

P
T

H

S
A

M
P

LE

2R Drilling

ROCK CORE

B

(P
C

F
)

LAB

S

T
Y

P
E

S
A

M
P

LE

O
R

R
E

C
/R

Q
D

8/28/08

301.5

SHEAR

655+41.39

M
O

IS
T

U
R

E
C

O
N

T
E

N
T

%

PROJECT NO
DATE STARTED
DRILLER

STATION (FT)

P PITCHER TUBE

GW  WHILE DRILLING

E
LE

V

GW DEPTH (FT)
DRIVE WT (LBS)

37.5

5

10

15

20

25

BEDDING PLANE

J JOINTING

GSE (FT)

SHEET 1 OF 2

C

30
339.01

CME 75 Limited

TESTSSOIL DESCRIPTION

G
R

A
P

H
IC

LO
G

GROUND WATER ELEV
TYPE OF DRILL RIG

DATE FINISHED
LOGGED BY

BORING DESIG.

CONTACTBULK SAMPLE

T TUBE SAMPLES

162.71 RT

SPLIT SPOON

D DRIVE SAMPLE

FAULT

SAMPLE TYPES:

8/28/08
J. Lee

A-08-020

F

GW   HRS.

GEOTECHNICAL BORING LOG
PROJECT NAME

B C

140- lb. Auto Hammer

SR-57 Northbound Widening
370900.03.GE.FR

OFFSET (FT)

335

330

325

320

315

310

DROP (IN)

(F
E

E
T

)

B
LO

W
S

/F
T



21.7

21.7

FAT CLAY (CH): very stiff, yellowish-brown to
brown, moist, high plastic fines, some fine to
medium sand

SILTY CLAYEY SAND (SC-SM): very dense,
yellowish-brown, wet, 63% fine sand, 37% low
plastic fines

LEAN CLAY (CL): very stiff, pale brown, wet,
medium plastic fines, some fine sand

hard, brown

SILTY CLAY (CL-ML):  hard, pale brown, wet, low
plastic fines, some sand

Boring completed to a depth of 51.5 feet below
ground surface (bgs).
Groundwater encountered at 37.5 feet bgs.
Borehole backfilled with soil cuttings.
Hammer efficiency = 78%

105.4

105.4

6

7

8

9

10

S

D

S

D

S

16

70/11"

16

66

30

PI

PA, UW

UW

COMMENTS

D
E

P
T

H

S
A

M
P

LE

2R Drilling

ROCK CORE

B

(P
C

F
)

LAB

S

T
Y

P
E

S
A

M
P

LE

O
R

R
E

C
/R

Q
D

8/28/08

301.5

SHEAR

655+41.39

M
O

IS
T

U
R

E
C

O
N

T
E

N
T

%

PROJECT NO
DATE STARTED
DRILLER

STATION (FT)

P PITCHER TUBE

GW  WHILE DRILLING

E
LE

V

GW DEPTH (FT)
DRIVE WT (LBS)

37.5

35

40

45

50

BEDDING PLANE

J JOINTING

GSE (FT)

SHEET 2 OF 2

C

30
339.01

CME 75 Limited

TESTSSOIL DESCRIPTION

G
R

A
P

H
IC

LO
G

GROUND WATER ELEV
TYPE OF DRILL RIG

DATE FINISHED
LOGGED BY

BORING DESIG.

CONTACTBULK SAMPLE

T TUBE SAMPLES

162.71 RT

SPLIT SPOON

D DRIVE SAMPLE

FAULT

SAMPLE TYPES:

8/28/08
J. Lee

A-08-020

F

GW   HRS.

GEOTECHNICAL BORING LOG
PROJECT NAME

B C

140- lb. Auto Hammer

SR-57 Northbound Widening
370900.03.GE.FR

OFFSET (FT)

305

300

295

290

DROP (IN)

(F
E

E
T

)

B
LO

W
S

/F
T



14.8

12.6

3.3

17.7

Very Old Alluvium Fan Deposits (Qvof):
LEAN CLAY with SAND (CL): yellowish-brown,
moist, 70% medium plastic fines, 28% fine sand,
trace fine gravel

hard, 74% medium plastic fines, 25% fine to
medium sand, trace fine gravel

POORLY GRADED SAND with SILT (SP-SM):
very dense, brown, moist, 92% fine sand, 8% low
plastic fines

olive-brown, 94% fine sand, 6% low plastic fines

SANDY LEAN CLAY (CL): hard, brown, moist,
medium plastic fines, fine sand

CLAYEY SAND (SC):  very dense,
yellowish-brown, moist, 55% fine sand, 45%
medium plastic fines

114.5

96.5

116.1

1

1

2

3

4

5

B

D

S

D

S

D

50/5"

58

50/5"

49

62

PA, CR,
CP, PI

PA, DS

PA

PA, UW

PA, PI,
UW

COMMENTS

D
E

P
T

H

S
A

M
P

LE

2R Drilling

ROCK CORE

B

(P
C

F
)

LAB

S

T
Y

P
E

S
A

M
P

LE

O
R

R
E

C
/R

Q
D

7/10/08

309.0

SHEAR

664+80.57

M
O

IS
T

U
R

E
C

O
N

T
E

N
T

%

PROJECT NO
DATE STARTED
DRILLER

STATION (FT)

P PITCHER TUBE

GW  WHILE DRILLING

E
LE

V

GW DEPTH (FT)
DRIVE WT (LBS)

30.5

5

10

15

20

25

BEDDING PLANE

J JOINTING

GSE (FT)

SHEET 1 OF 2

C

30
339.53

CME 55

TESTSSOIL DESCRIPTION

G
R

A
P

H
IC

LO
G

GROUND WATER ELEV
TYPE OF DRILL RIG

DATE FINISHED
LOGGED BY

BORING DESIG.

CONTACTBULK SAMPLE

T TUBE SAMPLES

121.99 RT

SPLIT SPOON

D DRIVE SAMPLE

FAULT

SAMPLE TYPES:

7/10/08
RB

A-08-021

F

GW   HRS.

GEOTECHNICAL BORING LOG
PROJECT NAME

B C

140- lb. Auto Hammer

SR-57 Northbound Widening
370900.03.GE.FR

OFFSET (FT)

335

330

325

320

315

310

DROP (IN)

(F
E

E
T

)

B
LO

W
S

/F
T



very stiff, wet

Boring completed to a depth of 31.5 feet below
ground surface (bgs).
Groundwater encountered at 30 feet bgs.
Borehole backfilled with soil cuttings.
Hammer efficiency = 78%

6S 13

COMMENTS

D
E

P
T

H

S
A

M
P

LE

2R Drilling

ROCK CORE

B

(P
C

F
)

LAB

S

T
Y

P
E

S
A

M
P

LE

O
R

R
E

C
/R

Q
D

7/10/08

309.0

SHEAR

664+80.57

M
O

IS
T

U
R

E
C

O
N

T
E

N
T

%

PROJECT NO
DATE STARTED
DRILLER

STATION (FT)

P PITCHER TUBE

GW  WHILE DRILLING

E
LE

V

GW DEPTH (FT)
DRIVE WT (LBS)

30.5

BEDDING PLANE

J JOINTING

GSE (FT)

SHEET 2 OF 2

C

30
339.53

CME 55

TESTSSOIL DESCRIPTION

G
R

A
P

H
IC

LO
G

GROUND WATER ELEV
TYPE OF DRILL RIG

DATE FINISHED
LOGGED BY

BORING DESIG.

CONTACTBULK SAMPLE

T TUBE SAMPLES

121.99 RT

SPLIT SPOON

D DRIVE SAMPLE

FAULT

SAMPLE TYPES:

7/10/08
RB

A-08-021

F

GW   HRS.

GEOTECHNICAL BORING LOG
PROJECT NAME

B C

140- lb. Auto Hammer

SR-57 Northbound Widening
370900.03.GE.FR

OFFSET (FT)

305

DROP (IN)

(F
E

E
T

)

B
LO

W
S

/F
T



6.1

13.6

8.5

18.5

6.2

Artificial Fill (Af):
CLAYEY SAND (SC): brown, moist, 52% fine to
medium sand, 47% medium plastic fines, trace fine
to coarse gravel

very dense, 57% fine to medium sand, 43% medium
plastic fines

dense, 59% fine to medium sand, 40% medium
plastic fines, trace fine gravel

Very Old Alluvial Fan Deposits (Qvof):
SILTY SAND (SM): very dense, brown, moist, 74%
fine to medium sand, 26% low plastic fines

SANDY LEAN CLAY (CL): very stiff, brown,
moist, medium plastic fines, fine to medium sand

SILTY SAND (SM): very dense, yellowish-brown,
moist, fine to medium sand, low plastic fines

121.8

111.0

100.6

1

1

2

3

4

5

B

D

S

D

S

D

70

29

50/6"

19

50/4"

PA, CR,
CP, R,
PI

PA, DS

PA

PA, UW

PI, M

UW

COMMENTS

D
E

P
T

H

S
A

M
P

LE

2R Drilling

ROCK CORE

B

(P
C

F
)

LAB

S

T
Y

P
E

S
A

M
P

LE

O
R

R
E

C
/R

Q
D

7/10/08

0.0

SHEAR

669+31.10

M
O

IS
T

U
R

E
C

O
N

T
E

N
T

%

PROJECT NO
DATE STARTED
DRILLER

STATION (FT)

P PITCHER TUBE

GW  WHILE DRILLING

E
LE

V

GW DEPTH (FT)
DRIVE WT (LBS)

NE

5

10

15

20

25

BEDDING PLANE

J JOINTING

GSE (FT)

SHEET 1 OF 2

C

30
349.86

CME 55

TESTSSOIL DESCRIPTION

G
R

A
P

H
IC

LO
G

GROUND WATER ELEV
TYPE OF DRILL RIG

DATE FINISHED
LOGGED BY

BORING DESIG.

CONTACTBULK SAMPLE

T TUBE SAMPLES

88.88 RT

SPLIT SPOON

D DRIVE SAMPLE

FAULT

SAMPLE TYPES:

7/10/08
RB

A-08-022

F

GW   HRS.

GEOTECHNICAL BORING LOG
PROJECT NAME

B C

140- lb. Auto Hammer

SR-57 Northbound Widening
370900.03.GE.FR

OFFSET (FT)

345

340

335

330

325

DROP (IN)

(F
E

E
T

)

B
LO

W
S

/F
T



13.8SANDY LEAN CLAY (CL): hard, brown, moist,
medium plastic fines, fine to medium sand

Boring completed to a depth of 31.5 feet below
ground surface.
No groundwater encountered.
Borehole backfilled with soil cuttings.
Hammer efficiency = 78%

6S 35

M

COMMENTS

D
E

P
T

H

S
A

M
P

LE

2R Drilling

ROCK CORE

B

(P
C

F
)

LAB

S

T
Y

P
E

S
A

M
P

LE

O
R

R
E

C
/R

Q
D

7/10/08

0.0

SHEAR

669+31.10

M
O

IS
T

U
R

E
C

O
N

T
E

N
T

%

PROJECT NO
DATE STARTED
DRILLER

STATION (FT)

P PITCHER TUBE

GW  WHILE DRILLING

E
LE

V

GW DEPTH (FT)
DRIVE WT (LBS)

NE

BEDDING PLANE

J JOINTING

GSE (FT)

SHEET 2 OF 2

C

30
349.86

CME 55

TESTSSOIL DESCRIPTION

G
R

A
P

H
IC

LO
G

GROUND WATER ELEV
TYPE OF DRILL RIG

DATE FINISHED
LOGGED BY

BORING DESIG.

CONTACTBULK SAMPLE

T TUBE SAMPLES

88.88 RT

SPLIT SPOON

D DRIVE SAMPLE

FAULT

SAMPLE TYPES:

7/10/08
RB

A-08-022

F

GW   HRS.

GEOTECHNICAL BORING LOG
PROJECT NAME

B C

140- lb. Auto Hammer

SR-57 Northbound Widening
370900.03.GE.FR

OFFSET (FT)

315

DROP (IN)

(F
E

E
T

)

B
LO

W
S

/F
T



10.1

13.6

11.7

Artificial Fill (Af):

SANDY LEAN CLAY (CL): hard, olive, dry, 59%
low plastic fines, 30% fine to coarse sand, 11% fine
to coarse gravel

SANDY CLAY (CL): hard, brown, dry to moist,
medium plastic fines, fine to medium sand

SANDY SILT (ML): very dense, olive-gray, moist,
non plastic to low plastic fines, fine to medium sand,
trace gravel

CLAYEY SAND (SC):  dense, olive-gray, 56% fine
to coarse sand, 42% medium plastic fines, trace
gravel

very dense, dark brown, mottling

116.3

119.0

1

2

3

4

1

5

D

S

D

S

B

D

83

21

50/5"

27

87

PA, PI

UW

PA

PI, CR

PI, DS

COMMENTS

D
E

P
T

H

S
A

M
P

LE

2R Drilling

ROCK CORE

B

(P
C

F
)

LAB

S

T
Y

P
E

S
A

M
P

LE

O
R

R
E

C
/R

Q
D

7/14/08

315.3

SHEAR

684+27.43

M
O

IS
T

U
R

E
C

O
N

T
E

N
T

%

PROJECT NO
DATE STARTED
DRILLER

STATION (FT)

P PITCHER TUBE

GW  WHILE DRILLING

E
LE

V

GW DEPTH (FT)
DRIVE WT (LBS)

75

5

10

15

20

25

BEDDING PLANE

J JOINTING

GSE (FT)

SHEET 1 OF 3

C

30
390.34

CME 55

TESTSSOIL DESCRIPTION

G
R

A
P

H
IC

LO
G

GROUND WATER ELEV
TYPE OF DRILL RIG

DATE FINISHED
LOGGED BY

BORING DESIG.

CONTACTBULK SAMPLE

T TUBE SAMPLES

76.45 RT

SPLIT SPOON

D DRIVE SAMPLE

FAULT

SAMPLE TYPES:

7/14/08
RB

A-08-023

F

GW   HRS.

GEOTECHNICAL BORING LOG
PROJECT NAME

B C

140- lb. Auto Hammer

SR-57 Northbound Widening
370900.03.GE.FR

OFFSET (FT)

390

385

380

375

370

365

DROP (IN)

(F
E

E
T

)

B
LO

W
S

/F
T



14.2

9.5

18.9

Very Old Alluvium Fan Deposits (Qvof):
CLAYEY SAND (SC):  dense, brown, moist, fine to
medium sand, medium plastic fines, mottling

SILTY CLAY with SAND (CL-ML):  hard,
grayish-brown, moist, low plastic fines, fine to
medium sand

brown

SILTY SAND (SM): very dense, yellowish-brown,
moist, 67% fine to medium sand, 33% non plastic to
low plastic fines

POORLY GRADED SAND with SILT (SP-SM):
very dense, brown, moist, 92% fine to medium sand,
7% non plastic to low plastic fines, trace fine gravel

LEAN CLAY (CL): hard, yellowish-brown, moist,
medium plastic fines, some fine to medium sand

117.5

116.0

108.4

6

7

8

9

10

11

S

D

S

D

S

D

30

31

31

50/6"

91

75

PI, UU

DS, PA

PA

PI, UU

COMMENTS

D
E

P
T

H

S
A

M
P

LE

2R Drilling

ROCK CORE

B

(P
C

F
)

LAB

S

T
Y

P
E

S
A

M
P

LE

O
R

R
E

C
/R

Q
D

7/14/08

315.3

SHEAR

684+27.43

M
O

IS
T

U
R

E
C

O
N

T
E

N
T

%

PROJECT NO
DATE STARTED
DRILLER

STATION (FT)

P PITCHER TUBE

GW  WHILE DRILLING

E
LE

V

GW DEPTH (FT)
DRIVE WT (LBS)

75

35

40

45

50

55

BEDDING PLANE

J JOINTING

GSE (FT)

SHEET 2 OF 3

C

30
390.34

CME 55

TESTSSOIL DESCRIPTION

G
R

A
P

H
IC

LO
G

GROUND WATER ELEV
TYPE OF DRILL RIG

DATE FINISHED
LOGGED BY

BORING DESIG.

CONTACTBULK SAMPLE

T TUBE SAMPLES

76.45 RT

SPLIT SPOON

D DRIVE SAMPLE

FAULT

SAMPLE TYPES:

7/14/08
RB

A-08-023

F

GW   HRS.

GEOTECHNICAL BORING LOG
PROJECT NAME

B C

140- lb. Auto Hammer

SR-57 Northbound Widening
370900.03.GE.FR

OFFSET (FT)

360

355

350

345

340

335

DROP (IN)

(F
E

E
T

)

B
LO

W
S

/F
T



22.5

18.1

very stiff

hard, brown, trace gravel

yellowish-brown, wet

Boring completed to a depth of 81.5 feet below
ground surface (bgs).
Groundwater encountered at 75 feet bgs.
Borehole backfilled with soil cuttings.
Hammer efficiency = 78%

106.2

112.3

12

13

14

15

16

S

D

S

D

S

18

50/6"

33

82

27

DS

PI, UU

COMMENTS

D
E

P
T

H

S
A

M
P

LE

2R Drilling

ROCK CORE

B

(P
C

F
)

LAB

S

T
Y

P
E

S
A

M
P

LE

O
R

R
E

C
/R

Q
D

7/14/08

315.3

SHEAR

684+27.43

M
O
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T

U
R

E
C

O
N

T
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N
T

%

PROJECT NO
DATE STARTED
DRILLER

STATION (FT)

P PITCHER TUBE

GW  WHILE DRILLING

E
LE

V

GW DEPTH (FT)
DRIVE WT (LBS)

75

65

70

75

80

BEDDING PLANE

J JOINTING

GSE (FT)

SHEET 3 OF 3

C

30
390.34

CME 55

TESTSSOIL DESCRIPTION

G
R

A
P

H
IC

LO
G

GROUND WATER ELEV
TYPE OF DRILL RIG

DATE FINISHED
LOGGED BY

BORING DESIG.

CONTACTBULK SAMPLE

T TUBE SAMPLES

76.45 RT

SPLIT SPOON

D DRIVE SAMPLE

FAULT

SAMPLE TYPES:

7/14/08
RB

A-08-023

F

GW   HRS.

GEOTECHNICAL BORING LOG
PROJECT NAME

B C

140- lb. Auto Hammer

SR-57 Northbound Widening
370900.03.GE.FR

OFFSET (FT)

330

325

320

315

310

DROP (IN)

(F
E

E
T

)

B
LO

W
S

/F
T



13.0

11.5

10.1

8.7

12.3

10.6

Artificial Fill (Af):
LEAN CLAY with SAND (CL): olive, moist, 74%
medium plastic fines, 24% fine to coarse sand, trace
fine gravel

SANDY LEAN CLAY (CL):  hard, olive-brown,
moist, 66% medium plastic fines, 30% fine to coarse
sand, trace fine gravel

CLAYEY SAND (SC):  dense, olive-gray moist,
50% fine to coarse sand, 44% medium plastic fines,
6% fine gravel

SILTY SAND (SM):  very dense, dark olive-brown,
moist, fine to medium sand, low plastic fines, with
caliche

CLAYEY SAND (SC):  dense, grayish-brown,
moist, fine to medium sand, trace coarse sand,
medium plastic fines

SANDY SILT (ML):  very dense, light brown, moist,
low plastic fines, fine to medium sand, with caliche

123.0

120.2

117.2

1

1

2

3

4

5

B

D

S

D

S

D

50/6"

26

94/11"

27

90/9"

PA, CP,
CR, DS,
EI, PI

PA, DS

PA, M

UW

M

UW

COMMENTS

D
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P
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S
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M
P

LE

2R Drilling

ROCK CORE

B

(P
C

F
)
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T
Y

P
E

S
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M
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O
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R
E

C
/R

Q
D

7/10/08

0.0

SHEAR

685+84.80

M
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U
R

E
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O
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T
E

N
T

%

PROJECT NO
DATE STARTED
DRILLER

STATION (FT)

P PITCHER TUBE

GW  WHILE DRILLING

E
LE

V

GW DEPTH (FT)
DRIVE WT (LBS)

NE

5

10

15

20

25

BEDDING PLANE

J JOINTING

GSE (FT)

SHEET 1 OF 2

C

30
394.35

CME 55

TESTSSOIL DESCRIPTION

G
R

A
P

H
IC

LO
G

GROUND WATER ELEV
TYPE OF DRILL RIG

DATE FINISHED
LOGGED BY

BORING DESIG.

CONTACTBULK SAMPLE

T TUBE SAMPLES

69.05 RT

SPLIT SPOON

D DRIVE SAMPLE

FAULT

SAMPLE TYPES:

7/10/08
RB

A-08-024

F

GW   HRS.

GEOTECHNICAL BORING LOG
PROJECT NAME

B C

140- lb. Auto Hammer

SR-57 Northbound Widening
370900.03.GE.FR

OFFSET (FT)

390

385

380

375

370

365

DROP (IN)

(F
E

E
T

)

B
LO

W
S

/F
T



14.7CLAYEY SAND (SC):  very dense, light gray,
moist, 54% fine to coarse sand, 43% medium plastic
fines, trace fine gravel
Boring completed to a depth of 31.5 ft below ground
surface.
No groundwater encountered.
Borehole backfilled with soil cuttings.
Hammer efficiency = 78%

6S 35

PA, M

COMMENTS

D
E

P
T

H

S
A

M
P
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2R Drilling

ROCK CORE

B
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C

F
)
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S

T
Y

P
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S
A

M
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O
R

R
E

C
/R

Q
D

7/10/08

0.0

SHEAR

685+84.80

M
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U
R

E
C

O
N

T
E

N
T

%

PROJECT NO
DATE STARTED
DRILLER

STATION (FT)

P PITCHER TUBE

GW  WHILE DRILLING

E
LE

V

GW DEPTH (FT)
DRIVE WT (LBS)

NE

BEDDING PLANE

J JOINTING

GSE (FT)

SHEET 2 OF 2

C

30
394.35

CME 55

TESTSSOIL DESCRIPTION

G
R

A
P

H
IC

LO
G

GROUND WATER ELEV
TYPE OF DRILL RIG

DATE FINISHED
LOGGED BY

BORING DESIG.

CONTACTBULK SAMPLE

T TUBE SAMPLES

69.05 RT

SPLIT SPOON

D DRIVE SAMPLE

FAULT

SAMPLE TYPES:

7/10/08
RB

A-08-024

F

GW   HRS.

GEOTECHNICAL BORING LOG
PROJECT NAME

B C

140- lb. Auto Hammer

SR-57 Northbound Widening
370900.03.GE.FR

OFFSET (FT)

360

DROP (IN)

(F
E

E
T

)

B
LO

W
S

/F
T



14.8

18.7

15.4

8.3

18.2

16.1

5" Asphalt concrete layer over 9" base course layer

Artificial Fill (Af):

LEAN CLAY with SAND (CL):  hard, olive, moist,
78% medium plastic fines, 21% fine to coarse sand,
trace fine gravel

very stiff

LEAN CLAY (CL): hard, olive-gray, moist, medium
plastic fines, some fine to medium sand

very stiff, olive-brown, trace gravel

hard, olive

118.2

111.3

109.0

1

2

3

4

1

5

2

D

S

D

S

B

D

B
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15
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20
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PA,
UW, PI

UW

PI, M

PI, CR

PI, DS

PI, CR

COMMENTS
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2R Drilling
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F
)
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O
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C
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D
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0.0

SHEAR
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PROJECT NO
DATE STARTED
DRILLER

STATION (FT)

P PITCHER TUBE

GW  WHILE DRILLING

E
LE

V

GW DEPTH (FT)
DRIVE WT (LBS)

NE

5

10

15

20

25

BEDDING PLANE

J JOINTING

GSE (FT)

SHEET 1 OF 3

C

30
413.10

CME 55

TESTSSOIL DESCRIPTION

G
R

A
P

H
IC

LO
G

GROUND WATER ELEV
TYPE OF DRILL RIG

DATE FINISHED
LOGGED BY

BORING DESIG.

CONTACTBULK SAMPLE

T TUBE SAMPLES

68.65 RT

SPLIT SPOON

D DRIVE SAMPLE

FAULT

SAMPLE TYPES:

7/12/08
RB

A-08-025

F

GW   HRS.

GEOTECHNICAL BORING LOG
PROJECT NAME

B C

140- lb. Auto Hammer

SR-57 Northbound Widening
370900.03.GE.FR

OFFSET (FT)

410

405

400

395

390

385

DROP (IN)

(F
E

E
T

)

B
LO

W
S

/F
T



16.6

18.2

2.0

11.1

SANDY LEAN CLAY (CL): hard, dark brown,
moist, medium plastic fines, fine sand

LEAN CLAY (CL): hard, olive-brown, moist, silty
sand interbeds, some mottling, medium plastic fines,
fine sand

very stiff, dark brown, mottling

Very Old Alluvium Fan Deposits (Qvof):
WELL GRADED SAND with SILT and GRAVEL
(SW-SM): very dense, gray, moist, 49% fine to
coarse sand, 7% non-plastic fines, 44% fine gravel

LEAN CLAY with SAND (CL): hard, moist, brown,
medium plastic fines, fine sand

SANDY LEAN CLAY (CL): hard, dark olive, moist,
medium plastic fines, fine sand

109.4

123.9

118.6
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8

9

10
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S

D

S

D

S

D

26

65

15

50/6"

21

36

PI, UU

M

PA, DS

PI, UU

COMMENTS
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2R Drilling
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B
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F
)
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C
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0.0

SHEAR
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PROJECT NO
DATE STARTED
DRILLER

STATION (FT)

P PITCHER TUBE

GW  WHILE DRILLING

E
LE

V

GW DEPTH (FT)
DRIVE WT (LBS)

NE

35

40

45

50

55

BEDDING PLANE

J JOINTING

GSE (FT)

SHEET 2 OF 3

C

30
413.10

CME 55

TESTSSOIL DESCRIPTION

G
R

A
P

H
IC

LO
G

GROUND WATER ELEV
TYPE OF DRILL RIG

DATE FINISHED
LOGGED BY

BORING DESIG.

CONTACTBULK SAMPLE

T TUBE SAMPLES

68.65 RT

SPLIT SPOON

D DRIVE SAMPLE

FAULT

SAMPLE TYPES:

7/12/08
RB

A-08-025

F

GW   HRS.

GEOTECHNICAL BORING LOG
PROJECT NAME

B C

140- lb. Auto Hammer

SR-57 Northbound Widening
370900.03.GE.FR

OFFSET (FT)

380

375

370

365

360

355

DROP (IN)

(F
E

E
T

)

B
LO

W
S

/F
T



10.5

13.6

stiff

hard, brown, 53% medium plastic fines, 44% fine to
coarse sand, trace fine gravel

dark brown, moist, medium plastic fines, fine sand

Borehole terminated at depth of 77 feet below
ground surface due to rig refusal.
No groundwater encountered.
Borehole backfilled with soil cuttings and cold patch
asphalt at the surface.
Hammer efficiency = 78%

123.4

115.4
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S
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S

D
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22

50/4"

PA, DS

PI, UU
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M
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2R Drilling

ROCK CORE

B
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C

F
)
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O
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C
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7/12/08

0.0

SHEAR

693+47.72
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R

E
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O
N

T
E

N
T

%

PROJECT NO
DATE STARTED
DRILLER

STATION (FT)

P PITCHER TUBE

GW  WHILE DRILLING

E
LE

V

GW DEPTH (FT)
DRIVE WT (LBS)

NE

65

70

75

BEDDING PLANE

J JOINTING

GSE (FT)

SHEET 3 OF 3

C

30
413.10

CME 55

TESTSSOIL DESCRIPTION

G
R

A
P

H
IC

LO
G

GROUND WATER ELEV
TYPE OF DRILL RIG

DATE FINISHED
LOGGED BY

BORING DESIG.

CONTACTBULK SAMPLE

T TUBE SAMPLES

68.65 RT

SPLIT SPOON

D DRIVE SAMPLE

FAULT

SAMPLE TYPES:

7/12/08
RB

A-08-025

F

GW   HRS.

GEOTECHNICAL BORING LOG
PROJECT NAME

B C

140- lb. Auto Hammer

SR-57 Northbound Widening
370900.03.GE.FR

OFFSET (FT)

350

345

340

DROP (IN)

(F
E

E
T

)

B
LO

W
S

/F
T



12.7

Very Old Alluvium Fan Deposits (Qvof):
CLAYEY SAND (SC): gray, moist, fine to coarse
sand, medium plastic fines

SANDY LEAN CLAY (CL): stiff, yellowish-brown,
moist, 67% medium plastic fines, 31% fine to coarse
sand and trace fine gravel

SILTY SAND with GRAVEL (SM):  dense, light
olive-brown, moist, 51% fine to coarse sand, 22%
low plastic fines, 27% fine to coarse gravel

very dense, wet

LEAN CLAY (CL): hard, dark brown, wet, medium
plastic fines, trace fine sand

SANDY LEAN CLAY (CL):  hard, light
olive-brown, wet, 55% medium plastic fines, 45%
fine to coarse sand

1

1
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3

4

5

S

B

D

S

D

S

9

40

92/11"

62

28

PA, CR,
PI

PA

PI

PA

COMMENTS
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F
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C
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360.6

SHEAR

695+00

M
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PROJECT NO
DATE STARTED
DRILLER

STATION (FT)

P PITCHER TUBE

GW  WHILE DRILLING

E
LE

V

GW DEPTH (FT)
DRIVE WT (LBS)

11

5

10

15

20

25

BEDDING PLANE

J JOINTING

GSE (FT)

SHEET 1 OF 3

C

30
371.58

CME 55

TESTSSOIL DESCRIPTION

G
R

A
P

H
IC

LO
G

GROUND WATER ELEV
TYPE OF DRILL RIG

DATE FINISHED
LOGGED BY

BORING DESIG.

CONTACTBULK SAMPLE

T TUBE SAMPLES

86.0 RT

SPLIT SPOON

D DRIVE SAMPLE

FAULT

SAMPLE TYPES:

9/2/08
HMN

A-08-026

F

GW   HRS.

GEOTECHNICAL BORING LOG
PROJECT NAME

B C

140- lb. Auto Hammer

SR-57 Northbound Widening
370900.03.GE.FR

OFFSET (FT)

370

365

360

355

350

345

DROP (IN)

(F
E

E
T

)

B
LO

W
S

/F
T



13.1

16.9

32.2

LEAN CLAY (CL): hard, yellowish-brown, wet,
medium plastic fines, some fine sand, trace fine
gravel

CLAYEY SAND (SC): dense, yellowish-brown, wet,
54% fine sand, 42% medium plastic fines, trace fine
gravel

LEAN CLAY (CL):  very stiff, light brown, wet,
medium plastic fines, some fine sand

hard, yellowish-brown

LEAN CLAY with SAND (CL):  very stiff, brown,
wet, medium plastic fines, fine sand

122.4

111.8

90.4

6

7

8

9
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D

S

D

S

D

S

50/4"

35
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15

36

14

PI, DS

PA, DS

PI, UU

COMMENTS
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P
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C
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Q
D

9/2/08

360.6

SHEAR

695+00

M
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E
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O
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T
E

N
T
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PROJECT NO
DATE STARTED
DRILLER

STATION (FT)

P PITCHER TUBE

GW  WHILE DRILLING

E
LE

V

GW DEPTH (FT)
DRIVE WT (LBS)

11

35

40

45

50

55

BEDDING PLANE

J JOINTING

GSE (FT)

SHEET 2 OF 3

C

30
371.58

CME 55

TESTSSOIL DESCRIPTION

G
R

A
P

H
IC

LO
G

GROUND WATER ELEV
TYPE OF DRILL RIG

DATE FINISHED
LOGGED BY

BORING DESIG.

CONTACTBULK SAMPLE

T TUBE SAMPLES

86.0 RT

SPLIT SPOON

D DRIVE SAMPLE

FAULT

SAMPLE TYPES:

9/2/08
HMN

A-08-026

F

GW   HRS.

GEOTECHNICAL BORING LOG
PROJECT NAME

B C

140- lb. Auto Hammer

SR-57 Northbound Widening
370900.03.GE.FR

OFFSET (FT)

340

335

330

325

320

315

DROP (IN)

(F
E

E
T

)

B
LO

W
S

/F
T



24.6

20.0

16.2

LEAN CLAY (CL): hard, brown, wet, medium
plastic fines, some fine sand

POORLY GRADED SAND with SILT (SP-SM):
very dense, yellowish-brown, wet, 89% medium to
fine, 11% non plastic fines

LEAN CLAY (CL): hard, brown, wet, medium
plastic fines, trace fine to medium sand

LEAN CLAY with SAND (CL):  hard, brown, wet,
medium plastic fines, fine sand

LEAN CLAY (CL): hard, light brown, wet, medium
plastic fines

Boring completed to a depth of 81.5 feet below
ground surface (bgs).
Goundwater measured at 11 feet bgs after
completing drilling.
Borehole backfilled with bentonite and soil cuttings
mix.
Hammer efficiency = 78%

101.9

109.6

116.2

12
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D
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56/9"

64

50/4"

25

96/11"

DS, CN

PA

UW

PI

UW

COMMENTS
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360.6

SHEAR
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PROJECT NO
DATE STARTED
DRILLER

STATION (FT)

P PITCHER TUBE

GW  WHILE DRILLING

E
LE

V

GW DEPTH (FT)
DRIVE WT (LBS)

11

65

70

75

80

BEDDING PLANE

J JOINTING

GSE (FT)

SHEET 3 OF 3

C

30
371.58

CME 55

TESTSSOIL DESCRIPTION

G
R

A
P

H
IC

LO
G

GROUND WATER ELEV
TYPE OF DRILL RIG

DATE FINISHED
LOGGED BY

BORING DESIG.

CONTACTBULK SAMPLE

T TUBE SAMPLES

86.0 RT

SPLIT SPOON

D DRIVE SAMPLE

FAULT

SAMPLE TYPES:

9/2/08
HMN

A-08-026

F

GW   HRS.

GEOTECHNICAL BORING LOG
PROJECT NAME

B C

140- lb. Auto Hammer

SR-57 Northbound Widening
370900.03.GE.FR

OFFSET (FT)

310

305

300

295

DROP (IN)

(F
E

E
T

)

B
LO

W
S

/F
T



10.7

9.9

13.3

7" Asphalt concrete layer over 12" Base course layer

Artificial Fill (Af):
SANDY LEAN CLAY (CL): pale olive, moist, 53%
medium plastic fines, 39% fine to coarse sand, 8%
fine to coarse gravel

hard

SILTY CLAYEY SAND (SC-SM):  very dense,
olive-brown, 51% fine to coarse sand, 43% low
plastic fines, 6% fine gravel

SANDY LEAN CLAY (CL): hard, dark brown,
moist, 58% medium plastic fines, 42% fine to coarse
sand

CLAYEY SAND with GRAVEL (SC):  very dense,
olive-brown, moist, 38% fine to medium sand, 42%
medium plastic fines, 20% fine to coarse gravel

SANDY LEAN CLAY with GRAVEL (CL): hard,
yellowish-brown, moist, medium plastic fines, fine
sand, fine gravel

120.1

117.7
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PROJECT NO
DATE STARTED
DRILLER

STATION (FT)

P PITCHER TUBE

GW  WHILE DRILLING

E
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V

GW DEPTH (FT)
DRIVE WT (LBS)

NE
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BEDDING PLANE

J JOINTING

GSE (FT)

SHEET 1 OF 2

C

30
430.13

CME 75 Limited Access Rig

TESTSSOIL DESCRIPTION

G
R

A
P

H
IC

LO
G

GROUND WATER ELEV
TYPE OF DRILL RIG

DATE FINISHED
LOGGED BY

BORING DESIG.

CONTACTBULK SAMPLE

T TUBE SAMPLES

104.60 RT

SPLIT SPOON

D DRIVE SAMPLE

FAULT

SAMPLE TYPES:

7/17/08
RB

A-08-027

F

GW   HRS.

GEOTECHNICAL BORING LOG
PROJECT NAME

B C

140- lb. Auto Hammer

SR-57 Northbound Widening
370900.03.GE.FR

OFFSET (FT)

425

420

415

410

405

DROP (IN)

(F
E

E
T

)

B
LO

W
S

/F
T



Boring completed to a depth of 31.5 feet below
ground surface.
No groundwater encountered.
Borehole backfilled with soil cuttings and cold patch
asphalt at the surface.
Hammer efficiency = 78%

6S 32

COMMENTS

D
E

P
T

H

S
A

M
P

LE

2R Drilling

ROCK CORE

B

(P
C

F
)

LAB

S

T
Y

P
E

S
A

M
P

LE

O
R

R
E

C
/R

Q
D

7/17/08

0.0

SHEAR

701+06.37

M
O

IS
T

U
R

E
C

O
N

T
E

N
T

%

PROJECT NO
DATE STARTED
DRILLER

STATION (FT)

P PITCHER TUBE

GW  WHILE DRILLING

E
LE

V

GW DEPTH (FT)
DRIVE WT (LBS)

NE

BEDDING PLANE

J JOINTING

GSE (FT)

SHEET 2 OF 2

C

30
430.13

CME 75 Limited Access Rig
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BORING DESIG.
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D DRIVE SAMPLE
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8.7

12.3

14.3

Artificial Fill (Af):
SANDY LEAN CLAY with GRAVEL (CL): olive,
moist, 61% medium plastic fines, 23% fine to coarse
sand, 16% fine to coarse gravel

LEAN CLAY with SAND (CL): hard, olive, moist,
75% medium plastic fines, 24% fine to coarse sand,
trace fine gravel

SANDY LEAN CLAY (CL): hard, olive, moist, 64%
medium plastic fines, 36% fine to medium sand

CLAYEY SAND (SC): very dense, grayish-brown,
moist, 50% fine to coarse sand, 48% medium plastic
fines, trace fine gravel

pale olive, moist, 41% fine to coarse sand, 45%
medium plastic fines, 14% fine to coarse gravel

LEAN CLAY (CL): hard, brown, moist, medium
plastic fines, some fine to medium sand

CLAYEY SAND (SC): very dense, brown, moist,
fine to medium sand, medium plastic fines
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TYPE OF DRILL RIG

DATE FINISHED
LOGGED BY

BORING DESIG.

CONTACTBULK SAMPLE

T TUBE SAMPLES

148.74 RT

SPLIT SPOON

D DRIVE SAMPLE

FAULT

SAMPLE TYPES:

7/17/08
RB

A-08-028
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GW   HRS.

GEOTECHNICAL BORING LOG
PROJECT NAME
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Boring completed to a depth of 31.5 feet below
ground surface.
No groundwater encountered.
Borehole backfilled with soil cuttings.
Hammer efficiency = 78%
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BORING DESIG.

CONTACTBULK SAMPLE

T TUBE SAMPLES

148.74 RT

SPLIT SPOON

D DRIVE SAMPLE

FAULT

SAMPLE TYPES:

7/17/08
RB

A-08-028
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GW   HRS.

GEOTECHNICAL BORING LOG
PROJECT NAME
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140- lb. Auto Hammer
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370900.03.GE.FR
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Artificial Fill (Af):
SILTY SAND (SM):  brown, slightly moist, fine to
coarse grained

dense

SILTY SAND to CLAYEY SAND (SM/SC): dense,
brown  to gray, moist, fine to coarse grained

SILTY SAND (SM): medium dense, brown, moist,
fine to medium grained, trace of clay

CLAYEY SAND (SC):  dense, grayish-brown, very
moist, fine to medium grained

Very Old Alluvium Fan Deposits (Qvof):
SILTY CLAY (CL-ML):  hard, gray, very moist,
CLAYEY SAND interlayer, medium dense, reddish
brown, fine to medium grained
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TYPE OF DRILL RIG

DATE FINISHED
LOGGED BY

BORING DESIG.

CONTACTBULK SAMPLE

T TUBE SAMPLES

113.60 RT

SPLIT SPOON

D DRIVE SAMPLE

FAULT

SAMPLE TYPES:

8/27/08
J. Lee
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GEOTECHNICAL BORING LOG
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FAT CLAY (CH):  hard, dark brown, moist, thin
caliche

very stiff

SILTY CLAY (CL-ML):  very stiff, brown, moist,
trace of caliche

medium stiff, brown, moist, SILTY SAND interlayer

POORLY GRADED SAND with SILT (SP-SM):
medium dense, orange brown, slightly moist, fine
grained

SILTY CLAY (CL-ML):  very stiff, dark brown,
moist
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TYPE OF DRILL RIG

DATE FINISHED
LOGGED BY

BORING DESIG.

CONTACTBULK SAMPLE

T TUBE SAMPLES

113.60 RT

SPLIT SPOON

D DRIVE SAMPLE

FAULT

SAMPLE TYPES:

8/27/08
J. Lee

A-08-029

F

GW   HRS.

GEOTECHNICAL BORING LOG
PROJECT NAME

B C

140- lb. Auto Hammer

SR-57 Northbound Widening
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hard

SILTY CLAY to SAND CLAY (CL): very stiff, dark
brown, moist

SANDY CLAY (CL): hard, dark brown, moist, trace
of gravel

SILTY CLAY (CL):  hard, brown, moist, cobble
interlayer

Boring completed to a depth of 81.5 feet below
ground surface.
No groundwater encountered.
Borehole backfilled with soil cuttings.
Hammer efficiency = 78%
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TYPE OF DRILL RIG

DATE FINISHED
LOGGED BY

BORING DESIG.

CONTACTBULK SAMPLE

T TUBE SAMPLES

113.60 RT

SPLIT SPOON

D DRIVE SAMPLE

FAULT

SAMPLE TYPES:

8/27/08
J. Lee

A-08-029
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GW   HRS.

GEOTECHNICAL BORING LOG
PROJECT NAME
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14.9

11.1

5.9

5" Asphalt concrete layer, 9" Base

Very Old Alluvium Fan Deposits (Qvof):
FAT CLAY with SAND (CH):  hard,
yellowish-brown, moist, fine to coarse sand

SILTY SAND with GRAVEL (SM): very dense,
yellowish-brown, moist, fine to coarse sand, rounded
to subangular gravel up to 1/2" size

CLAYEY SAND (SC): very dense, brown, moist,
fine to medium sand, medium plastic fines

grades with 42% fines

SANDY LEAN CLAY (CL): hard, light
olive-brown, moist, trace fine gravel, 43% sand
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TYPE OF DRILL RIG

DATE FINISHED
LOGGED BY

BORING DESIG.

CONTACTBULK SAMPLE

T TUBE SAMPLES

67.56 RT

SPLIT SPOON

D DRIVE SAMPLE
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SAMPLE TYPES:

7/16/08
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A-08-030
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GEOTECHNICAL BORING LOG
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21.0

16.6

18.6

SANDY LEAN CLAY (CL): hard, brown, moist,
low plastic fines, fine sand

LEAN CLAY with SAND (CL):  hard,
yellowish-brown, moist, medium plastic fines, 15%
fine sand

SANDY LEAN CLAY (CL): hard, brown, moist,
70% medium plastic fines, 30% fine to medium sand

yellowish-brown

LEAN CLAY with SAND (CL): hard, brown, moist,
85% medium plastic fines, 15% fine sand
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G
R

A
P

H
IC

LO
G

GROUND WATER ELEV
TYPE OF DRILL RIG

DATE FINISHED
LOGGED BY

BORING DESIG.

CONTACTBULK SAMPLE

T TUBE SAMPLES

67.56 RT

SPLIT SPOON

D DRIVE SAMPLE

FAULT

SAMPLE TYPES:

7/16/08
RB

A-08-030

F

GW   HRS.

GEOTECHNICAL BORING LOG
PROJECT NAME

B C

140- lb. Auto Hammer
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SANDY LEAN CLAY (CL): hard, olive-brown,
moist, 57% medium plastic fines, 41% fine to coarse
sand, trace gravel
Boring completed to a depth of 61.5 feet below
ground surface.
No groundwater encountered.
Borehole backfilled with soil cuttings and cold patch
asphalt at the surface.
Hammer efficiency = 78%
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TYPE OF DRILL RIG

DATE FINISHED
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BORING DESIG.

CONTACTBULK SAMPLE

T TUBE SAMPLES

67.56 RT

SPLIT SPOON

D DRIVE SAMPLE
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SAMPLE TYPES:

7/16/08
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APPENDIX C.2  

Cone Penetration Test Soundings 
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CPT-001.INT
"   
"Output file from CPTINT - Version 5.2
"=====================================
"INPUT FILE: c:\temp\CPT-001.CSV
"-------------------------------
"
"Developed by: UBC In-Situ Testing FREEWARE  
"     Program: Piezocone Interpretation      
"    Web Site: www.civil.ubc.ca/home/in-situ 
"
"Interpreter Name:                             
"
"
"SUMMARY SHEET
"-------------
"'a' for calculating Qt:                 0.830
"Value for Water Table (in m):           8.180
"Valid Zone Classification based on:     Rf
"Missing unit weight to start depth:     18.860
"Method for calculating Su:              Nkt
"Value of the constant Nkt:              15.000
"Define Zone 6 for Sand Parameters?      YES
"Vertical Flow Gradient, i (- up):       +0.000
"CPT to SPT N60 Conversion:              Robertson & Campanella
"
"Soil Behavior Type Zone Numbers
"For Rf Zone & Bq Zone Classification
"------------------------------------
"Zone #1=Sensitive fine grained     Zone #7 =Sand with some Silt
"Zone #2=Organic material           Zone #8 =Fine sand
"Zone #3=Clay                       Zone #9 =Sand
"Zone #4=Silty clay                 Zone #10=Gravelly sand
"Zone #5=Clayey silt                Zone #11=Very stiff fine grained *
"Zone #6=Sandy silt                 Zone #12=Sand to clayey sand *
"   * Overconsolidated and/or cemented
"
"NOTE:
"-----
"For soil classification, Rf values > 8 are assumed to be 8.
"
"( Note: 9E9 means Out Of Range )
"
NPUT FILE: c:\temp\CPT-001.CSV  |--------------------------------------------------
" Depth     Qc(avg)   Fs(avg)   Rf        Rf Zone   Spt N     Spt N1    Su        
" (feet)    (TSF)     (TSF)     (%)       (zone #)  (blow/ft) (blow/ft) (TSF)     
"----------------------------------------------------------------------------------
    0.500   138.340     1.399     1.011     8        33        50           9E9   
    1.500   174.905     1.743     0.997     9        34        51           9E9   
    2.500    49.225     1.737     3.528     5        24        36         3.272   
    3.500    29.617     1.449     4.893     3        28        42         1.959   
    4.500    25.092     1.073     4.283     4        16        24         1.651   
    5.500    42.042     0.500     1.189     7        13        20           9E9   
    6.500    16.127     0.095     0.587     6         6         9           9E9   
    7.500    28.947     0.143     0.493     7         9        14           9E9   
    8.500    60.408     0.322     0.534     8        14        21           9E9   
    9.500    52.744     0.284     0.539     8        13        20           9E9   
   10.500    39.892     0.221     0.554     7        13        18           9E9   
   11.500    37.550     0.186     0.495     7        12        16           9E9   
   12.500    34.367     0.207     0.601     7        11        13           9E9   
   13.500    44.581     0.362     0.812     7        14        16           9E9   
   14.500    30.462     0.529     1.737     6        12        13           9E9   
   15.500    31.333     0.693     2.211     6        12        12           9E9   
   16.500    30.785     0.653     2.121     6        12        12           9E9   
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   17.500    11.150     0.372     3.333     4         7         7         0.672   
   18.500    11.838     0.311     2.628     5         6         5         0.713   
   19.500    26.088     0.429     1.644     6        10         9           9E9   
   20.500    31.954     0.309     0.968     7        10         8           9E9   
   21.500    17.491     0.404     2.309     5         8         6         1.078   
   22.500    21.325     0.414     1.943     6         8         6           9E9   
   23.500    73.818     0.555     0.751     8        18        14           9E9   
   24.500   154.207     1.071     0.694     9        30        22           9E9   
   25.500   197.606     1.277     0.646     9        38        27           9E9   
   26.500   259.439     1.696     0.654     9        50        34           9E9   
   27.500    78.333     0.560     0.715     8        19        13           9E9   
   28.500    21.504     0.376     1.745     6         8         5           9E9   
   29.500    29.019     0.614     2.114     6        11         7           9E9   
   30.500    49.800     0.000     0.000     8        9E9       9E9          9E9   
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CPT-002.INT
"   
"Output file from CPTINT - Version 5.2
"=====================================
"INPUT FILE: c:\temp\CPT-002.CSV
"-------------------------------
"
"Developed by: UBC In-Situ Testing FREEWARE  
"     Program: Piezocone Interpretation      
"    Web Site: www.civil.ubc.ca/home/in-situ 
"
"Interpreter Name:                             
"
"
"SUMMARY SHEET
"-------------
"'a' for calculating Qt:                 0.830
"Value for Water Table (in m):           8.180
"Valid Zone Classification based on:     Rf
"Missing unit weight to start depth:     18.860
"Method for calculating Su:              Nkt
"Value of the constant Nkt:              15.000
"Define Zone 6 for Sand Parameters?      YES
"Vertical Flow Gradient, i (- up):       +0.000
"CPT to SPT N60 Conversion:              Robertson & Campanella
"
"Soil Behavior Type Zone Numbers
"For Rf Zone & Bq Zone Classification
"------------------------------------
"Zone #1=Sensitive fine grained     Zone #7 =Sand with some Silt
"Zone #2=Organic material           Zone #8 =Fine sand
"Zone #3=Clay                       Zone #9 =Sand
"Zone #4=Silty clay                 Zone #10=Gravelly sand
"Zone #5=Clayey silt                Zone #11=Very stiff fine grained *
"Zone #6=Sandy silt                 Zone #12=Sand to clayey sand *
"   * Overconsolidated and/or cemented
"
"NOTE:
"-----
"For soil classification, Rf values > 8 are assumed to be 8.
"
"( Note: 9E9 means Out Of Range )
"
NPUT FILE: c:\temp\CPT-002.CSV  |--------------------------------------------------
" Depth     Qc(avg)   Fs(avg)   Rf        Rf Zone   Spt N     Spt N1    Su        
" (feet)    (TSF)     (TSF)     (%)       (zone #)  (blow/ft) (blow/ft) (TSF)     
"----------------------------------------------------------------------------------
    0.500    65.380     0.636     0.973     8        16        24           9E9   
    1.500   206.878     2.741     1.325     8        50        75           9E9   
    2.500   102.478     3.612     3.524     6        39        59           9E9   
    3.500   136.152     4.785     3.513     6        52        78           9E9   
    4.500    84.083     4.273     5.079    11        81        122          9E9   
    5.500    53.105     2.815     5.301     3        51        77         3.517   
    6.500    61.888     2.082     3.364     6        24        36           9E9   
    7.500    71.320     1.412     1.980     7        23        35           9E9   
    8.500   195.622     3.136     1.603     8        47        71           9E9   
    9.500   126.263     2.041     1.616     8        30        45           9E9   
   10.500   128.895     2.386     1.851     7        41        57           9E9   
   11.500    79.906     0.572     0.716     8        19        24           9E9   
   12.500    83.347     0.466     0.560     8        20        24           9E9   
   13.500    96.444     0.672     0.697     8        23        26           9E9   
   14.500    84.850     1.061     1.251     8        20        22           9E9   
   15.500    75.319     0.619     0.822     8        18        18           9E9   
   16.500    67.362     0.992     1.472     7        22        21           9E9   
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   17.500    82.608     1.110     1.344     8        20        19           9E9   
   18.500   101.771     1.862     1.830     7        32        29           9E9   
   19.500   115.524     1.072     0.928     8        28        24           9E9   
   20.500    80.113     0.887     1.107     8        19        16           9E9   
   21.500    67.353     1.092     1.621     7        22        18           9E9   
   22.500    65.328     1.674     2.562     6        25        19           9E9   
   23.500    70.838     1.128     1.593     7        23        17           9E9   
   24.500    85.492     4.709     5.507    11        82        59           9E9   
   25.500   166.455     3.780     2.270     7        53        37           9E9   
   26.500   201.255     8.657     4.301    11        193       131          9E9   
   27.500   180.458     3.305     1.831     8        43        29           9E9   
   28.500   184.477     2.125     1.152     9        35        23           9E9   
   29.500   157.122     2.876     1.830     7        50        32           9E9   
   30.500   156.280     0.000     0.000     9        9E9       9E9          9E9   
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CPT-003.INT
"   
"Output file from CPTINT - Version 5.2
"=====================================
"INPUT FILE: c:\temp\CPT-003.CSV
"-------------------------------
"
"Developed by: UBC In-Situ Testing FREEWARE  
"     Program: Piezocone Interpretation      
"    Web Site: www.civil.ubc.ca/home/in-situ 
"
"Interpreter Name:                             
"
"
"SUMMARY SHEET
"-------------
"'a' for calculating Qt:                 0.830
"Value for Water Table (in m):           8.180
"Valid Zone Classification based on:     Rf
"Missing unit weight to start depth:     18.860
"Method for calculating Su:              Nkt
"Value of the constant Nkt:              15.000
"Define Zone 6 for Sand Parameters?      YES
"Vertical Flow Gradient, i (- up):       +0.000
"CPT to SPT N60 Conversion:              Robertson & Campanella
"
"Soil Behavior Type Zone Numbers
"For Rf Zone & Bq Zone Classification
"------------------------------------
"Zone #1=Sensitive fine grained     Zone #7 =Sand with some Silt
"Zone #2=Organic material           Zone #8 =Fine sand
"Zone #3=Clay                       Zone #9 =Sand
"Zone #4=Silty clay                 Zone #10=Gravelly sand
"Zone #5=Clayey silt                Zone #11=Very stiff fine grained *
"Zone #6=Sandy silt                 Zone #12=Sand to clayey sand *
"   * Overconsolidated and/or cemented
"
"NOTE:
"-----
"For soil classification, Rf values > 8 are assumed to be 8.
"
"( Note: 9E9 means Out Of Range )
"
NPUT FILE: c:\temp\CPT-003.CSV  |--------------------------------------------------
" Depth     Qc(avg)   Fs(avg)   Rf        Rf Zone   Spt N     Spt N1    Su        
" (feet)    (TSF)     (TSF)     (%)       (zone #)  (blow/ft) (blow/ft) (TSF)     
"----------------------------------------------------------------------------------
    0.500    86.565     1.291     1.492     7        28        42           9E9   
    1.500   107.515     1.920     1.786     7        34        51           9E9   
    2.500   144.886     1.399     0.965     9        28        42           9E9   
    3.500   163.350     1.468     0.899     9        31        47           9E9   
    4.500   244.741     2.963     1.210     9        47        71           9E9   
    5.500   364.886     8.128     2.226     8        87        131          9E9   
    6.500   383.342    12.393     3.231    12        184       276          9E9   
    7.500   350.877    11.365     3.237    12        168       252          9E9   
    8.500   325.983     8.851     2.714    12        156       234          9E9   
    9.500   283.514    10.463     3.689    12        136       200          9E9   
   10.500   127.537     9.308     7.281    11        122       165          9E9   
   11.500   109.924     6.983     6.328    11        106       133          9E9   
   12.500   112.989     7.982     7.046    11        108       127          9E9   
   13.500   101.536     6.494     6.382    11        97        107          9E9   
   14.500    98.829     6.641     6.692    11        95        99           9E9   
   15.500   147.600     6.694     4.521    11        142       141          9E9   
   16.500   190.092     6.469     3.397    12        91        86           9E9   
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   17.500    63.933     2.718     4.246     5        31        28         4.191   
   18.500    45.752     1.725     3.765     5        22        19         2.974   
   19.500    41.537     1.569     3.774     5        20        17         2.688   
   20.500    40.888     1.553     3.793     5        20        16         2.641   
   21.500    76.019     2.602     3.418     6        29        22           9E9   
   22.500    82.892     4.254     5.125    11        79        59           9E9   
   23.500    42.658     1.812     4.234     4        27        20         2.751   
   24.500    34.480     1.619     4.676     4        22        15         2.202   
   25.500    33.294     1.287     3.852     5        16        11         2.117   
   26.500    39.938     1.691     4.222     4        26        17         2.555   
   27.500    76.127     3.346     4.388     5        37        24         4.966   
   28.500   116.321     6.586     5.648    11        112       72           9E9   
   29.500   116.000     4.054     3.482     6        45        28           9E9   
   30.500   147.075     0.000     0.000     9        9E9       9E9          9E9   
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CPT-004.INT
"   
"Output file from CPTINT - Version 5.2
"=====================================
"INPUT FILE: c:\temp\CPT-004.CSV
"-------------------------------
"
"Developed by: UBC In-Situ Testing FREEWARE  
"     Program: Piezocone Interpretation      
"    Web Site: www.civil.ubc.ca/home/in-situ 
"
"Interpreter Name:                             
"
"
"SUMMARY SHEET
"-------------
"'a' for calculating Qt:                 0.830
"Value for Water Table (in m):           8.180
"Valid Zone Classification based on:     Rf
"Missing unit weight to start depth:     18.860
"Method for calculating Su:              Nkt
"Value of the constant Nkt:              15.000
"Define Zone 6 for Sand Parameters?      YES
"Vertical Flow Gradient, i (- up):       +0.000
"CPT to SPT N60 Conversion:              Robertson & Campanella
"
"Soil Behavior Type Zone Numbers
"For Rf Zone & Bq Zone Classification
"------------------------------------
"Zone #1=Sensitive fine grained     Zone #7 =Sand with some Silt
"Zone #2=Organic material           Zone #8 =Fine sand
"Zone #3=Clay                       Zone #9 =Sand
"Zone #4=Silty clay                 Zone #10=Gravelly sand
"Zone #5=Clayey silt                Zone #11=Very stiff fine grained *
"Zone #6=Sandy silt                 Zone #12=Sand to clayey sand *
"   * Overconsolidated and/or cemented
"
"NOTE:
"-----
"For soil classification, Rf values > 8 are assumed to be 8.
"
"( Note: 9E9 means Out Of Range )
"
NPUT FILE: c:\temp\CPT-004.CSV  |--------------------------------------------------
" Depth     Qc(avg)   Fs(avg)   Rf        Rf Zone   Spt N     Spt N1    Su        
" (feet)    (TSF)     (TSF)     (%)       (zone #)  (blow/ft) (blow/ft) (TSF)     
"----------------------------------------------------------------------------------
    0.500   197.322     0.989     0.501     9        38        57           9E9   
    1.500   110.645     1.115     1.008     8        26        39           9E9   
    2.500   173.125     1.736     1.003     9        33        50           9E9   
    3.500   176.070     1.645     0.934     9        34        51           9E9   
    4.500   181.693     1.791     0.986     9        35        53           9E9   
    5.500   212.033     2.312     1.090     9        41        62           9E9   
    6.500   231.506     2.767     1.195     9        44        66           9E9   
    7.500   202.289     3.296     1.629     8        48        72           9E9   
    8.500   123.105     3.204     2.602     7        39        59           9E9   
    9.500   131.214     3.861     2.943     6        50        75           9E9   
   10.500   134.000     3.964     2.959     6        51        71           9E9   
   11.500   191.795     4.175     2.177     7        61        79           9E9   
   12.500   157.500     4.384     2.784     7        50        61           9E9   
   13.500   175.733     4.418     2.514     7        56        64           9E9   
   14.500   215.617     3.793     1.759     8        52        57           9E9   
   15.500   170.786     4.677     2.738     7        55        57           9E9   
   16.500   272.850     6.449     2.363     7        87        86           9E9   
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   17.500   233.989     6.781     2.898     7        75        71           9E9   
   18.500   172.692     6.837     3.960    12        83        75           9E9   
   19.500   191.244     8.058     4.214    11        183       158          9E9   
   20.500   109.970     5.071     4.611    11        105       87           9E9   
   21.500   131.342     5.363     4.083    11        126       100          9E9   
   22.500   165.295     5.315     3.216     6        63        48           9E9   
   23.500   108.946     4.946     4.536    11        104       77           9E9   
   24.500    94.788     4.101     4.324    11        91        65           9E9   
   25.500   133.881     5.787     4.322    11        128       89           9E9   
   26.500   115.200     5.075     4.404    11        110       74           9E9   
   27.500   109.632     5.266     4.800    11        105       69           9E9   
   28.500   111.372     4.096     3.674     6        43        28           9E9   
   29.500   157.500     5.304     3.367     6        60        38           9E9   
   30.500   189.900     0.000     0.000    10        9E9       9E9          9E9   
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"   
"Output file from CPTINT - Version 5.2
"=====================================
"INPUT FILE: c:\temp\CPT-005.CSV
"-------------------------------
"
"Developed by: UBC In-Situ Testing FREEWARE  
"     Program: Piezocone Interpretation      
"    Web Site: www.civil.ubc.ca/home/in-situ 
"
"Interpreter Name:                             
"
"
"SUMMARY SHEET
"-------------
"'a' for calculating Qt:                 0.830
"Value for Water Table (in m):           8.180
"Valid Zone Classification based on:     Rf
"Missing unit weight to start depth:     18.860
"Method for calculating Su:              Nkt
"Value of the constant Nkt:              15.000
"Define Zone 6 for Sand Parameters?      YES
"Vertical Flow Gradient, i (- up):       +0.000
"CPT to SPT N60 Conversion:              Robertson & Campanella
"
"Soil Behavior Type Zone Numbers
"For Rf Zone & Bq Zone Classification
"------------------------------------
"Zone #1=Sensitive fine grained     Zone #7 =Sand with some Silt
"Zone #2=Organic material           Zone #8 =Fine sand
"Zone #3=Clay                       Zone #9 =Sand
"Zone #4=Silty clay                 Zone #10=Gravelly sand
"Zone #5=Clayey silt                Zone #11=Very stiff fine grained *
"Zone #6=Sandy silt                 Zone #12=Sand to clayey sand *
"   * Overconsolidated and/or cemented
"
"NOTE:
"-----
"For soil classification, Rf values > 8 are assumed to be 8.
"
"( Note: 9E9 means Out Of Range )
"
NPUT FILE: c:\temp\CPT-005.CSV  |--------------------------------------------------
" Depth     Qc(avg)   Fs(avg)   Rf        Rf Zone   Spt N     Spt N1    Su        
" (feet)    (TSF)     (TSF)     (%)       (zone #)  (blow/ft) (blow/ft) (TSF)     
"----------------------------------------------------------------------------------
    0.500   132.033     0.864     0.655     9        25        38           9E9   
    1.500   142.096     4.341     3.054     6        54        81           9E9   
    2.500   209.378     5.291     2.527     7        67        101          9E9   
    3.500   226.317     4.477     1.978     8        54        81           9E9   
    4.500   262.925     4.638     1.764     8        63        95           9E9   
    5.500   169.880     3.986     2.345     7        54        81           9E9   
    6.500   151.567     3.483     2.294     7        48        72           9E9   
    7.500   125.275     3.463     2.752     7        40        60           9E9   
    8.500   144.718     4.811     3.303     6        56        84           9E9   
    9.500   268.947     7.952     2.952    12        129       194          9E9   
   10.500   346.404     6.786     1.958     8        83        115          9E9   
   11.500   261.092     4.536     1.736     8        63        82           9E9   
   12.500   315.265     6.875     2.176     8        76        92           9E9   
   13.500   208.864     6.166     2.947     7        67        77           9E9   
   14.500   435.560     9.058     2.077     8        104       113          9E9   
   15.500   597.933    10.697     1.788     9        115       119          9E9   
   16.500   166.962     5.290     3.126     6        65        64           9E9   
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   17.500    79.286     1.920     2.348     7        26        24           9E9   
   18.500   223.509     5.974     2.661     7        72        65           9E9   
   19.500   344.596     8.602     2.495    12        165       143          9E9   
   20.500   468.341     9.961     2.126     8        112       93           9E9   
   21.500   364.552    10.475     2.867    12        175       140          9E9   
   22.500   204.574     6.349     3.069     7        66        51           9E9   
   23.500   149.905     4.940     3.248     6        58        43           9E9   
   24.500   163.557     6.100     3.699    12        79        57           9E9   
   25.500    99.755     2.719     2.666     6        39        27           9E9   
   26.500   136.735     3.798     2.715     7        45        31           9E9   
   27.500    96.805     2.391     2.374     7        32        21           9E9   
   28.500   105.309     2.871     2.637     7        35        23           9E9   
   29.500   105.709     2.083     1.920     7        35        23           9E9   
   30.500   131.000     0.000     0.000     9        9E9       9E9          9E9   
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CPT-006.INT
"   
"Output file from CPTINT - Version 5.2
"=====================================
"INPUT FILE: c:\temp\CPT-006.CSV
"-------------------------------
"
"Developed by: UBC In-Situ Testing FREEWARE  
"     Program: Piezocone Interpretation      
"    Web Site: www.civil.ubc.ca/home/in-situ 
"
"Interpreter Name:                             
"
"
"SUMMARY SHEET
"-------------
"'a' for calculating Qt:                 0.830
"Value for Water Table (in m):           8.180
"Valid Zone Classification based on:     Rf
"Missing unit weight to start depth:     18.860
"Method for calculating Su:              Nkt
"Value of the constant Nkt:              15.000
"Define Zone 6 for Sand Parameters?      YES
"Vertical Flow Gradient, i (- up):       +0.000
"CPT to SPT N60 Conversion:              Robertson & Campanella
"
"Soil Behavior Type Zone Numbers
"For Rf Zone & Bq Zone Classification
"------------------------------------
"Zone #1=Sensitive fine grained     Zone #7 =Sand with some Silt
"Zone #2=Organic material           Zone #8 =Fine sand
"Zone #3=Clay                       Zone #9 =Sand
"Zone #4=Silty clay                 Zone #10=Gravelly sand
"Zone #5=Clayey silt                Zone #11=Very stiff fine grained *
"Zone #6=Sandy silt                 Zone #12=Sand to clayey sand *
"   * Overconsolidated and/or cemented
"
"NOTE:
"-----
"For soil classification, Rf values > 8 are assumed to be 8.
"
"( Note: 9E9 means Out Of Range )
"
NPUT FILE: c:\temp\CPT-006.CSV  |--------------------------------------------------
" Depth     Qc(avg)   Fs(avg)   Rf        Rf Zone   Spt N     Spt N1    Su        
" (feet)    (TSF)     (TSF)     (%)       (zone #)  (blow/ft) (blow/ft) (TSF)     
"----------------------------------------------------------------------------------
    0.500   140.271     0.624     0.444     9        27        41           9E9   
    1.500   209.954     1.586     0.755     9        40        60           9E9   
    2.500   177.080     2.930     1.654     8        42        63           9E9   
    3.500   190.550     4.277     2.244     7        61        92           9E9   
    4.500   133.957     3.551     2.649     7        43        65           9E9   
    5.500    70.241     2.739     3.887     5        34        51         4.675   
    6.500   230.438     4.096     1.777     8        55        83           9E9   
    7.500   119.250     3.959     3.316     6        46        69           9E9   
    8.500    81.800     2.496     3.048     6        31        47           9E9   
    9.500   145.711     2.810     1.928     7        47        71           9E9   
   10.500   140.890     5.940     4.206    11        135       188          9E9   
   11.500    82.823     3.092     3.676     5        40        52         5.561   
   12.500   101.800     4.226     4.101     5        49        59         6.817   
   13.500    98.252     3.840     3.858     5        48        55         6.580   
   14.500   113.070     4.318     3.787     6        44        48           9E9   
   15.500   125.822     4.567     3.598     6        49        50           9E9   
   16.500   110.194     4.640     4.190    11        106       103          9E9   
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   17.500   104.268     3.965     3.793     5        50        47         6.896   
   18.500   138.256     5.607     4.043    11        133       119          9E9   
   19.500   134.576     5.178     3.818    12        65        55           9E9   
   20.500   166.955     6.635     3.946    12        81        66           9E9   
   21.500   125.325     5.492     4.329    11        122       96           9E9   
   22.500    97.661     2.914     2.863     6        39        30           9E9   
   23.500   116.667     4.303     3.558     6        46        34           9E9   
   24.500   102.875     4.261     3.992     5        51        36         7.013   
   25.500    83.786     3.314     3.810     5        42        29         5.692   
   26.500   129.322     3.674     2.735     7        43        29           9E9   
   27.500   155.971     5.297     3.320     6        61        40           9E9   
   28.500    78.840     2.794     3.425     6        31        20           9E9   
   29.500    80.750     1.943     2.338     7        27        17           9E9   
   30.500    79.380     0.000     0.000     9        9E9       9E9          9E9   
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CPT-007.INT
"   
"Output file from CPTINT - Version 5.2
"=====================================
"INPUT FILE: c:\temp\CPT-007.CSV
"-------------------------------
"
"Developed by: UBC In-Situ Testing FREEWARE  
"     Program: Piezocone Interpretation      
"    Web Site: www.civil.ubc.ca/home/in-situ 
"
"Interpreter Name:                             
"
"
"SUMMARY SHEET
"-------------
"'a' for calculating Qt:                 0.830
"Value for Water Table (in m):           8.180
"Valid Zone Classification based on:     Rf
"Missing unit weight to start depth:     18.860
"Method for calculating Su:              Nkt
"Value of the constant Nkt:              15.000
"Define Zone 6 for Sand Parameters?      YES
"Vertical Flow Gradient, i (- up):       +0.000
"CPT to SPT N60 Conversion:              Robertson & Campanella
"
"Soil Behavior Type Zone Numbers
"For Rf Zone & Bq Zone Classification
"------------------------------------
"Zone #1=Sensitive fine grained     Zone #7 =Sand with some Silt
"Zone #2=Organic material           Zone #8 =Fine sand
"Zone #3=Clay                       Zone #9 =Sand
"Zone #4=Silty clay                 Zone #10=Gravelly sand
"Zone #5=Clayey silt                Zone #11=Very stiff fine grained *
"Zone #6=Sandy silt                 Zone #12=Sand to clayey sand *
"   * Overconsolidated and/or cemented
"
"NOTE:
"-----
"For soil classification, Rf values > 8 are assumed to be 8.
"
"( Note: 9E9 means Out Of Range )
"
NPUT FILE: c:\temp\CPT-007.CSV  |--------------------------------------------------
" Depth     Qc(avg)   Fs(avg)   Rf        Rf Zone   Spt N     Spt N1    Su        
" (feet)    (TSF)     (TSF)     (%)       (zone #)  (blow/ft) (blow/ft) (TSF)     
"----------------------------------------------------------------------------------
    0.500   218.722     1.313     0.600     9        42        63           9E9   
    1.500    96.794     2.641     2.729     6        37        56           9E9   
    2.500   120.695     4.170     3.455     6        46        69           9E9   
    3.500   151.100     5.407     3.578     6        58        87           9E9   
    4.500    94.961     4.295     4.521    11        91        137          9E9   
    5.500    80.153     4.051     5.051    11        77        116          9E9   
    6.500   105.033     5.304     5.049    11        101       152          9E9   
    7.500   167.248     5.452     3.259     6        64        96           9E9   
    8.500   104.914     4.511     4.299    11        101       152          9E9   
    9.500   100.010     4.988     4.987    11        96        139          9E9   
   10.500   181.309     7.397     4.079    12        87        117          9E9   
   11.500   122.648     6.316     5.147    11        118       147          9E9   
   12.500   135.061     7.131     5.279    11        129       150          9E9   
   13.500   131.510     7.366     5.601    11        126       138          9E9   
   14.500   126.775     5.407     4.263    11        121       125          9E9   
   15.500   106.520     5.369     5.037    11        102       100          9E9   
   16.500    87.847     4.687     5.334    11        84        79           9E9   
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   17.500    85.100     4.489     5.271    11        82        73           9E9   
   18.500    65.412     3.360     5.134    11        63        54           9E9   
   19.500   108.827     5.259     4.832    11        104       85           9E9   
   20.500    88.033     4.854     5.511    11        84        66           9E9   
   21.500    77.226     4.059     5.253    11        74        56           9E9   
   22.500   116.085     5.399     4.649    11        111       81           9E9   
   23.500   103.467     5.582     5.395    11        99        70           9E9   
   24.500    76.940     3.927     5.096    11        74        51           9E9   
   25.500    75.090     4.011     5.337    11        72        48           9E9   
   26.500    61.990     3.097     4.989     4        40        26         4.021   
   27.500    67.314     3.854     5.721    11        65        41           9E9   
   28.500    68.975     3.212     4.649     4        44        28         4.480   
   29.500    84.872     3.246     3.821     5        41        25         5.533   
   30.500    67.950     0.000     0.000     8        9E9       9E9          9E9   
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CPT-008.INT
"   
"Output file from CPTINT - Version 5.2
"=====================================
"INPUT FILE: c:\temp\CPT-008.CSV
"-------------------------------
"
"Developed by: UBC In-Situ Testing FREEWARE  
"     Program: Piezocone Interpretation      
"    Web Site: www.civil.ubc.ca/home/in-situ 
"
"Interpreter Name:                             
"
"
"SUMMARY SHEET
"-------------
"'a' for calculating Qt:                 0.830
"Value for Water Table (in m):           8.180
"Valid Zone Classification based on:     Rf
"Missing unit weight to start depth:     18.860
"Method for calculating Su:              Nkt
"Value of the constant Nkt:              15.000
"Define Zone 6 for Sand Parameters?      YES
"Vertical Flow Gradient, i (- up):       +0.000
"CPT to SPT N60 Conversion:              Robertson & Campanella
"
"Soil Behavior Type Zone Numbers
"For Rf Zone & Bq Zone Classification
"------------------------------------
"Zone #1=Sensitive fine grained     Zone #7 =Sand with some Silt
"Zone #2=Organic material           Zone #8 =Fine sand
"Zone #3=Clay                       Zone #9 =Sand
"Zone #4=Silty clay                 Zone #10=Gravelly sand
"Zone #5=Clayey silt                Zone #11=Very stiff fine grained *
"Zone #6=Sandy silt                 Zone #12=Sand to clayey sand *
"   * Overconsolidated and/or cemented
"
"NOTE:
"-----
"For soil classification, Rf values > 8 are assumed to be 8.
"
"( Note: 9E9 means Out Of Range )
"
NPUT FILE: c:\temp\CPT-008.CSV  |--------------------------------------------------
" Depth     Qc(avg)   Fs(avg)   Rf        Rf Zone   Spt N     Spt N1    Su        
" (feet)    (TSF)     (TSF)     (%)       (zone #)  (blow/ft) (blow/ft) (TSF)     
"----------------------------------------------------------------------------------
    0.500   141.012     1.215     0.862     9        27        41           9E9   
    1.500   226.519     6.962     3.073     7        72        108          9E9   
    2.500    98.147     3.713     3.782     5        47        71         6.534   
    3.500   125.265     3.808     3.040     6        48        72           9E9   
    4.500   101.350     4.201     4.145     5        49        74         6.738   
    5.500   118.167     5.292     4.479    11        113       170          9E9   
    6.500    90.536     4.535     5.009    11        87        131          9E9   
    7.500   197.130     7.241     3.673    12        94        141          9E9   
    8.500   136.475     6.355     4.654    11        131       197          9E9   
    9.500   134.376     5.037     3.748     6        51        74           9E9   
   10.500    93.332     4.155     4.451    11        89        120          9E9   
   11.500    85.781     3.534     4.119     5        41        52         5.671   
   12.500    71.247     3.155     4.428     5        34        40         4.697   
   13.500    79.983     3.335     4.169     5        38        42         5.276   
   14.500    67.484     3.271     4.844    11        65        69           9E9   
   15.500   108.161     4.107     3.795     5        52        52         7.148   
   16.500   104.895     4.246     4.047     5        50        48         6.924   
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   17.500    93.790     4.286     4.569    11        90        82           9E9   
   18.500    54.558     2.864     5.246     3        52        46         3.560   
   19.500    74.244     3.171     4.270     5        36        30         4.868   
   20.500    67.605     3.046     4.505     5        32        26         4.420   
   21.500    57.875     2.984     5.154     4        37        29         3.767   
   22.500    61.212     2.788     4.553     4        39        29         3.987   
   23.500    70.880     3.459     4.878    11        68        50           9E9   
   24.500    65.791     3.313     5.035    11        63        44           9E9   
   25.500    63.259     2.949     4.660     4        40        27         4.110   
   26.500    49.143     2.279     4.629     4        31        21         3.169   
   27.500    38.147     1.779     4.656     4        24        16         2.430   
   28.500    33.689     1.224     3.621     5        16        10         2.131   
   29.500    41.107     1.687     4.093     5        20        13         2.622   
   30.500    53.531     2.310     4.306     5        26        16         3.446   
   31.500    70.956     2.931     4.123     5        34        21         4.605   
   32.500    94.942     3.438     3.615     6        36        22           9E9   
   33.500    91.548     3.850     4.199     5        44        27         5.970   
   34.500    50.865     2.379     4.669     4        33        20         3.250   
   35.500   189.171     6.425     3.395    12        91        53           9E9   
   36.500    67.557     2.732     4.041     5        32        19         4.352   
   37.500    67.788     3.195     4.707     4        43        25         4.367   
   38.500   140.091     4.477     3.192     6        54        31           9E9   
   39.500    65.232     2.803     4.290     5        31        17         4.188   
   40.500    49.691     2.027     4.072     5        24        13         3.146   
   41.499    60.454     2.652     4.384     5        29        16         3.858   
   42.499    51.332     2.638     5.136     3        49        27         3.244   
   43.499    37.224     1.581     4.244     4        24        13         2.299   
   44.499    51.217     1.829     3.569     5        25        13         3.228   
   45.499    78.787     1.164     1.477     7        25        13           9E9   
   46.499    55.000     1.230     2.234     6        21        11           9E9   
   47.499    19.009     0.432     2.262     5         9         5         1.072   
   48.499    16.944     0.496     2.913     5         8         4         0.931   
   49.499    11.436     0.182     1.575     5         6         3         0.560   
   50.499    13.829     0.000     0.000     6        9E9       9E9          9E9   

Page 2



CPT-009.INT
"   
"Output file from CPTINT - Version 5.2
"=====================================
"INPUT FILE: c:\temp\CPT-009.CSV
"-------------------------------
"
"Developed by: UBC In-Situ Testing FREEWARE  
"     Program: Piezocone Interpretation      
"    Web Site: www.civil.ubc.ca/home/in-situ 
"
"Interpreter Name:                             
"
"
"SUMMARY SHEET
"-------------
"'a' for calculating Qt:                 0.830
"Value for Water Table (in m):           8.180
"Valid Zone Classification based on:     Rf
"Missing unit weight to start depth:     18.860
"Method for calculating Su:              Nkt
"Value of the constant Nkt:              15.000
"Define Zone 6 for Sand Parameters?      YES
"Vertical Flow Gradient, i (- up):       +0.000
"CPT to SPT N60 Conversion:              Robertson & Campanella
"
"Soil Behavior Type Zone Numbers
"For Rf Zone & Bq Zone Classification
"------------------------------------
"Zone #1=Sensitive fine grained     Zone #7 =Sand with some Silt
"Zone #2=Organic material           Zone #8 =Fine sand
"Zone #3=Clay                       Zone #9 =Sand
"Zone #4=Silty clay                 Zone #10=Gravelly sand
"Zone #5=Clayey silt                Zone #11=Very stiff fine grained *
"Zone #6=Sandy silt                 Zone #12=Sand to clayey sand *
"   * Overconsolidated and/or cemented
"
"NOTE:
"-----
"For soil classification, Rf values > 8 are assumed to be 8.
"
"( Note: 9E9 means Out Of Range )
"
NPUT FILE: c:\temp\CPT-009.CSV  |--------------------------------------------------
" Depth     Qc(avg)   Fs(avg)   Rf        Rf Zone   Spt N     Spt N1    Su        
" (feet)    (TSF)     (TSF)     (%)       (zone #)  (blow/ft) (blow/ft) (TSF)     
"----------------------------------------------------------------------------------
    0.500   228.109     1.087     0.476     9        44        66           9E9   
    1.500   268.975     6.983     2.596     7        86        129          9E9   
    2.500   128.020     3.961     3.093     6        49        74           9E9   
    3.500    97.155     4.116     4.235     5        47        71         6.465   
    4.500   119.619     4.991     4.171    11        115       173          9E9   
    5.500    81.145     4.137     5.095    11        78        117          9E9   
    6.500   142.819     6.133     4.293    11        137       206          9E9   
    7.500   132.186     3.403     2.572     7        42        63           9E9   
    8.500    65.161     1.974     3.029     6        25        38           9E9   
    9.500    65.441     2.358     3.602     5        31        46         4.323   
   10.500    65.579     2.941     4.486     5        31        42         4.327   
   11.500    80.608     3.474     4.310     5        39        50         5.325   
   12.500    67.765     3.216     4.744     4        43        51         4.466   
   13.500    64.165     2.914     4.538     4        41        46         4.223   
   14.500    64.595     3.003     4.645     4        41        44         4.249   
   15.500    61.456     2.784     4.527     4        39        40         4.035   
   16.500    65.114     2.885     4.427     5        31        30         4.275   
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   17.500    50.336     2.676     5.313     3        48        44         3.284   
   18.500    42.579     2.111     4.951     3        41        36         2.764   
   19.500    35.426     1.973     5.562     3        34        29         2.282   
   20.500    47.294     1.844     3.898     5        23        19         3.068   
   21.500    52.700     1.029     1.953     7        17        13           9E9   
   22.500    36.053     0.688     1.908     6        14        11           9E9   
   23.500    37.781     1.377     3.643     5        18        13         2.421   
   24.500    46.995     2.628     5.590     3        45        32         3.032   
   25.500    76.675     3.620     4.721    11        73        51           9E9   
   26.500    83.661     4.824     5.764    11        80        54           9E9   
   27.500   112.093     3.761     3.354     6        43        28           9E9   
   28.500   124.088     4.501     3.626     6        48        31           9E9   
   29.500   196.042     4.725     2.410     7        63        40           9E9   
   30.500   361.625     0.000     0.000    10        9E9       9E9          9E9   
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"   
"Output file from CPTINT - Version 5.2
"=====================================
"INPUT FILE: c:\temp\CPT-010.CSV
"-------------------------------
"
"Developed by: UBC In-Situ Testing FREEWARE  
"     Program: Piezocone Interpretation      
"    Web Site: www.civil.ubc.ca/home/in-situ 
"
"Interpreter Name:                             
"
"
"SUMMARY SHEET
"-------------
"'a' for calculating Qt:                 0.830
"Value for Water Table (in m):           8.180
"Valid Zone Classification based on:     Rf
"Missing unit weight to start depth:     18.860
"Method for calculating Su:              Nkt
"Value of the constant Nkt:              15.000
"Define Zone 6 for Sand Parameters?      YES
"Vertical Flow Gradient, i (- up):       +0.000
"CPT to SPT N60 Conversion:              Robertson & Campanella
"
"Soil Behavior Type Zone Numbers
"For Rf Zone & Bq Zone Classification
"------------------------------------
"Zone #1=Sensitive fine grained     Zone #7 =Sand with some Silt
"Zone #2=Organic material           Zone #8 =Fine sand
"Zone #3=Clay                       Zone #9 =Sand
"Zone #4=Silty clay                 Zone #10=Gravelly sand
"Zone #5=Clayey silt                Zone #11=Very stiff fine grained *
"Zone #6=Sandy silt                 Zone #12=Sand to clayey sand *
"   * Overconsolidated and/or cemented
"
"NOTE:
"-----
"For soil classification, Rf values > 8 are assumed to be 8.
"
"( Note: 9E9 means Out Of Range )
"
NPUT FILE: c:\temp\CPT-010.CSV  |--------------------------------------------------
" Depth     Qc(avg)   Fs(avg)   Rf        Rf Zone   Spt N     Spt N1    Su        
" (feet)    (TSF)     (TSF)     (%)       (zone #)  (blow/ft) (blow/ft) (TSF)     
"----------------------------------------------------------------------------------
    0.500    79.935     0.481     0.602     8        19        29           9E9   
    1.500   181.577     2.741     1.510     8        43        65           9E9   
    2.500    94.300     2.249     2.385     7        30        45           9E9   
    3.500    66.448     2.564     3.859     5        32        48         4.416   
    4.500    82.495     2.663     3.228     6        32        48           9E9   
    5.500    92.820     3.200     3.447     6        36        54           9E9   
    6.500   118.671     3.404     2.868     6        45        68           9E9   
    7.500   309.646     4.020     1.298     9        59        89           9E9   
    8.500   308.135     4.361     1.415     9        59        89           9E9   
    9.500   157.260     2.867     1.823     8        38        57           9E9   
   10.500   210.737     3.553     1.686     8        50        69           9E9   
   11.500   104.932     3.426     3.264     6        40        52           9E9   
   12.500    64.968     2.089     3.215     6        25        30           9E9   
   13.500    52.141     1.950     3.738     5        25        29         3.423   
   14.500    86.016     2.396     2.783     6        33        36           9E9   
   15.500   192.167     5.045     2.625     7        61        63           9E9   
   16.500   160.708     5.028     3.128     6        62        61           9E9   
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   17.500   211.613     6.605     3.121     7        68        64           9E9   
   18.500   186.774     6.152     3.293     6        72        65           9E9   
   19.500   132.609     4.466     3.367     6        51        44           9E9   
   20.500   153.176     4.122     2.691     7        49        41           9E9   
   21.500   144.512     3.648     2.523     7        46        37           9E9   
   22.500   367.446     5.579     1.518     9        70        54           9E9   
   23.500   478.011    12.436     2.601    12        229       171          9E9   
   24.500   495.885     6.808     1.373     9        95        69           9E9   
   25.500   451.967     6.646     1.470     9        87        61           9E9   
   26.500   401.404     6.316     1.573     9        77        52           9E9   
   27.500   200.477     5.449     2.718     7        64        43           9E9   
   28.500    99.024     3.068     3.096     6        38        25           9E9   
   29.500    86.178     2.854     3.307     6        33        21           9E9   
   30.500    83.800     0.000     0.000     9        9E9       9E9          9E9   
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CPT-011.INT
"   
"Output file from CPTINT - Version 5.2
"=====================================
"INPUT FILE: c:\temp\CPT-011.CSV
"-------------------------------
"
"Developed by: UBC In-Situ Testing FREEWARE  
"     Program: Piezocone Interpretation      
"    Web Site: www.civil.ubc.ca/home/in-situ 
"
"Interpreter Name:                             
"
"
"SUMMARY SHEET
"-------------
"'a' for calculating Qt:                 0.830
"Value for Water Table (in m):           8.180
"Valid Zone Classification based on:     Rf
"Missing unit weight to start depth:     18.860
"Method for calculating Su:              Nkt
"Value of the constant Nkt:              15.000
"Define Zone 6 for Sand Parameters?      YES
"Vertical Flow Gradient, i (- up):       +0.000
"CPT to SPT N60 Conversion:              Robertson & Campanella
"
"Soil Behavior Type Zone Numbers
"For Rf Zone & Bq Zone Classification
"------------------------------------
"Zone #1=Sensitive fine grained     Zone #7 =Sand with some Silt
"Zone #2=Organic material           Zone #8 =Fine sand
"Zone #3=Clay                       Zone #9 =Sand
"Zone #4=Silty clay                 Zone #10=Gravelly sand
"Zone #5=Clayey silt                Zone #11=Very stiff fine grained *
"Zone #6=Sandy silt                 Zone #12=Sand to clayey sand *
"   * Overconsolidated and/or cemented
"
"NOTE:
"-----
"For soil classification, Rf values > 8 are assumed to be 8.
"
"( Note: 9E9 means Out Of Range )
"
NPUT FILE: c:\temp\CPT-011.CSV  |--------------------------------------------------
" Depth     Qc(avg)   Fs(avg)   Rf        Rf Zone   Spt N     Spt N1    Su        
" (feet)    (TSF)     (TSF)     (%)       (zone #)  (blow/ft) (blow/ft) (TSF)     
"----------------------------------------------------------------------------------
    0.500   247.143     4.959     2.007     8        59        89           9E9   
    1.500   185.225     6.120     3.304     6        71        107          9E9   
    2.500    76.164     1.543     2.025     7        24        36           9E9   
    3.500    63.542     1.367     2.150     7        20        30           9E9   
    4.500    75.680     1.882     2.485     6        29        44           9E9   
    5.500    80.300     2.277     2.836     6        31        47           9E9   
    6.500    83.929     3.119     3.717     5        40        60         5.567   
    7.500    99.617     3.848     3.863     5        48        72         6.609   
    8.500    92.169     4.507     4.889    11        88        132          9E9   
    9.500    73.581     3.460     4.697    11        71        106          9E9   
   10.500   135.206     4.831     3.570     6        52        71           9E9   
   11.500   158.821     5.934     3.732    12        76        97           9E9   
   12.500   107.519     3.913     3.634     6        41        49           9E9   
   13.500   103.153     3.651     3.535     6        40        45           9E9   
   14.500   100.529     3.795     3.770     5        48        51         6.649   
   15.500    87.140     3.353     3.842     5        42        43         5.753   
   16.500    70.310     2.722     3.867     5        34        33         4.624   
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   17.500    64.228     2.084     3.243     6        25        23           9E9   
   18.500   108.907     3.287     3.010     6        42        37           9E9   
   19.500   102.370     3.356     3.216     6        40        34           9E9   
   20.500    73.614     1.939     2.548     6        29        24           9E9   
   21.500    76.738     2.438     3.081     6        30        24           9E9   
   22.500    69.617     2.111     2.946     6        27        21           9E9   
   23.500    88.847     2.470     2.700     6        35        26           9E9   
   24.500    91.192     2.542     2.703     6        36        26           9E9   
   25.500    74.006     2.287     3.015     6        29        20           9E9   
   26.500   124.458     4.271     3.404     6        48        32           9E9   
   27.500    90.128     2.844     3.098     6        35        23           9E9   
   28.500    96.085     3.900     4.006     5        47        31         6.371   
   29.500    87.960     2.691     3.008     6        34        22           9E9   
   30.500    69.767     0.000     0.000     9        9E9       9E9          9E9   
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CPT-012.INT
"   
"Output file from CPTINT - Version 5.2
"=====================================
"INPUT FILE: c:\temp\CPT-012.CSV
"-------------------------------
"
"Developed by: UBC In-Situ Testing FREEWARE  
"     Program: Piezocone Interpretation      
"    Web Site: www.civil.ubc.ca/home/in-situ 
"
"Interpreter Name:                             
"
"
"SUMMARY SHEET
"-------------
"'a' for calculating Qt:                 0.830
"Value for Water Table (in m):           8.180
"Valid Zone Classification based on:     Rf
"Missing unit weight to start depth:     18.860
"Method for calculating Su:              Nkt
"Value of the constant Nkt:              15.000
"Define Zone 6 for Sand Parameters?      YES
"Vertical Flow Gradient, i (- up):       +0.000
"CPT to SPT N60 Conversion:              Robertson & Campanella
"
"Soil Behavior Type Zone Numbers
"For Rf Zone & Bq Zone Classification
"------------------------------------
"Zone #1=Sensitive fine grained     Zone #7 =Sand with some Silt
"Zone #2=Organic material           Zone #8 =Fine sand
"Zone #3=Clay                       Zone #9 =Sand
"Zone #4=Silty clay                 Zone #10=Gravelly sand
"Zone #5=Clayey silt                Zone #11=Very stiff fine grained *
"Zone #6=Sandy silt                 Zone #12=Sand to clayey sand *
"   * Overconsolidated and/or cemented
"
"NOTE:
"-----
"For soil classification, Rf values > 8 are assumed to be 8.
"
"( Note: 9E9 means Out Of Range )
"
NPUT FILE: c:\temp\CPT-012.CSV  |--------------------------------------------------
" Depth     Qc(avg)   Fs(avg)   Rf        Rf Zone   Spt N     Spt N1    Su        
" (feet)    (TSF)     (TSF)     (%)       (zone #)  (blow/ft) (blow/ft) (TSF)     
"----------------------------------------------------------------------------------
    0.500    43.100     0.214     0.497     8        10        15           9E9   
    1.500    67.285     0.749     1.113     8        16        24           9E9   
    2.500   114.005     2.771     2.406     7        37        56           9E9   
    3.500   138.392     3.683     2.650     7        44        66           9E9   
    4.500   146.700     5.549     3.762    12        71        107          9E9   
    5.500   226.565     6.328     2.791     7        72        108          9E9   
    6.500   128.648     4.714     3.660     6        49        74           9E9   
    7.500    99.974     3.868     3.860     5        48        72         6.650   
    8.500    82.343     3.001     3.643     5        39        59         5.456   
    9.500    82.971     3.225     3.880     5        40        60         5.501   
   10.500    89.705     3.578     3.969     5        43        60         5.967   
   11.500   114.050     3.791     3.291     6        44        57           9E9   
   12.500   201.954     6.559     3.222     6        78        95           9E9   
   13.500   118.309     5.136     4.243    11        116       132          9E9   
   14.500    85.467     3.382     3.843     5        42        45         5.807   
   15.500    70.861     3.102     4.315     5        34        35         4.727   
   16.500    75.931     2.853     3.629     5        38        37         5.172   
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   17.500    90.635     3.118     3.298     6        36        34           9E9   
   18.500    90.739     3.310     3.502     6        36        32           9E9   
   19.500    82.250     2.930     3.401     6        33        28           9E9   
   20.500    82.282     3.136     3.658     5        41        34         5.629   
   21.500    80.400     3.202     3.807     5        40        32         5.518   
   22.500    66.435     2.609     3.767     5        33        25         4.524   
   23.500    70.127     2.393     3.291     6        28        21           9E9   
   24.500    96.006     3.080     3.065     6        38        27           9E9   
   25.500   104.725     3.614     3.250     6        43        30           9E9   
   26.500    96.827     3.612     3.502     6        40        27           9E9   
   27.500    84.233     3.264     3.643     6        34        23           9E9   
   28.500    73.576     2.838     3.641     5        37        24         5.077   
   29.500    69.376     2.344     3.212     6        28        18           9E9   
   30.500    64.675     0.000     0.000     8        9E9       9E9          9E9   
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CPT-013.INT
"   
"Output file from CPTINT - Version 5.2
"=====================================
"INPUT FILE: c:\temp\CPT-013.CSV
"-------------------------------
"
"Developed by: UBC In-Situ Testing FREEWARE  
"     Program: Piezocone Interpretation      
"    Web Site: www.civil.ubc.ca/home/in-situ 
"
"Interpreter Name:                             
"
"
"SUMMARY SHEET
"-------------
"'a' for calculating Qt:                 0.830
"Value for Water Table (in m):           8.180
"Valid Zone Classification based on:     Rf
"Missing unit weight to start depth:     18.860
"Method for calculating Su:              Nkt
"Value of the constant Nkt:              15.000
"Define Zone 6 for Sand Parameters?      YES
"Vertical Flow Gradient, i (- up):       +0.000
"CPT to SPT N60 Conversion:              Robertson & Campanella
"
"Soil Behavior Type Zone Numbers
"For Rf Zone & Bq Zone Classification
"------------------------------------
"Zone #1=Sensitive fine grained     Zone #7 =Sand with some Silt
"Zone #2=Organic material           Zone #8 =Fine sand
"Zone #3=Clay                       Zone #9 =Sand
"Zone #4=Silty clay                 Zone #10=Gravelly sand
"Zone #5=Clayey silt                Zone #11=Very stiff fine grained *
"Zone #6=Sandy silt                 Zone #12=Sand to clayey sand *
"   * Overconsolidated and/or cemented
"
"NOTE:
"-----
"For soil classification, Rf values > 8 are assumed to be 8.
"
"( Note: 9E9 means Out Of Range )
"
NPUT FILE: c:\temp\CPT-013.CSV  |--------------------------------------------------
" Depth     Qc(avg)   Fs(avg)   Rf        Rf Zone   Spt N     Spt N1    Su        
" (feet)    (TSF)     (TSF)     (%)       (zone #)  (blow/ft) (blow/ft) (TSF)     
"----------------------------------------------------------------------------------
    0.500     8.690     0.398     4.586     3         8        12         0.577   
    1.500    72.162     0.973     1.349     7        23        35           9E9   
    2.500    78.072     2.860     3.661     5        37        56         5.198   
    3.500    84.764     3.251     3.830     5        41        62         5.644   
    4.500    84.217     3.144     3.727     5        40        60         5.605   
    5.500    91.547     3.614     3.943     5        44        66         6.088   
    6.500    87.443     3.720     4.249     5        42        63         5.810   
    7.500    99.973     4.069     4.066     5        48        72         6.641   
    8.500   139.822     6.466     4.622    11        134       201          9E9   
    9.500   113.448     4.960     4.364    11        109       162          9E9   
   10.500   110.241     4.378     3.963     5        53        73         7.320   
   11.500   167.052     7.400     4.426    11        160       205          9E9   
   12.500    81.572     3.681     4.502    11        78        93           9E9   
   13.500    73.424     2.731     3.709     5        35        39         4.852   
   14.500    86.142     2.706     3.134     6        33        35           9E9   
   15.500   129.270     4.443     3.429     6        50        51           9E9   
   16.500   236.908     9.584     4.038    12        114       110          9E9   
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   17.500    81.623     2.610     3.167     6        32        29           9E9   
   18.500    78.000     2.795     3.549     6        30        26           9E9   
   19.500    82.619     2.687     3.222     6        32        27           9E9   
   20.500    93.208     3.277     3.485     6        36        29           9E9   
   21.500    87.028     2.542     2.890     6        34        27           9E9   
   22.500    93.604     2.937     3.105     6        36        27           9E9   
   23.500    89.619     3.347     3.697     5        43        32         5.937   
   24.500    82.248     2.685     3.228     6        32        23           9E9   
   25.500    82.418     2.352     2.819     6        32        22           9E9   
   26.500   133.123     4.492     3.346     6        51        34           9E9   
   27.500   100.684     3.403     3.302     6        39        26           9E9   
   28.500    96.257     2.515     2.537     7        32        21           9E9   
   29.500   101.864     3.095     2.952     6        40        26           9E9   
   30.500   107.628     3.542     3.196     6        42        27           9E9   
   31.500    90.950     3.314     3.536     6        36        22           9E9   
   32.500    84.767     2.957     3.391     6        33        20           9E9   
   33.500   112.372     4.404     3.854     5        55        33         7.478   
   34.500    80.048     2.168     2.648     6        31        19           9E9   
   35.500    78.300     0.000     0.000     9        9E9       9E9          9E9   
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CPT-014.INT
"   
"Output file from CPTINT - Version 5.2
"=====================================
"INPUT FILE: c:\temp\CPT-014.CSV
"-------------------------------
"
"Developed by: UBC In-Situ Testing FREEWARE  
"     Program: Piezocone Interpretation      
"    Web Site: www.civil.ubc.ca/home/in-situ 
"
"Interpreter Name:                             
"
"
"SUMMARY SHEET
"-------------
"'a' for calculating Qt:                 0.830
"Value for Water Table (in m):           8.180
"Valid Zone Classification based on:     Rf
"Missing unit weight to start depth:     18.860
"Method for calculating Su:              Nkt
"Value of the constant Nkt:              15.000
"Define Zone 6 for Sand Parameters?      YES
"Vertical Flow Gradient, i (- up):       +0.000
"CPT to SPT N60 Conversion:              Robertson & Campanella
"
"Soil Behavior Type Zone Numbers
"For Rf Zone & Bq Zone Classification
"------------------------------------
"Zone #1=Sensitive fine grained     Zone #7 =Sand with some Silt
"Zone #2=Organic material           Zone #8 =Fine sand
"Zone #3=Clay                       Zone #9 =Sand
"Zone #4=Silty clay                 Zone #10=Gravelly sand
"Zone #5=Clayey silt                Zone #11=Very stiff fine grained *
"Zone #6=Sandy silt                 Zone #12=Sand to clayey sand *
"   * Overconsolidated and/or cemented
"
"NOTE:
"-----
"For soil classification, Rf values > 8 are assumed to be 8.
"
"( Note: 9E9 means Out Of Range )
"
NPUT FILE: c:\temp\CPT-014.CSV  |--------------------------------------------------
" Depth     Qc(avg)   Fs(avg)   Rf        Rf Zone   Spt N     Spt N1    Su        
" (feet)    (TSF)     (TSF)     (%)       (zone #)  (blow/ft) (blow/ft) (TSF)     
"----------------------------------------------------------------------------------
    0.500   140.927     1.040     0.738     9        27        41           9E9   
    1.500   107.412     1.615     1.504     8        26        39           9E9   
    2.500    51.543     2.484     4.820     4        33        50         3.426   
    3.500    51.989     2.439     4.692     4        33        50         3.451   
    4.500    48.112     2.132     4.427     4        31        47         3.192   
    5.500    71.675     3.895     5.429    11        69        104          9E9   
    6.500    70.769     4.728     6.677    11        68        102          9E9   
    7.500    95.393     4.872     5.100    11        92        138          9E9   
    8.500    69.950     4.188     5.972    11        67        101          9E9   
    9.500    57.888     4.209     7.265     3        55        80         3.821   
   10.500    63.193     4.097     6.476    11        61        82           9E9   
   11.500    82.950     5.380     6.482    11        79        99           9E9   
   12.500    75.171     5.470     7.270    11        72        84           9E9   
   13.500    93.390     2.660     2.848     6        36        40           9E9   
   14.500   123.819     1.339     1.081     8        30        31           9E9   
   15.500   119.571     1.744     1.458     8        29        29           9E9   
   16.500   132.390     7.159     5.399    11        127       121          9E9   
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   17.500   164.300     9.315     5.667    11        157       142          9E9   
   18.500   183.836     6.739     3.665    12        88        76           9E9   
   19.500   168.921     3.340     1.977     7        54        45           9E9   
   20.500   181.071     2.870     1.584     8        43        35           9E9   
   21.500   156.963     3.948     2.511     7        50        39           9E9   
   22.500   121.629     4.286     3.521     6        47        35           9E9   
   23.500    65.680     3.076     4.682     4        42        31         4.279   
   24.500    62.275     2.723     4.372     5        30        21         4.047   
   25.500    66.026     2.646     4.005     5        32        22         4.294   
   26.500    71.488     2.818     3.935     5        34        23         4.661   
   27.500   137.416     6.698     4.862    11        132       86           9E9   
   28.500   100.038     6.802     6.774    11        96        62           9E9   
   29.500    60.196     2.070     3.403     5        29        18         3.929   
   30.500    63.533     0.000     0.000     8        9E9       9E9          9E9   
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CPT-015.INT
"   
"Output file from CPTINT - Version 5.2
"=====================================
"INPUT FILE: c:\temp\CPT-015.CSV
"-------------------------------
"
"Developed by: UBC In-Situ Testing FREEWARE  
"     Program: Piezocone Interpretation      
"    Web Site: www.civil.ubc.ca/home/in-situ 
"
"Interpreter Name:                             
"
"
"SUMMARY SHEET
"-------------
"'a' for calculating Qt:                 0.830
"Value for Water Table (in m):           8.180
"Valid Zone Classification based on:     Rf
"Missing unit weight to start depth:     18.860
"Method for calculating Su:              Nkt
"Value of the constant Nkt:              15.000
"Define Zone 6 for Sand Parameters?      YES
"Vertical Flow Gradient, i (- up):       +0.000
"CPT to SPT N60 Conversion:              Robertson & Campanella
"
"Soil Behavior Type Zone Numbers
"For Rf Zone & Bq Zone Classification
"------------------------------------
"Zone #1=Sensitive fine grained     Zone #7 =Sand with some Silt
"Zone #2=Organic material           Zone #8 =Fine sand
"Zone #3=Clay                       Zone #9 =Sand
"Zone #4=Silty clay                 Zone #10=Gravelly sand
"Zone #5=Clayey silt                Zone #11=Very stiff fine grained *
"Zone #6=Sandy silt                 Zone #12=Sand to clayey sand *
"   * Overconsolidated and/or cemented
"
"NOTE:
"-----
"For soil classification, Rf values > 8 are assumed to be 8.
"
"( Note: 9E9 means Out Of Range )
"
NPUT FILE: c:\temp\CPT-015.CSV  |--------------------------------------------------
" Depth     Qc(avg)   Fs(avg)   Rf        Rf Zone   Spt N     Spt N1    Su        
" (feet)    (TSF)     (TSF)     (%)       (zone #)  (blow/ft) (blow/ft) (TSF)     
"----------------------------------------------------------------------------------
    0.500   379.876     1.327     0.349    10        61        92           9E9   
    1.500    59.930     0.586     0.977     8        14        21           9E9   
    2.500    87.843     2.120     2.414     7        28        42           9E9   
    3.500   103.125     2.450     2.375     7        33        50           9E9   
    4.500    93.047     2.393     2.572     6        36        54           9E9   
    5.500    78.850     1.926     2.443     6        30        45           9E9   
    6.500    81.553     2.559     3.138     6        31        47           9E9   
    7.500    90.112     2.920     3.241     6        35        53           9E9   
    8.500   105.217     3.361     3.194     6        40        60           9E9   
    9.500   123.640     3.724     3.012     6        47        70           9E9   
   10.500   120.826     3.494     2.892     6        46        64           9E9   
   11.500    92.583     3.280     3.543     6        35        45           9E9   
   12.500    80.236     3.470     4.326     5        38        46         5.296   
   13.500    76.175     3.327     4.368     5        36        41         5.022   
   14.500    78.527     3.305     4.210     5        38        41         5.174   
   15.500    88.295     3.348     3.793     5        42        43         5.821   
   16.500    89.868     3.405     3.790     5        43        42         5.922   
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   17.500   128.300     4.205     3.278     6        49        46           9E9   
   18.500    76.419     2.469     3.232     6        29        26           9E9   
   19.500    78.663     2.849     3.622     5        38        33         5.162   
   20.500   128.233     5.447     4.249    11        123       102          9E9   
   21.500   140.630     7.503     5.336    11        135       107          9E9   
   22.500    97.975     3.688     3.765     5        47        36         6.435   
   23.500    95.296     2.755     2.891     6        37        27           9E9   
   24.500    86.346     4.159     4.817    11        83        59           9E9   
   25.500   120.309     3.566     2.964     6        46        32           9E9   
   26.500    45.464     2.041     4.491     4        29        20         2.919   
   27.500    49.574     2.322     4.687     4        32        21         3.188   
   28.500    48.053     2.622     5.457     3        46        30         3.084   
   29.500    47.006     2.600     5.531     3        45        29         3.010   
   30.500    48.757     2.438     4.997     4        31        20         3.125   
   31.500    52.879     2.673     5.053     4        34        21         3.395   
   32.500    50.794     2.406     4.729     4        32        20         3.256   
   33.500    44.500     2.108     4.733     4        28        17         2.829   
   34.500    40.015     1.634     4.077     4        26        16         2.528   
   35.500    35.757     1.214     3.386     5        17        10         2.242   
   36.500    38.830     1.276     3.273     5        19        11         2.445   
   37.500    42.205     1.508     3.560     5        20        12         2.667   
   38.500    40.206     1.767     4.379     4        26        15         2.528   
   39.500    38.030     1.519     3.982     5        18        10         2.378   
   40.500    36.253     1.020     2.801     6        14         8           9E9   
   41.499    49.416     1.497     3.017     6        19        11           9E9   
   42.499    51.021     1.691     3.298     5        25        14         3.241   
   43.499    51.068     1.650     3.215     6        20        11           9E9   
   44.499    55.224     1.810     3.263     6        21        11           9E9   
   45.499    41.455     1.286     3.084     5        20        11         2.590   
   46.499    43.035     1.372     3.169     5        21        11         2.692   
   47.499    38.311     1.378     3.573     5        18         9         2.373   
   48.499    31.963     0.998     3.100     5        15         8         1.944   
   49.499    34.783     0.813     2.317     6        13         7           9E9   
   50.499    36.050     0.000     0.000     8        9E9       9E9          9E9   
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"   
"Output file from CPTINT - Version 5.2
"=====================================
"INPUT FILE: c:\temp\CPT-016.CSV
"-------------------------------
"
"Developed by: UBC In-Situ Testing FREEWARE  
"     Program: Piezocone Interpretation      
"    Web Site: www.civil.ubc.ca/home/in-situ 
"
"Interpreter Name:                             
"
"
"SUMMARY SHEET
"-------------
"'a' for calculating Qt:                 0.830
"Value for Water Table (in m):           8.180
"Valid Zone Classification based on:     Rf
"Missing unit weight to start depth:     18.860
"Method for calculating Su:              Nkt
"Value of the constant Nkt:              15.000
"Define Zone 6 for Sand Parameters?      YES
"Vertical Flow Gradient, i (- up):       +0.000
"CPT to SPT N60 Conversion:              Robertson & Campanella
"
"Soil Behavior Type Zone Numbers
"For Rf Zone & Bq Zone Classification
"------------------------------------
"Zone #1=Sensitive fine grained     Zone #7 =Sand with some Silt
"Zone #2=Organic material           Zone #8 =Fine sand
"Zone #3=Clay                       Zone #9 =Sand
"Zone #4=Silty clay                 Zone #10=Gravelly sand
"Zone #5=Clayey silt                Zone #11=Very stiff fine grained *
"Zone #6=Sandy silt                 Zone #12=Sand to clayey sand *
"   * Overconsolidated and/or cemented
"
"NOTE:
"-----
"For soil classification, Rf values > 8 are assumed to be 8.
"
"( Note: 9E9 means Out Of Range )
"
NPUT FILE: c:\temp\CPT-016.CSV  |--------------------------------------------------
" Depth     Qc(avg)   Fs(avg)   Rf        Rf Zone   Spt N     Spt N1    Su        
" (feet)    (TSF)     (TSF)     (%)       (zone #)  (blow/ft) (blow/ft) (TSF)     
"----------------------------------------------------------------------------------
    0.500     8.887     0.190     2.132     4         6         9         0.591   
    1.500   164.118     1.265     0.771     9        31        47           9E9   
    2.500    41.629     1.340     3.217     5        20        30         2.767   
    3.500    24.553     0.986     4.021     4        16        24         1.621   
    4.500    13.319     0.583     4.376     3        13        20         0.870   
    5.500    15.108     0.672     4.457     3        14        21         0.983   
    6.500    15.995     0.738     4.620     3        15        23         1.038   
    7.500    16.718     1.031     6.167     3        16        24         1.083   
    8.500    15.524     0.901     5.807     3        15        23         1.000   
    9.500    18.986     1.054     5.553     3        18        27         1.226   
   10.500    24.020     1.088     4.535     3        23        32         1.556   
   11.500    36.229     1.573     4.339     4        23        30         2.369   
   12.500    34.611     1.564     4.516     4        22        27         2.257   
   13.500    27.440     1.288     4.690     3        26        30         1.775   
   14.500    26.250     1.129     4.292     4        17        18         1.693   
   15.500    29.431     1.415     4.802     3        28        29         1.900   
   16.500    32.344     1.463     4.506     4        21        21         2.096   

Page 1



CPT-016.INT
   17.500    52.162     1.926     3.671     5        25        23         3.426   
   18.500    37.606     1.156     3.030     5        18        16         2.466   
   19.500    34.325     0.831     2.371     6        13        11           9E9   
   20.500    50.600     1.935     3.773     5        25        21         3.334   
   21.500    50.465     2.039     3.981     5        25        20         3.325   
   22.500    29.806     1.403     4.634     3        29        22         1.925   
   23.500    33.274     1.242     3.666     5        16        12         2.161   
   24.500    29.741     0.992     3.252     5        15        11         1.933   
   25.500    34.826     1.309     3.678     5        17        12         2.268   
   26.500    35.700     1.292     3.529     5        18        12         2.330   
   27.500    47.638     1.572     3.235     5        23        15         3.126   
   28.500    60.033     1.823     2.964     6        24        16           9E9   
   29.500   140.648     6.047     4.268    11        136       88           9E9   
   30.500   183.204     5.488     2.990     7        59        38           9E9   
   31.500    49.084     1.940     3.948     5        24        15         3.145   
   32.500    49.225     1.616     3.275     5        24        15         3.155   
   33.500    88.976     2.944     3.298     6        34        21           9E9   
   34.500    47.261     1.757     3.685     5        23        14         3.034   
   35.500    55.300     2.112     3.767     5        27        16         3.590   
   36.500    72.974     2.595     3.488     6        29        17           9E9   
   37.500    93.982     3.685     3.893     5        45        26         6.154   
   38.500   185.285     4.124     2.225     7        59        34           9E9   
   39.500   226.781     3.756     1.656     8        54        31           9E9   
   40.500   355.096     1.548     0.436    10        57        32           9E9   
   41.499   424.421     1.948     0.459    10        68        38           9E9   
   42.499   406.726     2.331     0.573    10        65        36           9E9   
   43.499   266.707     2.683     1.006     9        51        28           9E9   
   44.499   323.517     2.387     0.738    10        52        28           9E9   
   45.499   189.944     5.827     3.068     7        61        32           9E9   
   46.499   179.616     4.590     2.556     7        57        30           9E9   
   47.499   232.726     2.723     1.168     9        45        23           9E9   
   48.499   148.657     3.163     2.127     7        47        24           9E9   
   49.499    74.036     2.257     3.033     6        29        15           9E9   
   50.499   127.400     0.000     0.000     9        9E9       9E9          9E9   
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"   
"Output file from CPTINT - Version 5.2
"=====================================
"INPUT FILE: c:\temp\CPT-017.CSV
"-------------------------------
"
"Developed by: UBC In-Situ Testing FREEWARE  
"     Program: Piezocone Interpretation      
"    Web Site: www.civil.ubc.ca/home/in-situ 
"
"Interpreter Name:                             
"
"
"SUMMARY SHEET
"-------------
"'a' for calculating Qt:                 0.830
"Value for Water Table (in m):           8.180
"Valid Zone Classification based on:     Rf
"Missing unit weight to start depth:     18.860
"Method for calculating Su:              Nkt
"Value of the constant Nkt:              15.000
"Define Zone 6 for Sand Parameters?      YES
"Vertical Flow Gradient, i (- up):       +0.000
"CPT to SPT N60 Conversion:              Robertson & Campanella
"
"Soil Behavior Type Zone Numbers
"For Rf Zone & Bq Zone Classification
"------------------------------------
"Zone #1=Sensitive fine grained     Zone #7 =Sand with some Silt
"Zone #2=Organic material           Zone #8 =Fine sand
"Zone #3=Clay                       Zone #9 =Sand
"Zone #4=Silty clay                 Zone #10=Gravelly sand
"Zone #5=Clayey silt                Zone #11=Very stiff fine grained *
"Zone #6=Sandy silt                 Zone #12=Sand to clayey sand *
"   * Overconsolidated and/or cemented
"
"NOTE:
"-----
"For soil classification, Rf values > 8 are assumed to be 8.
"
"( Note: 9E9 means Out Of Range )
"
NPUT FILE: c:\temp\CPT-017.CSV  |--------------------------------------------------
" Depth     Qc(avg)   Fs(avg)   Rf        Rf Zone   Spt N     Spt N1    Su        
" (feet)    (TSF)     (TSF)     (%)       (zone #)  (blow/ft) (blow/ft) (TSF)     
"----------------------------------------------------------------------------------
    0.500    13.055     0.365     2.791     5         6         9         0.869   
    1.500   153.470     1.518     0.989     9        29        44           9E9   
    2.500    56.110     1.288     2.293     6        22        33           9E9   
    3.500    38.000     1.179     3.106     5        18        27         2.517   
    4.500    36.376     1.086     2.990     5        17        26         2.404   
    5.500    44.289     1.502     3.391     5        21        32         2.929   
    6.500    45.306     1.475     3.256     5        22        33         2.993   
    7.500    40.074     0.628     1.567     7        13        20           9E9   
    8.500    35.776     1.592     4.451     4        23        35         2.350   
    9.500   111.090     4.320     3.889     5        53        80         7.367   
   10.500   143.783     7.394     5.142    11        138       191          9E9   
   11.500   120.506     6.116     5.064    11        116       149          9E9   
   12.500   110.965     4.722     4.205    11        108       130          9E9   
   13.500   110.691     4.628     4.097    11        108       122          9E9   
   14.500    91.313     3.943     4.232     5        45        48         6.151   
   15.500   110.443     4.669     4.158    11        108       109          9E9   
   16.500   106.757     3.845     3.508     6        42        40           9E9   
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   17.500   125.300     4.534     3.575     6        49        45           9E9   
   18.500   103.015     4.374     4.223    11        99        87           9E9   
   19.500   105.114     4.869     4.571    11        102       86           9E9   
   20.500    74.246     3.947     5.292    11        71        58           9E9   
   21.500    44.200     2.214     4.997     3        42        33         2.863   
   22.500    38.205     1.888     4.929     3        37        28         2.458   
   23.500    36.574     1.553     4.226     4        23        17         2.349   
   24.500    35.828     1.414     3.909     5        17        12         2.307   
   25.500    51.125     2.036     3.938     5        25        17         3.337   
   26.500    44.594     1.782     3.926     5        22        15         2.912   
   27.500    45.407     1.801     3.900     5        22        14         2.961   
   28.500    39.873     1.716     4.241     4        26        17         2.576   
   29.500    45.195     1.979     4.364     4        29        18         2.898   
   30.500    32.487     1.509     4.633     4        21        13         2.042   
   31.500    42.907     1.414     3.278     5        21        13         2.741   
   32.500   126.876     3.044     2.398     7        41        25           9E9   
   33.500    73.729     2.977     4.029     5        35        21         4.786   
   34.500    36.445     1.619     4.395     4        24        14         2.309   
   35.500    32.133     1.436     4.424     4        21        12         2.013   
   36.500    51.912     2.126     4.038     5        25        15         3.355   
   37.500   202.882     3.574     1.762     8        49        28           9E9   
   38.500   257.044     3.891     1.514     8        62        35           9E9   
   39.500   213.788     2.556     1.196     9        41        23           9E9   
   40.500   327.816     1.751     0.534    10        52        29           9E9   
   41.499   397.372     2.066     0.520    10        63        35           9E9   
   42.499   309.015     2.659     0.861     9        59        32           9E9   
   43.499    71.023     2.325     3.229     6        28        15           9E9   
   44.499    66.009     2.532     3.759     5        32        17         4.303   
   45.499    57.327     1.941     3.268     6        23        12           9E9   
   46.499    83.121     2.680     3.155     6        33        17           9E9   
   47.499   214.737     5.413     2.517     7        69        36           9E9   
   48.499    80.857     2.601     3.118     6        32        16           9E9   
   49.499    77.589     1.948     2.438     6        31        16           9E9   
   50.499    77.180     0.000     0.000     9        9E9       9E9          9E9   

Page 2



CPT-018.INT
"   
"Output file from CPTINT - Version 5.2
"=====================================
"INPUT FILE: c:\temp\CPT-018.CSV
"-------------------------------
"
"Developed by: UBC In-Situ Testing FREEWARE  
"     Program: Piezocone Interpretation      
"    Web Site: www.civil.ubc.ca/home/in-situ 
"
"Interpreter Name:                             
"
"
"SUMMARY SHEET
"-------------
"'a' for calculating Qt:                 0.830
"Value for Water Table (in m):           8.180
"Valid Zone Classification based on:     Rf
"Missing unit weight to start depth:     18.860
"Method for calculating Su:              Nkt
"Value of the constant Nkt:              15.000
"Define Zone 6 for Sand Parameters?      YES
"Vertical Flow Gradient, i (- up):       +0.000
"CPT to SPT N60 Conversion:              Robertson & Campanella
"
"Soil Behavior Type Zone Numbers
"For Rf Zone & Bq Zone Classification
"------------------------------------
"Zone #1=Sensitive fine grained     Zone #7 =Sand with some Silt
"Zone #2=Organic material           Zone #8 =Fine sand
"Zone #3=Clay                       Zone #9 =Sand
"Zone #4=Silty clay                 Zone #10=Gravelly sand
"Zone #5=Clayey silt                Zone #11=Very stiff fine grained *
"Zone #6=Sandy silt                 Zone #12=Sand to clayey sand *
"   * Overconsolidated and/or cemented
"
"NOTE:
"-----
"For soil classification, Rf values > 8 are assumed to be 8.
"
"( Note: 9E9 means Out Of Range )
"
NPUT FILE: c:\temp\CPT-018.CSV  |--------------------------------------------------
" Depth     Qc(avg)   Fs(avg)   Rf        Rf Zone   Spt N     Spt N1    Su        
" (feet)    (TSF)     (TSF)     (%)       (zone #)  (blow/ft) (blow/ft) (TSF)     
"----------------------------------------------------------------------------------
    0.500   111.182     1.256     1.130     8        27        41           9E9   
    1.500   176.668     3.849     2.179     7        56        84           9E9   
    2.500   172.787     5.039     2.915     7        55        83           9E9   
    3.500   163.632     5.281     3.225     6        63        95           9E9   
    4.500   165.905     3.463     2.086     7        53        80           9E9   
    5.500   227.230     5.307     2.334     7        73        110          9E9   
    6.500   234.718     5.879     2.503     7        75        113          9E9   
    7.500   225.326     6.412     2.843     7        72        108          9E9   
    8.500   291.359     8.855     3.037    12        140       210          9E9   
    9.500   284.300     6.752     2.374     7        91        137          9E9   
   10.500   197.192     8.176     4.140    11        189       264          9E9   
   11.500   172.958     6.583     3.798    12        83        108          9E9   
   12.500   184.355     5.959     3.224     6        71        86           9E9   
   13.500   422.356     7.477     1.769     8        101       115          9E9   
   14.500   346.616     8.036     2.317     8        83        90           9E9   
   15.500   377.636     7.733     2.046     8        90        92           9E9   
   16.500   187.708     8.348     4.441    11        180       176          9E9   
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   17.500   251.964     7.728     3.062    12        121       113          9E9   
   18.500    81.341     3.576     4.383     5        39        35         5.362   
   19.500    70.378     1.778     2.515     6        27        23           9E9   
   20.500    72.071     1.969     2.721     6        28        23           9E9   
   21.500    89.680     3.663     4.059     5        43        34         5.926   
   22.500   112.512     4.119     3.629     6        43        33           9E9   
   23.500   112.921     4.900     4.285    11        110       81           9E9   
   24.500    88.700     4.008     4.448    11        86        61           9E9   
   25.500    93.928     3.804     3.986     5        46        32         6.255   
   26.500    96.155     3.997     4.090     5        47        32         6.405   
   27.500    85.752     3.620     4.153     5        42        28         5.695   
   28.500    91.276     3.646     3.931     5        44        29         6.064   
   29.500    96.867     2.903     2.943     6        38        24           9E9   
   30.500   115.500     0.000     0.000     9        9E9       9E9          9E9   
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CPT-019.INT
"   
"Output file from CPTINT - Version 5.2
"=====================================
"INPUT FILE: c:\temp\CPT-019.CSV
"-------------------------------
"
"Developed by: UBC In-Situ Testing FREEWARE  
"     Program: Piezocone Interpretation      
"    Web Site: www.civil.ubc.ca/home/in-situ 
"
"Interpreter Name:                             
"
"
"SUMMARY SHEET
"-------------
"'a' for calculating Qt:                 0.830
"Value for Water Table (in m):           8.180
"Valid Zone Classification based on:     Rf
"Missing unit weight to start depth:     18.860
"Method for calculating Su:              Nkt
"Value of the constant Nkt:              15.000
"Define Zone 6 for Sand Parameters?      YES
"Vertical Flow Gradient, i (- up):       +0.000
"CPT to SPT N60 Conversion:              Robertson & Campanella
"
"Soil Behavior Type Zone Numbers
"For Rf Zone & Bq Zone Classification
"------------------------------------
"Zone #1=Sensitive fine grained     Zone #7 =Sand with some Silt
"Zone #2=Organic material           Zone #8 =Fine sand
"Zone #3=Clay                       Zone #9 =Sand
"Zone #4=Silty clay                 Zone #10=Gravelly sand
"Zone #5=Clayey silt                Zone #11=Very stiff fine grained *
"Zone #6=Sandy silt                 Zone #12=Sand to clayey sand *
"   * Overconsolidated and/or cemented
"
"NOTE:
"-----
"For soil classification, Rf values > 8 are assumed to be 8.
"
"( Note: 9E9 means Out Of Range )
"
NPUT FILE: c:\temp\CPT-019.CSV  |--------------------------------------------------
" Depth     Qc(avg)   Fs(avg)   Rf        Rf Zone   Spt N     Spt N1    Su        
" (feet)    (TSF)     (TSF)     (%)       (zone #)  (blow/ft) (blow/ft) (TSF)     
"----------------------------------------------------------------------------------
    0.500    76.374     0.545     0.714     8        18        27           9E9   
    1.500    62.191     1.062     1.707     7        20        30           9E9   
    2.500    37.255     1.380     3.705     5        18        27         2.473   
    3.500    24.524     1.684     6.863     3        23        35         1.621   
    4.500    23.384     1.444     6.177     3        22        33         1.540   
    5.500    30.064     1.245     4.143     4        19        29         1.981   
    6.500    66.531     2.939     4.415     5        32        48         4.411   
    7.500    69.405     3.287     4.727     4        44        66         4.605   
    8.500    66.120     3.898     5.891    11        63        95           9E9   
    9.500    51.442     2.949     5.721     3        49        73         3.397   
   10.500    38.957     2.331     5.970     3        37        51         2.559   
   11.500    36.923     1.928     5.201     3        36        46         2.424   
   12.500    39.993     1.885     4.684     4        26        31         2.631   
   13.500    44.250     1.991     4.457     4        29        33         2.922   
   14.500    42.807     2.044     4.721     4        28        30         2.825   
   15.500    38.071     1.821     4.735     4        25        26         2.500   
   16.500    41.571     2.235     5.324     3        40        39         2.730   
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   17.500    38.527     2.058     5.293     3        37        34         2.519   
   18.500    42.529     2.060     4.771     4        28        25         2.802   
   19.500    53.640     2.338     4.253     5        26        22         3.583   
   20.500    56.650     2.539     4.356     5        28        23         3.800   
   21.500    60.419     2.416     3.889     5        30        24         4.052   
   22.500    60.237     2.628     4.247     5        30        23         4.031   
   23.500    48.579     2.089     4.186     5        24        18         3.228   
   24.500    67.927     2.797     4.018     5        33        24         4.539   
   25.500   128.143     4.481     3.420     6        50        35           9E9   
   26.500   206.981     6.662     3.204     6        80        54           9E9   
   27.500   250.788     6.600     2.628     7        80        53           9E9   
   28.500   305.355     6.871     2.245     8        73        48           9E9   
   29.500   293.974     7.816     2.658     7        94        61           9E9   
   30.500   149.900     0.000     0.000     9        9E9       9E9          9E9   
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"   
"Output file from CPTINT - Version 5.2
"=====================================
"INPUT FILE: c:\temp\CPT-020.CSV
"-------------------------------
"
"Developed by: UBC In-Situ Testing FREEWARE  
"     Program: Piezocone Interpretation      
"    Web Site: www.civil.ubc.ca/home/in-situ 
"
"Interpreter Name:                             
"
"
"SUMMARY SHEET
"-------------
"'a' for calculating Qt:                 0.830
"Value for Water Table (in m):           8.180
"Valid Zone Classification based on:     Rf
"Missing unit weight to start depth:     18.860
"Method for calculating Su:              Nkt
"Value of the constant Nkt:              15.000
"Define Zone 6 for Sand Parameters?      YES
"Vertical Flow Gradient, i (- up):       +0.000
"CPT to SPT N60 Conversion:              Robertson & Campanella
"
"Soil Behavior Type Zone Numbers
"For Rf Zone & Bq Zone Classification
"------------------------------------
"Zone #1=Sensitive fine grained     Zone #7 =Sand with some Silt
"Zone #2=Organic material           Zone #8 =Fine sand
"Zone #3=Clay                       Zone #9 =Sand
"Zone #4=Silty clay                 Zone #10=Gravelly sand
"Zone #5=Clayey silt                Zone #11=Very stiff fine grained *
"Zone #6=Sandy silt                 Zone #12=Sand to clayey sand *
"   * Overconsolidated and/or cemented
"
"NOTE:
"-----
"For soil classification, Rf values > 8 are assumed to be 8.
"
"( Note: 9E9 means Out Of Range )
"
NPUT FILE: c:\temp\CPT-020.CSV  |--------------------------------------------------
" Depth     Qc(avg)   Fs(avg)   Rf        Rf Zone   Spt N     Spt N1    Su        
" (feet)    (TSF)     (TSF)     (%)       (zone #)  (blow/ft) (blow/ft) (TSF)     
"----------------------------------------------------------------------------------
    0.500   236.829     1.229     0.519     9        45        68           9E9   
    1.500    67.795     1.344     1.982     7        22        33           9E9   
    2.500    62.359     2.542     4.071     5        30        45         4.153   
    3.500    60.830     3.250     5.339    11        58        87           9E9   
    4.500    56.085     1.955     3.482     5        27        41         3.724   
    5.500    63.145     2.340     3.701     5        30        45         4.192   
    6.500    25.318     1.187     4.684     3        24        36         1.662   
    7.500    30.036     1.911     6.356     3        29        44         1.973   
    8.500    40.532     2.629     6.479     3        39        59         2.669   
    9.500    44.987     2.549     5.652     3        43        64         2.966   
   10.500    62.643     2.945     4.682     4        40        55         4.149   
   11.500    51.628     2.494     4.816     4        33        42         3.405   
   12.500    45.456     2.043     4.476     4        29        35         2.991   
   13.500    37.069     1.879     5.050     3        36        41         2.424   
   14.500    67.965     3.121     4.585     4        43        46         4.478   
   15.500    67.250     3.038     4.503     5        32        33         4.433   
   16.500   120.573     3.973     3.291     6        46        45           9E9   
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   17.500    71.472     3.687     5.139    11        69        64           9E9   
   18.500    46.504     1.827     3.888     5        22        20         3.054   
   19.500    62.255     2.779     4.428     5        30        26         4.102   
   20.500   155.958     3.884     2.488     7        50        41           9E9   
   21.500    61.529     3.288     5.307    11        59        47           9E9   
   22.500    35.800     1.787     4.926     3        35        27         2.324   
   23.500    35.080     1.991     5.643     3        34        25         2.254   
   24.500    34.574     1.981     5.704     3        33        24         2.212   
   25.500    34.378     1.922     5.568     3        33        23         2.194   
   26.500    33.550     1.855     5.510     3        32        22         2.133   
   27.500    34.991     1.950     5.556     3        34        23         2.225   
   28.500    35.758     1.966     5.479     3        34        22         2.272   
   29.500    35.672     1.762     4.923     3        34        22         2.262   
   30.500    34.300     0.000     0.000     8        9E9       9E9          9E9   
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"   
"Output file from CPTINT - Version 5.2
"=====================================
"INPUT FILE: c:\temp\CPT-021.CSV
"-------------------------------
"
"Developed by: UBC In-Situ Testing FREEWARE  
"     Program: Piezocone Interpretation      
"    Web Site: www.civil.ubc.ca/home/in-situ 
"
"Interpreter Name:                             
"
"
"SUMMARY SHEET
"-------------
"'a' for calculating Qt:                 0.830
"Value for Water Table (in m):           8.180
"Valid Zone Classification based on:     Rf
"Missing unit weight to start depth:     18.860
"Method for calculating Su:              Nkt
"Value of the constant Nkt:              15.000
"Define Zone 6 for Sand Parameters?      YES
"Vertical Flow Gradient, i (- up):       +0.000
"CPT to SPT N60 Conversion:              Robertson & Campanella
"
"Soil Behavior Type Zone Numbers
"For Rf Zone & Bq Zone Classification
"------------------------------------
"Zone #1=Sensitive fine grained     Zone #7 =Sand with some Silt
"Zone #2=Organic material           Zone #8 =Fine sand
"Zone #3=Clay                       Zone #9 =Sand
"Zone #4=Silty clay                 Zone #10=Gravelly sand
"Zone #5=Clayey silt                Zone #11=Very stiff fine grained *
"Zone #6=Sandy silt                 Zone #12=Sand to clayey sand *
"   * Overconsolidated and/or cemented
"
"NOTE:
"-----
"For soil classification, Rf values > 8 are assumed to be 8.
"
"( Note: 9E9 means Out Of Range )
"
NPUT FILE: c:\temp\CPT-021.CSV  |--------------------------------------------------
" Depth     Qc(avg)   Fs(avg)   Rf        Rf Zone   Spt N     Spt N1    Su        
" (feet)    (TSF)     (TSF)     (%)       (zone #)  (blow/ft) (blow/ft) (TSF)     
"----------------------------------------------------------------------------------
    0.500   251.291     5.356     2.131     8        60        90           9E9   
    1.500   186.577     5.587     2.994     7        60        90           9E9   
    2.500   167.096     4.642     2.777     7        53        80           9E9   
    3.500   217.471     5.610     2.579     7        69        104          9E9   
    4.500   204.929     6.144     2.995     7        66        99           9E9   
    5.500   135.530     3.961     2.920     6        52        78           9E9   
    6.500   101.159     3.602     3.558     6        39        59           9E9   
    7.500    82.596     3.854     4.664    11        79        119          9E9   
    8.500   169.485     7.140     4.205    11        163       245          9E9   
    9.500   121.161     5.161     4.245    11        116       173          9E9   
   10.500   187.628     8.055     4.284    11        180       247          9E9   
   11.500   166.605     6.687     4.006    12        80        102          9E9   
   12.500   109.864     6.101     5.522    11        106       126          9E9   
   13.500    92.521     4.325     4.657    11        89        99           9E9   
   14.500    67.011     3.824     5.680    11        64        67           9E9   
   15.500   153.126     5.400     3.521     6        59        59           9E9   
   16.500   139.312     4.890     3.505     6        53        51           9E9   
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   17.500    94.304     3.451     3.655     6        36        33           9E9   
   18.500    88.577     4.705     5.291    11        85        74           9E9   
   19.500    90.088     4.773     5.286    11        87        73           9E9   
   20.500   105.255     5.118     4.844    11        101       81           9E9   
   21.500    58.104     2.957     5.071     4        37        29         3.795   
   22.500    74.143     3.549     4.774    11        71        53           9E9   
   23.500   113.735     5.269     4.621    11        109       79           9E9   
   24.500    53.370     0.799     1.494     7        17        12           9E9   
   25.500    49.012     1.149     2.343     6        19        13           9E9   
   26.500    39.133     2.993     7.624     3        38        25         2.503   
   27.500    89.238     4.728     5.277    11        86        56           9E9   
   28.500   160.755     4.825     2.998     6        62        40           9E9   
   29.500   108.711     6.682     6.083    11        105       66           9E9   
   30.500   106.065     5.281     4.901    11        103       64           9E9   
   31.500    91.769     4.729     5.062    11        89        54           9E9   
   32.500    68.722     4.482     6.455    11        67        40           9E9   
   33.500    95.859     5.275     5.477    11        92        55           9E9   
   34.500   121.694     6.894     5.607    11        118       69           9E9   
   35.500   140.538     6.664     4.629    11        138       80           9E9   
   36.500   158.511     8.446     5.185    11        156       89           9E9   
   37.500   145.847     7.892     5.334    11        142       80           9E9   
   38.500   285.690     7.940     2.773    12        137       76           9E9   
   39.500   286.568    11.554     4.004    12        138       76           9E9   
   40.500   162.239     6.507     3.920    12        79        43           9E9   
   41.499   101.228     4.280     4.158     5        49        26         6.681   
   42.499   149.867     5.782     3.848    12        72        38           9E9   
   43.499   163.967     8.416     5.128    11        157       82           9E9   
   44.499    76.544     3.371     4.395     5        37        19         4.919   
   45.499    73.388     3.589     4.878    11        70        36           9E9   
   46.499    79.082     3.434     4.330     5        38        19         5.084   
   47.499    83.341     4.065     4.869    11        80        40           9E9   
   48.499    53.011     2.426     4.560     4        34        17         3.335   
   49.499    50.400     2.166     4.284     4        32        16         3.155   
   50.499    47.778     1.848     3.855     5        23        12         2.976   
   51.499    49.488     1.923     3.872     5        24        12         3.087   
   52.499    57.506     2.254     3.907     5        28        14         3.618   
   53.499    67.250     2.622     3.887     5        32        16         4.265   
   54.499    69.444     2.945     4.226     5        33        17         4.410   
   55.499    69.139     2.781     4.007     5        33        17         4.385   
   56.499    68.250     2.745     4.008     5        33        17         4.322   
   57.499    67.067     2.882     4.283     5        32        16         4.237   
   58.499    63.017     2.763     4.368     5        30        15         3.963   
   59.499    61.541     2.573     4.165     5        30        15         3.862   
   60.499    60.476     2.662     4.384     5        29        15         3.786   
   61.499    61.795     2.681     4.323     5        30        15         3.870   
   62.499    60.616     2.569     4.220     5        29        15         3.790   
   63.499    60.039     2.588     4.293     5        29        15         3.744   
   64.499    61.088     2.702     4.408     5        29        15         3.809   
   65.499    64.338     2.812     4.355     5        31        16         4.023   
   66.499    59.856     2.406     4.001     5        29        15         3.722   
   67.499    56.130     2.022     3.583     5        27        14         3.471   
   68.499    55.763     1.577     2.811     6        21        11           9E9   
   69.499    84.035     2.424     2.869     6        32        16           9E9   
   70.499   120.389     4.682     3.868     6        46        23           9E9   
   71.499   130.095     5.599     4.280    11        125       63           9E9   
   72.499   219.578     8.697     3.948    12        106       53           9E9   
   73.499   229.250     9.443     4.092    12        111       56           9E9   
   74.499   194.512    10.863     5.537    11        188       94           9E9   
   75.499   220.735    11.230     5.074    11        212       106          9E9   
   76.499   194.170     8.394     4.296    11        187       94           9E9   
   77.499   145.127     8.166     5.535    11        141       71           9E9   
   78.499   574.674     7.996     1.388     9        110       55           9E9   
   79.499   143.213     4.807     3.332     6        55        28           9E9   
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   80.499   144.700     0.000     0.000     9        9E9       9E9          9E9   
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CPT-022.INT
"   
"Output file from CPTINT - Version 5.2
"=====================================
"INPUT FILE: c:\temp\CPT-022.CSV
"-------------------------------
"
"Developed by: UBC In-Situ Testing FREEWARE  
"     Program: Piezocone Interpretation      
"    Web Site: www.civil.ubc.ca/home/in-situ 
"
"Interpreter Name:                             
"
"
"SUMMARY SHEET
"-------------
"'a' for calculating Qt:                 0.830
"Value for Water Table (in m):           8.180
"Valid Zone Classification based on:     Rf
"Missing unit weight to start depth:     18.860
"Method for calculating Su:              Nkt
"Value of the constant Nkt:              15.000
"Define Zone 6 for Sand Parameters?      YES
"Vertical Flow Gradient, i (- up):       +0.000
"CPT to SPT N60 Conversion:              Robertson & Campanella
"
"Soil Behavior Type Zone Numbers
"For Rf Zone & Bq Zone Classification
"------------------------------------
"Zone #1=Sensitive fine grained     Zone #7 =Sand with some Silt
"Zone #2=Organic material           Zone #8 =Fine sand
"Zone #3=Clay                       Zone #9 =Sand
"Zone #4=Silty clay                 Zone #10=Gravelly sand
"Zone #5=Clayey silt                Zone #11=Very stiff fine grained *
"Zone #6=Sandy silt                 Zone #12=Sand to clayey sand *
"   * Overconsolidated and/or cemented
"
"NOTE:
"-----
"For soil classification, Rf values > 8 are assumed to be 8.
"
"( Note: 9E9 means Out Of Range )
"
NPUT FILE: c:\temp\CPT-022.CSV  |--------------------------------------------------
" Depth     Qc(avg)   Fs(avg)   Rf        Rf Zone   Spt N     Spt N1    Su        
" (feet)    (TSF)     (TSF)     (%)       (zone #)  (blow/ft) (blow/ft) (TSF)     
"----------------------------------------------------------------------------------
    0.500    89.205     1.026     1.150     8        21        32           9E9   
    1.500    68.000     2.436     3.581     5        33        50         4.528   
    2.500   109.750     2.343     2.135     7        35        53           9E9   
    3.500   114.340     4.377     3.825     6        44        66           9E9   
    4.500   152.788     6.153     4.025    11        146       219          9E9   
    5.500   139.033     5.640     4.054    11        133       200          9E9   
    6.500    88.460     4.601     5.192    11        85        128          9E9   
    7.500    94.158     5.510     5.850    11        90        135          9E9   
    8.500    97.062     5.493     5.656    11        93        140          9E9   
    9.500    85.552     5.692     6.649    11        82        119          9E9   
   10.500   104.658     5.532     5.277    11        100       134          9E9   
   11.500   109.190     5.667     5.178    11        105       130          9E9   
   12.500    99.913     5.273     5.256    11        96        112          9E9   
   13.500   105.100     5.797     5.511    11        101       111          9E9   
   14.500   101.043     4.566     4.512    11        97        100          9E9   
   15.500   110.861     4.793     4.313    11        106       104          9E9   
   16.500    96.718     4.459     4.574    11        93        87           9E9   
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   17.500   115.520     5.676     4.902    11        111       99           9E9   
   18.500   122.940     6.142     4.988    11        118       101          9E9   
   19.500    92.105     5.438     5.903    11        88        72           9E9   
   20.500    84.953     4.878     5.740    11        81        64           9E9   
   21.500   105.559     4.883     4.625    11        101       77           9E9   
   22.500    98.930     5.415     5.469    11        95        70           9E9   
   23.500   170.250     6.222     3.653    12        82        58           9E9   
   24.500   132.889     7.046     5.295    11        127       87           9E9   
   25.500   181.659     7.380     4.058    12        87        58           9E9   
   26.500   161.346     7.254     4.492    11        155       100          9E9   
   27.500   122.000     5.665     4.637    11        117       74           9E9   
   28.500   114.650     4.691     4.085    11        110       68           9E9   
   29.500   154.332     6.238     4.036    11        148       91           9E9   
   30.500   174.577     7.901     4.519    11        167       101          9E9   
   31.500   142.045     7.030     4.918    11        137       82           9E9   
   32.500   178.595     6.589     3.683    12        86        51           9E9   
   33.500   122.485     5.731     4.675    11        117       68           9E9   
   34.500   125.595     4.594     3.655     6        48        27           9E9   
   35.500   168.600     0.000     0.000     9        9E9       9E9          9E9   
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"   
"Output file from CPTINT - Version 5.2
"=====================================
"INPUT FILE: c:\temp\CPT-023.CSV
"-------------------------------
"
"Developed by: UBC In-Situ Testing FREEWARE  
"     Program: Piezocone Interpretation      
"    Web Site: www.civil.ubc.ca/home/in-situ 
"
"Interpreter Name:                             
"
"
"SUMMARY SHEET
"-------------
"'a' for calculating Qt:                 0.830
"Value for Water Table (in m):           8.180
"Valid Zone Classification based on:     Rf
"Missing unit weight to start depth:     18.860
"Method for calculating Su:              Nkt
"Value of the constant Nkt:              15.000
"Define Zone 6 for Sand Parameters?      YES
"Vertical Flow Gradient, i (- up):       +0.000
"CPT to SPT N60 Conversion:              Robertson & Campanella
"
"Soil Behavior Type Zone Numbers
"For Rf Zone & Bq Zone Classification
"------------------------------------
"Zone #1=Sensitive fine grained     Zone #7 =Sand with some Silt
"Zone #2=Organic material           Zone #8 =Fine sand
"Zone #3=Clay                       Zone #9 =Sand
"Zone #4=Silty clay                 Zone #10=Gravelly sand
"Zone #5=Clayey silt                Zone #11=Very stiff fine grained *
"Zone #6=Sandy silt                 Zone #12=Sand to clayey sand *
"   * Overconsolidated and/or cemented
"
"NOTE:
"-----
"For soil classification, Rf values > 8 are assumed to be 8.
"
"( Note: 9E9 means Out Of Range )
"
NPUT FILE: c:\temp\CPT-023.CSV  |--------------------------------------------------
" Depth     Qc(avg)   Fs(avg)   Rf        Rf Zone   Spt N     Spt N1    Su        
" (feet)    (TSF)     (TSF)     (%)       (zone #)  (blow/ft) (blow/ft) (TSF)     
"----------------------------------------------------------------------------------
    0.500   551.427     6.225     1.128     9        106       159          9E9   
    1.500   194.084     1.677     0.864     9        37        56           9E9   
    2.500   141.368     3.792     2.682     7        45        68           9E9   
    3.500   259.395    10.132     3.904    12        124       186          9E9   
    4.500   297.442     9.969     3.351    12        142       213          9E9   
    5.500   249.989     8.430     3.371    12        120       180          9E9   
    6.500   189.088     9.675     5.115    11        181       272          9E9   
    7.500   171.774     8.321     4.843    11        165       248          9E9   
    8.500   257.996    10.627     4.118    12        124       186          9E9   
    9.500   254.620    11.560     4.539    11        244       351          9E9   
   10.500   229.160     9.897     4.317    11        220       292          9E9   
   11.500   249.228     9.733     3.905    12        119       147          9E9   
   12.500   238.635     8.802     3.687    12        114       132          9E9   
   13.500   302.200     8.303     2.747    12        145       158          9E9   
   14.500   250.982    11.844     4.715    11        241       248          9E9   
   15.500   309.494    12.343     3.985    12        148       145          9E9   
   16.500   298.735    12.389     4.140    12        143       133          9E9   
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   17.500   260.971    12.337     4.725    11        250       222          9E9   
   18.500   195.124    10.942     5.605    11        187       159          9E9   
   19.500   195.183     9.226     4.725    11        187       153          9E9   
   20.500   161.119     8.796     5.458    11        154       121          9E9   
   21.500   196.312     9.998     5.092    11        188       142          9E9   
   22.500   138.135     7.506     5.433    11        132       97           9E9   
   23.500   185.667     9.702     5.224    11        178       126          9E9   
   24.500   160.894     7.987     4.963    11        154       105          9E9   
   25.500   109.859     5.249     4.778    11        105       70           9E9   
   26.500   106.900     5.804     5.429    11        102       66           9E9   
   27.500   116.963     5.829     4.983    11        112       71           9E9   
   28.500   104.041     5.078     4.881    11        100       62           9E9   
   29.500    74.650     3.187     4.269     5        36        22         4.845   
   30.500   127.521     6.530     5.120    11        122       74           9E9   
   31.500   115.444     4.479     3.880     5        55        33         7.557   
   32.500   108.300     4.419     4.081     5        52        31         7.076   
   33.500    77.894     3.812     4.894    11        75        44           9E9   
   34.500    84.053     3.874     4.608    11        81        46           9E9   
   35.500    82.133     0.000     0.000     9        9E9       9E9          9E9   
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APPENDIX D  

Laboratory Test Results 



SUMMARY OF LABORATORY TEST RESULTS STATE ROUTE 57 NORTHBOUND WIDENING PROJECT (Northern Segment)

D-1 5 Qvof s(CL) RING 74 0 43 57 33 0

S-2 10 Qvof s(CL) SPT 88/11" 0 41 59

D-3 15 Qvof SM RING 50/5" 4.4 108.4

D-5 25 Qvof SP-SM RING 83 0 93 7 34 0

S-6 30 Qvof SW-SM SPT 26 2 88 10

BAG-1 0 - 7 Qvof s(CL) BULK 8.5 1 48 51 122.5 11 7.55 1525 77 40

D-1 5 Qvof s(CL) RING 34

S-2 10 Qvof s(CL) SPT 7 0 30 70

D-3 15 Qvof CH RING 45 15.7 109.7 60 26 34 0.1 0.03

S-4 20 Qvof s(CL) SPT 20 0 49 51 28 15 13

BAG-1 2 - 7 Qvof s(CL) BULK 7.5 0 42 58 32 17 15 120.5 12 50 45 27 420 6.93 1100 76 71

D-1 5 Qvof s(CL-ML) RING 57 0 38 62 32 80

S-2 10 Qvof SM SPT 19 2 81 17

D-3 15 Qvof SM RING 89 4.5 109.6

S-6 30 Qvof s(CL) SPT 27 43 19 24

BAG-1 0 - 7 Qvof s(CL) BULK 9.3 1 41 58 117 13.5 7.53 1315 55 73

D-1 5 Qvof (SW-SM)g RING 50/4" 37 54 9 54 0

S-2 10 Qvof SC SPT 34 13 38 49

S-4 20 Qvof s(CL) SPT 28 0 39 61

D-5 25 Qvof (CL)s RING 93/8" 0 19 81 29 900

BAG-1 0 - 7 Qvof (SP-SM)g BULK 3.4 21 72 7 NP NP NP 124.5 9.5 0 41 250 7.9 10080 31 77

D-1 5 Qvof s(ML) RING 50/4" 0 49 51 42 0

S-2 10 Qvof (GM)s SPT 98/11" 41 38 21

D-3 15 Qvof SM RING 87/11" NP NP NP 37 0

S-4 20 Qvof s(CL) SPT 42 0 34 66 41 21 20

D-5 25 Qvof CL RING 50/5" 37 17 20 32 1400

BAG-1 0 - 7 Qvof s(CL) BULK 3.7 1 48 51 114.5 13.5 29 400 7.46 1218 42 60

D-1 5 Qvof SM RING 66 0 86 14 38 0

S-2 10 Qvof SM SPT 41 0 83 17

D-1 5 Qvof (CL)s RING 52 22.0 107.2 39 750 0.06 0.019

S-2 10 Qvof CH SPT 20 0 10 90 75 28 47

D-3 15 Qvof CL RING 50/4" 14.1 119.4 40 1000

S-4 20 Qvof SM SPT 50 0 63 37

D-5 25 Qvof CL RING 50/6" 22.5 102.5 0 2 98

BAG-1 0 - 7 Qvof (CH)s BULK 4.7 0 15 85 56 22 34 113 13.5 102 27 80 8.05 1070 31 95

D-1 5 Qvof SC-SM RING 77 1 50 49 44 0

S-2 10 Qvof s(CL) SPT 32 1 49 50

D-3 15 Qvof s(CL) RING 50/4" 9.3 121.5

D-5 25 Qvof s(CL-ML) RING 78 12.7 110.4 3 44 53

BAG-1 0 - 7 Qvof SC BULK 8.2 5 50 45 121 11 45 7.86 1140 76 108

S-2 10 Af SM SPT 13 0 58 42

D-3 15 Qvof CL RING 73 31 17 14 31 850

S-4 20 Qvof s(CL) SPT 22 0 49 51 33 17 16

D-5 25 Qvof SC RING 42 12.2

BAG-1 0 - 7 Af SC BULK 4.9 3 53 44 33 16 17 122.5 10.5 34 33 190 7.82 1012 116 121

D-1 5 Qvof SM RING 14 0 78 22 35 100

D-3 15 Qvof SC-SM RING 53 0 64 36 35 250

S-4 20 Qvof SM SPT 14 4.1

D-5 25 Qvof SM RING 63 4.7 102.3

S-6 30 Qvof CL SPT 28 16.9 46 18 28

BAG-1 0 - 7 Qvof SC BULK 12.2 2 55 43 121.5 10 28 500 7.48 1410 34 84

Type of 

Sampler

Water 

Content 

(%)

Dry 

Density 

(pcf)

Particle-Size 

Analysis
1
 (%)Blow 

Count

R 

Value

Expansion 

Index
Cre

Undrained 

Shear 

Strength 

(ksf)

Corrosion Tests

Max. Dry 

Density 

(pcf)

pH
Resistivity 

(ohm-cm)

Chlorides 

(ppm
6
)

OMC
3
 (%)

Friction 

Angle (
o
)

Cohesion 

(psf)
Cce

Compaction

Sulfates 

(ppm)G S F LL PL PI

Atterberg's Limits
2 Direct Shear Test

4
Consolidation Test

5

A-08-007

Boring 

No.

Sample 

No.

A-08-004

A-08-005

Sample 

Depth (ft)
USCS

A-08-002

A-08-003

A-08-001

Geologic 

Unit

A-08-008

A-08-009

A-08-010

A-08-011
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SUMMARY OF LABORATORY TEST RESULTS STATE ROUTE 57 NORTHBOUND WIDENING PROJECT (Northern Segment)

Type of 

Sampler

Water 

Content 

(%)

Dry 

Density 

(pcf)

Particle-Size 

Analysis
1
 (%)Blow 

Count

R 

Value

Expansion 

Index
Cre

Undrained 

Shear 

Strength 

(ksf)

Corrosion Tests

Max. Dry 

Density 

(pcf)

pH
Resistivity 

(ohm-cm)

Chlorides 

(ppm
6
)

OMC
3
 (%)

Friction 

Angle (
o
)

Cohesion 

(psf)
Cce

Compaction

Sulfates 

(ppm)G S F LL PL PI

Atterberg's Limits
2 Direct Shear Test

4
Consolidation Test

5

Boring 

No.

Sample 

No.

Sample 

Depth (ft)
USCS

Geologic 

Unit

S-2 10 Qvof CH SPT 18 21.7 0 10 90 67 26 41

D-3 15 Qlh Claystone RING 50/6" 12.9 107 42 21 21 43 0

S-4 20 Qlh Claystone SPT 37 20.6

D-5 25 Qlh Claystone RING 50/4" 53 23 30 13.8

D-7 35 Qlh Claystone RING 86 16.8 117 41 18 23 31 2000 0.11 0.02

D-9 45 Qlh Claystone RING 50/5" 18.6 113 46 20 26

D-11 55 Qlh Claystone RING 50/5" 16.0 117.5 36 17 19

D-13 65 Qlh Claystone RING 50/4" 18.1 113.5 50 20 30

BAG-1 35 - 40 Qvof Claystone BULK 9.4 44 17 27 71 7.88 484 453 41

D-1 5 Qlh Claystone RING 61 20.7 107.2

S-2 10 Qlh Claystone SPT 38 17.1 48 20 28

D-3 15 Qlh Claystone RING 50/5" 23.8 103.2 69 31 38 43 200

S-4 20 Qlh Claystone SPT 53 14.4

D-5 25 Qlh Claystone RING 95/9" 49 23 26 21 3500

S-6 30 Qlh Claystone SPT 40 19.2 0 13 87

D-7 35 Qlh Claystone RING 50/5" 19.0 111.8 52 22 30 31 2100 0.1 0.03

S-8 40 Qlh Claystone SPT 26 24.5

D-9 45 Qlh Claystone RING 50/4" 11.7

S-10 50 Qlh Claystone SPT 34 19.0

D-11 55 Qlh Claystone RING 50/4" 32 20 12 33 650

S-12 60 Qlh Claystone SPT 34 0 41 59 36 19 17

S-14 70 Qlh Claystone SPT 53 38 20 18

BAG-1 15 - 20 Qlh Claystone BULK 11.2 64 23 41 116 7.83 606 180 46

BAG-2 25 - 30 Qlh Claystone BULK 6.0 55 20 35 89 8.17 1079 64 96

D-1 5 Qvof (SP)g RING 50/2" 8.1 78

S-2 10 Qvof (SM)g SPT 64 12.3

D-3 15 Qvof SP-SM RING 50/3" 51 0

S-4 20 Qvof CL SPT 36 19.9 0 10 90

S-6 30 Qvof CH SPT 33 24.1 64 24 40

BAG-1 0 - 7 Qvof SC BULK 7.6 8 51 41 120.5 11 34 0 7.19 1180 87 85

D-1 5 Af CH RING 32 0 5 95 60 27 33 37 200

S-2 10 Qvof CL SPT 25 14.7

D-3 15 Qvof CL RING 50/5" 37 20 17 49 300

S-4 20 Qvof s(CL) SPT 36 14.2 36 21 15

D-5 25 Qvof CH RING 73 22.5 105.5 69 27 42 0.07 0.03

S-6 30 Qvof CH SPT 22 21.9

BAG-1 0 - 7 Af (CL)s BULK 8.0 47 21 26 112 13.5 85 38 0 7.96 860 54 43

D-1 5 Af CL RING 40 12.8 120.5

S-2 10 Af s(CL) SPT 15 12.6 34 17 17

D-3 15 Af (CL)s RING 54 16.3 111.1 48 19 29 35 800

S-4 20 Af CL SPT 21 17.2

D-5 25 Af (CL)s RING 74 32 16 16 32 900

S-6 30 Af CL SPT 18 16.7

D-7 35 Qyf CL RING 44 2.3

S-8 40 Qyf CL SPT 13 18.3

D-9 45 Qyf CL RING 28 48 15 33 14 1300

S-10 50 Qyf CL SPT 9 26.0

D-11 55 Qyf (CL)s RING 9 28.4 97.2 0 28 72 37 18 19

S-12 60 Qyf s(CL) SPT 5 24.2 0 42 58 34 17 17

D-13 65 Qvof SC RING 68 37 21 16 29 500

S-14 70 Qvof s(CL) SPT 46 22.9 2 41 57 31 21 10

A-08-016

A-08-012

A-08-013

A-08-014

A-08-015

2 of 4



SUMMARY OF LABORATORY TEST RESULTS STATE ROUTE 57 NORTHBOUND WIDENING PROJECT (Northern Segment)

Type of 

Sampler

Water 

Content 

(%)

Dry 

Density 

(pcf)

Particle-Size 

Analysis
1
 (%)Blow 

Count

R 

Value

Expansion 

Index
Cre

Undrained 

Shear 

Strength 

(ksf)

Corrosion Tests

Max. Dry 

Density 

(pcf)

pH
Resistivity 

(ohm-cm)

Chlorides 

(ppm
6
)

OMC
3
 (%)

Friction 

Angle (
o
)

Cohesion 

(psf)
Cce

Compaction

Sulfates 

(ppm)G S F LL PL PI

Atterberg's Limits
2 Direct Shear Test

4
Consolidation Test

5

Boring 

No.

Sample 

No.

Sample 

Depth (ft)
USCS

Geologic 

Unit

D-15 75 Qvof CL RING 50/3" 6.3

S-16 80 Qvof CL SPT 56 23.1

BAG-1 15 - 20 Af (CL)s BULK 6.3 117.5 11 28 200 7.22 660 214 79

BAG-2 25 - 30 Af (CL)s BULK 4.7 7.86 720 168 82

D-2 10 Qyf (CL)s RING 32 22.0 104.2 38 20 18 26 900

D-4 20 Qyf (CL)s RING 51 36 23 13

D-6 30 Qyf CH RING 32 24.6 100.5 55 25 30 4.7

D-8 40 Qvof CL RING 64 22.7 106.1 47 25 22 30 400

D-10 50 Qvof CH RING 50/4" 22.0 105.1 51 21 30 8.6

D-12 60 Qvof CL RING 82/11" 23.5 102.9

D-14 70 Qvof CL RING 68/11" 24.4 100.2

S-15 75 Qvof CH SPT 29 54 26 28

D-16 80 Qvof CL RING 50/6" 26.0 97.8

D-1 5 Af s(CL) RING 36 16.3 115.6

S-2 10 Af s(CL) SPT 12 0 46 54 34 17 17

BAG-1 0 - 7 Af s(CL) BULK 0 47 53 32 15 17 118 9.5 37 20 29 150

D-1 5 Qvof (CL)s RING 50/5" 1 25 74 51 0

S-2 10 Qvof SP-SM SPT 58 0 92 8

D-3 15 Qvof SP-SM RING 50/5" 3.3 96.5 0 94 6

D-5 25 Qvof SC RING 62 17.7 116.1 0 55 45 31 16 15

BAG-1 2 - 7 Qvof s(CL) BULK 14.8 2 28 70 44 20 24 109.5 13.5 8.02 705 94 68

D-1 5 Af SC RING 70 0 57 43 39 950

S-2 10 Af SC SPT 29 1 59 40

D-3 15 Qvof SM RING 50/6" 8.5 111 0 74 26

S-4 20 Qvof s(CL) SPT 19 18.5 44 18 26

D-5 25 Qvof SM RING 50/4" 6.2 100.6

S-6 30 Qvof s(CL) SPT 35 13.8

BAG-1 2 - 7 Af SC BULK 6.6 1 52 47 30 16 14 119.5 9 44 8.22 1075 107 150

D-1 5 Af s(CL) RING 83 11 30 59 31 19 12

D-3 15 Af s(ML) RING 50/5" 10.1 116.3

S-4 20 Af SC SPT 27 2 56 42

D-5 25 Af SC RING 87 34 19 15 37 1000

D-7 35 Qvof (CL-ML)s RING 31 22 15 7 2.2

D-9 45 Qvof SM RING 50/6" 0 67 33 45 0

S-10 50 Qvof SP-SM SPT 50/6" 1 92 7

D-11 55 Qvof CL RING 75 40 19 21 7.1

D-13 65 Qvof CL RING 50/6" 16 2300

D-15 75 Qvof CL RING 82 39 16 23 5.7

BAG-1 20 - 25 Af SC BULK 13.6 32 17 15 8.14 1615 46 81

D-1 5 Af s(CL) RING 50/6" 4 30 66 47 900

S-2 10 Af SC SPT 26 10.1 6 50 44

D-3 15 Af SM RING 94/11" 8.7 120.2

S-4 20 Af SC SPT 27 12.3

D-5 25 Af s(ML) RING 90/9" 10.6 117.2

S-6 30 Af SC SPT 35 14.7 3 54 43

BAG-1 2 - 7 Af (CL)s BULK 13.0 2 24 74 43 20 23 113 11 69 27 0 7.19 575 115 251

D-1 5 Af (CL)s RING 78 14.8 118.2 1 21 78 43 19 24

D-3 15 Af CL RING 62 18.7 113.2

S-4 20 Af CL SPT 20 15.4 38 18 20

D-5 25 Af CL RING 51 49 21 28 29 1250

D-7 35 Af CL RING 65 47 19 28 6.2

A-08-022

A-08-018

A-08-017

A-08-024

A-08-023

A-08-021
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SUMMARY OF LABORATORY TEST RESULTS STATE ROUTE 57 NORTHBOUND WIDENING PROJECT (Northern Segment)

Type of 

Sampler

Water 

Content 

(%)

Dry 

Density 

(pcf)

Particle-Size 

Analysis
1
 (%)Blow 

Count

R 

Value
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Index
Cre

Undrained 

Shear 

Strength 

(ksf)

Corrosion Tests

Max. Dry 
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Resistivity 

(ohm-cm)

Chlorides 
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6
)

OMC
3
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o
)
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(psf)
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(ppm)G S F LL PL PI

Atterberg's Limits
2 Direct Shear Test

4
Consolidation Test

5

Boring 

No.

Sample 

No.

Sample 

Depth (ft)
USCS

Geologic 

Unit

S-8 40 Af CL SPT 15 18.2

D-9 45 Qvof (SW-SM)g RING 50/6" 44 49 7 55 170

D-11 55 Qvof s(CL) RING 36 28 18 10 8.9

D-13 65 Qvof s(CL) RING 50/6" 3 44 53 38 130

D-15 75 Qvof s(CL) RING 50/4" 32 16 16 10.8

BAG-1 20 - 25 Qvof CL BULK 8.3 44 19 25 7.79 742 76 148

BAG-2 25 - 30 Qvof CL BULK 16.1 44 17 27 7.96 980 83 83

S-3 15 Qvof (SM)g SPT 92/11" 27 51 22

D-4 20 Qvof CL RING 62 41 18 23

S-5 25 Qvof s(CL) SPT 28 0 45 55

D-6 30 Qvof CL RING 50/4" 13.1 122.43 33 18 15 41 0

D-8 40 Qvof SC RING 45 16.9 111.83 4 54 42 35 0

D-10 50 Qvof CL RING 36 32.2 90.4 37 23 14 0.8

D-12 60 Qvof CL RING 56/9" 24.6 101.9 27 230 0.09 0.01

S-13 65 Qvof SP-SM SPT 64 0 89 11

D-14 70 Qvof CL RING 50/4" 20.0 109.6

S-15 75 Qvof (CL)s SPT 25 34 18 16

D-16 80 Qvof CL RING 96/11" 16.2 116.2

BAG-1 5 - 10 Qvof s(CL) BULK 12.7 2 31 67 41 20 21 7.87 780 57 127

S-2 10 Af SC-SM SPT 37 6 51 43

D-3 15 Af s(CL) RING 50/6" 9.9 120.1 0 42 58 46 120

S-4 20 Af (SC)g SPT 39 20 38 42 32 19 13

D-5 25 Af s(CL)g RING 50/6" 13.3 117.7 25 1150

BAG-1 0 - 7 Af s(CL) BULK 10.7 8 39 53 36 17 19 122 11 63 30 150 7.32 860 78 216

D-1 5 Af (CL)s RING 78 1 24 75

S-2 10 Af s(CL) SPT 33 0 36 64 42 20 22

D-3 15 Af SC RING 50/5" 12.3 116.4 2 50 48 53 0

S-4 20 Af SC SPT 44 14 41 45 32 18 14

D-5 25 Af CL RING 91/11" 14.3 115.3

BAG-1 0 - 7 Af s(CL)g BULK 8.7 16 23 61 40 19 21 117.5 10.5 21 24 250 7.8 1079 66 41

D-1 5 Qvof (CH)s RING 80 50 19 31

D-3 15 Qvof SC RING 50/3" 41 200

S-4 20 Qvof SC SPT 36 0 58 42

D-5 25 Qvof SC RING 50/5" 11.1 110.7

S-6 30 Qvof s(CL) SPT 33 41 21 20

D-7 35 Qvof (CL)s RING 50/5" 0 15 85 47 24 23 6.7

S-8 40 Qvof s(CL) SPT 46 0 30 70 35 18 17

D-9 45 Qvof s(CL) RING 50/5" 16.6 106.1 34 210

D-11 55 Qvof (CL)s RING 50/4" 0 15 85 33 910

S-12 60 Qvof s(CL) SPT 60 2 41 57

BAG-2 25 - 30 Qvof s(CL) BULK 5.9 1 43 56 40 8.21 1600 74 70

Notes:

1. G = % Gravel, S = % Sand, F = % Fines

2. LL = Liquid Limit, PL = Plastic Limit, PI = Plasticity Index

3. OMC = Optimum Moisture Content

4. Peak Shear Strength Parameters

5. Consolidation parameters are in terms of the compression and recompression ratios

6. ppm = particle per million

A-08-030

A-08-025

A-08-027

A-08-026

A-08-028
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               MOISTURE CONTENT
                                ASTM D 2216

Project Name: SR-57 Widening Tested By:   S. Felter
Project No.: 370900.02.GE.0S Date:            08/07/08

Checked By: LF
Date:            08/12/08

Boring No. A-08-009 A-08-011 A-08-011 A-08-012 A-08-012
Sample No. S-4 S-4 S-6 S-2 S-4
Depth (ft) 20 20 30 10 20
Sample Type SPT SPT SPT SPT SPT
Sample Description

Wt. wet soil + container (g) 200.97 320.37 240.59 288.23
Wt. dry soil + container (g) 194.61 279.74 204.64 245.66
Weight of container (g) 38.36 38.97 38.74 39.47

Moisture Content (%) 4.1 16.9 21.7 20.6

Boring No. A-08-013 A-08-013 A-08-013 A-08-013 A-08-013
Sample No. S-2 S-4 S-6 S-8 S-10
Depth (ft) 10 20 30 40 50
Sample Type SPT SPT SPT SPT SPT
Sample Description

Wt. wet soil + container (g) 271.93 331.18 571.35 240.69 277.94
Wt. dry soil + container (g) 237.95 294.37 504.15 201.01 239.80
Weight of container (g) 39.42 38.97 154.60 38.88 38.74

Moisture Content (%) 17.1 14.4 19.2 24.5 19.0

Olive gray lean 
clay (CL)

Gray lean clay 
(CL)

Gray lean clay 
(CL)

Olive gray lean 
clay (CL)

Olive lean clay 
(CL)

Brown lean 
clay (CL)

NO SAMPLE Brown silty 
sand (SM)

Brown lean 
clay (CL)

Olive fat clay 
(CH)



               MOISTURE CONTENT
                                ASTM D 2216

Project Name: SR-57 Widening Tested By:   S. Felter
Project No.: 370900.02.GE.0S Date:            08/07/08

Checked By: LF
Date:            08/12/08

Boring No. A-08-014 A-08-014 A-08-014 A-08-015 A-08-015
Sample No. S-2 S-4 S-6 S-2 S-4
Depth (ft) 10 20 30 10 20
Sample Type SPT SPT SPT SPT SPT
Sample Description

Wt. wet soil + container (g) 233.79 239.88 278.81 361.36 331.32
Wt. dry soil + container (g) 212.51 206.59 232.27 320.24 294.89
Weight of container (g) 39.16 39.23 39.21 39.72 38.20

Moisture Content (%) 12.3 19.9 24.1 14.7 14.2

Boring No. A-08-015 A-08-016 A-08-016 A-08-016 A-08-016
Sample No. S-6 S-2 S-4 S-6 S-8
Depth (ft) 30 10 20 30 40
Sample Type SPT SPT SPT SPT SPT
Sample Description

Wt. wet soil + container (g) 262.62 233.85 273.39 274.94 279.04
Wt. dry soil + container (g) 222.42 212.07 238.88 241.05 241.85
Weight of container (g) 38.93 39.10 38.13 38.62 39.07

Moisture Content (%) 21.9 12.6 17.2 16.7 18.3

Light olive 
sandy lean 
clay s(CL)

Olive gray lean 
clay (CL)

Brown sandy 
lean clay s(CL)

Brown lean 
clay (CL)

Dark brown 
lean clay (CL)

Dark brown 
lean clay (CL)

Light brown 
silty sand (SM)

Brown lean 
clay (CL)

Olive fat clay 
(CH)

Brown lean 
clay (CL)



               MOISTURE CONTENT
                                ASTM D 2216

Project Name: SR-57 Widening Tested By:   S. Felter
Project No.: 370900.02.GE.0S Date:            08/07/08

Checked By: LF
Date:            08/12/08

Boring No. A-08-016 A-08-016 A-08-016 A-08-016 A-08-022
Sample No. S-10 S-12 S-14 S-16 S-4
Depth (ft) 50 60 70 80 20
Sample Type SPT SPT SPT SPT SPT
Sample Description

Wt. wet soil + container (g) 340.68 359.07 462.05 294.04 320.51
Wt. dry soil + container (g) 278.51 296.78 383.17 246.13 276.65
Weight of container (g) 39.13 38.97 38.84 38.95 38.93

Moisture Content (%) 26.0 24.2 22.9 23.1 18.5

Boring No. A-08-022 A-08-024 A-08-024 A-08-024 A-08-025
Sample No. S-6 S-2 S-4 S-6 S-4
Depth (ft) 30 10 20 30 20
Sample Type SPT SPT SPT SPT SPT
Sample Description

Wt. wet soil + container (g) 259.09 468.80 278.18 657.52 334.45
Wt. dry soil + container (g) 232.30 439.00 251.85 591.10 295.06
Weight of container (g) 38.38 144.86 38.48 140.70 39.10

Moisture Content (%) 13.8 10.1 12.3 14.7 15.4

Brown sandy 
lean clay s(CL)

Brown lean 
clay (CL)

Olive gray 
clayey sand 

(SC)

Grayish brown 
clayey sand 

(SC)

Light gray 
clayey sand 

(SC)

Olive brown 
lean clay (CL)

Dark gray lean 
clay (CL)

Olive sandy 
lean clay s(CL)

Olive sandy 
lean clay s(CL)

Olive gray silty 
/ clayey sand 

(SM/SC)



               MOISTURE CONTENT
                                ASTM D 2216

Project Name: SR-57 Widening Tested By:   S. Felter
Project No.: 370900.02.GE.0S Date:            08/07/08

Checked By: LF
Date:            08/12/08

Boring No. A-08-025
Sample No. S-8
Depth (ft) 40
Sample Type SPT
Sample Description

Wt. wet soil + container (g) 289.47
Wt. dry soil + container (g) 250.86
Weight of container (g) 38.95

Moisture Content (%) 18.2

Boring No.
Sample No.
Depth (ft)
Sample Type
Sample Description

Wt. wet soil + container (g)
Wt. dry soil + container (g)
Weight of container (g)

Moisture Content (%)

Dark brown 
lean clay (CL)



               MOISTURE CONTENT
                                ASTM D 2216

Project Name: SR-57 Widening Tested By:   G. Bathala
Project No.: 370900.02.GE.0S Date:            09/04/08

Checked By: LF
Date:            09/10/08

Boring No. A-08-020
Sample No. S-2
Depth (ft) 10
Sample Type SPT
Sample Description

Wt. wet soil + container (g) 299.36
Wt. dry soil + container (g) 242.60
Weight of container (g) 39.27

Moisture Content (%) 27.9

Boring No.
Sample No.
Depth (ft)
Sample Type
Sample Description

Wt. wet soil + container (g)
Wt. dry soil + container (g)
Weight of container (g)

Moisture Content (%)

Olive brown fat 
clay (CH)



A-08-001 A-08-003 A-08-009 A-08-009 A-08-011 A-08-012 A-08-012 A-08-012

D-3 D-3 D-3 D-5 D-5 D-3 D-9 D-11

15.0 15.0 15.0 25.0 25.0 15.0 45.0 55.0

Drive Drive Drive Drive Drive Drive Drive Drive

>4.5 >4.5 >4.5 >4.5 >4.5 >4.5 >4.5 >4.5

896.51 1086.12 1218.37 1157.19 1032.38 1131.27 1023.02 1243.61

216.00 259.20 259.20 259.20 259.20 259.20 216.00 259.20

5.00 6.00 6.00 6.00 6.00 6.00 5.00 6.00

2.416 2.416 2.416 2.416 2.416 2.416 2.416 2.416

324.41 194.20 219.33 697.21 177.77 255.15 357.12 368.03

312.47 187.55 203.93 643.50 171.57 230.44 307.06 322.50

39.38 38.83 38.99 220.51 39.09 39.02 38.64 38.81

Container No.

113.1 114.5 132.8 124.4 107.1 120.8 134.1 136.3

4.4 4.5 9.3 12.7 4.7 12.9 18.6 16.0

108.4 109.6 121.5 110.4 102.3 107.0 113.0 117.5

21.2 22.5 65.1 65.0 19.5 60.5 102.5 99.7

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 08/04/08

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Light brown 
silty sand 

(SM)

Light brown 
silty sand 

(SM)

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

SR-57 Widening

370900.02.GE.0S

CH2M Hill

Light brown 
silty sand 

(SM)

Grayish brown 
lean clay (CL)

Olive brown 
sandy silty 

clay s(CL-ML)

Brown lean 
clay (CL)

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Brown sandy 
lean clay s(CL)

Yellow lean 
clay with sand 

(CL)s

M & D A-08-001 thru A-08-025



A-08-012 A-08-013 A-08-013 A-08-014 A-08-014 A-08-016 A-08-016 A-08-016

D-13 D-1 D-3 D-1 D-5 D-1 D-3 D-11

65.0 5.0 15.0 5.0 25.0 5.0 15.0 55.0

Drive Drive Drive Drive Drive Drive Drive Drive

>4.5 >4.5 >4.5 0.00 >4.5 >4.5 0.75

1022.74 1193.05 1181.70 867.91 1240.79 1199.32 967.08

216.00 259.20 259.20 259.20 259.20 266.40 216.00

5.00 6.00 6.00 6.00 6.00 6.00 5.00

2.416 2.416 2.416 2.416 2.416 2.416 2.416

347.64 200.86 198.08 252.95 210.63 201.23 332.57

300.30 173.12 167.49 236.84 191.20 178.59 267.62

38.88 38.84 38.87 38.88 39.13 39.32 39.31

Container No.

134.1 129.3 127.8 84.3 135.9 129.2 124.8

18.1 20.7 23.8 8.1 12.8 16.3 28.4

113.5 107.2 103.2 78.0 120.5 111.1 97.2

100.8 97.4 101.4 18.9 86.6 84.9 104.6

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 08/04/08

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Olive gray fat 
clay with sand 

(CH)s and 
caliche

Pale olive lean 
clay with sand 

(CL)s

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

NO SAMPLE
Dark brown 

lean clay (CL)

Brown poorly 
graded sand 
with gravel 
(SP)g and 
caliche / V 

LOOSE

Yellowish 
brown lean 

clay with sand 
(CL)s

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

SR-57 Widening

370900.02.GE.0S

CH2M Hill

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Olive brown 
fat clay (CH)

Olive gray 
lean clay (CL)

M & D A-08-001 thru A-08-025



A-08-021 A-08-021 A-08-022 A-08-022 A-08-023 A-08-024 A-08-024 A-08-025

D-3 D-5 D-3 D-5 D-3 D-3 D-5 D-1

15.0 25.0 15.0 25.0 15.0 15.0 25.0 5.0

Drive Drive Drive Drive Drive Drive Drive Drive

1.50 4.25 >4.5 3.50 >4.5 >4.5 >4.5 >4.5

978.75 1245.39 940.96 858.81 986.60 1202.94 1195.74 1032.53

259.20 259.20 216.00 216.00 216.00 259.20 259.20 216.00

6.00 6.00 5.00 5.00 5.00 6.00 6.00 5.00

2.416 2.416 2.416 2.416 2.416 2.416 2.416 2.416

608.32 376.98 655.70 206.14 212.62 215.25 208.09 349.01

596.70 326.12 621.57 196.35 196.68 201.09 191.86 309.02

246.09 38.60 220.59 39.27 38.73 38.26 39.33 38.58

Container No.

99.7 136.6 120.5 106.8 128.1 130.7 129.7 135.7

3.3 17.7 8.5 6.2 10.1 8.7 10.6 14.8

96.5 116.1 111.0 100.6 116.3 120.2 117.2 118.2

12.0 105.6 44.4 24.9 60.7 58.4 65.6 93.8

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 08/04/08

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Olive brown 
poorly graded 
sand with silt 

(SP-SM)

Yellowish 
brown clayey 

sand (SC)

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

SR-57 Widening

370900.02.GE.0S

CH2M Hill

Olive gray 
sandy silt 

s(ML)

Dark olive 
brown silty 
sand (SM) 

with caliche

Brown silty 
sand (SM)

Light brown 
sandy silt 

s(ML)

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Brown silty 
sand (SM)

Olive lean clay 
with sand 

(CL)s

M & D A-08-001 thru A-08-025



A-08-025

D-3

15.0

Drive

>4.5

1213.68

259.20

6.00

2.416

204.46

178.38

39.21

Container No.

132.2

18.7

111.3

98.4

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 08/04/08

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

SR-57 Widening

370900.02.GE.0S

CH2M Hill

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Olive gray 
lean clay (CL)

M & D A-08-001 thru A-08-025



A-08-017 A-08-017 A-08-017 A-08-026 A-08-026

D-12 D-14 D-16 D-14 D-16

60.0 70.0 80.0 70.0 80.0

Drive Drive Drive Drive Drive

>4.5 >4.5 4.00 4.00 >4.5

1183.79 1165.92 1156.45 1215.82 1241.23

266.40 266.40 266.40 266.40 266.40

6.00 6.00 6.00 6.00 6.00

2.416 2.416 2.416 2.416 2.416

209.58 201.36 206.99 198.52 218.43

177.06 169.52 172.32 172.03 193.44

38.58 38.86 38.93 39.68 38.95

Container No.

127.1 124.6 123.3 131.5 135.0

23.5 24.4 26.0 20.0 16.2

102.9 100.2 97.8 109.6 116.2

99.3 96.4 97.1 100.4 97.0

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 09/24/08

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Olive brown 
lean clay (CL)

Olive brown 
lean clay (CL)

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

SR-57 Widening

370900.02.GE.0S

CH2M Hill

Light brown 
lean clay (CL)

Brown lean 
clay (CL)

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Olive brown 
lean clay (CL)

M & D A-08-017 & A-08-026



A-08-018 A-08-008 A-08-008 A-08-027 A-08-027 A-08-028 A-08-028 A-08-030

D-1 D-3 D-5 D-3 D-5 D-3 D-5 D-5

5.0 15.0 25.0 15.0 25.0 15.0 25.0 25.0

Drive Drive Drive Drive Drive Drive Drive Drive

>4.5 >4.5 >4.5 >4.5 >4.5 >4.5 >4.5 >4.5

1030.82 1249.70 1172.52 1016.10 1229.10 1008.50 1217.49 961.96

222.00 266.40 266.40 222.00 266.40 222.00 266.40 222.00

5.00 6.00 6.00 5.00 6.00 5.00 6.00 5.00

2.416 2.416 2.416 2.416 2.416 2.416 2.416 2.416

352.09 207.17 218.44 204.88 206.04 247.18 361.18 204.79

308.23 186.42 185.42 189.95 186.45 224.40 320.89 188.24

39.45 39.10 38.58 39.02 39.20 39.19 38.93 39.21

Container No.

134.4 136.2 125.5 132.0 133.3 130.7 131.7 123.0

16.3 14.1 22.5 9.9 13.3 12.3 14.3 11.1

115.6 119.4 102.5 120.1 117.7 116.4 115.3 110.7

96.1 92.3 94.1 66.2 83.1 74.1 83.4 57.3

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 07/30/08

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

Olive brown 
lean clay (CL)

Light brown 
lean clay with 

sand (CL)s

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Yellowish 
brown sandy 
lean clay with 
gravel s(CL)g

Grayish brown 
clayey sand 

(SC)

Yellowish brown 
silty sand with 
gravel (SM)g / 

Dark brown lean 
clay with sand 

(CL)s

Brown lean 
clay (CL)

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

SR-57 Widening

370900.02.GE.0S

CH2M Hill

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Brown lean 
clay (CL)

Yellowish 
brown lean 
clay (CL)

M & D A-08-18, -008, -027, -028 & -030



A-08-030

D-9

45.0

Drive

>4.5

1160.20

266.40

6.00

2.416

179.07

159.11

39.11

Container No.

123.8

16.6

106.1

76.4

Project Name:

Project No.:

Client Name:

Tested By: S. Felter Date: 07/30/08

Moisture Content       (%)

Dry Density                (pcf)

Wet.  Wt. of Soil + Cont.    (g)

Dry  Wt. of Soil + Cont.      (g)

Weight of Container           (g)

Yellowish 
brown lean 
clay (CL)

MOISTURE & DENSITY of SOILS      
ASTM D 2216 & ASTM D 2937

SR-57 Widening

370900.02.GE.0S

CH2M Hill

Degree of Saturation (%)

Weight of Rings / Tube      (g)

Average Length                (in.)

Average Diameter             (in.)

Wet Density

Boring No.

Sample No.

Depth (ft.)

Weight Soil + Rings / Tube (g)

Sample Type

Soil Identification

Pocket Penetrometer (tons/ft2)

M & D A-08-18, -008, -027, -028 & -030



Project Name: Tested By: S. Felter Date: 08/27/08

Project No.: 370900.02.GE.0S Checked By: LF Date: 08/29/08

Exploration No.: A-08-001 Depth (feet): 0 - 7

Sample No.: Bag-1

Soil Identification: Olive brown sandy lean clay s(CL)

Whole Sample
Sample Passing 

#4
Whole Sample

Sample 
passing #4

979 VO Wt. of Air-Dry Soil + Cont.(g) 0.00 0.00

1713.60 756.40 Wt. of Dry Soil + Cont.     (g) 0.00 0.00

110.80 234.80 Wt. of Container No._____(g) 1.00 1.00

1602.80 521.60 Moisture Content (%) 0.00 0.00

VO

493.60

234.80

258.80

(mm.)

6"

3"

1 1/2

3/4"

3/8"

#4

#8

#16

#30

#50

#100

#200

GRAVEL: 1 %
SAND: 48 %
FINES: 51 %
GROUP SYMBOL

Remarks:

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

s(CL)

Wt. of Container            (g)

Wt. Air-Dried Soil + Cont.(g)

86.0

67.3

Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Container No.

Dry Wt. of Soil              (g)

PARTICLE-SIZE ANALYSIS of SOILS
ASTM D 422

Container No.:

SR-57 Widening

Moisture ContentsCalculation of Dry Weights

100.0

Cumulative Weight of Dry Soil Retained (g)

Sample Passing #4

0.00

97.2

93.9

Percent Passing       
(%)

99.4

99.0

98.3

50.9

Passing #4 Material After Wet Sieve

152.400

U. S. Sieve Size

75.000

37.500

19.000

9.500

Whole Sample

4.750

2.360

1.180

0.600

0.300

0.150

0.075

PAN

0.00

0.00

9.60

15.80

3.50

9.30

26.80

68.40

167.00

253.40



GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

Project No.:
A-08-001 Sample No.:

370900.02.GE.0S

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive brown sandy lean clay s(CL)

s(CL)

GR:SA:FI : (%)

SR-57 Widening
Exploration No.:

Depth (feet): 0 - 7 Soil Type :

Project Name:

1 : 48 : 51

Bag-1

Aug-08
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0.0010.0100.1001.00010.000100.000
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SA A-08-001, Bag-1



Project Name: Tested By: S. Felter Date: 08/06/08

Project No.: 370900.02.GE.0S Checked By: LF Date: 08/08/08

Exploration No.: A-08-001 Depth (feet): 5.0

Sample No.: D-1

Soil Identification: Brown sandy lean clay s(CL)

923 0.00

613.90 0.00

108.20 1.00

505.70 0.00

923

331.70

108.20

223.50

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 0 %
SAND: 43 %
FINES: 57 %
GROUP SYMBOL: s(CL)

Remarks:

100.0

100.0

99.5

99.90.50

0.00

96.418.30

2.60

56.5

143.30 71.7

220.20

88.1

PAN

60.10

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

0.00

0.00

0.20

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

PARTICLE-SIZE ANALYSIS of SOILS
ASTM D 422

Container No.:

SR-57 Widening



GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

Project No.:
A-08-001 Sample No.:

370900.02.GE.0S

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Brown sandy lean clay s(CL)

s(CL)

GR:SA:FI : (%)

SR-57 Widening
Exploration No.:

Depth (feet): 5.0 Soil Type :

Project Name:

0 : 43 : 57

D-1

Aug-08
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SA A-08-001, D-1



Project Name: Tested By: S. Felter Date: 08/08/08

Project No.: 370900.02.GE.0S Checked By: LF Date: 08/12/08

Exploration No.: A-08-001 Depth (feet): 10.0

Sample No.: S-2

Soil Identification: Brown sandy lean clay s(CL)

K 0.00

447.16 0.00

138.50 1.00

308.66 0.00

K

315.90

138.50

177.40

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 0 %
SAND: 41 %
FINES: 59 %
GROUP SYMBOL: s(CL)

Remarks:

PARTICLE-SIZE ANALYSIS of SOILS
ASTM D 422

Container No.:

SR-57 Widening

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

0.00

0.00

0.00

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

127.70

86.6

PAN

41.40

95.015.40

2.80

58.6

104.30 66.2

100.0

99.1

99.80.60

0.00



Project Name:

0 : 41 : 59

S-2

Aug-08

Exploration No.:

Depth (feet): 10.0 Soil Type :
 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Brown sandy lean clay s(CL)

s(CL)

GR:SA:FI : (%)

SR-57 Widening

Project No.:
A-08-001 Sample No.:

370900.02.GE.0S

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM
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SA A-08-001, S-2



Project Name: Tested By: S. Felter Date: 08/06/08

Project No.: 370900.02.GE.0S Checked By: LF Date: 08/08/08

Exploration No.: A-08-001 Depth (feet): 25.0

Sample No.: D-5

Soil Identification: Yellowish brown poorly graded sand with silt (SP-SM)

XY 0.00

663.70 0.00

249.00 1.00

414.70 0.00

XY

636.40

249.00

387.40

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 0 %
SAND: 93 %
FINES: 7 %
GROUP SYMBOL: SP-SM 2.48

0.91

Remarks:

100.0

99.5

99.90.30

0.00

91.535.10

2.10

6.7

362.80 12.5

386.90

51.2

PAN

202.20

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

0.00

0.00

0.00

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

PARTICLE-SIZE ANALYSIS of SOILS
ASTM D 422

Container No.:

SR-57 Widening



GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

Project No.:
A-08-001 Sample No.:

370900.02.GE.0S

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Yellowish brown poorly graded sand with silt (SP-SM)

SP-SM

GR:SA:FI : (%)

SR-57 Widening
Exploration No.:

Depth (feet): 25.0 Soil Type :

Project Name:

0 : 93 : 7

D-5

Aug-08
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Project Name: Tested By: S. Felter Date: 08/08/08

Project No.: 370900.02.GE.0S Checked By: LF Date: 08/12/08

Exploration No.: A-08-001 Depth (feet): 30.0

Sample No.: S-6

Soil Identification: Brown well-graded sand with silt (SW-SM)

CT 0.00

705.10 0.00

244.31 1.00

460.79 0.00

CT

660.00

244.31

415.69

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 2 %
SAND: 88 %
FINES: 10 %
GROUP SYMBOL: SW-SM 8.53

1.69

Remarks:

PARTICLE-SIZE ANALYSIS of SOILS
ASTM D 422

Container No.:

SR-57 Widening

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

0.00

2.40

8.40

100.0

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

414.80

31.4

PAN

316.20

57.3196.70

68.70

10.0

391.00 15.1

99.5

98.2

85.1

95.321.50

0.00



Project Name:

2 : 88 : 10

S-6

Aug-08

Exploration No.:

Depth (feet): 30.0 Soil Type :
 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Brown well-graded sand with silt (SW-SM)

SW-SM

GR:SA:FI : (%)

SR-57 Widening

Project No.:
A-08-001 Sample No.:

370900.02.GE.0S

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 08/07/08

Project No. : Data Input By: LF Date: 08/12/08

Exploration No.:

Sample No.: Depth (feet) :     2-7

% Gravel 0 Soil Type

% Sand 42

% Fines 58

2.70 0.00 0.00

0.99 0.00 0.00 111.35

743.30 1.00 1.00 82.49

76.70 0.00 0.00

666.60 28.86

3" 0.00 100.0 0.00 100.0 99.5

1½" 0.00 100.0 0.21 99.7 99.2

3/4" 0.00 100.0 1.60 97.5 97.0

3/8" 0.00 100.0 5.49 91.6 91.1

No. 4 1.40 99.8 15.52 76.2 75.8

No. 10 3.40 99.5 27.33 58.0 57.7

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 65.10             Wt. of Dry Soil (g) 65.10

Deflocculant  125 cc of 4% Solution

07-Aug-08 9:30 0

9:32 2 22.1 34.0 40.9 0.0304

9:35 5 22.1 30.0 34.9 0.0198

9:45 15 22.1 27.0 30.3 0.0117

10:00 30 22.1 25.0 27.3 0.0084

10:30 60 22.4 24.0 25.8 0.0060

11:30 120 22.9 23.0 24.3 0.0042

13:40 250 23.5 21.0 21.2 0.0029

08-Aug-08 9:30 1440 22.3 20.0 19.7 0.0012

After 
Hydrometer & 

Wet Sieve ret. in 
#200 Sieve

7.0

7.0

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

7.0

7.0

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

s(CL)

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

7.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time 
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

 Correction for Specific Gravity

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

SR-57 Widening

370900.02.GE.0S

A-08-002

BAG-1

Dark grayish brown sandy lean clay s(CL)

SA & Hyd A-08-002, BAG-1



0 : 42 : 58

BAG-1

Aug-08

Depth (feet) :  2-7 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Dark grayish brown sandy lean clay s(CL)

370900.02.GE.0S
Exploration No.:

s(CL)

GR:SA:FI : (%)

Project No.:
A-08-002 Sample No.:

SR-57 Widening

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 08/07/08

Project No. : Data Input By: LF Date: 08/12/08

Exploration No.:

Sample No.: Depth (feet) :     10.0

% Gravel 0 Soil Type

% Sand 30

% Fines 70

2.70 0.00 0.00

0.99 0.00 0.00 100.32

277.60 1.00 1.00 76.61

39.60 0.00 0.00

238.00 23.71

3" 0.00 100.0 0.00 100.0 100.0

1½" 0.00 100.0 0.02 100.0 100.0

3/4" 0.00 100.0 0.04 99.9 99.9

3/8" 0.00 100.0 0.13 99.8 99.8

No. 4 0.00 100.0 2.47 96.1 96.1

No. 10 0.00 100.0 18.95 70.2 70.2

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 63.60             Wt. of Dry Soil (g) 63.60

Deflocculant  125 cc of 4% Solution

07-Aug-08 9:34 0

9:36 2 22.1 36.0 45.2 0.0299

9:39 5 22.1 32.0 39.0 0.0196

9:49 15 22.1 29.5 35.1 0.0115

10:04 30 22.1 27.0 31.2 0.0083

10:34 60 22.4 26.0 29.6 0.0059

11:34 120 22.9 24.0 26.5 0.0042

13:44 250 23.5 23.0 25.0 0.0029

08-Aug-08 9:34 1440 22.3 20.0 20.3 0.0012

After 
Hydrometer & 

Wet Sieve ret. in 
#200 Sieve

7.0

7.0

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

7.0

7.0

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

s(CL)

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

7.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time 
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

 Correction for Specific Gravity

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

SR-57 Widening

370900.02.GE.0S

A-08-002

S-2

Olive sandy lean clay s(CL)

SA & Hyd A-08-002, S-2



0 : 30 : 70

S-2

Aug-08

Depth (feet) :  10.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive sandy lean clay s(CL)

370900.02.GE.0S
Exploration No.:

s(CL)

GR:SA:FI : (%)

Project No.:
A-08-002 Sample No.:

SR-57 Widening

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 08/11/08

Project No. : Data Input By: LF Date: 08/20/08

Exploration No.:

Sample No.: Depth (feet) :     20.0

% Gravel 0 Soil Type

% Sand 49

% Fines 51

2.70 0.00 0.00

0.99 0.00 0.00 109.07

376.60 1.00 1.00 75.92

38.50 0.00 0.00

338.10 33.15

3" 0.00 100.0 0.00 100.0 99.7

1½" 0.00 100.0 0.65 99.0 98.7

3/4" 0.00 100.0 4.26 93.5 93.3

3/8" 0.00 100.0 11.64 82.3 82.0

No. 4 0.20 99.9 22.69 65.4 65.2

No. 10 0.90 99.7 32.35 50.7 50.6

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 65.60             Wt. of Dry Soil (g) 65.60

Deflocculant  125 cc of 4% Solution

11-Aug-08 11:26 0

11:28 2 22.2 33.0 37.7 0.0306

11:31 5 22.2 30.0 33.2 0.0198

11:41 15 22.2 27.5 29.4 0.0116

11:56 30 22.2 26.5 27.9 0.0083

12:26 60 22.4 25.5 26.4 0.0059

13:26 120 22.6 24.5 24.9 0.0042

15:36 250 22.7 23.5 23.4 0.0029

12-Aug-08 11:26 1440 22.7 21.5 20.4 0.0012

Soil Identification:

SR-57 Widening

370900.02.GE.0S

A-08-002

S-4

Olive sandy lean clay s(CL)

 Correction for Specific Gravity

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing% PassingU.S. Sieve U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Wt. of Container   Moisture Content (%)

8.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

8.0

8.0

8.0

Elapsed Time 
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)

8.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

s(CL)

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

After 
Hydrometer & 

Wet Sieve ret. in 
#200 Sieve

8.0

8.0

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

8.0

8.0

SA & Hyd A-08-002, S-4



GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

Project No.:
A-08-002 Sample No.:

SR-57 Widening

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive sandy lean clay s(CL)

370900.02.GE.0S
Exploration No.:

s(CL)

GR:SA:FI : (%)

Depth (feet) :  20.0 Soil Type :

Project Name:

0 : 49 : 51

S-4

Aug-08
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Project Name: Tested By: S. Felter Date: 08/27/08

Project No.: 370900.02.GE.0S Checked By: LF Date: 08/29/08

Exploration No.: A-08-003 Depth (feet): 0 - 7

Sample No.: Bag-1

Soil Identification: Yellowish brown sandy lean clay s(CL)

Whole Sample
Sample Passing 

#4
Whole Sample

Sample 
passing #4

2 CT Wt. of Air-Dry Soil + Cont.(g) 0.00 0.00

1293.70 726.60 Wt. of Dry Soil + Cont.     (g) 0.00 0.00

110.40 244.30 Wt. of Container No._____(g) 1.00 1.00

1183.30 482.30 Moisture Content (%) 0.00 0.00

CT

449.50

244.30

205.20

(mm.)

6"

3"

1 1/2

3/4"

3/8"

#4

#8

#16

#30

#50

#100

#200

GRAVEL: 1 %
SAND: 41 %
FINES: 58 %
GROUP SYMBOL

Remarks:

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

s(CL)

Wt. of Container            (g)

Wt. Air-Dried Soil + Cont.(g)

89.9

75.2

Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Container No.

Dry Wt. of Soil              (g)

PARTICLE-SIZE ANALYSIS of SOILS
ASTM D 422

Container No.:

SR-57 Widening

Moisture ContentsCalculation of Dry Weights

100.0

Cumulative Weight of Dry Soil Retained (g)

Sample Passing #4

0.00

97.5

95.3

Percent Passing       
(%)

99.6

99.1

98.4

57.8

Passing #4 Material After Wet Sieve

152.400

U. S. Sieve Size

75.000

37.500

19.000

9.500

Whole Sample

4.750

2.360

1.180

0.600

0.300

0.150

0.075

PAN

0.00

0.00

5.10

11.10

3.20

8.00

18.30

44.60

116.30

200.80



GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

Project No.:
A-08-003 Sample No.:

370900.02.GE.0S

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Yellowish brown sandy lean clay s(CL)

s(CL)

GR:SA:FI : (%)

SR-57 Widening
Exploration No.:

Depth (feet): 0 - 7 Soil Type :

Project Name:

1 : 41 : 58

Bag-1

Aug-08
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SA A-08-003, Bag-1



Project Name: Tested By: S. Felter Date: 08/06/08

Project No.: 370900.02.GE.0S Checked By: LF Date: 08/08/08

Exploration No.: A-08-003 Depth (feet): 5.0

Sample No.: D-1

Soil Identification: Yellowish brown sandy silty clay s(CL-ML)

ZK 0.00

695.20 0.00

249.50 1.00

445.70 0.00

ZK

431.40

249.50

181.90

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 0 %
SAND: 38 %
FINES: 62 %
GROUP SYMBOL: s(CL-ML)

Remarks:

PARTICLE-SIZE ANALYSIS of SOILS
ASTM D 422

Container No.:

SR-57 Widening

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

0.00

0.00

1.10

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

170.80

98.5

PAN

6.50

98.85.40

3.30

61.7

27.80 93.8

100.0

99.8

99.3

99.52.20

0.00



Project Name:

0 : 38 : 62

D-1

Aug-08

Exploration No.:

Depth (feet): 5.0 Soil Type :
 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Yellowish brown sandy silty clay s(CL-ML)

s(CL-ML)

GR:SA:FI : (%)

SR-57 Widening

Project No.:
A-08-003 Sample No.:

370900.02.GE.0S

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM

0

10

20

30

40

50

60

70

80

90

100

0.0010.0100.1001.00010.000100.000
PARTICLE - SIZE (mm)

PE
R

C
EN

T 
FI

N
ER

 B
Y 

W
EI

G
H

T

SA A-08-003, D-1



Project Name: Tested By: S. Felter Date: 08/08/08

Project No.: 370900.02.GE.0S Checked By: LF Date: 08/12/08

Exploration No.: A-08-003 Depth (feet): 10.0

Sample No.: S-2

Soil Identification: Brown silty sand (SM)

YK 0.00

741.06 0.00

351.58 1.00

389.48 0.00

YK

584.30

351.58

232.72

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 2 %
SAND: 81 %
FINES: 17 %
GROUP SYMBOL: SM

Remarks:

PARTICLE-SIZE ANALYSIS of SOILS
ASTM D 422

Container No.:

SR-57 Widening

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

0.00

5.10

8.20

100.0

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

323.40

95.3

PAN

18.20

97.011.60

10.90

17.0

162.30 58.3

98.7

97.9

97.2

97.59.80

0.00



Project Name:

2 : 81 : 17

S-2

Aug-08

Exploration No.:

Depth (feet): 10.0 Soil Type :
 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Brown silty sand (SM)

SM

GR:SA:FI : (%)

SR-57 Widening

Project No.:
A-08-003 Sample No.:

370900.02.GE.0S

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM
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SA A-08-003, S-2



Project Name: Tested By: S. Felter Date: 08/05/08

Project No.: 370900.02.GE.0S Checked By: LF Date: 08/07/08

Exploration No.: A-08-004 Depth (feet): 0 - 7

Sample No.: Bag-1

Soil Identification: Light olive brown poorly graded sand with silt and gravel (SP-SM)g

Whole Sample
Sample Passing 

#4
Whole Sample

Sample 
passing #4

M-1 N/A Wt. of Air-Dry Soil + Cont.(g) 0.00 0.00

7520.90 931.80 Wt. of Dry Soil + Cont.     (g) 0.00 0.00

461.20 251.60 Wt. of Container No._____(g) 1.00 1.00

7059.70 680.20 Moisture Content (%) 0.00 0.00

N/A

868.50

251.60

616.90

(mm.)

6"

3"

1 1/2

3/4"

3/8"

#4

#8

#16

#30

#50

#100

#200

GRAVEL: 21 %
SAND: 72 %
FINES: 7 %
GROUP SYMBOL 5.00

1.04

Remarks:

617.20

440.20

580.40

28.60

71.80

208.60

297.40

568.00

1149.10

1459.50

0.300

0.150

0.075

PAN

4.750

2.360

1.180

0.600

Passing #4 Material After Wet Sieve

152.400

U. S. Sieve Size

75.000

37.500

19.000

9.500

Whole Sample

70.9

55.0

Percent Passing       
(%)

83.7

100.0

79.3

76.0

7.3

95.8

92.0

Cumulative Weight of Dry Soil Retained (g)

Sample Passing #4

0.00

PARTICLE-SIZE ANALYSIS of SOILS
ASTM D 422

Container No.:

SR-57 Widening

Moisture ContentsCalculation of Dry Weights

Wt. of Container            (g)

Wt. Air-Dried Soil + Cont.(g)

28.0

11.6

Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Container No.

Dry Wt. of Soil              (g)

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

(SP-SM)g



Project Name:

21 : 72 : 7

Bag-1

Aug-08

Exploration No.:

Depth (feet): 0 - 7 Soil Type :
 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Light olive brown poorly graded sand with silt and gravel (SP-
SM)g

(SP-SM)g

GR:SA:FI : (%)

SR-57 Widening

Project No.:
A-08-004 Sample No.:

370900.02.GE.0S

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM

0

10

20

30

40

50

60

70

80

90

100

0.0010.0100.1001.00010.000100.000
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Project Name: Tested By: S. Felter Date: 07/28/08

Project No.: 370900.02.GE.0S Checked By: LF Date: 07/30/08

Exploration No.: A-08-004 Depth (feet): 5.0

Sample No.: D-1

Soil Identification: Yellowish brown well-graded sand with silt and gravel (SW-SM)g

YK 0.00

1010.70 0.00

252.20 1.00

758.50 0.00

YK

945.60

252.20

693.40

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 37 %
SAND: 54 %
FINES: 9 %
GROUP SYMBOL: (SW-SM)g 32.00

1.53

Remarks:

PARTICLE-SIZE ANALYSIS of SOILS
ASTM D 422

Container No.:

SR-57 Widening

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

0.00

194.80

282.90

91.4

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Insufficient sample mass available to meet the ASTM specification for this material

692.90

15.3

PAN

642.60

21.7593.80

466.70

8.6

674.80 11.0

74.3

62.7

38.5

52.8357.90

65.00

100.0



Project Name:

37 : 54 : 9

D-1

Jul-08

Exploration No.:

Depth (feet): 5.0 Soil Type :
 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Yellowish brown well-graded sand with silt and gravel (SW-
SM)g

(SW-SM)g

GR:SA:FI : (%)

SR-57 Widening

Project No.:
A-08-004 Sample No.:

370900.02.GE.0S

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 08/11/08

Project No. : Data Input By: LF Date: 08/27/08

Exploration No.:

Sample No.: Depth (feet) :     10.0

% Gravel 13 Soil Type

% Sand 38

% Fines 49

2.70 0.00 0.00

0.99 0.00 0.00 105.63

386.60 1.00 1.00 77.18

39.30 0.00 0.00

347.30 28.45

3" 0.00 100.0 0.00 100.0 83.6

1½" 0.00 100.0 3.99 93.9 78.6

3/4" 0.00 100.0 9.15 86.1 72.0

3/8" 28.10 91.9 13.45 79.5 66.5

No. 4 43.70 87.4 19.53 70.3 58.8

No. 10 56.80 83.6 27.35 58.4 48.8

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 65.70             Wt. of Dry Soil (g) 65.70

Deflocculant  125 cc of 4% Solution

11-Aug-08 9:14 0

9:16 2 21.6 41.0 41.7 0.0291

9:19 5 21.5 37.0 36.6 0.0190

9:29 15 21.6 34.0 32.8 0.0112

9:44 30 21.6 32.0 30.3 0.0081

10:14 60 21.7 30.0 27.8 0.0058

11:14 120 22.1 28.0 25.3 0.0041

13:24 250 22.6 26.5 23.4 0.0029

12-Aug-08 9:14 1440 22.2 23.0 18.9 0.0012

Soil Identification:

SR-57 Widening

370900.02.GE.0S

A-08-004

S-2

Olive clayey sand (SC)

 Correction for Specific Gravity

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing% PassingU.S. Sieve U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Wt. of Container   Moisture Content (%)

8.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

8.0

8.0

8.0

Elapsed Time 
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)

8.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

SC

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

After 
Hydrometer & 

Wet Sieve ret. in 
#200 Sieve

8.0

8.0

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

8.0

8.0

SA & Hyd A-08-004, S-2



GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

Project No.:
A-08-004 Sample No.:

SR-57 Widening

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive clayey sand (SC)

370900.02.GE.0S
Exploration No.:

SC

GR:SA:FI : (%)

Depth (feet) :  10.0 Soil Type :

Project Name:

13 : 38 : 49

S-2

Aug-08
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 08/11/08

Project No. : Data Input By: LF Date: 08/15/08

Exploration No.:

Sample No.: Depth (feet) :     20.0

% Gravel 0 Soil Type

% Sand 39

% Fines 61

2.70 0.00 0.00

0.99 0.00 0.00 105.55

267.10 1.00 1.00 74.27

39.00 0.00 0.00

228.10 31.28

3" 0.00 100.0 0.00 100.0 99.8

1½" 0.00 100.0 0.06 99.9 99.7

3/4" 0.00 100.0 0.12 99.8 99.6

3/8" 0.00 100.0 0.24 99.6 99.4

No. 4 0.00 100.0 4.48 93.3 93.1

No. 10 0.50 99.8 25.74 61.3 61.2

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 66.50             Wt. of Dry Soil (g) 66.50

Deflocculant  125 cc of 4% Solution

11-Aug-08 9:06 0

9:08 2 21.7 32.0 35.7 0.0313

9:11 5 21.7 28.0 29.8 0.0203

9:21 15 21.5 25.0 25.3 0.0120

9:36 30 21.6 23.5 23.1 0.0086

10:06 60 21.7 22.5 21.6 0.0061

11:06 120 22.1 21.0 19.3 0.0043

13:16 250 22.6 20.0 17.9 0.0030

12-Aug-08 9:06 1440 22.2 18.0 14.9 0.0013

Soil Identification:

SR-57 Widening

370900.02.GE.0S

A-08-004

S-4

Olive sandy lean clay s(CL)

 Correction for Specific Gravity

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing% PassingU.S. Sieve U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Wt. of Container   Moisture Content (%)

8.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

8.0

8.0

8.0

Elapsed Time 
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)

8.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

s(CL)

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

After 
Hydrometer & 

Wet Sieve ret. in 
#200 Sieve

8.0

8.0

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

8.0

8.0

SA & Hyd A-08-004, S-4



GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

Project No.:
A-08-004 Sample No.:

SR-57 Widening

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive sandy lean clay s(CL)

370900.02.GE.0S
Exploration No.:

s(CL)

GR:SA:FI : (%)

Depth (feet) :  20.0 Soil Type :

Project Name:

0 : 39 : 61

S-4

Aug-08
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Project Name: Tested By: S. Felter Date: 07/28/08

Project No.: 370900.02.GE.0S Checked By: LF Date: 07/30/08

Exploration No.: A-08-004 Depth (feet): 25.0

Sample No.: D-5

Soil Identification: Yellowish brown lean clay with sand (CL)s

CT 0.00

681.30 0.00

244.60 1.00

436.70 0.00

CT

333.60

244.60

89.00

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 0 %
SAND: 19 %
FINES: 81 %
GROUP SYMBOL: (CL)s

Remarks:

PARTICLE-SIZE ANALYSIS of SOILS
ASTM D 422

Container No.:

SR-57 Widening

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

0.00

0.00

0.40

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

84.30

98.9

PAN

5.00

99.52.40

1.40

80.7

28.00 93.6

100.0

99.9

99.7

99.80.90

0.00



Project Name:

0 : 19 : 81

D-5

Jul-08

Exploration No.:

Depth (feet): 25.0 Soil Type :
 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Yellowish brown lean clay with sand (CL)s

(CL)s

GR:SA:FI : (%)

SR-57 Widening

Project No.:
A-08-004 Sample No.:

370900.02.GE.0S

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM
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Project Name: Tested By: S. Felter Date: 08/27/08

Project No.: 370900.02.GE.0S Checked By: LF Date: 08/29/08

Exploration No.: A-08-005 Depth (feet): 0 - 7

Sample No.: Bag-1

Soil Identification: Olive yellow sandy lean clay s(CL)

Whole Sample
Sample Passing 

#4
Whole Sample

Sample 
passing #4

602 969 Wt. of Air-Dry Soil + Cont.(g) 0.00 0.00

2316.10 693.80 Wt. of Dry Soil + Cont.     (g) 0.00 0.00

106.70 110.30 Wt. of Container No._____(g) 1.00 1.00

2209.40 583.50 Moisture Content (%) 0.00 0.00

969

401.20

110.30

290.90

(mm.)

6"

3"

1 1/2

3/4"

3/8"

#4

#8

#16

#30

#50

#100

#200

GRAVEL: 1 %
SAND: 48 %
FINES: 51 %
GROUP SYMBOL

Remarks:

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

s(CL)

Wt. of Container            (g)

Wt. Air-Dried Soil + Cont.(g)

96.8

73.5

Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Container No.

Dry Wt. of Soil              (g)

PARTICLE-SIZE ANALYSIS of SOILS
ASTM D 422

Container No.:

SR-57 Widening

Moisture ContentsCalculation of Dry Weights

100.0

Cumulative Weight of Dry Soil Retained (g)

Sample Passing #4

0.00

98.3

97.9

Percent Passing       
(%)

99.2

98.7

98.5

50.7

Passing #4 Material After Wet Sieve

152.400

U. S. Sieve Size

75.000

37.500

19.000

9.500

Whole Sample

4.750

2.360

1.180

0.600

0.300

0.150

0.075

PAN

0.00

0.00

17.80

29.10

1.20

2.50

4.60

11.20

148.80

283.80



GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

Project No.:
A-08-005 Sample No.:

370900.02.GE.0S

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive yellow sandy lean clay s(CL)

s(CL)

GR:SA:FI : (%)

SR-57 Widening
Exploration No.:

Depth (feet): 0 - 7 Soil Type :

Project Name:

1 : 48 : 51

Bag-1

Aug-08
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Project Name: Tested By: S. Felter Date: 08/07/08

Project No.: 370900.02.GE.0S Checked By: LF Date: 08/08/08

Exploration No.: A-08-005 Depth (feet): 5.0

Sample No.: D-1

Soil Identification: Yellowish brown sandy silt s(ML)

VO 0.00

732.60 0.00

234.80 1.00

497.80 0.00

VO

489.00

234.80

254.20

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 0 %
SAND: 49 %
FINES: 51 %
GROUP SYMBOL: s(ML)

Remarks:

100.0

99.7

100.00.20

0.00

99.43.10

1.50

50.8

93.40 81.2

245.10

99.0

PAN

5.10

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

0.00

0.00

0.00

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

PARTICLE-SIZE ANALYSIS of SOILS
ASTM D 422

Container No.:

SR-57 Widening



GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

Project No.:
A-08-005 Sample No.:

370900.02.GE.0S

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Yellowish brown sandy silt s(ML)

s(ML)

GR:SA:FI : (%)

SR-57 Widening
Exploration No.:

Depth (feet): 5.0 Soil Type :

Project Name:

0 : 49 : 51

D-1

Aug-08

0

10

20

30

40

50

60

70

80

90

100

0.0010.0100.1001.00010.000100.000
PARTICLE - SIZE (mm)

PE
R

C
EN

T 
FI

N
ER

 B
Y 

W
EI

G
H

T
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Project Name: Tested By: S. Felter Date: 08/08/08

Project No.: 370900.02.GE.0S Checked By: LF Date: 08/12/08

Exploration No.: A-08-005 Depth (feet): 10.0

Sample No.: S-2

Soil Identification: Brown silty gravel with sand (GM)s

RA 0.00

602.46 0.00

132.77 1.00

469.69 0.00

RA

502.80

132.77

370.03

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 41 %
SAND: 38 %
FINES: 21 %
GROUP SYMBOL: (GM)s

Remarks:

PARTICLE-SIZE ANALYSIS of SOILS
ASTM D 422

Container No.:

SR-57 Widening

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

0.00

135.90

190.00

89.2

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Insufficient sample mass available to meet the ASTM specification for this material

369.50

32.3

PAN

318.10

39.7283.00

250.40

21.3

350.10 25.5

71.1

59.5

46.7

52.2224.50

50.90

100.0



Project Name:

41 : 38 : 21

S-2

Aug-08

Exploration No.:

Depth (feet): 10.0 Soil Type :
 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Brown silty gravel with sand (GM)s

(GM)s

GR:SA:FI : (%)

SR-57 Widening

Project No.:
A-08-005 Sample No.:

370900.02.GE.0S

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 08/19/08

Project No. : Data Input By: LF Date: 08/21/08

Exploration No.:

Sample No.: Depth (feet) :     20.0

% Gravel 0 Soil Type

% Sand 34

% Fines 66

2.70 0.00 0.00

0.99 0.00 0.00 101.14

349.91 1.00 1.00 76.79

39.68 0.00 0.00

310.23 24.35

3" 0.00 100.0 0.00 100.0 100.0

1½" 0.00 100.0 0.03 100.0 100.0

3/4" 0.00 100.0 0.16 99.8 99.8

3/8" 0.00 100.0 1.55 97.6 97.6

No. 4 0.00 100.0 7.66 88.4 88.4

No. 10 0.00 100.0 22.12 66.4 66.4

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 65.79             Wt. of Dry Soil (g) 65.79

Deflocculant  125 cc of 4% Solution

19-Aug-08 10:22 0

10:24 2 21.7 38.0 45.2 0.0298

10:27 5 21.8 34.0 39.2 0.0194

10:37 15 22.0 30.5 33.9 0.0114

10:52 30 21.9 29.0 31.7 0.0082

11:22 60 22.0 27.0 28.6 0.0058

12:22 120 22.4 25.5 26.4 0.0042

14:32 250 22.9 24.0 24.1 0.0029

20-Aug-08 10:22 1440 21.6 21.5 20.4 0.0013

After 
Hydrometer & 

Wet Sieve ret. in 
#200 Sieve

8.0

8.0

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

8.0

8.0

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

s(CL)

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

8.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

8.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

8.0

8.0

8.0

Elapsed Time 
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

 Correction for Specific Gravity

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

SR-57 Widening

370900.02.GE.0S

A-08-005

S-4

Olive brown sandy lean clay s(CL)

SA & Hyd A-08-005, S-4



0 : 34 : 66

S-4

Aug-08

Depth (feet) :  20.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive brown sandy lean clay s(CL)

370900.02.GE.0S
Exploration No.:

s(CL)

GR:SA:FI : (%)

Project No.:
A-08-005 Sample No.:

SR-57 Widening

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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Project Name: Tested By: S. Felter Date: 07/29/08

Project No.: 370900.02.GE.0S Checked By: LF Date: 07/30/08

Exploration No.: A-08-007 Depth (feet): 5.0

Sample No.: D-1

Soil Identification: Yellowish brown silty sand (SM)

GE 0.00

649.20 0.00

251.40 1.00

397.80 0.00

GE

594.70

251.40

343.30

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 0 %
SAND: 86 %
FINES: 14 %
GROUP SYMBOL: SM

Remarks:

PARTICLE-SIZE ANALYSIS of SOILS
ASTM D 422

Container No.:

SR-57 Widening

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

0.00

0.00

0.20

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

342.20

88.4

PAN

46.00

98.75.10

2.20

14.0

252.20 36.6

100.0

99.9

99.4

99.71.10

0.00



Project Name:

0 : 86 : 14

D-1

Jul-08

Exploration No.:

Depth (feet): 5.0 Soil Type :
 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Yellowish brown silty sand (SM)

SM

GR:SA:FI : (%)

SR-57 Widening

Project No.:
A-08-007 Sample No.:

370900.02.GE.0S

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM
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Project Name: Tested By: S. Felter Date: 08/01/08

Project No.: 370900.02.GE.0S Checked By: LF Date: 08/06/08

Exploration No.: A-08-007 Depth (feet): 10.0

Sample No.: S-2

Soil Identification: Brown silty sand (SM)

RA 0.00

409.10 0.00

132.79 1.00

276.31 0.00

RA

364.50

132.79

231.71

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 0 %
SAND: 83 %
FINES: 17 %
GROUP SYMBOL: SM

Remarks:

99.9

100.00.00

0.00

99.70.80

0.30

16.7

160.40 41.9

230.10

96.6

PAN

9.40

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

0.00

0.00

0.00

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

PARTICLE-SIZE ANALYSIS of SOILS
ASTM D 422

Container No.:

SR-57 Widening



GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

Project No.:
A-08-007 Sample No.:

370900.02.GE.0S

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Brown silty sand (SM)

SM

GR:SA:FI : (%)

SR-57 Widening
Exploration No.:

Depth (feet): 10.0 Soil Type :

Project Name:

0 : 83 : 17

S-2

Aug-08
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 08/07/08

Project No. : Data Input By: LF Date: 08/20/08

Exploration No.:

Sample No.: Depth (feet) :     0-7

% Gravel 0 Soil Type

% Sand 15

% Fines 85

2.70 0.00 0.00

0.99 0.00 0.00 92.59

411.30 1.00 1.00 82.75

76.40 0.00 0.00

334.90 9.84

3" 0.00 100.0 0.00 100.0 99.2

1½" 0.00 100.0 0.25 99.6 98.8

3/4" 0.00 100.0 0.72 98.9 98.1

3/8" 0.00 100.0 1.79 97.3 96.4

No. 4 1.30 99.6 4.24 93.5 92.7

No. 10 2.80 99.2 9.63 85.3 84.6

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 65.40             Wt. of Dry Soil (g) 65.40

Deflocculant  125 cc of 4% Solution

07-Aug-08 9:38 0

9:40 2 22.1 51.0 66.2 0.0261

9:43 5 22.1 47.0 60.2 0.0172

9:53 15 22.1 43.0 54.1 0.0103

10:08 30 22.2 39.5 48.9 0.0075

10:38 60 22.5 37.0 45.1 0.0054

11:38 120 22.9 34.5 41.4 0.0039

13:48 250 23.6 32.0 37.6 0.0027

08-Aug-08 9:38 1440 22.3 28.0 31.6 0.0012

Soil Identification:

SR-57 Widening

370900.02.GE.0S

A-08-008

BAG-1

Yellowish brown lean clay with sand (CL)s

 Correction for Specific Gravity

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing% PassingU.S. Sieve U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Wt. of Container   Moisture Content (%)

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time 
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)

7.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

(CL)s

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

After 
Hydrometer & 

Wet Sieve ret. in 
#200 Sieve

7.0

7.0

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

7.0

7.0

SA & Hyd A-08-008, BAG-1



GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

Project No.:
A-08-008 Sample No.:

SR-57 Widening

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Yellowish brown lean clay with sand (CL)s

370900.02.GE.0S
Exploration No.:

(CL)s

GR:SA:FI : (%)

Depth (feet) :  0-7 Soil Type :

Project Name:

0 : 15 : 85

BAG-1

Aug-08
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Project Name: Tested By: S. Felter Date: 08/01/08

Project No.: 370900.02.GE.0S Checked By: LF Date: 08/22/08

Exploration No.: A-08-008 Depth (feet): 10.0

Sample No.: S-2

Soil Identification: Yellowish brown fat clay (CH) with caliche

RC 0.00

376.20 0.00

135.80 1.00

240.40 0.00

RC

161.50

135.80

25.70

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 0 %
SAND: 10 %
FINES: 90 %
GROUP SYMBOL: CH

Remarks:

PARTICLE-SIZE ANALYSIS of SOILS
ASTM D 422

Container No.:

SR-57 Widening

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

0.00

0.00

0.40

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

25.20

99.3

PAN

1.80

99.60.90

0.60

89.5

10.70 95.5

100.0

99.8

99.8

99.80.50

0.00



136
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Project Name:

0 : 10 : 90

S-2

Aug-08

Exploration No.:

Depth (feet): 10.0 Soil Type :
 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Yellowish brown fat clay (CH) with caliche

CH

GR:SA:FI : (%)

SR-57 Widening

Project No.:
A-08-008 Sample No.:

370900.02.GE.0S

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM
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Project Name: Tested By: S. Felter Date: 08/01/08

Project No.: 370900.02.GE.0S Checked By: LF Date: 08/06/08

Exploration No.: A-08-008 Depth (feet): 20.0

Sample No.: S-4

Soil Identification: Grayish brown silty sand (SM)

TK 0.00

381.06 0.00

142.65 1.00

238.41 0.00

TK

302.10

142.65

159.45

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 0 %
SAND: 63 %
FINES: 37 %
GROUP SYMBOL: SM

Remarks:

PARTICLE-SIZE ANALYSIS of SOILS
ASTM D 422

Container No.:

SR-57 Widening

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

0.00

0.00

0.00

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

150.80

99.7

PAN

0.80

100.00.10

0.00

36.7

48.70 79.6

100.0

0.00

0.00



Project Name:

0 : 63 : 37

S-4

Aug-08

Exploration No.:

Depth (feet): 20.0 Soil Type :
 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Grayish brown silty sand (SM)

SM

GR:SA:FI : (%)

SR-57 Widening

Project No.:
A-08-008 Sample No.:

370900.02.GE.0S

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM
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Project Name: Tested By: S. Felter Date: 08/01/08

Project No.: 370900.02.GE.0S Checked By: LF Date: 08/06/08

Exploration No.: A-08-008 Depth (feet): 25.0

Sample No.: D-5

Soil Identification: Olive brown lean clay (CL)

O 0.00

504.82 0.00

154.62 1.00

350.20 0.00

O

162.80

154.62

8.18

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 0 %
SAND: 2 %
FINES: 98 %
GROUP SYMBOL: CL

Remarks:

PARTICLE-SIZE ANALYSIS of SOILS
ASTM D 422

Container No.:

SR-57 Widening

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

0.00

0.00

0.50

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

7.70

98.6

PAN

4.90

98.74.70

4.10

97.8

5.20 98.5

100.0

99.9

98.8

99.32.60

0.00



Project Name:

0 : 2 : 98

D-5

Aug-08

Exploration No.:

Depth (feet): 25.0 Soil Type :
 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive brown lean clay (CL)

CL

GR:SA:FI : (%)

SR-57 Widening

Project No.:
A-08-008 Sample No.:

370900.02.GE.0S

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM
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Project Name: Tested By: S. Felter Date: 08/18/08

Project No.: 370900.02.GE.0S Checked By: LF Date: 08/19/08

Exploration No.: A-08-009 Depth (feet): 0 - 7

Sample No.: Bag-1

Soil Identification: Olive brown clayey sand (SC)

Whole Sample
Sample Passing 

#4
Whole Sample

Sample 
passing #4

ES-10 WR Wt. of Air-Dry Soil + Cont.(g) 0.00 0.00

3562.10 730.90 Wt. of Dry Soil + Cont.     (g) 0.00 0.00

224.60 238.60 Wt. of Container No._____(g) 1.00 1.00

3337.50 492.30 Moisture Content (%) 0.00 0.00

WR

501.10

238.60

262.50

(mm.)

6"

3"

1 1/2

3/4"

3/8"

#4

#8

#16

#30

#50

#100

#200

GRAVEL: 5 %
SAND: 50 %
FINES: 45 %
GROUP SYMBOL

Remarks:

257.60

42.00

76.20

161.40

9.00

21.20

14.60

99.50

166.80

0.300

0.150

0.075

PAN

4.750

2.360

1.180

0.600

Passing #4 Material After Wet Sieve

152.400

U. S. Sieve Size

75.000

37.500

19.000

9.500

Whole Sample

90.9

86.9

Percent Passing       
(%)

97.0

95.0

93.3

45.3

100.0

99.6

Cumulative Weight of Dry Soil Retained (g)

Sample Passing #4

0.00

0.00

PARTICLE-SIZE ANALYSIS of SOILS
ASTM D 422

Container No.:

SR-57 Widening

Moisture ContentsCalculation of Dry Weights

Wt. of Container            (g)

Wt. Air-Dried Soil + Cont.(g)

80.3

63.9

Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Container No.

Dry Wt. of Soil              (g)

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

SC



Project Name:

5 : 50 : 45

Bag-1

Aug-08

Exploration No.:

Depth (feet): 0 - 7 Soil Type :
 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive brown clayey sand (SC)

SC

GR:SA:FI : (%)

SR-57 Widening

Project No.:
A-08-009 Sample No.:

370900.02.GE.0S

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM
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Project Name: Tested By: S. Felter Date: 08/11/08

Project No.: 370900.02.GE.0S Checked By: LF Date: 08/12/08

Exploration No.: A-08-009 Depth (feet): 5.0

Sample No.: D-1

Soil Identification: Yellowish brown silty, clayey sand (SC-SM)

ZK 0.00

757.80 0.00

249.50 1.00

508.30 0.00

ZK

516.00

249.50

266.50

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 1 %
SAND: 50 %
FINES: 49 %
GROUP SYMBOL: SC-SM

Remarks:

PARTICLE-SIZE ANALYSIS of SOILS
ASTM D 422

Container No.:

SR-57 Widening

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

0.00

2.20

5.40

100.0

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

261.30

93.4

PAN

33.40

96.119.90

14.00

48.6

117.40 76.9

99.6

98.9

97.2

98.19.80

0.00



Project Name:

1 : 50 : 49

D-1

Aug-08

Exploration No.:

Depth (feet): 5.0 Soil Type :
 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Yellowish brown silty, clayey sand (SC-SM)

SC-SM

GR:SA:FI : (%)

SR-57 Widening

Project No.:
A-08-009 Sample No.:

370900.02.GE.0S

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM
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Project Name: Tested By: S. Felter Date: 08/08/08

Project No.: 370900.02.GE.0S Checked By: LF Date: 08/12/08

Exploration No.: A-08-009 Depth (feet): 10.0

Sample No.: S-2

Soil Identification: Brown sandy lean clay s(CL)

RC 0.00

514.11 0.00

135.74 1.00

378.37 0.00

RC

327.80

135.74

192.06

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 1 %
SAND: 49 %
FINES: 50 %
GROUP SYMBOL: s(CL)

Remarks:

PARTICLE-SIZE ANALYSIS of SOILS
ASTM D 422

Container No.:

SR-57 Widening

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

0.00

0.00

2.50

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

188.90

88.8

PAN

42.20

95.616.80

7.70

50.1

116.90 69.1

100.0

99.3

98.0

98.84.40

0.00



Project Name:

1 : 49 : 50

S-2

Aug-08

Exploration No.:

Depth (feet): 10.0 Soil Type :
 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Brown sandy lean clay s(CL)

s(CL)

GR:SA:FI : (%)

SR-57 Widening

Project No.:
A-08-009 Sample No.:

370900.02.GE.0S

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM
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Project Name: Tested By: S. Felter Date: 08/05/08

Project No.: 370900.02.GE.0S Checked By: LF Date: 08/07/08

Exploration No.: A-08-009 Depth (feet): 25.0

Sample No.: D-5

Soil Identification: Olive brown sandy silty clay s(CL-ML)

VI 0.00

643.50 0.00

220.51 1.00

422.99 0.00

VI

422.60

220.51

202.09

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 3 %
SAND: 44 %
FINES: 53 %
GROUP SYMBOL: s(CL-ML)

Remarks:

97.4

97.1

95.8

96.514.70

0.00

94.124.90

17.80

53.0

111.80 73.6

198.70

90.3

PAN

41.20

100.0

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

0.00

11.20

12.10

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

PARTICLE-SIZE ANALYSIS of SOILS
ASTM D 422

Container No.:

SR-57 Widening



GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

Project No.:
A-08-009 Sample No.:

370900.02.GE.0S

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive brown sandy silty clay s(CL-ML)

s(CL-ML)

GR:SA:FI : (%)

SR-57 Widening
Exploration No.:

Depth (feet): 25.0 Soil Type :

Project Name:

3 : 44 : 53

D-5

Aug-08

0

10

20

30

40

50

60

70

80

90

100

0.0010.0100.1001.00010.000100.000
PARTICLE - SIZE (mm)

PE
R

C
EN

T 
FI

N
ER

 B
Y 

W
EI

G
H

T

SA A-08-009, D-5



Project Name: Tested By: S. Felter Date: 08/05/08

Project No.: 370900.02.GE.0S Checked By: LF Date: 08/07/08

Exploration No.: A-08-010 Depth (feet): 0 - 7

Sample No.: Bag-1

Soil Identification: Yellowish brown clayey sand (SC)

Whole Sample
Sample Passing 

#4
Whole Sample

Sample 
passing #4

CP-11 CT Wt. of Air-Dry Soil + Cont.(g) 0.00 0.00

2736.60 801.60 Wt. of Dry Soil + Cont.     (g) 0.00 0.00

223.70 244.30 Wt. of Container No._____(g) 1.00 1.00

2512.90 557.30 Moisture Content (%) 0.00 0.00

CT

553.60

244.30

309.30

(mm.)

6"

3"

1 1/2

3/4"

3/8"

#4

#8

#16

#30

#50

#100

#200

GRAVEL: 3 %
SAND: 53 %
FINES: 44 %
GROUP SYMBOL

Remarks:

306.70

105.50

212.50

6.40

16.30

44.80

0.00

19.00

42.20

69.00

0.300

0.150

0.075

PAN

4.750

2.360

1.180

0.600

Passing #4 Material After Wet Sieve

152.400

U. S. Sieve Size

75.000

37.500

19.000

9.500

Whole Sample

94.5

89.5

Percent Passing       
(%)

98.3

97.3

96.2

43.8

100.0

99.2

Cumulative Weight of Dry Soil Retained (g)

Sample Passing #4

0.00

PARTICLE-SIZE ANALYSIS of SOILS
ASTM D 422

Container No.:

SR-57 Widening

Moisture ContentsCalculation of Dry Weights

Wt. of Container            (g)

Wt. Air-Dried Soil + Cont.(g)

78.9

60.2

Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Container No.

Dry Wt. of Soil              (g)

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

SC



Project Name:

3 : 53 : 44

Bag-1

Aug-08

Exploration No.:

Depth (feet): 0 - 7 Soil Type :
 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Yellowish brown clayey sand (SC)

SC

GR:SA:FI : (%)

SR-57 Widening

Project No.:
A-08-010 Sample No.:

370900.02.GE.0S

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM
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SA A-08-010, Bag-1



Project Name: Tested By: S. Felter Date: 08/01/08

Project No.: 370900.02.GE.0S Checked By: LF Date: 08/06/08

Exploration No.: A-08-010 Depth (feet): 10.0

Sample No.: S-2

Soil Identification: Brown silty sand (SM)

J 0.00

527.48 0.00

140.72 1.00

386.76 0.00

J

364.90

140.72

224.18

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 0 %
SAND: 58 %
FINES: 42 %
GROUP SYMBOL: SM

Remarks:

PARTICLE-SIZE ANALYSIS of SOILS
ASTM D 422

Container No.:

SR-57 Widening

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

0.00

0.00

0.80

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

222.90

78.5

PAN

83.30

90.437.00

12.70

42.4

163.80 57.6

100.0

99.8

96.7

98.84.70

0.00



Project Name:

0 : 58 : 42

S-2

Aug-08

Exploration No.:

Depth (feet): 10.0 Soil Type :
 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Brown silty sand (SM)

SM

GR:SA:FI : (%)

SR-57 Widening

Project No.:
A-08-010 Sample No.:

370900.02.GE.0S

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 08/11/08

Project No. : Data Input By: LF Date: 08/20/08

Exploration No.:

Sample No.: Depth (feet) :     20.0

% Gravel 0 Soil Type

% Sand 49

% Fines 51

2.70 0.00 0.00

0.99 0.00 0.00 107.54

305.60 1.00 1.00 75.44

38.80 0.00 0.00

266.80 32.10

3" 0.00 100.0 0.00 100.0 98.9

1½" 0.00 100.0 0.61 99.1 97.9

3/4" 0.00 100.0 3.47 94.6 93.5

3/8" 0.00 100.0 10.10 84.3 83.4

No. 4 0.50 99.8 21.71 66.3 65.5

No. 10 3.00 98.9 31.54 51.0 50.5

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 64.40             Wt. of Dry Soil (g) 64.40

Deflocculant  125 cc of 4% Solution

11-Aug-08 11:18 0

11:20 2 22.2 33.0 38.1 0.0306

11:23 5 22.2 30.0 33.5 0.0198

11:33 15 22.2 28.0 30.5 0.0116

11:48 30 22.2 26.5 28.2 0.0083

12:18 60 22.2 25.5 26.7 0.0059

13:18 120 22.6 25.0 25.9 0.0042

15:28 250 22.7 23.5 23.6 0.0029

12-Aug-08 11:18 1440 22.7 22.0 21.3 0.0012

After 
Hydrometer & 

Wet Sieve ret. in 
#200 Sieve

8.0

8.0

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

8.0

8.0

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

s(CL)

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

8.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

8.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

8.0

8.0

8.0

Elapsed Time 
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

 Correction for Specific Gravity

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

SR-57 Widening

370900.02.GE.0S

A-08-010

S-4

Dark brown sandy lean clay s(CL)

SA & Hyd A-08-010, S-4



0 : 49 : 51

S-4

Aug-08

Depth (feet) :  20.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Dark brown sandy lean clay s(CL)

370900.02.GE.0S
Exploration No.:

s(CL)

GR:SA:FI : (%)

Project No.:
A-08-010 Sample No.:

SR-57 Widening

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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Project Name: Tested By: S. Felter Date: 08/27/08

Project No.: 370900.02.GE.0S Checked By: LF Date: 08/29/08

Exploration No.: A-08-011 Depth (feet): 0-7

Sample No.: Bag-1

Soil Identification: Yellowish brown clayey sand (SC)

543 0.00

711.80 0.00

82.40 1.00

629.40 0.00

543

N/A

82.40

N/A

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 2 %
SAND: 55 %
FINES: 43 %
GROUP SYMBOL: SC

Remarks:

98.9

98.3

96.3

97.515.80

0.00

91.652.80

23.50

42.7

269.50 57.2

360.80

79.2

PAN

131.10

100.0

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

0.00

7.00

11.00

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

PARTICLE-SIZE ANALYSIS of SOILS
ASTM D 422

Container No.:

SR-57 Widening



GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

Project No.:
A-08-011 Sample No.:

370900.02.GE.0S

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Yellowish brown clayey sand (SC)

SC

GR:SA:FI : (%)

SR-57 Widening
Exploration No.:

Depth (feet): 0-7 Soil Type :

Project Name:

2 : 55 : 43

Bag-1

Aug-08
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Project Name: Tested By: S. Felter Date: 08/21/08

Project No.: 370900.02.GE.0S Checked By: LF Date: 08/26/08

Exploration No.: A-08-011 Depth (feet): 5.0

Sample No.: D-1

Soil Identification: Yellowish brown silty sand (SM)

VO 0.00

611.90 0.00

234.80 1.00

377.10 0.00

VO

531.60

234.80

296.80

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 0 %
SAND: 78 %
FINES: 22 %
GROUP SYMBOL: SM

Remarks:

PARTICLE-SIZE ANALYSIS of SOILS
ASTM D 422

Container No.:

SR-57 Widening

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

0.00

0.00

0.50

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

295.30

68.3

PAN

119.50

92.329.10

4.80

21.7

243.50 35.4

100.0

99.9

98.7

99.71.00

0.00



Project Name:

0 : 78 : 22

D-1

Aug-08

Exploration No.:

Depth (feet): 5.0 Soil Type :
 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Yellowish brown silty sand (SM)

SM

GR:SA:FI : (%)

SR-57 Widening

Project No.:
A-08-011 Sample No.:

370900.02.GE.0S

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM
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Project Name: Tested By: S. Felter Date: 08/18/08

Project No.: 370900.02.GE.0S Checked By: LF Date: 08/19/08

Exploration No.: A-08-011 Depth (feet): 15.0

Sample No.: D-3

Soil Identification: Yellowish brown silty, clayey sand (SC-SM)

VI 0.00

790.40 0.00

220.60 1.00

569.80 0.00

VI

585.90

220.60

365.30

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 0 %
SAND: 64 %
FINES: 36 %
GROUP SYMBOL: SC-SM

Remarks:

100.0

99.9

99.3

99.71.80

0.00

97.415.00

4.00

36.4

264.50 53.6

362.50

87.0

PAN

74.10

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

0.00

0.00

0.40

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

PARTICLE-SIZE ANALYSIS of SOILS
ASTM D 422

Container No.:

SR-57 Widening



GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

Project No.:
A-08-011 Sample No.:

370900.02.GE.0S

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Yellowish brown silty, clayey sand (SC-SM)

SC-SM

GR:SA:FI : (%)

SR-57 Widening
Exploration No.:

Depth (feet): 15.0 Soil Type :

Project Name:

0 : 64 : 36

D-3

Aug-08

0

10

20

30

40

50

60

70

80

90

100

0.0010.0100.1001.00010.000100.000
PARTICLE - SIZE (mm)

PE
R

C
EN

T 
FI

N
ER

 B
Y 

W
EI

G
H

T

SA A-08-011, D-3



Project Name: Tested By: S. Felter Date: 08/11/08

Project No.: 370900.02.GE.0S Checked By: LF Date: 09/03/08

Exploration No.: A-08-012 Depth (feet): 10.0

Sample No.: S-2

Soil Identification: Olive fat clay (CH)

TK 0.00

393.44 0.00

142.68 1.00

250.76 0.00

TK

168.90

142.68

26.22

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 0 %
SAND: 10 %
FINES: 90 %
GROUP SYMBOL: CH

Remarks:

100.0

99.8

99.7

99.80.50

0.00

99.51.20

0.70

90.2

7.80 96.9

24.60

99.1

PAN

2.20

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

0.00

0.00

0.40

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

PARTICLE-SIZE ANALYSIS of SOILS
ASTM D 422

Container No.:

SR-57 Widening



GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

Project No.:
A-08-012 Sample No.:

370900.02.GE.0S

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive fat clay (CH)

CH

GR:SA:FI : (%)

SR-57 Widening
Exploration No.:

Depth (feet): 10.0 Soil Type :

Project Name:

0 : 10 : 90

S-2

Sep-08
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Project Name: Tested By: S. Felter Date: 08/08/08

Project No.: 370900.02.GE.0S Checked By: LF Date: 08/12/08

Exploration No.: A-08-013 Depth (feet): 30.0

Sample No.: S-6

Soil Identification: Olive gray lean clay (CL)

O 0.00

504.15 0.00

154.60 1.00

349.55 0.00

O

207.80

154.60

53.20

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 0 %
SAND: 13 %
FINES: 87 %
GROUP SYMBOL: CL

Remarks:

PARTICLE-SIZE ANALYSIS of SOILS
ASTM D 422

Container No.:

SR-57 Widening

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

0.00

0.00

0.00

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

47.10

99.6

PAN

1.40

99.90.40

0.00

86.5

9.90 97.2

100.0

0.00

0.00



Project Name:

0 : 13 : 87

S-6

Aug-08

Exploration No.:

Depth (feet): 30.0 Soil Type :
 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive gray lean clay (CL)

CL

GR:SA:FI : (%)

SR-57 Widening

Project No.:
A-08-013 Sample No.:

370900.02.GE.0S

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 08/20/08

Project No. : Data Input By: LF Date: 08/26/08

Exploration No.:

Sample No.: Depth (feet) :     60.0

% Gravel 0 Soil Type

% Sand 41

% Fines 59

2.70 0.00 0.00

0.99 0.00 0.00 105.18

431.75 1.00 1.00 75.48

39.23 0.00 0.00

392.52 29.70

3" 0.00 100.0 0.00 100.0 99.9

1½" 0.00 100.0 0.02 100.0 99.9

3/4" 0.00 100.0 0.11 99.8 99.7

3/8" 0.00 100.0 1.00 98.4 98.3

No. 4 0.00 100.0 10.45 83.5 83.4

No. 10 0.46 99.9 26.00 58.9 58.9

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 63.30             Wt. of Dry Soil (g) 63.30

Deflocculant  125 cc of 4% Solution

20-Aug-08 9:58 0

10:00 2 21.6 31.0 36.0 0.0314

10:03 5 21.6 28.0 31.3 0.0203

10:13 15 21.5 25.0 26.6 0.0120

10:28 30 21.6 24.0 25.0 0.0085

10:58 60 21.7 22.0 21.9 0.0061

11:58 120 22.0 21.0 20.3 0.0043

14:08 250 22.5 20.0 18.8 0.0030

21-Aug-08 9:58 1440 21.6 18.0 15.7 0.0013

Soil Identification:

SR-57 Widening

370900.02.GE.0S

A-08-013

S-12

Light olive brown sandy lean clay s(CL)

 Correction for Specific Gravity

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing% PassingU.S. Sieve U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Wt. of Container   Moisture Content (%)

8.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

8.0

8.0

8.0

Elapsed Time 
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)

8.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

s(CL)

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

After 
Hydrometer & 

Wet Sieve ret. in 
#200 Sieve

8.0

8.0

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

8.0

8.0

SA & Hyd A-08-013, S-12



GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

Project No.:
A-08-013 Sample No.:

SR-57 Widening

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Light olive brown sandy lean clay s(CL)

370900.02.GE.0S
Exploration No.:

s(CL)

GR:SA:FI : (%)

Depth (feet) :  60.0 Soil Type :

Project Name:

0 : 41 : 59

S-12

Aug-08
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Project Name: Tested By: S. Felter Date: 08/25/08

Project No.: 370900.02.GE.0S Checked By: LF Date: 08/26/08

Exploration No.: A-08-014 Depth (feet): 0 - 7

Sample No.: Bag-1

Soil Identification: Yellowish brown clayey sand (SC)

Whole Sample
Sample Passing 

#4
Whole Sample

Sample 
passing #4

M12 CT Wt. of Air-Dry Soil + Cont.(g) 0.00 0.00

3062.40 730.90 Wt. of Dry Soil + Cont.     (g) 0.00 0.00

231.00 244.30 Wt. of Container No._____(g) 1.00 1.00

2831.40 486.60 Moisture Content (%) 0.00 0.00

CT

518.10

244.30

273.80

(mm.)

6"

3"

1 1/2

3/4"

3/8"

#4

#8

#16

#30

#50

#100

#200

GRAVEL: 8 %
SAND: 51 %
FINES: 41 %
GROUP SYMBOL

Remarks:

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

SC

Wt. of Container            (g)

Wt. Air-Dried Soil + Cont.(g)

70.8

52.1

Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Container No.

Dry Wt. of Soil              (g)

PARTICLE-SIZE ANALYSIS of SOILS
ASTM D 422

Container No.:

SR-57 Widening

Moisture ContentsCalculation of Dry Weights

99.7

Cumulative Weight of Dry Soil Retained (g)

Sample Passing #4

0.00

0.00

86.9

81.6

Percent Passing       
(%)

96.5

92.5

89.7

41.0

100.0

Passing #4 Material After Wet Sieve

152.400

U. S. Sieve Size

75.000

37.500

19.000

9.500

Whole Sample

4.750

2.360

1.180

0.600

0.300

0.150

0.075

PAN

8.40

99.10

211.00

14.90

29.60

57.60

114.20

212.50

270.90



GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

Project No.:
A-08-014 Sample No.:

370900.02.GE.0S

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Yellowish brown clayey sand (SC)

SC

GR:SA:FI : (%)

SR-57 Widening
Exploration No.:

Depth (feet): 0 - 7 Soil Type :

Project Name:

8 : 51 : 41

Bag-1

Aug-08
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 08/19/08

Project No. : Data Input By: LF Date: 08/21/08

Exploration No.:

Sample No.: Depth (feet) :     20.0

% Gravel 0 Soil Type

% Sand 10

% Fines 90

2.70 0.00 0.00

0.99 0.00 0.00 84.80

214.60 1.00 1.00 76.46

39.52 0.00 0.00

175.08 8.34

3" 0.00 100.0 0.00 100.0 100.0

1½" 0.00 100.0 0.06 99.9 99.9

3/4" 0.00 100.0 0.10 99.8 99.8

3/8" 0.00 100.0 0.31 99.5 99.5

No. 4 0.00 100.0 1.36 97.9 97.9

No. 10 0.00 100.0 6.42 90.2 90.2

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 65.76             Wt. of Dry Soil (g) 65.76

Deflocculant  125 cc of 4% Solution

19-Aug-08 10:14 0

10:16 2 21.8 51.0 64.9 0.0264

10:19 5 21.8 45.0 55.8 0.0177

10:29 15 22.0 41.0 49.8 0.0105

10:44 30 22.0 39.0 46.8 0.0075

11:14 60 22.0 36.0 42.2 0.0055

12:14 120 22.3 34.5 40.0 0.0039

14:24 250 22.9 32.0 36.2 0.0028

20-Aug-08 10:14 1440 21.6 29.0 31.7 0.0012

After 
Hydrometer & 

Wet Sieve ret. in 
#200 Sieve

8.0

8.0

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

8.0

8.0

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

CL

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

8.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

8.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

8.0

8.0

8.0

Elapsed Time 
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

 Correction for Specific Gravity

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

SR-57 Widening

370900.02.GE.0S

A-08-014

S-4

Olive lean clay (CL)

SA & Hyd A-08-014, S-4



0 : 10 : 90

S-4

Aug-08

Depth (feet) :  20.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive lean clay (CL)

370900.02.GE.0S
Exploration No.:

CL

GR:SA:FI : (%)

Project No.:
A-08-014 Sample No.:

SR-57 Widening

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 08/20/08

Project No. : Data Input By: LF Date: 08/26/08

Exploration No.:

Sample No.: Depth (feet) :     5.0

% Gravel 0 Soil Type

% Sand 5

% Fines 95

2.70 0.00 0.00

0.99 0.00 0.00 86.21

381.14 1.00 1.00 82.72

39.31 0.00 0.00

341.83 3.49

3" 0.00 100.0 0.00 100.0 99.7

1½" 0.00 100.0 0.19 99.7 99.4

3/4" 0.00 100.0 0.43 99.3 99.0

3/8" 0.00 100.0 0.69 98.9 98.6

No. 4 0.00 100.0 1.09 98.3 98.0

No. 10 1.07 99.7 3.10 95.1 94.8

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 63.58             Wt. of Dry Soil (g) 63.58

Deflocculant  125 cc of 4% Solution

20-Aug-08 9:54 0

9:56 2 21.6 56.0 74.7 0.0250

9:59 5 21.6 50.0 65.3 0.0169

10:09 15 21.5 44.0 56.0 0.0103

10:24 30 21.5 40.0 49.8 0.0076

10:54 60 21.6 37.0 45.1 0.0055

11:54 120 22.0 35.0 42.0 0.0039

14:04 250 22.5 32.5 38.1 0.0028

21-Aug-08 9:54 1440 21.6 28.0 31.1 0.0012

Soil Identification:

SR-57 Widening

370900.02.GE.0S

A-08-015

D-1

Pale olive fat clay (CH)

 Correction for Specific Gravity

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing% PassingU.S. Sieve U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Wt. of Container   Moisture Content (%)

8.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

8.0

8.0

8.0

Elapsed Time 
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)

8.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

CH

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

After 
Hydrometer & 

Wet Sieve ret. in 
#200 Sieve

8.0

8.0

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

8.0

8.0

SA & Hyd A-08-015, D-1



GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

Project No.:
A-08-015 Sample No.:

SR-57 Widening

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Pale olive fat clay (CH)

370900.02.GE.0S
Exploration No.:

CH

GR:SA:FI : (%)

Depth (feet) :  5.0 Soil Type :

Project Name:

0 : 5 : 95

D-1

Aug-08
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 08/20/08

Project No. : Data Input By: LF Date: 08/26/08

Exploration No.:

Sample No.: Depth (feet) :     55.0

% Gravel 0 Soil Type

% Sand 28

% Fines 72

2.70 0.00 0.00

0.99 0.00 0.00 96.08

275.93 1.00 1.00 75.90

39.53 0.00 0.00

236.40 20.18

3" 0.00 100.0 0.00 100.0 100.0

1½" 0.00 100.0 0.15 99.8 99.7

3/4" 0.00 100.0 1.15 98.2 98.2

3/8" 0.00 100.0 3.72 94.2 94.1

No. 4 0.00 100.0 9.10 85.7 85.7

No. 10 0.11 100.0 17.74 72.2 72.1

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 63.77             Wt. of Dry Soil (g) 63.77

Deflocculant  125 cc of 4% Solution

20-Aug-08 9:46 0

9:48 2 21.6 41.0 51.3 0.0291

9:51 5 21.6 36.0 43.5 0.0192

10:01 15 21.6 32.5 38.1 0.0114

10:16 30 21.5 30.5 35.0 0.0082

10:46 60 21.6 29.0 32.7 0.0058

11:46 120 21.9 28.0 31.1 0.0041

13:56 250 22.5 27.0 29.5 0.0029

21-Aug-08 9:46 1440 21.6 25.0 26.4 0.0012

Soil Identification:

SR-57 Widening

370900.02.GE.0S

A-08-016

D-11

Pale olive lean clay with sand (CL)s

 Correction for Specific Gravity

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing% PassingU.S. Sieve U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Wt. of Container   Moisture Content (%)

8.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

8.0

8.0

8.0

Elapsed Time 
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)

8.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

(CL)s

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

After 
Hydrometer & 

Wet Sieve ret. in 
#200 Sieve

8.0

8.0

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

8.0

8.0

SA & Hyd A-08-016, D-11



GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

Project No.:
A-08-016 Sample No.:

SR-57 Widening

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Pale olive lean clay with sand (CL)s

370900.02.GE.0S
Exploration No.:

(CL)s

GR:SA:FI : (%)

Depth (feet) :  55.0 Soil Type :

Project Name:

0 : 28 : 72

D-11

Aug-08
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 08/19/08

Project No. : Data Input By: LF Date: 08/21/08

Exploration No.:

Sample No.: Depth (feet) :     60.0

% Gravel 0 Soil Type

% Sand 42

% Fines 58

2.70 0.00 0.00

0.99 0.00 0.00 105.67

306.32 1.00 1.00 76.75

39.38 0.00 0.00

266.94 28.92

3" 0.00 100.0 0.00 100.0 100.0

1½" 0.00 100.0 0.10 99.8 99.8

3/4" 0.00 100.0 1.93 97.0 96.9

3/8" 0.00 100.0 9.01 85.8 85.8

No. 4 0.00 100.0 18.44 71.0 71.0

No. 10 0.07 100.0 26.61 58.1 58.1

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 63.53             Wt. of Dry Soil (g) 63.53

Deflocculant  125 cc of 4% Solution

19-Aug-08 10:18 0

10:20 2 21.8 35.0 42.1 0.0306

10:23 5 21.7 32.0 37.5 0.0198

10:33 15 22.0 29.5 33.6 0.0115

10:48 30 21.9 28.0 31.2 0.0083

11:18 60 22.0 27.0 29.7 0.0058

12:18 120 22.4 26.0 28.1 0.0041

14:28 250 22.9 24.5 25.8 0.0029

20-Aug-08 10:18 1440 21.6 22.5 22.6 0.0012

After 
Hydrometer & 

Wet Sieve ret. in 
#200 Sieve

8.0

8.0

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

8.0

8.0

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

s(CL)

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

8.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

8.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

8.0

8.0

8.0

Elapsed Time 
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

 Correction for Specific Gravity

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

SR-57 Widening

370900.02.GE.0S

A-08-016

S-12

Olive sandy lean clay s(CL)

SA & Hyd A-08-016, S-12



0 : 42 : 58

S-12

Aug-08

Depth (feet) :  60.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive sandy lean clay s(CL)

370900.02.GE.0S
Exploration No.:

s(CL)

GR:SA:FI : (%)

Project No.:
A-08-016 Sample No.:

SR-57 Widening

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 08/19/08

Project No. : Data Input By: LF Date: 08/21/08

Exploration No.:

Sample No.: Depth (feet) :     70.0

% Gravel 2 Soil Type

% Sand 41

% Fines 57

2.70 0.00 0.00

0.99 0.00 0.00 109.86

392.30 1.00 1.00 75.92

39.17 0.00 0.00

353.13 33.94

3" 0.00 100.0 0.00 100.0 97.3

1½" 0.00 100.0 0.05 99.9 97.2

3/4" 0.00 100.0 0.19 99.7 97.0

3/8" 5.37 98.5 0.62 99.1 96.4

No. 4 7.06 98.0 7.13 89.2 86.8

No. 10 9.55 97.3 27.33 58.6 57.0

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 65.94             Wt. of Dry Soil (g) 65.94

Deflocculant  125 cc of 4% Solution

19-Aug-08 10:10 0

10:12 2 21.8 29.0 30.7 0.0318

10:15 5 21.8 25.0 24.9 0.0207

10:25 15 21.7 22.0 20.5 0.0122

10:40 30 22.0 21.0 19.0 0.0086

11:10 60 22.0 19.5 16.8 0.0061

12:10 120 22.3 18.0 14.6 0.0044

14:20 250 22.9 17.0 13.2 0.0030

20-Aug-08 10:10 1440 21.6 15.0 10.2 0.0013

After 
Hydrometer & 

Wet Sieve ret. in 
#200 Sieve

8.0

8.0

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

8.0

8.0

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

s(CL)

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

8.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

8.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

8.0

8.0

8.0

Elapsed Time 
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

 Correction for Specific Gravity

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

SR-57 Widening

370900.02.GE.0S

A-08-016

S-14

Olive sandy lean clay s(CL)

SA & Hyd A-08-016, S-14



2 : 41 : 57

S-14

Aug-08

Depth (feet) :  70.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive sandy lean clay s(CL)

370900.02.GE.0S
Exploration No.:

s(CL)

GR:SA:FI : (%)

Project No.:
A-08-016 Sample No.:

SR-57 Widening

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 08/11/08

Project No. : Data Input By: LF Date: 08/20/08

Exploration No.:

Sample No.: Depth (feet) :     0-7

% Gravel 0 Soil Type

% Sand 47

% Fines 53

2.70 0.00 0.00

0.99 0.00 0.00 107.65

571.60 1.00 1.00 76.46

74.40 0.00 0.00

497.20 31.19

3" 0.00 100.0 0.00 100.0 99.4

1½" 0.00 100.0 0.39 99.4 98.8

3/4" 0.00 100.0 2.25 96.6 96.0

3/8" 0.00 100.0 7.15 89.1 88.6

No. 4 0.60 99.9 19.84 69.8 69.3

No. 10 2.90 99.4 30.62 53.3 53.0

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 65.60             Wt. of Dry Soil (g) 65.60

Deflocculant  125 cc of 4% Solution

11-Aug-08 11:34 0

11:36 2 22.2 37.0 43.6 0.0296

11:39 5 22.2 33.0 37.6 0.0194

11:49 15 22.2 30.0 33.1 0.0114

12:04 30 22.2 28.0 30.1 0.0082

12:34 60 22.4 27.0 28.6 0.0058

13:34 120 22.7 26.0 27.1 0.0041

15:44 250 22.7 25.0 25.6 0.0029

12-Aug-08 11:34 1440 22.7 23.0 22.6 0.0012

After 
Hydrometer & 

Wet Sieve ret. in 
#200 Sieve

8.0

8.0

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

8.0

8.0

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

s(CL)

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

8.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

8.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

8.0

8.0

8.0

Elapsed Time 
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

 Correction for Specific Gravity

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

SR-57 Widening

370900.02.GE.0S

A-08-018

Bag-1

Dark brown sandy lean clay s(CL)

SA & Hyd A-08-018, Bag-1



0 : 47 : 53

Bag-1

Aug-08

Depth (feet) :  0-7 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Dark brown sandy lean clay s(CL)

370900.02.GE.0S
Exploration No.:

s(CL)

GR:SA:FI : (%)

Project No.:
A-08-018 Sample No.:

SR-57 Widening

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 08/11/08

Project No. : Data Input By: LF Date: 08/20/08

Exploration No.:

Sample No.: Depth (feet) :     10.0

% Gravel 0 Soil Type

% Sand 46

% Fines 54

2.70 0.00 0.00

0.99 0.00 0.00 107.13

376.90 1.00 1.00 76.83

39.30 0.00 0.00

337.60 30.30

3" 0.00 100.0 0.00 100.0 99.4

1½" 0.00 100.0 0.71 98.9 98.4

3/4" 0.00 100.0 3.01 95.4 94.9

3/8" 0.00 100.0 7.77 88.1 87.6

No. 4 0.40 99.9 19.19 70.6 70.2

No. 10 1.90 99.4 29.58 54.7 54.4

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 65.30             Wt. of Dry Soil (g) 65.30

Deflocculant  125 cc of 4% Solution

11-Aug-08 11:30 0

11:32 2 22.2 35.0 40.8 0.0302

11:35 5 22.2 32.0 36.3 0.0196

11:45 15 22.2 30.0 33.2 0.0114

12:00 30 22.2 28.0 30.2 0.0082

12:30 60 22.4 27.0 28.7 0.0058

13:30 120 22.6 26.0 27.2 0.0041

15:40 250 22.7 25.0 25.7 0.0029

12-Aug-08 11:30 1440 22.7 23.0 22.7 0.0012

After 
Hydrometer & 

Wet Sieve ret. in 
#200 Sieve

8.0

8.0

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

8.0

8.0

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

s(CL)

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

8.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

8.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

8.0

8.0

8.0

Elapsed Time 
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

 Correction for Specific Gravity

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

SR-57 Widening

370900.02.GE.0S

A-08-018

S-2

Yellowish brown sandy lean clay s(CL)

SA & Hyd A-08-018, S-2



0 : 46 : 54

S-2

Aug-08

Depth (feet) :  10.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Yellowish brown sandy lean clay s(CL)

370900.02.GE.0S
Exploration No.:

s(CL)

GR:SA:FI : (%)

Project No.:
A-08-018 Sample No.:

SR-57 Widening

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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Project Name: Tested By: S. Felter Date: 08/07/08

Project No.: 370900.02.GE.0S Checked By: LF Date: 08/08/08

Exploration No.: A-08-021 Depth (feet): 2-7

Sample No.: BAG-1

Soil Identification: Yellowish brown sandy lean clay s(CL) with caliche

4-C 0.00

683.70 0.00

108.50 1.00

575.20 0.00

4-C

284.60

108.50

176.10

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 2 %
SAND: 28 %
FINES: 70 %
GROUP SYMBOL: s(CL)

Remarks:

99.7

98.3

96.4

97.216.30

0.00

95.426.40

20.70

69.9

102.50 82.2

173.30

93.3

PAN

38.70

100.0

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

0.00

1.90

9.80

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

PARTICLE-SIZE ANALYSIS of SOILS
ASTM D 422

Container No.:

SR-57 Widening



GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

Project No.:
A-08-021 Sample No.:

370900.02.GE.0S

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Yellowish brown sandy lean clay s(CL) with caliche

s(CL)

GR:SA:FI : (%)

SR-57 Widening
Exploration No.:

Depth (feet): 2-7 Soil Type :

Project Name:

2 : 28 : 70

BAG-1

Aug-08
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 08/28/08

Project No. : Data Input By: LF Date: 09/03/08

Exploration No.:

Sample No.: Depth (feet) :     5.0

% Gravel 1 Soil Type

% Sand 25

% Fines 74

2.70 0.00 0.00

0.99 0.00 0.00 90.50

549.57 1.00 1.00 74.28

154.49 0.00 0.00

395.08 16.22

3" 0.00 100.0 0.00 100.0 98.5

1½" 0.00 100.0 0.37 99.4 98.0

3/4" 0.00 100.0 1.39 97.8 96.4

3/8" 0.00 100.0 2.83 95.6 94.2

No. 4 2.94 99.3 7.99 87.4 86.2

No. 10 5.77 98.5 15.51 75.6 74.5

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 63.62             Wt. of Dry Soil (g) 63.62

Deflocculant  125 cc of 4% Solution

28-Aug-08 9:10 0

9:12 2 21.8 45.5 58.4 0.0279

9:15 5 21.8 40.0 49.9 0.0185

9:25 15 21.8 36.0 43.8 0.0111

9:40 30 21.8 34.0 40.7 0.0079

10:10 60 21.6 32.0 37.6 0.0057

11:10 120 21.6 30.0 34.6 0.0041

13:20 250 22.1 28.0 31.5 0.0028

29-Aug-08 9:10 1440 21.7 25.5 27.7 0.0012

After 
Hydrometer & 

Wet Sieve ret. in 
#200 Sieve

7.5

7.5

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

7.5

7.5

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

(CL)s

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

7.5

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

8.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.5

7.5

7.5

Elapsed Time 
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

 Correction for Specific Gravity

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

SR-57 Widening

370900.02.GE.0S

A-08-021

D-1

Yellowish brown lean clay with sand (CL)s

SA & Hyd A-08-021, D-1



1 : 25 : 74

D-1

Sep-08

Depth (feet) :  5.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Yellowish brown lean clay with sand (CL)s

370900.02.GE.0S
Exploration No.:

(CL)s

GR:SA:FI : (%)

Project No.:
A-08-021 Sample No.:

SR-57 Widening

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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Project Name: Tested By: S. Felter Date: 08/08/08

Project No.: 370900.02.GE.0S Checked By: LF Date: 08/12/08

Exploration No.: A-08-021 Depth (feet): 10.0

Sample No.: S-2

Soil Identification: Brown poorly graded sand with silt (SP-SM)

N 0.00

527.99 0.00

132.98 1.00

395.01 0.00

N

497.20

132.98

364.22

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 0 %
SAND: 92 %
FINES: 8 %
GROUP SYMBOL: SP-SM 2.48

1.40

Remarks:

PARTICLE-SIZE ANALYSIS of SOILS
ASTM D 422

Container No.:

SR-57 Widening

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

0.00

0.00

0.00

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

362.50

97.5

PAN

9.70

99.80.70

0.40

8.2

281.90 28.6

100.0

99.9

99.90.20

0.00



Project Name:

0 : 92 : 8

S-2

Aug-08

Exploration No.:

Depth (feet): 10.0 Soil Type :
 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Brown poorly graded sand with silt (SP-SM)

SP-SM

GR:SA:FI : (%)

SR-57 Widening

Project No.:
A-08-021 Sample No.:

370900.02.GE.0S

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM
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Project Name: Tested By: S. Felter Date: 08/04/08

Project No.: 370900.02.GE.0S Checked By: LF Date: 08/07/08

Exploration No.: A-08-021 Depth (feet): 15.0

Sample No.: D-3

Soil Identification: Olive brown poorly graded sand with silt (SP-SM)

HA 0.00

596.70 0.00

246.09 1.00

350.61 0.00

HA

576.60

246.09

330.51

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 0 %
SAND: 94 %
FINES: 6 %
GROUP SYMBOL: SP-SM 2.33

1.19

Remarks:

100.0

0.00

0.00

99.71.20

0.00

5.7

286.00 18.4

330.60

78.3

PAN

76.00

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

0.00

0.00

0.00

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

PARTICLE-SIZE ANALYSIS of SOILS
ASTM D 422

Container No.:

SR-57 Widening



GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

Project No.:
A-08-021 Sample No.:

370900.02.GE.0S

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive brown poorly graded sand with silt (SP-SM)

SP-SM

GR:SA:FI : (%)

SR-57 Widening
Exploration No.:

Depth (feet): 15.0 Soil Type :

Project Name:

0 : 94 : 6

D-3

Aug-08
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 08/19/08

Project No. : Data Input By: LF Date: 08/21/08

Exploration No.:

Sample No.: Depth (feet) :     25.0

% Gravel 0 Soil Type

% Sand 55

% Fines 45

2.70 0.00 0.00

0.99 0.00 0.00 112.35

336.13 1.00 1.00 75.91

38.64 0.00 0.00

297.49 36.44

3" 0.00 100.0 0.00 100.0 100.0

1½" 0.00 100.0 0.21 99.7 99.7

3/4" 0.00 100.0 1.61 97.5 97.5

3/8" 0.00 100.0 8.75 86.3 86.3

No. 4 0.00 100.0 24.31 61.8 61.8

No. 10 0.00 100.0 35.21 44.7 44.7

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 63.72             Wt. of Dry Soil (g) 63.72

Deflocculant  125 cc of 4% Solution

19-Aug-08 10:30 0

10:32 2 22.0 30.0 34.2 0.0313

10:35 5 22.0 28.0 31.1 0.0201

10:45 15 22.0 26.0 28.0 0.0117

11:00 30 21.9 25.0 26.5 0.0085

11:30 60 22.1 23.0 23.4 0.0060

12:30 120 22.5 22.0 21.8 0.0043

14:40 250 22.9 21.0 20.2 0.0030

20-Aug-08 10:30 1440 21.6 19.0 17.1 0.0013

After 
Hydrometer & 

Wet Sieve ret. in 
#200 Sieve

8.0

8.0

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

8.0

8.0

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

SC

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

8.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

8.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

8.0

8.0

8.0

Elapsed Time 
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

 Correction for Specific Gravity

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

SR-57 Widening

370900.02.GE.0S

A-08-021

D-5

Yellowish brown clayey sand (SC)

SA & Hyd A-08-021, D-5



0 : 55 : 45

D-5

Aug-08

Depth (feet) :  25.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Yellowish brown clayey sand (SC)

370900.02.GE.0S
Exploration No.:

SC

GR:SA:FI : (%)

Project No.:
A-08-021 Sample No.:

SR-57 Widening

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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Project Name: Tested By: S. Felter Date: 08/18/08

Project No.: 370900.02.GE.0S Checked By: LF Date: 08/19/08

Exploration No.: A-08-022 Depth (feet): 2 - 7

Sample No.: Bag-1

Soil Identification: Brown clayey sand (SC)

Whole Sample
Sample Passing 

#4
Whole Sample

Sample 
passing #4

CP-17 VO Wt. of Air-Dry Soil + Cont.(g) 0.00 0.00

3234.20 775.00 Wt. of Dry Soil + Cont.     (g) 0.00 0.00

223.30 234.80 Wt. of Container No._____(g) 1.00 1.00

3010.90 540.20 Moisture Content (%) 0.00 0.00

VO

523.30

234.80

288.50

(mm.)

6"

3"

1 1/2

3/4"

3/8"

#4

#8

#16

#30

#50

#100

#200

GRAVEL: 1 %
SAND: 52 %
FINES: 47 %
GROUP SYMBOL

Remarks:

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

SC

Wt. of Container            (g)

Wt. Air-Dried Soil + Cont.(g)

85.0

63.2

Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Container No.

Dry Wt. of Soil              (g)

PARTICLE-SIZE ANALYSIS of SOILS
ASTM D 422

Container No.:

SR-57 Widening

Moisture ContentsCalculation of Dry Weights

99.1

Cumulative Weight of Dry Soil Retained (g)

Sample Passing #4

0.00

97.6

94.1

Percent Passing       
(%)

99.1

99.0

98.7

46.6

100.0

Passing #4 Material After Wet Sieve

152.400

U. S. Sieve Size

75.000

37.500

19.000

9.500

Whole Sample

4.750

2.360

1.180

0.600

0.300

0.150

0.075

PAN

0.00

27.50

27.50

30.20

1.40

7.70

26.60

76.20

195.30

286.00



GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

Project No.:
A-08-022 Sample No.:

370900.02.GE.0S

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Brown clayey sand (SC)

SC

GR:SA:FI : (%)

SR-57 Widening
Exploration No.:

Depth (feet): 2 - 7 Soil Type :

Project Name:

1 : 52 : 47

Bag-1

Aug-08
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 08/28/08

Project No. : Data Input By: LF Date: 09/03/08

Exploration No.:

Sample No.: Depth (feet) :     5.0

% Gravel 0 Soil Type

% Sand 57

% Fines 43

2.70 0.00 0.00

0.99 0.00 0.00 114.89

424.51 1.00 1.00 77.25

140.79 0.00 0.00

283.72 37.64

3" 0.00 100.0 0.00 100.0 99.2

1½" 0.00 100.0 0.56 99.1 98.3

3/4" 0.00 100.0 2.97 95.4 94.6

3/8" 0.00 100.0 8.82 86.3 85.6

No. 4 1.20 99.6 23.10 64.2 63.6

No. 10 2.29 99.2 36.29 43.7 43.3

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 64.44             Wt. of Dry Soil (g) 64.44

Deflocculant  125 cc of 4% Solution

28-Aug-08 9:22 0

9:24 2 21.7 29.0 32.8 0.0318

9:27 5 21.8 26.0 28.2 0.0206

9:37 15 21.8 24.0 25.2 0.0121

9:52 30 21.8 23.0 23.7 0.0086

10:22 60 21.7 22.0 22.1 0.0061

11:22 120 21.6 21.0 20.6 0.0044

13:32 250 22.1 20.5 19.9 0.0030

29-Aug-08 9:22 1440 21.6 19.0 17.6 0.0013

After 
Hydrometer & 

Wet Sieve ret. in 
#200 Sieve

7.5

7.5

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

7.5

7.5

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

SC

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

7.5

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

8.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.5

7.5

7.5

Elapsed Time 
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

 Correction for Specific Gravity

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

SR-57 Widening

370900.02.GE.0S

A-08-022

D-1

Yellowish brown clayey sand (SC)

SA & Hyd A-08-022, D-1



0 : 57 : 43

D-1

Sep-08

Depth (feet) :  5.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Yellowish brown clayey sand (SC)

370900.02.GE.0S
Exploration No.:

SC

GR:SA:FI : (%)

Project No.:
A-08-022 Sample No.:

SR-57 Widening

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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Project Name: Tested By: S. Felter Date: 08/08/08

Project No.: 370900.02.GE.0S Checked By: LF Date: 08/12/08

Exploration No.: A-08-022 Depth (feet): 10.0

Sample No.: S-2

Soil Identification: Brown clayey sand (SC)

GP 0.00

579.26 0.00

137.74 1.00

441.52 0.00

GP

406.30

137.74

268.56

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 1 %
SAND: 59 %
FINES: 40 %
GROUP SYMBOL: SC

Remarks:

PARTICLE-SIZE ANALYSIS of SOILS
ASTM D 422

Container No.:

SR-57 Widening

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

0.00

0.00

2.10

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

263.00

80.5

PAN

86.00

91.139.20

13.20

40.4

170.00 61.5

100.0

99.5

97.0

98.85.30

0.00



Project Name:

1 : 59 : 40

S-2

Aug-08

Exploration No.:

Depth (feet): 10.0 Soil Type :
 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Brown clayey sand (SC)

SC

GR:SA:FI : (%)

SR-57 Widening

Project No.:
A-08-022 Sample No.:

370900.02.GE.0S

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM
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SA A-08-022, S-2



Project Name: Tested By: S. Felter Date: 08/05/08

Project No.: 370900.02.GE.0S Checked By: LF Date: 08/07/08

Exploration No.: A-08-022 Depth (feet): 15.0

Sample No.: D-3

Soil Identification: Brown silty sand (SM)

SP 0.00

621.57 0.00

220.59 1.00

400.98 0.00

SP

519.00

220.59

298.41

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 0 %
SAND: 74 %
FINES: 26 %
GROUP SYMBOL: SM

Remarks:

100.0

98.9

99.80.80

0.00

93.028.10

4.60

25.8

230.40 42.5

297.70

75.6

PAN

97.90

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

0.00

0.00

0.00

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

PARTICLE-SIZE ANALYSIS of SOILS
ASTM D 422

Container No.:

SR-57 Widening



GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

Project No.:
A-08-022 Sample No.:

370900.02.GE.0S

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Brown silty sand (SM)

SM

GR:SA:FI : (%)

SR-57 Widening
Exploration No.:

Depth (feet): 15.0 Soil Type :

Project Name:

0 : 74 : 26

D-3

Aug-08
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 08/18/08

Project No. : Data Input By: LF Date: 08/21/08

Exploration No.:

Sample No.: Depth (feet) :     5.0

% Gravel 11 Soil Type

% Sand 30

% Fines 59

2.70 0.00 0.00

0.99 0.00 0.00 101.24

781.70 1.00 1.00 77.27

251.40 0.00 0.00

530.30 23.97

3" 0.00 100.0 0.00 100.0 87.2

1½" 0.00 100.0 0.97 98.5 85.9

3/4" 26.15 95.1 3.56 94.6 82.5

3/8" 45.23 91.5 7.83 88.1 76.8

No. 4 59.59 88.8 13.52 79.4 69.2

No. 10 67.94 87.2 21.61 67.1 58.5

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 65.60             Wt. of Dry Soil (g) 65.60

Deflocculant  125 cc of 4% Solution

18-Aug-08 9:02 0

9:04 2 21.6 35.0 35.6 0.0306

9:07 5 21.7 31.0 30.3 0.0199

9:17 15 21.7 29.0 27.7 0.0116

9:32 30 21.5 27.5 25.7 0.0083

10:02 60 21.6 25.5 23.1 0.0060

11:02 120 21.9 24.0 21.1 0.0043

13:12 250 22.6 22.0 18.5 0.0030

19-Aug-08 9:02 1440 21.8 18.0 13.2 0.0013

After 
Hydrometer & 

Wet Sieve ret. in 
#200 Sieve

8.0

8.0

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

8.0

8.0

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

s(CL-ML)

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

8.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

8.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

8.0

8.0

8.0

Elapsed Time 
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

 Correction for Specific Gravity

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

SR-57 Widening

370900.02.GE.0S

A-08-023

D-1

Olive sandy silty clay s(CL-ML)

SA & Hyd A-08-023, D-1



11 : 30 : 59

D-1

Aug-08

Depth (feet) :  5.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive sandy silty clay s(CL-ML)

370900.02.GE.0S
Exploration No.:

s(CL-ML)

GR:SA:FI : (%)

Project No.:
A-08-023 Sample No.:

SR-57 Widening

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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Project Name: Tested By: S. Felter Date: 08/11/08

Project No.: 370900.02.GE.0S Checked By: LF Date: 08/12/08

Exploration No.: A-08-023 Depth (feet): 20.0

Sample No.: S-4

Soil Identification: Olive gray silty, clayey sand (SC-SM)

RB 0.00

491.94 0.00

137.01 1.00

354.93 0.00

RB

345.50

137.01

208.49

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 2 %
SAND: 56 %
FINES: 42 %
GROUP SYMBOL: SC-SM

Remarks:

PARTICLE-SIZE ANALYSIS of SOILS
ASTM D 422

Container No.:

SR-57 Widening

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

0.00

2.10

5.20

100.0

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

205.90

87.6

PAN

43.90

93.822.10

15.90

42.0

130.20 63.3

99.4

98.5

95.5

97.010.80

0.00



Project Name:

2 : 56 : 42

S-4

Aug-08

Exploration No.:

Depth (feet): 20.0 Soil Type :
 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive gray silty, clayey sand (SC-SM)

SC-SM

GR:SA:FI : (%)

SR-57 Widening

Project No.:
A-08-023 Sample No.:

370900.02.GE.0S

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 08/28/08

Project No. : Data Input By: LF Date: 09/02/08

Exploration No.:

Sample No.: Depth (feet) :     45.0

% Gravel 0 Soil Type

% Sand 67

% Fines 33

2.70 0.00 0.00

0.99 0.00 0.00 154.22

546.17 1.00 1.00 74.28

132.69 0.00 0.00

413.48 79.94

3" 0.00 100.0 0.00 100.0 100.0

1½" 0.00 100.0 0.03 100.0 99.9

3/4" 0.00 100.0 0.56 99.5 99.5

3/8" 0.00 100.0 5.29 95.4 95.4

No. 4 0.00 100.0 42.21 63.4 63.4

No. 10 0.10 100.0 77.09 33.1 33.1

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 115.23             Wt. of Dry Soil (g) 115.23

Deflocculant  125 cc of 4% Solution

28-Aug-08 9:14 0

9:16 2 21.8 35.0 23.7 0.0306

9:19 5 21.7 31.5 20.7 0.0198

9:29 15 21.8 29.5 18.9 0.0116

9:44 30 21.7 28.0 17.6 0.0083

10:14 60 21.7 27.0 16.8 0.0059

11:14 120 21.6 25.0 15.1 0.0042

13:24 250 22.1 24.0 14.2 0.0029

29-Aug-08 9:14 1440 21.6 22.0 12.5 0.0012

Soil Identification:

SR-57 Widening

370900.02.GE.0S

A-08-023

D-9

Yellowish brown silty fine sand (SM)

 Correction for Specific Gravity

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing% PassingU.S. Sieve U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Wt. of Container   Moisture Content (%)

8.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.5

7.5

7.5

Elapsed Time 
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)

7.5

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

SM

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

After 
Hydrometer & 

Wet Sieve ret. in 
#200 Sieve

7.5

7.5

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

7.5

7.5

SA & Hyd A-08-023, D-9



GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

Project No.:
A-08-023 Sample No.:

SR-57 Widening

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Yellowish brown silty fine sand (SM)

370900.02.GE.0S
Exploration No.:

SM

GR:SA:FI : (%)

Depth (feet) :  45.0 Soil Type :

Project Name:

0 : 67 : 33

D-9

Sep-08
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Project Name: Tested By: S. Felter Date: 08/11/08

Project No.: 370900.02.GE.0S Checked By: LF Date: 08/12/08

Exploration No.: A-08-023 Depth (feet): 50.0

Sample No.: S-10

Soil Identification: Brown poorly graded sand with silt (SP-SM)

KG 0.00

454.00 0.00

140.93 1.00

313.07 0.00

KG

433.40

140.93

292.47

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 1 %
SAND: 92 %
FINES: 7 %
GROUP SYMBOL: SP-SM 3.75

1.11

Remarks:

PARTICLE-SIZE ANALYSIS of SOILS
ASTM D 422

Container No.:

SR-57 Widening

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

0.00

0.00

2.00

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

291.50

39.3

PAN

189.90

74.978.50

20.40

6.9

269.30 14.0

100.0

99.4

93.5

98.06.40

0.00



Project Name:

1 : 92 : 7

S-10

Aug-08

Exploration No.:

Depth (feet): 50.0 Soil Type :
 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Brown poorly graded sand with silt (SP-SM)

SP-SM

GR:SA:FI : (%)

SR-57 Widening

Project No.:
A-08-023 Sample No.:

370900.02.GE.0S

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 08/28/08

Project No. : Data Input By: LF Date: 09/03/08

Exploration No.:

Sample No.: Depth (feet) :     0-7

% Gravel 2 Soil Type

% Sand 24

% Fines 74

2.70 0.00 0.00

0.99 0.00 0.00 92.75

573.87 1.00 1.00 76.38

75.94 0.00 0.00

497.93 16.37

3" 0.00 100.0 0.00 100.0 96.3

1½" 0.00 100.0 0.60 99.1 95.4

3/4" 0.00 100.0 3.03 95.4 91.9

3/8" 3.35 99.3 6.23 90.5 87.1

No. 4 9.09 98.2 9.97 84.8 81.6

No. 10 18.34 96.3 15.31 76.6 73.8

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 65.40             Wt. of Dry Soil (g) 65.40

Deflocculant  125 cc of 4% Solution

28-Aug-08 9:18 0

9:20 2 21.7 45.5 55.5 0.0279

9:23 5 21.7 40.5 48.2 0.0185

9:33 15 21.9 36.5 42.4 0.0110

9:48 30 21.7 34.0 38.7 0.0079

10:18 60 21.8 32.5 36.5 0.0057

11:18 120 21.6 30.0 32.9 0.0041

13:28 250 22.1 29.0 31.4 0.0028

29-Aug-08 9:18 1440 21.6 25.5 26.3 0.0012

After 
Hydrometer & 

Wet Sieve ret. in 
#200 Sieve

7.5

7.5

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

7.5

7.5

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

(CL)s

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

7.5

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

8.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.5

7.5

7.5

Elapsed Time 
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

 Correction for Specific Gravity

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

SR-57 Widening

370900.02.GE.0S

A-08-024

Bag-1

Olive lean clay with sand (CL)s

SA & Hyd A-08-024, Bag-1



2 : 24 : 74

Bag-1

Sep-08

Depth (feet) :  0-7 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive lean clay with sand (CL)s

370900.02.GE.0S
Exploration No.:

(CL)s

GR:SA:FI : (%)

Project No.:
A-08-024 Sample No.:

SR-57 Widening

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 09/01/08

Project No. : Data Input By: LF Date: 09/04/08

Exploration No.:

Sample No.: Depth (feet) :     5.0

% Gravel 4 Soil Type

% Sand 30

% Fines 66

2.70 0.00 0.00

0.99 0.00 0.00 96.68

742.12 1.00 1.00 76.72

142.58 0.00 0.00

599.54 19.96

3" 0.00 100.0 0.00 100.0 93.3

1½" 0.00 100.0 0.75 98.8 92.2

3/4" 0.00 100.0 2.37 96.3 89.8

3/8" 15.14 97.5 4.71 92.6 86.4

No. 4 25.18 95.8 10.35 83.8 78.2

No. 10 40.13 93.3 18.73 70.6 65.9

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 63.72             Wt. of Dry Soil (g) 63.72

Deflocculant  125 cc of 4% Solution

01-Sep-08 10:06 0

10:08 2 21.9 40.0 46.5 0.0292

10:11 5 21.9 36.0 40.7 0.0192

10:21 15 21.9 32.5 35.6 0.0114

10:36 30 22.0 30.0 32.0 0.0081

11:06 60 22.2 28.0 29.1 0.0058

12:06 120 22.7 26.5 26.9 0.0041

14:16 250 23.4 25.0 24.7 0.0029

02-Sep-08 10:06 1440 21.9 22.0 20.3 0.0012

Soil Identification:

SR-57 Widening

370900.02.GE.0S

A-08-024

D-1

Olive brown sandy lean clay s(CL)

 Correction for Specific Gravity

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing% PassingU.S. Sieve U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Wt. of Container   Moisture Content (%)

8.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

8.0

8.0

8.0

Elapsed Time 
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)

8.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

s(CL)

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

After 
Hydrometer & 

Wet Sieve ret. in 
#200 Sieve

8.0

8.0

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

8.0

8.0

SA & Hyd A-08-024, D-1



GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

Project No.:
A-08-024 Sample No.:

SR-57 Widening

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive brown sandy lean clay s(CL)

370900.02.GE.0S
Exploration No.:

s(CL)

GR:SA:FI : (%)

Depth (feet) :  5.0 Soil Type :

Project Name:

4 : 30 : 66

D-1

Sep-08
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Project Name: Tested By: S. Felter Date: 08/08/08

Project No.: 370900.02.GE.0S Checked By: LF Date: 08/12/08

Exploration No.: A-08-024 Depth (feet): 10.0

Sample No.: S-2

Soil Identification: Olive gray clayey sand (SC)

M 0.00

439.00 0.00

144.86 1.00

294.14 0.00

M

310.60

144.86

165.74

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 6 %
SAND: 50 %
FINES: 44 %
GROUP SYMBOL: SC

Remarks:

PARTICLE-SIZE ANALYSIS of SOILS
ASTM D 422

Container No.:

SR-57 Widening

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

0.00

1.90

17.60

100.0

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

164.50

71.9

PAN

82.80

78.962.20

47.00

44.1

124.90 57.5

99.4

94.0

84.0

88.932.70

0.00



Project Name:

6 : 50 : 44

S-2

Aug-08

Exploration No.:

Depth (feet): 10.0 Soil Type :
 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive gray clayey sand (SC)

SC

GR:SA:FI : (%)

SR-57 Widening

Project No.:
A-08-024 Sample No.:

370900.02.GE.0S

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM
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Project Name: Tested By: S. Felter Date: 08/08/08

Project No.: 370900.02.GE.0S Checked By: LF Date: 08/12/08

Exploration No.: A-08-024 Depth (feet): 30.0

Sample No.: S-6

Soil Identification: Light gray clayey sand (SC)

J 0.00

591.10 0.00

140.70 1.00

450.40 0.00

J

401.20

140.70

260.50

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 3 %
SAND: 54 %
FINES: 43 %
GROUP SYMBOL: SC

Remarks:

PARTICLE-SIZE ANALYSIS of SOILS
ASTM D 422

Container No.:

SR-57 Widening

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

0.00

4.70

14.10

100.0

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

255.00

87.3

PAN

57.40

92.135.50

27.30

43.4

150.80 66.5

99.0

96.9

93.9

95.420.80

0.00



Project Name:

3 : 54 : 43

S-6

Aug-08

Exploration No.:

Depth (feet): 30.0 Soil Type :
 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Light gray clayey sand (SC)

SC

GR:SA:FI : (%)

SR-57 Widening

Project No.:
A-08-024 Sample No.:

370900.02.GE.0S

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 08/19/08

Project No. : Data Input By: LF Date: 08/21/08

Exploration No.:

Sample No.: Depth (feet) :     5.0

% Gravel 1 Soil Type

% Sand 21

% Fines 78

2.70 0.00 0.00

0.99 0.00 0.00 91.81

320.03 1.00 1.00 77.16

38.80 0.00 0.00

281.23 14.65

3" 0.00 100.0 0.00 100.0 97.5

1½" 0.00 100.0 0.52 99.2 96.7

3/4" 0.00 100.0 1.84 97.1 94.7

3/8" 2.93 99.0 4.12 93.5 91.2

No. 4 3.51 98.8 7.64 87.9 85.7

No. 10 6.97 97.5 12.92 79.5 77.6

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 63.16             Wt. of Dry Soil (g) 63.16

Deflocculant  125 cc of 4% Solution

19-Aug-08 10:26 0

10:28 2 21.8 44.0 55.1 0.0283

10:31 5 21.9 39.0 47.5 0.0187

10:41 15 22.0 35.0 41.4 0.0110

10:56 30 21.9 32.0 36.8 0.0081

11:26 60 22.0 30.0 33.7 0.0057

12:26 120 22.4 28.0 30.6 0.0041

14:36 250 22.9 26.0 27.6 0.0029

20-Aug-08 10:26 1440 21.6 22.5 22.2 0.0012

After 
Hydrometer & 

Wet Sieve ret. in 
#200 Sieve

8.0

8.0

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

8.0

8.0

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

(CL)s

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

8.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

8.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

8.0

8.0

8.0

Elapsed Time 
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

 Correction for Specific Gravity

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

SR-57 Widening

370900.02.GE.0S

A-08-025

D-1

Olive lean clay with sand (CL)s

SA & Hyd A-08-025, D-1



1 : 21 : 78

D-1

Aug-08

Depth (feet) :  5.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive lean clay with sand (CL)s

370900.02.GE.0S
Exploration No.:

(CL)s

GR:SA:FI : (%)

Project No.:
A-08-025 Sample No.:

SR-57 Widening

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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Project Name: Tested By: S. Felter Date: 08/25/08

Project No.: 370900.02.GE.0S Checked By: LF Date: 08/26/08

Exploration No.: A-08-025 Depth (feet): 45.0

Sample No.: D-9

Soil Identification: Gray well-graded sand with silt and gravel (SW-SM)g

VO 0.00

970.00 0.00

234.80 1.00

735.20 0.00

VO

920.40

234.80

685.60

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 44 %
SAND: 49 %
FINES: 7 %
GROUP SYMBOL: (SW-SM)g 36.00

2.78

Remarks:

79.9

56.0

26.8

38.8450.30

17.20

100.0

18.4599.70

538.30

6.9

664.40 9.6

684.80

13.5

PAN

636.30

97.7

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

0.00

147.50

323.80

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

PARTICLE-SIZE ANALYSIS of SOILS
ASTM D 422

Container No.:

SR-57 Widening



GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

Project No.:
A-08-025 Sample No.:

370900.02.GE.0S

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Gray well-graded sand with silt and gravel (SW-SM)g

(SW-SM)g

GR:SA:FI : (%)

SR-57 Widening
Exploration No.:

Depth (feet): 45.0 Soil Type :

Project Name:

44 : 49 : 7

D-9

Aug-08
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 09/01/08

Project No. : Data Input By: LF Date: 09/04/08

Exploration No.:

Sample No.: Depth (feet) :     65.0

% Gravel 3 Soil Type

% Sand 44

% Fines 53

2.70 0.00 0.00

0.99 0.00 0.00 105.38

731.18 1.00 1.00 76.36

139.98 0.00 0.00

591.20 29.02

3" 0.00 100.0 0.00 100.0 95.0

1½" 0.00 100.0 1.66 97.4 92.5

3/4" 0.00 100.0 5.19 91.9 87.3

3/8" 4.98 99.2 10.59 83.5 79.3

No. 4 17.00 97.1 19.37 69.8 66.3

No. 10 29.68 95.0 28.59 55.5 52.7

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 64.18             Wt. of Dry Soil (g) 64.18

Deflocculant  125 cc of 4% Solution

01-Sep-08 10:10 0

10:12 2 21.9 34.5 38.9 0.0306

10:15 5 21.9 31.0 33.8 0.0199

10:25 15 21.9 29.0 30.8 0.0116

10:40 30 22.0 27.5 28.6 0.0082

11:10 60 22.3 26.0 26.4 0.0059

12:10 120 22.7 25.0 25.0 0.0042

14:20 250 23.4 24.0 23.5 0.0029

02-Sep-08 10:10 1440 21.9 21.0 19.1 0.0013

Soil Identification:

SR-57 Widening

370900.02.GE.0S

A-08-025

D-13

Brown sandy lean clay s(CL)

 Correction for Specific Gravity

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing% PassingU.S. Sieve U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Wt. of Container   Moisture Content (%)

8.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

8.0

8.0

8.0

Elapsed Time 
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)

8.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

s(CL)

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

After 
Hydrometer & 

Wet Sieve ret. in 
#200 Sieve

8.0

8.0

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

8.0

8.0

SA & Hyd A-08-025, D-13



GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

Project No.:
A-08-025 Sample No.:

SR-57 Widening

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Brown sandy lean clay s(CL)

370900.02.GE.0S
Exploration No.:

s(CL)

GR:SA:FI : (%)

Depth (feet) :  65.0 Soil Type :

Project Name:

3 : 44 : 53

D-13

Sep-08
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 09/19/08

Project No. : Data Input By: LF Date: 09/25/08

Exploration No.:

Sample No.: Depth (feet) :     5-10

% Gravel 2 Soil Type

% Sand 31

% Fines 67

2.70 0.00 0.00

0.99 0.00 0.00 96.21

1336.90 1.00 1.00 76.37

223.59 0.00 0.00

1113.31 19.84

3" 0.00 100.0 0.00 100.0 95.3

1½" 0.00 100.0 0.80 98.8 94.1

3/4" 0.00 100.0 3.29 95.0 90.5

3/8" 8.54 99.2 6.75 89.7 85.4

No. 4 26.44 97.6 12.17 81.4 77.6

No. 10 52.70 95.3 19.19 70.7 67.3

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 65.45             Wt. of Dry Soil (g) 65.45

Deflocculant  125 cc of 4% Solution

19-Sep-08 8:50 0

8:52 2 21.5 45.0 54.1 0.0280

8:55 5 21.5 41.0 48.4 0.0184

9:05 15 21.6 37.0 42.6 0.0110

9:20 30 21.6 35.0 39.7 0.0079

9:50 60 21.7 33.0 36.8 0.0057

10:50 120 21.9 31.0 33.9 0.0041

13:00 250 22.5 29.0 31.0 0.0028

20-Sep-08 8:50 1440 20.8 26.0 26.7 0.0012

Soil Identification:

SR-57 Widening

370900.02.GE.0S

A-08-026

Bag-1

Yellowish brown sandy lean clay s(CL)

 Correction for Specific Gravity

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing% PassingU.S. Sieve U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Wt. of Container   Moisture Content (%)

7.5

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.5

7.5

7.5

Elapsed Time 
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)

7.5

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

s(CL)

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

After 
Hydrometer & 

Wet Sieve ret. in 
#200 Sieve

7.5

7.5

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

7.5

7.5

SA & Hyd A-08-026, Bag-1



GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

Project No.:
A-08-026 Sample No.:

SR-57 Widening

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Yellowish brown sandy lean clay s(CL)

370900.02.GE.0S
Exploration No.:

s(CL)

GR:SA:FI : (%)

Depth (feet) :  5-10 Soil Type :

Project Name:

2 : 31 : 67

Bag-1

Sep-08
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 09/19/08

Project No. : Data Input By: LF Date: 09/25/08

Exploration No.:

Sample No.: Depth (feet) :     15.0

% Gravel 27 Soil Type

% Sand 51

% Fines 22

2.70 0.00 0.00

0.99 0.00 0.00 145.17

509.94 1.00 1.00 73.66

79.39 0.00 0.00

430.55 71.51

3" 0.00 100.0 0.00 100.0 60.7

1½" 0.00 100.0 7.92 92.8 56.4

3/4" 40.74 90.5 23.56 78.7 47.8

3/8" 64.16 85.1 40.08 63.7 38.7

No. 4 117.53 72.7 56.85 48.5 29.4

No. 10 169.16 60.7 69.50 37.0 22.5

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 110.36             Wt. of Dry Soil (g) 110.36

Deflocculant  125 cc of 4% Solution

19-Sep-08 8:46 0

8:48 2 21.5 39.0 17.2 0.0295

8:51 5 21.4 34.0 14.5 0.0194

9:01 15 21.5 29.0 11.7 0.0116

9:16 30 21.5 26.5 10.4 0.0084

9:46 60 21.6 24.0 9.0 0.0060

10:46 120 21.9 22.0 7.9 0.0043

12:56 250 22.5 20.0 6.8 0.0030

20-Sep-08 8:46 1440 20.8 17.0 5.2 0.0013

Soil Identification:

SR-57 Widening

370900.02.GE.0S

A-08-026

S-3

Light olive brown silty sand with gravel (SM)g

 Correction for Specific Gravity

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing% PassingU.S. Sieve U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Wt. of Container   Moisture Content (%)

7.5

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.5

7.5

7.5

Elapsed Time 
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)

7.5

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

(SM)g

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

After 
Hydrometer & 

Wet Sieve ret. in 
#200 Sieve

7.5

7.5

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

7.5

7.5

SA & Hyd A-08-026, S-3



GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

Project No.:
A-08-026 Sample No.:

SR-57 Widening

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Light olive brown silty sand with gravel (SM)g

370900.02.GE.0S
Exploration No.:

(SM)g

GR:SA:FI : (%)

Depth (feet) :  15.0 Soil Type :

Project Name:

27 : 51 : 22

S-3

Sep-08
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 09/19/08

Project No. : Data Input By: LF Date: 09/25/08

Exploration No.:

Sample No.: Depth (feet) :     25.0

% Gravel 0 Soil Type

% Sand 45

% Fines 55

2.70 0.00 0.00

0.99 0.00 0.00 104.82

278.43 1.00 1.00 76.56

204.16 0.00 0.00

74.27 28.26

3" 0.00 100.0 0.00 100.0 96.4

1½" 0.00 100.0 0.90 98.6 95.1

3/4" 0.00 100.0 4.54 93.1 89.7

3/8" 0.00 100.0 12.06 81.6 78.7

No. 4 0.00 100.0 20.72 68.5 66.0

No. 10 2.68 96.4 28.23 57.0 55.0

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 65.72             Wt. of Dry Soil (g) 65.72

Deflocculant  125 cc of 4% Solution

19-Sep-08 8:42 0

8:44 2 21.5 39.0 45.8 0.0295

8:47 5 21.5 36.0 41.5 0.0192

8:57 15 21.5 33.0 37.1 0.0113

9:12 30 21.5 32.0 35.6 0.0081

9:42 60 21.6 30.0 32.7 0.0058

10:42 120 21.9 29.0 31.3 0.0041

12:52 250 22.5 27.5 29.1 0.0029

20-Sep-08 8:42 1440 20.8 25.0 25.5 0.0012

Soil Identification:

SR-57 Widening

370900.02.GE.0S

A-08-026

S-5

Light olive brown sandy lean clay s(CL)

 Correction for Specific Gravity

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing% PassingU.S. Sieve U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Wt. of Container   Moisture Content (%)

7.5

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.5

7.5

7.5

Elapsed Time 
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)

7.5

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

s(CL)

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

After 
Hydrometer & 

Wet Sieve ret. in 
#200 Sieve

7.5

7.5

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

7.5

7.5

SA & Hyd A-08-026, S-5



GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

Project No.:
A-08-026 Sample No.:

SR-57 Widening

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Light olive brown sandy lean clay s(CL)

370900.02.GE.0S
Exploration No.:

s(CL)

GR:SA:FI : (%)

Depth (feet) :  25.0 Soil Type :

Project Name:

0 : 45 : 55

S-5

Sep-08
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 09/26/08

Project No. : Data Input By: J. Ward Date: 09/30/08

Exploration No.:

Sample No.: Depth (feet) :     N/A

% Gravel 4 Soil Type

% Sand 54

% Fines 42

2.70 0.00 0.00

0.99 0.00 0.00 130.08

326.22 1.00 1.00 77.38

39.90 0.00 0.00

286.32 52.70

3" 0.00 100.0 0.00 100.0 95.5

1½" 0.00 100.0 0.46 99.5 95.0

3/4" 0.00 100.0 1.30 98.5 94.1

3/8" 5.98 97.9 4.86 94.4 90.2

No. 4 10.72 96.3 23.94 72.3 69.0

No. 10 12.80 95.5 48.27 44.1 42.1

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 86.31             Wt. of Dry Soil (g) 86.31

Deflocculant  125 cc of 4% Solution

26-Sep-08 10:22 0

10:24 2 21.7 30.5 24.7 0.0316

10:27 5 21.7 27.0 20.9 0.0205

10:37 15 21.7 25.0 18.7 0.0120

10:52 30 21.8 23.5 17.0 0.0086

11:22 60 22.0 22.0 15.4 0.0060

12:22 120 22.2 21.0 14.3 0.0043

14:32 250 22.8 19.5 12.6 0.0030

27-Sep-08 12:22 1560 21.3 16.0 8.8 0.0012

After 
Hydrometer & 

Wet Sieve ret. in 
#200 Sieve

8.0

8.0

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

8.0

8.0

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

SC

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

8.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

8.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

8.0

8.0

8.0

Elapsed Time 
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

 Correction for Specific Gravity

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

SR-57 Widening

370900.02.GE.0S

A-08-026

D-8

Yellowish brown clayey sand (SC)

SA & Hyd A-08-026, D-8



4 : 54 : 42

D-8

Sep-08

Depth (feet) :  N/A Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Yellowish brown clayey sand (SC)

370900.02.GE.0S
Exploration No.:

SC

GR:SA:FI : (%)

Project No.:
A-08-026 Sample No.:

SR-57 Widening

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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SA & Hyd A-08-026, D-8



Project Name: Tested By: S. Felter Date: 09/18/08

Project No.: 370900.02.GE.0S Checked By: LF Date: 09/25/08

Exploration No.: A-08-026 Depth (feet): 65.0

Sample No.: S-13

Soil Identification: Yellowish brown poorly graded sand with silt (SP-SM)

989 0.00

670.10 0.00

110.50 1.00

559.60 0.00

989

609.70

110.50

499.20

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 0 %
SAND: 89 %
FINES: 11 %
GROUP SYMBOL: SP-SM 4.00

1.71

Remarks:

100.0

99.6

98.9

99.33.80

0.00

94.928.30

6.40

11.2

425.20 24.0

496.90

67.3

PAN

183.20

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

0.00

2.10

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

PARTICLE-SIZE ANALYSIS of SOILS
ASTM D 422

Container No.:

SR-57 Widening



GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

Project No.:
Sample No.:

370900.02.GE.0S

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Yellowish brown poorly graded sand with silt (SP-SM)

SP-SM

GR:SA:FI : (%)

SR-57 Widening
Exploration No.:

Depth (feet): 65.0 Soil Type :

A-08-026
Project Name:

0 : 89 : 11

S-13

Sep-08
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 08/07/08

Project No. : Data Input By: LF Date: 08/14/08

Exploration No.:

Sample No.: Depth (feet) :     0-7

% Gravel 8 Soil Type

% Sand 39

% Fines 53

2.70 0.00 0.00

0.99 0.00 0.00 104.41

716.50 1.00 1.00 74.49

82.80 0.00 0.00

633.70 29.92

3" 0.00 100.0 0.00 100.0 89.5

1½" 0.00 100.0 1.56 97.8 87.5

3/4" 25.20 96.0 4.63 93.4 83.5

3/8" 30.70 95.2 9.11 86.9 77.8

No. 4 47.90 92.4 18.77 73.1 65.4

No. 10 66.80 89.5 28.46 59.2 52.9

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 69.70             Wt. of Dry Soil (g) 69.70

Deflocculant  125 cc of 4% Solution

07-Aug-08 9:42 0

9:44 2 22.1 38.0 39.5 0.0295

9:47 5 22.1 33.0 33.1 0.0194

9:57 15 22.1 30.0 29.3 0.0114

10:12 30 22.2 28.0 26.7 0.0082

10:42 60 22.5 26.5 24.8 0.0059

11:42 120 23.0 25.0 22.9 0.0041

13:52 250 23.5 23.0 20.4 0.0029

08-Aug-08 9:42 1440 22.3 20.5 17.2 0.0012

Soil Identification:

SR-57 Widening

370900.02.GE.0S

A-08-027

BAG-1

Pale olive sandy lean clay s(CL)_

 Correction for Specific Gravity

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing% PassingU.S. Sieve U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Wt. of Container   Moisture Content (%)

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time 
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)

7.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

s(CL)

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

After 
Hydrometer & 

Wet Sieve ret. in 
#200 Sieve

7.0

7.0

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

7.0

7.0

SA & Hyd A-08-027, BAG-1



GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

Project No.:
A-08-027 Sample No.:

SR-57 Widening

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Pale olive sandy lean clay s(CL)_

370900.02.GE.0S
Exploration No.:

s(CL)

GR:SA:FI : (%)

Depth (feet) :  0-7 Soil Type :

Project Name:

8 : 39 : 53

BAG-1

Aug-08
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Project Name: Tested By: S. Felter Date: 08/01/08

Project No.: 370900.02.GE.0S Checked By: LF Date: 08/06/08

Exploration No.: A-08-027 Depth (feet): 10.0

Sample No.: S-2

Soil Identification: Olive brown silty, clayey sand (SC-SM) with caliche

K 0.00

521.76 0.00

138.52 1.00

383.24 0.00

K

360.10

138.52

221.58

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 6 %
SAND: 51 %
FINES: 43 %
GROUP SYMBOL: SC-SM

Remarks:

PARTICLE-SIZE ANALYSIS of SOILS
ASTM D 422

Container No.:

SR-57 Widening

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

0.00

11.90

22.10

100.0

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

219.40

74.8

PAN

96.70

82.965.40

44.30

42.8

163.20 57.4

96.9

94.2

88.4

91.831.60

0.00



Project Name:

6 : 51 : 43

S-2

Aug-08

Exploration No.:

Depth (feet): 10.0 Soil Type :
 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive brown silty, clayey sand (SC-SM) with caliche

SC-SM

GR:SA:FI : (%)

SR-57 Widening

Project No.:
A-08-027 Sample No.:

370900.02.GE.0S

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM
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Project Name: Tested By: S. Felter Date: 07/29/08

Project No.: 370900.02.GE.0S Checked By: LF Date: 07/30/08

Exploration No.: A-08-027 Depth (feet): 15.0

Sample No.: D-3

Soil Identification: Dark brown sandy lean clay s(CL)

WR 0.00

673.80 0.00

238.40 1.00

435.40 0.00

WR

425.00

238.40

186.60

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 0 %
SAND: 42 %
FINES: 58 %
GROUP SYMBOL: s(CL)

Remarks:

PARTICLE-SIZE ANALYSIS of SOILS
ASTM D 422

Container No.:

SR-57 Widening

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

0.00

0.90

1.30

100.0

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

184.50

88.9

PAN

48.20

94.324.70

12.30

57.6

113.50 73.9

99.8

99.7

97.2

98.65.90

0.00



Project Name:

0 : 42 : 58

D-3

Jul-08

Exploration No.:

Depth (feet): 15.0 Soil Type :
 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Dark brown sandy lean clay s(CL)

s(CL)

GR:SA:FI : (%)

SR-57 Widening

Project No.:
A-08-027 Sample No.:

370900.02.GE.0S

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 08/11/08

Project No. : Data Input By: LF Date: 09/10/08

Exploration No.:

Sample No.: Depth (feet) :     20.0

% Gravel 20 Soil Type

% Sand 38

% Fines 42

2.70 0.00 0.00

0.99 0.00 0.00 108.23

359.70 1.00 1.00 76.40

39.50 0.00 0.00

320.20 31.83

3" 0.00 100.0 0.00 100.0 79.2

1½" 0.00 100.0 0.93 98.6 78.1

3/4" 62.00 80.6 3.38 94.8 75.1

3/8" 62.00 80.6 7.69 88.2 69.8

No. 4 63.40 80.2 18.84 71.0 56.2

No. 10 66.60 79.2 30.54 53.0 42.0

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 65.00             Wt. of Dry Soil (g) 65.00

Deflocculant  125 cc of 4% Solution

11-Aug-08 11:22 0

11:24 2 22.2 34.0 31.4 0.0304

11:27 5 22.2 31.0 27.8 0.0196

11:37 15 22.2 28.0 24.2 0.0116

11:52 30 22.2 26.5 22.4 0.0083

12:22 60 22.3 25.0 20.5 0.0059

13:22 120 22.6 23.0 18.1 0.0042

15:32 250 22.7 22.0 16.9 0.0030

12-Aug-08 11:22 1440 22.7 19.5 13.9 0.0013

After 
Hydrometer & 

Wet Sieve ret. in 
#200 Sieve

8.0

8.0

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

8.0

8.0

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

(SC)g

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

8.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

8.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

8.0

8.0

8.0

Elapsed Time 
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

 Correction for Specific Gravity

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

SR-57 Widening

370900.02.GE.0S

A-08-027

S-4

Olive brown clayey sand with gravel (SC)g

SA & Hyd A-08-027, S-4



20 : 38 : 42

S-4

Sep-08

Depth (feet) :  20.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive brown clayey sand with gravel (SC)g

370900.02.GE.0S
Exploration No.:

(SC)g

GR:SA:FI : (%)

Project No.:
A-08-027 Sample No.:

SR-57 Widening

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 08/11/08

Project No. : Data Input By: LF Date: 08/15/08

Exploration No.:

Sample No.: Depth (feet) :     0-7

% Gravel 16 Soil Type

% Sand 23

% Fines 61

2.70 0.00 0.00

0.99 0.00 0.00 95.00

642.00 1.00 1.00 76.74

76.90 0.00 0.00

565.10 18.26

3" 0.00 100.0 0.00 100.0 82.6

1½" 0.00 100.0 0.67 99.0 81.8

3/4" 65.30 88.4 2.54 96.1 79.4

3/8" 79.80 85.9 5.43 91.7 75.8

No. 4 90.50 84.0 10.45 84.0 69.4

No. 10 98.20 82.6 17.30 73.6 60.8

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 65.50             Wt. of Dry Soil (g) 65.50

Deflocculant  125 cc of 4% Solution

11-Aug-08 9:10 0

9:12 2 21.7 43.0 43.8 0.0285

9:15 5 21.6 37.0 36.3 0.0190

9:25 15 21.5 33.5 31.9 0.0113

9:40 30 21.6 32.0 30.0 0.0081

10:10 60 21.7 30.0 27.5 0.0058

11:10 120 22.0 27.5 24.4 0.0041

13:20 250 22.6 26.0 22.5 0.0029

12-Aug-08 9:10 1440 22.2 22.0 17.5 0.0012

Soil Identification:

SR-57 Widening

370900.02.GE.0S

A-08-028

Bag-1

Olive sandy lean clay with gravel s(CL)g

 Correction for Specific Gravity

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing% PassingU.S. Sieve U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Wt. of Container   Moisture Content (%)

8.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

8.0

8.0

8.0

Elapsed Time 
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)

8.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

s(CL)g

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

After 
Hydrometer & 

Wet Sieve ret. in 
#200 Sieve

8.0

8.0

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

8.0

8.0

SA & Hyd A-08-028, Bag-1



GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

Project No.:
A-08-028 Sample No.:

SR-57 Widening

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive sandy lean clay with gravel s(CL)g

370900.02.GE.0S
Exploration No.:

s(CL)g

GR:SA:FI : (%)

Depth (feet) :  0-7 Soil Type :

Project Name:

16 : 23 : 61

Bag-1

Aug-08
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Project Name: Tested By: S. Felter Date: 08/06/08

Project No.: 370900.02.GE.0S Checked By: LF Date: 08/08/08

Exploration No.: A-08-028 Depth (feet): 5.0

Sample No.: D-1

Soil Identification: Olive lean clay with sand (CL)s

WR 0.00

615.70 0.00

238.40 1.00

377.30 0.00

WR

337.90

238.40

99.50

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 1 %
SAND: 24 %
FINES: 75 %
GROUP SYMBOL: (CL)s

Remarks:

100.0

99.5

97.3

98.45.90

0.00

95.118.30

10.10

75.1

56.70 85.0

94.10

91.5

PAN

32.20

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

0.00

0.00

1.80

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

PARTICLE-SIZE ANALYSIS of SOILS
ASTM D 422

Container No.:

SR-57 Widening



GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

Project No.:
A-08-028 Sample No.:

370900.02.GE.0S

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive lean clay with sand (CL)s

(CL)s

GR:SA:FI : (%)

SR-57 Widening
Exploration No.:

Depth (feet): 5.0 Soil Type :

Project Name:

1 : 24 : 75

D-1

Aug-08
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 08/07/08

Project No. : Data Input By: LF Date: 08/13/08

Exploration No.:

Sample No.: Depth (feet) :     10.0

% Gravel 0 Soil Type

% Sand 36

% Fines 64

2.70 0.00 0.00

0.99 0.00 0.00 100.31

319.50 1.00 1.00 76.13

39.40 0.00 0.00

280.10 24.18

3" 0.00 100.0 0.00 100.0 99.5

1½" 0.00 100.0 1.01 98.5 98.0

3/4" 0.00 100.0 3.14 95.2 94.7

3/8" 0.00 100.0 6.66 89.8 89.4

No. 4 0.30 99.9 14.39 78.0 77.6

No. 10 1.40 99.5 23.20 64.6 64.3

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 65.50             Wt. of Dry Soil (g) 65.50

Deflocculant  125 cc of 4% Solution

07-Aug-08 9:46 0

9:48 2 22.1 37.0 45.2 0.0296

9:51 5 22.1 34.0 40.7 0.0192

10:01 15 22.1 30.5 35.4 0.0114

10:16 30 22.3 28.5 32.4 0.0082

10:46 60 22.5 26.5 29.4 0.0059

11:46 120 23.0 25.0 27.1 0.0041

13:56 250 23.5 24.0 25.6 0.0029

08-Aug-08 9:46 1440 22.3 21.5 21.9 0.0012

Soil Identification:

SR-57 Widening

370900.02.GE.0S

A-08-028

S-2

Olive sandy lean clay s(CL)_

 Correction for Specific Gravity

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing% PassingU.S. Sieve U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Wt. of Container   Moisture Content (%)

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time 
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)

7.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

s(CL)

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

After 
Hydrometer & 

Wet Sieve ret. in 
#200 Sieve

7.0

7.0

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

7.0

7.0

SA & Hyd A-08-028, S-2



GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

Project No.:
A-08-028 Sample No.:

SR-57 Widening

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive sandy lean clay s(CL)_

370900.02.GE.0S
Exploration No.:

s(CL)

GR:SA:FI : (%)

Depth (feet) :  10.0 Soil Type :

Project Name:

0 : 36 : 64

S-2

Aug-08
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Project Name: Tested By: S. Felter Date: 08/04/08

Project No.: 370900.02.GE.0S Checked By: LF Date: 08/06/08

Exploration No.: A-08-028 Depth (feet): 15.0

Sample No.: D-3

Soil Identification: Grayish brown clayey sand (SC)

XY 0.00

717.90 0.00

249.00 1.00

468.90 0.00

XY

499.40

249.00

250.40

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 2 %
SAND: 50 %
FINES: 48 %
GROUP SYMBOL: SC

Remarks:

PARTICLE-SIZE ANALYSIS of SOILS
ASTM D 422

Container No.:

SR-57 Widening

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

0.00

3.40

8.60

100.0

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

245.50

89.5

PAN

49.20

95.122.90

14.70

47.6

153.30 67.3

99.3

98.2

96.9

97.611.30

0.00



Project Name:

2 : 50 : 48

D-3

Aug-08

Exploration No.:

Depth (feet): 15.0 Soil Type :
 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Grayish brown clayey sand (SC)

SC

GR:SA:FI : (%)

SR-57 Widening

Project No.:
A-08-028 Sample No.:

370900.02.GE.0S

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 08/11/08

Project No. : Data Input By: LF Date: 08/15/08

Exploration No.:

Sample No.: Depth (feet) :     20.0

% Gravel 14 Soil Type

% Sand 41

% Fines 45

2.70 0.00 0.00

0.99 0.00 0.00 112.90

309.30 1.00 1.00 82.43

39.40 0.00 0.00

269.90 30.47

3" 0.00 100.0 0.00 100.0 83.7

1½" 0.00 100.0 0.51 99.2 83.1

3/4" 16.75 93.8 1.78 97.2 81.4

3/8" 33.36 87.6 4.95 92.3 77.3

No. 4 37.91 86.0 16.70 73.9 61.9

No. 10 43.92 83.7 29.76 53.5 44.8

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 64.00             Wt. of Dry Soil (g) 64.00

Deflocculant  125 cc of 4% Solution

11-Aug-08 9:02 0

9:04 2 21.6 33.5 33.1 0.0309

9:07 5 21.7 30.5 29.2 0.0200

9:17 15 21.6 27.5 25.3 0.0118

9:32 30 21.7 26.0 23.4 0.0084

10:02 60 21.7 25.0 22.1 0.0060

11:02 120 22.1 23.0 19.5 0.0042

13:12 250 22.6 22.0 18.2 0.0030

12-Aug-08 9:02 1440 22.2 19.0 14.3 0.0013

Soil Identification:

SR-57 Widening

370900.02.GE.0S

A-08-028

S-4

Pale olive clayey sand (SC)

 Correction for Specific Gravity

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing% PassingU.S. Sieve U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Wt. of Container   Moisture Content (%)

8.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

8.0

8.0

8.0

Elapsed Time 
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)

8.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

SC

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

After 
Hydrometer & 

Wet Sieve ret. in 
#200 Sieve

8.0

8.0

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

8.0

8.0

SA & Hyd A-08-028, S-4



GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

Project No.:
A-08-028 Sample No.:

SR-57 Widening

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Pale olive clayey sand (SC)

370900.02.GE.0S
Exploration No.:

SC

GR:SA:FI : (%)

Depth (feet) :  20.0 Soil Type :

Project Name:

14 : 41 : 45

S-4

Aug-08
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 08/07/08

Project No. : Data Input By: LF Date: 08/12/08

Exploration No.:

Sample No.: Depth (feet) :     20.0

% Gravel 0 Soil Type

% Sand 58

% Fines 42

2.70 0.00 0.00

0.99 0.00 0.00 116.84

290.70 1.00 1.00 74.94

39.20 0.00 0.00

251.50 41.90

3" 0.00 100.0 0.00 100.0 99.9

1½" 0.00 100.0 0.02 100.0 99.9

3/4" 0.00 100.0 0.21 99.7 99.6

3/8" 0.00 100.0 2.96 95.7 95.7

No. 4 0.00 100.0 19.85 71.4 71.3

No. 10 0.20 99.9 40.21 42.1 42.0

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 69.40             Wt. of Dry Soil (g) 69.40

Deflocculant  125 cc of 4% Solution

07-Aug-08 9:50 0

9:52 2 22.1 26.5 27.9 0.0321

9:55 5 22.1 24.0 24.3 0.0207

10:05 15 22.2 22.0 21.4 0.0121

10:20 30 22.3 20.5 19.3 0.0086

10:50 60 22.6 19.0 17.1 0.0062

11:50 120 23.1 18.0 15.7 0.0043

14:00 250 23.5 17.0 14.3 0.0030

08-Aug-08 9:50 1440 22.3 16.0 12.9 0.0013

After 
Hydrometer & 

Wet Sieve ret. in 
#200 Sieve

7.0

7.0

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

7.0

7.0

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

SC

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

7.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

 Wt. of Container   Moisture Content (%)

7.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

7.0

7.0

7.0

Elapsed Time 
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)
% PassingU.S. Sieve U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

 Correction for Specific Gravity

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

SR-57 Widening

370900.02.GE.0S

A-08-030

S-4

Olive clayey sand (SC)

SA & Hyd A-08-030, S-4



0 : 58 : 42

S-4

Aug-08

Depth (feet) :  20.0 Soil Type :

Project Name:

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive clayey sand (SC)

370900.02.GE.0S
Exploration No.:

SC

GR:SA:FI : (%)

Project No.:
A-08-030 Sample No.:

SR-57 Widening

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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Project Name: Tested By: S. Felter Date: 08/05/08

Project No.: 370900.02.GE.0S Checked By: LF Date: 08/07/08

Exploration No.: A-08-030 Depth (feet): 25 - 30

Sample No.: Bag-2

Soil Identification: Light olive brown sandy lean clay s(CL) / with caliche

Whole Sample
Sample Passing 

#4
Whole Sample

Sample 
passing #4

IF VO Wt. of Air-Dry Soil + Cont.(g) 0.00 0.00

2238.70 774.00 Wt. of Dry Soil + Cont.     (g) 0.00 0.00

224.30 234.80 Wt. of Container No._____(g) 1.00 1.00

2014.40 539.20 Moisture Content (%) 0.00 0.00

VO

473.50

234.80

238.70

(mm.)

6"

3"

1 1/2

3/4"

3/8"

#4

#8

#16

#30

#50

#100

#200

GRAVEL: 1 %
SAND: 43 %
FINES: 56 %
GROUP SYMBOL

Remarks:

236.90

38.40

145.30

1.10

2.60

7.80

0.00

0.00

7.60

15.40

0.300

0.150

0.075

PAN

4.750

2.360

1.180

0.600

Passing #4 Material After Wet Sieve

152.400

U. S. Sieve Size

75.000

37.500

19.000

9.500

Whole Sample

98.7

97.8

Percent Passing       
(%)

99.6

99.2

99.0

55.6

100.0

Cumulative Weight of Dry Soil Retained (g)

Sample Passing #4

0.00

PARTICLE-SIZE ANALYSIS of SOILS
ASTM D 422

Container No.:

SR-57 Widening

Moisture ContentsCalculation of Dry Weights

Wt. of Container            (g)

Wt. Air-Dried Soil + Cont.(g)

92.1

72.5

Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Container No.

Dry Wt. of Soil              (g)

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

s(CL)



Project Name:

1 : 43 : 56

Bag-2

Aug-08

Exploration No.:

Depth (feet): 25 - 30 Soil Type :
 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Light olive brown sandy lean clay s(CL) / with caliche

s(CL)

GR:SA:FI : (%)

SR-57 Widening

Project No.:
A-08-030 Sample No.:

370900.02.GE.0S

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 08/20/08

Project No. : Data Input By: LF Date: 08/27/08

Exploration No.:

Sample No.: Depth (feet) :     35.0

% Gravel 0 Soil Type

% Sand 15

% Fines 85

2.70 0.00 0.00

0.99 0.00 0.00 87.44

852.47 1.00 1.00 75.18

108.14 0.00 0.00

744.33 12.26

3" 0.00 100.0 0.00 100.0 100.0

1½" 0.00 100.0 0.00 100.0 100.0

3/4" 0.00 100.0 0.02 100.0 100.0

3/8" 0.00 100.0 0.16 99.7 99.7

No. 4 0.00 100.0 2.04 96.7 96.7

No. 10 0.08 100.0 9.49 84.8 84.7

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 62.24             Wt. of Dry Soil (g) 62.24

Deflocculant  125 cc of 4% Solution

20-Aug-08 9:50 0

9:52 2 21.6 49.0 65.3 0.0271

9:55 5 21.6 44.5 58.2 0.0178

10:05 15 21.5 41.0 52.6 0.0106

10:20 30 21.5 38.0 47.8 0.0077

10:50 60 21.6 35.5 43.8 0.0056

11:50 120 22.0 33.0 39.8 0.0040

14:00 250 22.5 31.5 37.5 0.0028

21-Aug-08 9:50 1440 21.6 28.0 31.9 0.0012

Soil Identification:

SR-57 Widening

370900.02.GE.0S

A-08-030

D-7

Yellowish brown lean clay with sand (CL)s

 Correction for Specific Gravity

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing% PassingU.S. Sieve U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Wt. of Container   Moisture Content (%)

8.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

8.0

8.0

8.0

Elapsed Time 
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)

8.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

(CL)s

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

After 
Hydrometer & 

Wet Sieve ret. in 
#200 Sieve

8.0

8.0

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

8.0

8.0

SA & Hyd A-08-030, D-7



GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

Project No.:
A-08-030 Sample No.:

SR-57 Widening

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Yellowish brown lean clay with sand (CL)s

370900.02.GE.0S
Exploration No.:

(CL)s

GR:SA:FI : (%)

Depth (feet) :  35.0 Soil Type :

Project Name:

0 : 15 : 85

D-7

Aug-08
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 08/11/08

Project No. : Data Input By: LF Date: 08/15/08

Exploration No.:

Sample No.: Depth (feet) :     40.0

% Gravel 0 Soil Type

% Sand 30

% Fines 70

2.70 0.00 0.00

0.99 0.00 0.00 103.47

333.10 1.00 1.00 82.74

38.90 0.00 0.00

294.20 20.73

3" 0.00 100.0 0.00 100.0 99.9

1½" 0.00 100.0 0.08 99.9 99.8

3/4" 0.00 100.0 0.41 99.4 99.3

3/8" 0.00 100.0 2.73 95.8 95.8

No. 4 0.00 100.0 9.89 84.8 84.7

No. 10 0.15 99.9 19.44 70.1 70.1

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 65.00             Wt. of Dry Soil (g) 65.00

Deflocculant  125 cc of 4% Solution

11-Aug-08 8:58 0

9:00 2 21.6 42.0 51.9 0.0288

9:03 5 21.6 37.5 45.0 0.0189

9:13 15 21.6 34.0 39.7 0.0112

9:28 30 21.6 32.0 36.6 0.0081

9:58 60 21.7 30.0 33.6 0.0058

10:58 120 22.1 28.5 31.3 0.0041

13:08 250 22.6 27.0 29.0 0.0029

12-Aug-08 8:58 1440 22.2 23.0 22.9 0.0012

Soil Identification:

SR-57 Widening

370900.02.GE.0S

A-08-030

S-8

Olive sandy lean clay s(CL)

 Correction for Specific Gravity

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing% PassingU.S. Sieve U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Wt. of Container   Moisture Content (%)

8.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

8.0

8.0

8.0

Elapsed Time 
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)

8.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

s(CL)

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

After 
Hydrometer & 

Wet Sieve ret. in 
#200 Sieve

8.0

8.0

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

8.0

8.0

SA & Hyd A-08-030, S-8



A-08-030
S-8 40

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

Project No.:
A-08-030 Sample No.:

SR-57 Widening

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive sandy lean clay s(CL)

370900.02.GE.0S
Exploration No.:

s(CL)

GR:SA:FI : (%)

Depth (feet) :  40.0 Soil Type :

Project Name:

0 : 30 : 70

S-8

Aug-08
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      PARTICLE-SIZE  ANALYSIS OF SOILS
                       ASTM D 422

Project Name: Tested By : G. Berdy Date: 08/01/08

Project No. : Data Input By: LF Date: 08/06/08

Exploration No.:

Sample No.: Depth (feet) :     55.0

% Gravel 0 Soil Type

% Sand 15

% Fines 85

2.70 0.00 0.00

0.99 0.00 0.00 88.50

393.10 1.00 1.00 76.00

144.80 0.00 0.00

248.30 12.50

3" 0.00 100.0 0.00 100.0 100.0

1½" 0.00 100.0 0.00 100.0 100.0

3/4" 0.00 100.0 0.00 100.0 100.0

3/8" 0.00 100.0 0.07 99.9 99.9

No. 4 0.00 100.0 1.22 98.1 98.1

No. 10 0.00 100.0 10.10 84.6 84.6

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 65.60             Wt. of Dry Soil (g) 65.60

Deflocculant  125 cc of 4% Solution

01-Aug-08 9:58 0

10:00 2 21.8 40.0 51.4 0.0292

10:03 5 21.7 33.5 41.6 0.0195

10:13 15 21.7 29.0 34.8 0.0116

10:28 30 21.9 27.0 31.8 0.0084

10:58 60 22.0 25.0 28.7 0.0059

11:58 120 22.1 23.0 25.7 0.0042

14:08 250 22.7 22.0 24.2 0.0030

02-Aug-08 9:58 1440 21.6 19.0 19.7 0.0013

Soil Identification:

SR-57 Widening

370900.02.GE.0S

A-08-030

D-11

Yellowish brown lean clay with sand (CL)s

 Correction for Specific Gravity

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing% PassingU.S. Sieve U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Wt. of Container   Moisture Content (%)

6.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

6.0

6.0

6.0

Elapsed Time 
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)

6.0

Composite 
Correction       

152H

No. 200

Moisture Content 
of Total Air-Dry 

Soil

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

(CL)s

 Specific Gravity  (Assumed)

 Dry Wt. of Soil     (g)

After 
Hydrometer & 

Wet Sieve ret. in 
#200 Sieve

6.0

6.0

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

6.0

6.0

SA & Hyd A-08-030, D-11



GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

Project No.:
A-08-030 Sample No.:

SR-57 Widening

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Yellowish brown lean clay with sand (CL)s

370900.02.GE.0S
Exploration No.:

(CL)s

GR:SA:FI : (%)

Depth (feet) :  55.0 Soil Type :

Project Name:

0 : 15 : 85

D-11

Aug-08
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Project Name: Tested By: S. Felter Date: 08/04/08

Project No.: 370900.02.GE.0S Checked By: LF Date: 08/06/08

Exploration No.: A-08-030 Depth (feet): 60.0

Sample No.: S-12

Soil Identification: Olive brown sandy lean clay s(CL)

KG 0.00

448.02 0.00

140.93 1.00

307.09 0.00

KG

275.00

140.93

134.07

(in.) (mm.)

6" 152.400

3" 75.000

1 1/2 37.500

3/4" 19.000

3/8" 9.500

#4 4.750

#8 2.360

#16 1.180

#30 0.600

#50 0.300

#100 0.150

#200 0.075

GRAVEL: 2 %
SAND: 41 %
FINES: 57 %
GROUP SYMBOL: s(CL)

Remarks:

PARTICLE-SIZE ANALYSIS of SOILS
ASTM D 422

Container No.:

SR-57 Widening

Dry Wt. of Soil              (g)

Cumulative Weight                
Dry Soil Retained (g)

Moisture Content (%)

Wt. of Container            (g)

Moisture Content of Total Air - Dry Soil

Wt. of Container No._____  (g) 

Wt. of Air-Dried Soil + Cont.(g)

Cu = D60/D10 =

Cc = (D30)²/(D60*D10) =

0.00

3.30

6.90

100.0

U. S. Sieve Size
Percent Passing  (%)

Wt. of Air-Dry Soil + Cont.  (g)

After Wet Sieve
Wt. of Dry Soil + Container (g) 

Wt. of Container                 (g) 

Dry Wt. of Soil Retained on # 200 Sieve  (g)

Wt. of Dry Soil + Cont.       (g)

Container No.

130.90

93.2

PAN

20.90

95.912.70

10.40

57.4

68.10 77.8

98.9

97.8

96.6

97.18.90

0.00



Project Name:

2 : 41 : 57

S-12

Aug-08

Exploration No.:

Depth (feet): 60.0 Soil Type :
 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422

Soil Identification: Olive brown sandy lean clay s(CL)

s(CL)

GR:SA:FI : (%)

SR-57 Widening

Project No.:
A-08-030 Sample No.:

370900.02.GE.0S

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE COARSE MEDIUM
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Project Name: Tested By: G. Bathala Date: 05/18/09

Project No. : Input By: J. Ward Date: 05/19/09

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 26 18

12.05 13.08 14.56 15.52 13.24

10.43 11.29 11.38 12.00 10.20

1.04 1.10 1.03 1.05 1.04

17.25 17.57 30.72 32.15 33.19

32
17
15
CL

PI at "A" - Line  =  0.73(LL-20)  8.76

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dark grayish brown sandy lean clay s(CL)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.OS

A-08-002

Bag-1 2-7
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grained soils and fine-
grained fraction of coarse-
grained soils
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Project Name: Tested By: G. Bathala Date: 08/07/08

Project No. : Input By: LF Date: 08/08/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 29 23 17

15.90 13.70 13.41 12.17 11.89 13.32

12.85 11.07 8.98 8.07 7.81 8.59

1.10 1.08 1.14 1.09 1.06 1.04

25.96 26.33 56.51 58.74 60.44 62.65

60
26
34
CH

PI at "A" - Line  =  0.73(LL-20)  29.2

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Olive brown fat clay (CH)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-002

D-3 15.0
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line
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CL- ML
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Project Name: Tested By: G. Bathala Date: 08/19/08

Project No. : Input By: LF Date: 08/20/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 30 23 16

12.36 14.18 14.81 15.48 13.23 15.38

10.91 12.48 11.93 12.37 10.52 12.05

1.06 1.06 1.08 1.10 1.07 1.01

14.72 14.89 26.54 27.60 28.68 30.16

28
15
13
CL

PI at "A" - Line  =  0.73(LL-20)  5.84

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Olive sandy lean clay s(CL)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-002

S-4 20.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line
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Project Name: Tested By: V. Juliano Date: 08/26/08

Project No. : Input By: LF Date: 08/27/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 28 21

10.87 11.32 11.55 15.11 15.22

9.33 9.70 8.49 10.91 10.88

1.02 1.00 1.03 1.02 1.04

18.53 18.62 41.02 42.47 44.11

43
19
24
CL

PI at "A" - Line  =  0.73(LL-20)  16.79

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Yellowish brown sandy lean clay s(CL)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-003

S-6 30.0
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grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line
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Project Name: Tested By: G. Bathala Date: 05/16/09

Project No. : Input By: J. Ward Date: 05/18/09

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

6

Cannot be rolled: 18.75 Cannot get more than 6 blows:

NonPlastic 15.86 NonPlastic

1.05

19.51

NP
NP
NP
NP

PI at "A" - Line  =  0.73(LL-20)   =   

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Light olive brown poorly-graded sand with silt and gravel (SP-SM)g

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.OS

A-08-004

Bag-1 0-7

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line
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Project Name: Tested By: V. Juliano Date: 08/26/08

Project No. : Input By: LF Date: 08/27/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

6

Cannot be rolled 14.61 Cannot get >6 blows

NonPlastic 12.13 NonPlastic

1.07

22.42

NP
NP
NP
NP

PI at "A" - Line  =  0.73(LL-20)  #VALUE!

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Yellowish brown silty sand (SM)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-005

D-3 15.0
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grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line
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CL- ML
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Project Name: Tested By: G. Bathala Date: 08/22/08

Project No. : Input By: LF Date: 08/26/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

34 27 20

14.78 13.66 14.88 13.51 15.64

12.37 11.45 11.03 9.92 11.26

1.09 1.03 1.07 1.03 1.07

21.37 21.21 38.65 40.38 42.98

41
21
20
CL

PI at "A" - Line  =  0.73(LL-20)  15.33

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Olive brown sandy lean clay s(CL)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-005

S-4 20.0
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
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CH or OH

CL- ML
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Project Name: Tested By: A. Santos Date: 09/03/08

Project No. : Input By: LF Date: 09/04/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

31 25 21

9.94 10.25 20.47 20.41 21.32

8.63 8.89 15.41 15.21 15.77

1.05 1.07 1.03 1.04 1.03

17.28 17.39 35.19 36.70 37.65

37
17
20
CL

PI at "A" - Line  =  0.73(LL-20)  12.41

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Yellowish brown lean clay (CL)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-005

D-5 25.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line
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CL- ML
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Project Name: Tested By: G. Bathala Date: 05/19/09

Project No. : Input By: J. Ward Date: 05/20/09

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 28 23 15

12.78 12.23 14.87 11.82 14.49 12.98

10.65 10.19 10.11 7.98 9.58 8.46

1.06 1.04 1.04 1.03 1.04 1.06

22.21 22.30 52.48 55.25 57.49 61.08

56
22
34
CH

PI at "A" - Line  =  0.73(LL-20)  26.28

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Yellowish brown fat clay with sand (CH)s

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.OS

A-08-008

Bag-1 0-7
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grained soils and fine-
grained fraction of coarse-
grained soils
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Project Name: Tested By: G. Bathala Date: 08/21/08

Project No. : Input By: LF Date: 08/22/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

34 27 17

11.63 10.79 12.04 13.40 13.89

9.27 8.64 7.43 8.10 8.23

1.04 1.04 1.03 1.06 1.04

28.68 28.29 72.03 75.28 78.72

75
28
47
CH

PI at "A" - Line  =  0.73(LL-20)  40.15

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Yellowish brown fat clay (CH) with caliche

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-008

S-2 10.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils
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Project Name: Tested By: G. Bathala Date: 05/16/09

Project No. : Input By: J. Ward Date: 05/18/09

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 26 17

12.52 14.26 13.58 15.30 15.59

10.90 12.39 10.62 11.80 11.91

1.05 1.08 1.04 1.10 1.06

16.45 16.53 30.90 32.71 33.92

33
16
17
CL

PI at "A" - Line  =  0.73(LL-20)  9.49

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Yellowish brown clayey sand (SC)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.OS

A-08-010

Bag-1 0-7

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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grained soils and fine-
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grained soils
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Project Name: Tested By: A. Santos Date: 08/11/08

Project No. : Input By: LF Date: 08/12/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

33 27 20

12.18 11.70 18.89 20.64 21.87

10.55 10.10 14.84 16.05 16.84

1.08 1.08 1.12 1.08 1.09

17.21 17.74 29.52 30.66 31.94

31
17
14
CL

PI at "A" - Line  =  0.73(LL-20)  8.03

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Yellowish brown lean clay (CL)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-010

D-3 15.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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grained soils and fine-
grained fraction of coarse-
grained soils
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Project Name: Tested By: G. Bathala Date: 08/19/08

Project No. : Input By: LF Date: 08/20/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

31 23 15

13.73 14.22 15.03 15.26 18.13

11.86 12.28 11.64 11.66 13.54

1.00 1.06 1.08 1.05 1.07

17.22 17.29 32.10 33.93 36.81

33
17
16
CL

PI at "A" - Line  =  0.73(LL-20)  9.49

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dark brown sandy lean clay s(CL)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-010

S-4 20.0
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line
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CH or OH

CL- ML
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Project Name: Tested By: A. Santos Date: 08/26/08

Project No. : Input By: LF Date: 08/27/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

29 23 12

9.96 9.85 22.10 19.81 20.58

8.60 8.50 15.57 13.91 14.21

1.05 1.07 1.09 1.09 1.06

18.01 18.17 45.10 46.02 48.44

46
18
28
CL

PI at "A" - Line  =  0.73(LL-20)  18.98

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Brown lean clay (CL)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-011

S-6 30.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
4

CH or OH

CL- ML
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Project Name: Tested By: A. Santos Date: 09/02/08

Project No. : Input By: LF Date: 09/03/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

29 22 16

10.02 10.06 19.15 19.48 19.65

8.18 8.21 11.95 12.02 11.99

1.06 1.02 1.06 1.07 1.07

25.84 25.73 66.12 68.13 70.15

67
26
41
CH

PI at "A" - Line  =  0.73(LL-20)  34.31

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Olive fat clay (CH)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-012

S-2 10.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
4

CH or OH

CL- ML

66
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Project Name: Tested By: G. Bathala Date: 09/24/08

Project No. : Input By: J. Ward Date: 09/26/08

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

34 29 24 19

12.06 12.14 14.67 13.83 14.15 14.40

10.16 10.24 10.84 10.16 10.23 10.25

1.04 1.07 1.06 1.08 1.07 1.04

20.83 20.72 39.16 40.42 42.79 45.06

42
21
21
CL

PI at "A" - Line  =  0.73(LL-20)  16.06

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Grayish brown lean clay (CL)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-012

D-3 15.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
4

CH or OH

CL- ML
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Project Name: Tested By: A. Santos Date: 08/15/08

Project No. : Input By: LF Date: 08/20/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

36 26 18

9.04 9.06 19.33 20.34 21.39

7.55 7.58 13.17 13.71 14.18

1.05 1.11 1.07 1.08 1.07

22.92 22.87 50.91 52.49 55.00

53
23
30
CH

PI at "A" - Line  =  0.73(LL-20)  24.09

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Olive fat clay (CH)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-012

D-5 25.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
4

CH or OH

CL- ML
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Project Name: Tested By: A. Santos Date: 09/03/08

Project No. : Input By: LF Date: 09/04/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 28 21

10.89 9.92 14.89 15.24 14.99

9.39 8.58 11.03 11.16 10.91

1.03 1.07 1.03 1.04 1.08

17.94 17.84 38.60 40.32 41.51

41
18
23
CL

PI at "A" - Line  =  0.73(LL-20)  15.33

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Yellowish brown lean clay (CL)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-012

D-7 35.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
4

CH or OH

CL- ML

38
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Project Name: Tested By: V. Juliano Date: 08/28/08

Project No. : Input By: LF Date: 09/02/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 28 21

9.08 8.75 14.87 16.27 15.67

7.91 7.62 10.80 11.65 11.09

1.02 1.01 1.04 1.03 1.07

16.98 17.10 41.70 43.50 45.71

44
17
27
CL

PI at "A" - Line  =  0.73(LL-20)  17.52

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Olive lean clay with sand (CL)s

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-012

Bag-1 35-40
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
4

CH or OH

CL- ML
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Project Name: Tested By: V. Juliano Date: 08/15/08

Project No. : Input By: LF Date: 08/19/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 28 21

9.54 9.59 13.99 14.90 15.08

8.14 8.17 10.07 10.57 10.57

1.08 1.07 1.10 1.07 1.10

19.83 20.00 43.70 45.58 47.62

46
20
26
CL

PI at "A" - Line  =  0.73(LL-20)  18.98

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Olive brown lean clay (CL)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-012

D-9 45.0
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
4

CH or OH

CL- ML
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Project Name: Tested By: V. Juliano Date: 08/15/08

Project No. : Input By: LF Date: 08/19/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 28 21

8.92 8.71 13.93 13.65 14.81

7.78 7.63 10.65 10.34 11.08

1.04 1.08 1.08 1.13 1.10

16.91 16.49 34.27 35.94 37.37

36
17
19
CL

PI at "A" - Line  =  0.73(LL-20)  11.68

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Yellow lean clay with sand (CL)s

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-012

D-11 55.0
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
4

CH or OH

CL- ML
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Project Name: Tested By: V. Juliano Date: 09/03/08

Project No. : Input By: LF Date: 09/04/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

29 22 16

10.13 10.24 18.27 15.99 16.20

8.64 8.73 12.60 10.97 11.03

1.01 1.09 1.02 1.04 1.06

19.53 19.76 48.96 50.55 51.86

50
20
30
CH

PI at "A" - Line  =  0.73(LL-20)  21.9

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Olive brown fat clay (CH)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-012

D-13 65.0
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line
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CL- ML

48

49

50

51

52

10 100

Number of Blows

M
oi

st
ur

e 
C

on
te

nt
 (%

)

       20            25          30                 40             50          60       70     80     90 



Project Name: Tested By: A. Santos Date: 08/26/08

Project No. : Input By: LF Date: 08/27/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

33 23 17

9.89 8.78 19.47 19.98 20.10

8.38 7.48 13.64 13.82 13.77

1.02 1.08 1.07 1.10 1.02

20.52 20.31 46.38 48.43 49.65

48
20
28
CL

PI at "A" - Line  =  0.73(LL-20)  20.44

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Gray lean clay (CL)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-013

S-2 10.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line
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Project Name: Tested By: G. Bathala Date: 09/25/08

Project No. : Input By: J. Ward Date: 09/26/08

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

34 28 21 16

10.96 10.82 13.58 13.77 12.87 12.33

8.61 8.52 8.54 8.59 7.98 7.59

1.04 1.10 1.04 1.04 1.04 1.04

31.04 31.00 67.20 68.61 70.46 72.37

69
31
38
CH

PI at "A" - Line  =  0.73(LL-20)  35.77

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Olive gray fat clay with sand (CH)s and caliche

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-013

D-3 15.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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grained soils and fine-
grained fraction of coarse-
grained soils
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Project Name: Tested By: A. Santos Date: 09/04/08

Project No. : Input By: LF Date: 09/10/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

30 22 15

8.61 8.84 20.52 20.91 22.92

7.19 7.38 13.02 13.06 14.04

1.04 1.04 1.00 1.02 1.09

23.09 23.03 62.40 65.20 68.57

64
23
41
CH

PI at "A" - Line  =  0.73(LL-20)  32.12

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Olive fat clay with sand (CH)s

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-013

Bag-1 15-20

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line
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Project Name: Tested By: V. Juliano Date: 08/18/08

Project No. : Input By: LF Date: 08/19/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

29 22 15

11.34 10.83 13.67 15.51 14.24

9.45 9.03 9.55 10.67 9.67

1.06 1.07 1.04 1.01 1.01

22.53 22.61 48.41 50.10 52.77

49
23
26
CL

PI at "A" - Line  =  0.73(LL-20)  21.17

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Olive lean clay (CL)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-013

D-5 25.0
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
4

CH or OH

CL- ML
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Project Name: Tested By: A. Santos Date: 09/04/08

Project No. : Input By: LF Date: 09/10/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

29 24 16

9.58 10.03 21.25 20.47 20.75

8.16 8.53 14.18 13.55 13.58

1.04 1.00 1.04 1.00 1.04

19.94 19.92 53.81 55.14 57.18

55
20
35
CH

PI at "A" - Line  =  0.73(LL-20)  25.55

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Olive fat clay (CH)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-013

Bag-2 25-30

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
4

CH or OH

CL- ML
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Project Name: Tested By: A. Santos Date: 08/27/08

Project No. : Input By: LF Date: 08/28/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 29 22

10.32 10.08 19.60 18.89 19.47

8.63 8.44 13.41 12.85 13.11

1.03 1.02 1.05 1.01 1.05

22.24 22.10 50.08 51.01 52.74

52
22
30
CH

PI at "A" - Line  =  0.73(LL-20)  23.36

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Olive brown fat clay (CH)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-013

D-7 35.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
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CL- ML
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Project Name: Tested By: V. Juliano Date: 08/28/08

Project No. : Input By: LF Date: 09/02/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

27 21 15

10.79 10.76 16.50 16.68 15.26

9.14 9.14 12.83 12.85 11.67

1.03 1.08 1.04 1.01 1.11

20.35 20.10 31.13 32.35 34.00

32
20
12
CL

PI at "A" - Line  =  0.73(LL-20)  8.76

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Yellowish brown sandy lean clay s(CL)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-013

D-11 55.0
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line
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Project Name: Tested By: G. Bathala Date: 08/25/08

Project No. : Input By: LF Date: 08/26/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

33 28 20 15

12.70 13.19 14.48 13.71 15.14 15.03

10.83 11.24 11.04 10.38 11.34 11.18

1.07 1.10 1.02 1.07 1.04 1.07

19.16 19.23 34.33 35.77 36.89 38.08

36
19
17
CL

PI at "A" - Line  =  0.73(LL-20)  11.68

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Light olive brown sandy lean clay s(CL)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-013

S-12 60.0
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line
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CL- ML
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Project Name: Tested By: A. Santos Date: 08/28/08

Project No. : Input By: LF Date: 08/29/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

31 22 16

8.92 9.19 20.48 22.29 21.52

7.63 7.84 15.18 16.36 15.60

1.09 1.05 1.02 1.00 1.01

19.72 19.88 37.43 38.61 40.58

38
20
18
CL

PI at "A" - Line  =  0.73(LL-20)  13.14

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Olive brown lean clay (CL)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-013

S-14 70.0
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
4

CH or OH
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Project Name: Tested By: A. Santos Date: 09/03/08

Project No. : Input By: LF Date: 09/04/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

34 29 21 18

9.39 9.33 20.92 19.10 20.24 19.49

7.78 7.72 13.33 12.09 12.65 12.09

1.06 1.05 1.04 1.01 1.06 1.04

23.96 24.14 61.76 63.27 65.49 66.97

64
24
40
CH

PI at "A" - Line  =  0.73(LL-20)  32.12

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Olive fat clay (CH)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-014

S-6 30.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line
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Project Name: Tested By: G. Bathala Date: 09/09/08

Project No. : Input By: LF Date: 09/10/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

31 22 16

11.88 12.15 15.71 13.50 15.13

10.01 10.23 11.09 9.48 10.47

1.07 1.06 1.06 1.04 1.06

20.92 20.94 46.06 47.63 49.52

47
21
26
CL

PI at "A" - Line  =  0.73(LL-20)  19.71

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dark brown lean clay with sand (CL)s

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-015

Bag-1 0-7

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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grained soils and fine-
grained fraction of coarse-
grained soils
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Project Name: Tested By: G. Bathala Date: 08/25/08

Project No. : Input By: LF Date: 08/26/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 27 20

12.06 11.43 14.41 14.00 15.28

9.73 9.23 9.56 9.20 9.83

1.05 1.05 1.07 1.08 1.04

26.84 26.89 57.13 59.11 62.00

60
27
33
CH

PI at "A" - Line  =  0.73(LL-20)  29.2

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Pale olive fat clay (CH)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-015

D-1 5.0
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grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
4

CH or OH

CL- ML

57

58

59

60

61

62

63

10 100

Number of Blows

M
oi

st
ur

e 
C

on
te

nt
 (%

)

       20            25          30                 40             50          60       70     80     90 



Project Name: Tested By: V. Juliano Date: 08/29/08

Project No. : Input By: LF Date: 09/02/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 28 21

9.45 10.03 14.84 17.55 16.25

8.05 8.56 11.24 13.12 12.08

1.01 1.05 1.06 1.02 1.02

19.89 19.57 35.36 36.61 37.70

37
20
17
CL

PI at "A" - Line  =  0.73(LL-20)  12.41

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Yellowish brown lean clay (CL) with caliche

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-015

D-3 15.0
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grained soils and fine-
grained fraction of coarse-
grained soils
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Project Name: Tested By: V. Juliano Date: 08/29/08

Project No. : Input By: LF Date: 09/02/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 28 21

9.93 10.12 14.23 15.12 14.56

8.40 8.54 10.89 11.45 10.89

1.08 1.03 1.04 1.11 1.00

20.90 21.04 33.91 35.49 37.11

36
21
15
CL

PI at "A" - Line  =  0.73(LL-20)  11.68

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Light olive sandy lean clay s(CL) with caliche

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-015

S-4 20.0
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grained soils and fine-
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grained soils
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Project Name: Tested By: A. Santos Date: 08/27/08

Project No. : Input By: LF Date: 08/28/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

36 27 22

9.53 9.39 19.73 22.45 19.93

7.74 7.64 12.28 13.75 12.17

1.06 1.06 1.04 1.04 1.05

26.80 26.60 66.28 68.45 69.78

69
27
42
CH

PI at "A" - Line  =  0.73(LL-20)  35.77

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Brown fat clay (CH)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-015

D-5 25.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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grained soils and fine-
grained fraction of coarse-
grained soils
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Project Name: Tested By: V. Juliano Date: 08/28/08

Project No. : Input By: LF Date: 08/29/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

28 22 16

10.19 9.83 11.88 15.38 13.66

8.84 8.51 9.19 11.73 10.36

1.04 1.02 1.06 1.07 1.02

17.31 17.62 33.09 34.24 35.33

34
17
17
CL

PI at "A" - Line  =  0.73(LL-20)  10.22

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Brown sandy lean clay s(CL)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-016

S-2 10.0
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CL or OL
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
4

CH or OH

CL- ML

32
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Project Name: Tested By: V. Juliano Date: 09/04/08

Project No. : Input By: LF Date: 09/10/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 28 21

10.62 10.00 15.18 12.59 14.42

9.14 8.56 10.81 8.90 10.02

1.12 1.02 1.05 1.03 1.03

18.45 19.10 44.77 46.89 48.94

48
19
29
CL

PI at "A" - Line  =  0.73(LL-20)  20.44

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Yellowish brown lean clay with sand (CL)s

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-016

D-3 15.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
4

CH or OH

CL- ML

44
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Project Name: Tested By: A. Santos Date: 09/02/08

Project No. : Input By: LF Date: 09/03/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

32 23 15

9.04 9.28 22.55 22.42 23.21

7.92 8.14 17.51 17.26 17.69

1.05 1.06 1.05 1.07 1.06

16.30 16.10 30.62 31.87 33.19

32
16
16
CL

PI at "A" - Line  =  0.73(LL-20)  8.76

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Yellowish brown lean clay with sand (CL)s and caliche

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-016

D-5 25.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
4

CH or OH

CL- ML
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Project Name: Tested By: A. Santos Date: 08/26/08

Project No. : Input By: LF Date: 08/27/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

30 25 18

8.66 8.30 20.62 22.28 21.60

7.66 7.37 14.45 15.41 14.74

1.06 1.10 1.06 1.05 1.05

15.15 14.83 46.08 47.84 50.11

48
15
33
CL

PI at "A" - Line  =  0.73(LL-20)  20.44

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Brown lean clay (CL)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-016

D-9 45.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
4

CH or OH

CL- ML
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Project Name: Tested By: G. Bathala Date: 08/26/08

Project No. : Input By: LF Date: 08/27/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 27 19

12.71 13.25 13.51 16.70 14.67

10.90 11.34 10.30 12.56 10.88

1.07 1.05 1.09 1.09 1.05

18.41 18.56 34.85 36.09 38.56

37
18
19
CL

PI at "A" - Line  =  0.73(LL-20)  12.41

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Pale olive lean clay with sand (CL)s

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-016

D-11 55.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

0

10

20

30

40

50

60

0 10 20 30 40 50 60 70 80 90 100

Liquid Limit (LL)

P
la

st
ic

ity
 In

de
x 

(P
I)

0.12

CL or OL

ML or OL
MH or OH

For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
4

CH or OH

CL- ML
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Project Name: Tested By: G. Bathala Date: 08/28/08

Project No. : Input By: LF Date: 08/29/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 29 23 17

13.39 13.42 13.67 13.19 15.78 15.00

11.61 11.63 10.60 10.14 12.00 11.29

1.06 1.03 1.04 1.04 1.05 1.10

16.87 16.89 32.11 33.52 34.52 36.41

34
17
17
CL

PI at "A" - Line  =  0.73(LL-20)  10.22

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Olive sandy lean clay s(CL)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-016

S-12 60.0
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
4

CH or OH

CL- ML
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Project Name: Tested By: A. Santos Date: 08/27/08

Project No. : Input By: LF Date: 08/28/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 27 15

9.39 10.42 20.85 19.17 20.59

7.91 8.77 15.65 14.33 15.19

1.04 1.04 1.06 1.08 1.05

21.54 21.35 35.64 36.53 38.19

37
21
16
CL

PI at "A" - Line  =  0.73(LL-20)  12.41

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Olive brown clayey sand (SC)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-016

D-13 65.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
4

CH or OH

CL- ML
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Project Name: Tested By: G. Bathala Date: 08/28/08

Project No. : Input By: LF Date: 08/29/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 27 18

13.33 13.80 13.47 15.16 17.79

11.19 11.57 10.62 11.80 13.66

1.10 1.04 1.08 1.04 1.09

21.21 21.18 29.87 31.23 32.86

31
21
10
CL

PI at "A" - Line  =  0.73(LL-20)  8.03

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Olive sandy lean clay s(CL)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-016

S-14 70.0
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
4

CH or OH

CL- ML
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Project Name: Tested By: G. Bathala Date: 09/29/08

Project No. : Input By: J. Ward Date: 09/30/08

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

34 25 19

13.96 12.79 13.49 14.62 15.18

11.80 10.83 10.16 10.91 11.25

1.04 1.07 1.05 1.08 1.09

20.07 20.08 36.55 37.74 38.68

38
20
18
CL

PI at "A" - Line  =  0.73(LL-20)  13.14

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Olive brown lean clay with sand (CL)s and caliche

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-017

D-2 10.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
4

CH or OH

CL- ML
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Project Name: Tested By: G. Bathala Date: 09/26/08

Project No. : Input By: J. Ward Date: 09/30/08

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 29 22 15

11.36 12.48 13.68 12.47 11.61 13.09

9.42 10.35 10.45 9.43 8.72 9.76

1.04 1.08 1.08 1.05 1.01 1.07

23.15 22.98 34.47 36.28 37.48 38.32

36
23
13
CL

PI at "A" - Line  =  0.73(LL-20)  11.68

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Olive lean clay with sand (CL)s

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-017

D-4 20.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line
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CL- ML
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Project Name: Tested By: A. Santos Date: 09/29/08

Project No. : Input By: J. Ward Date: 09/30/08

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

38 29 20 17

10.13 9.48 20.02 18.95 20.62 21.06

8.32 7.81 13.50 12.65 13.52 13.69

1.02 1.06 1.02 1.07 1.05 1.10

24.79 24.74 52.24 54.40 56.94 58.54

55
25
30
CH

PI at "A" - Line  =  0.73(LL-20)  25.55

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Olive gray fat clay (CH)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-017

D-6 30.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line
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CH or OH

CL- ML
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Project Name: Tested By: G. Bathala Date: 09/29/08

Project No. : Input By: J. Ward Date: 09/30/08

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 28 23 17

14.29 14.68 14.37 14.08 14.94 13.69

11.64 11.98 10.22 9.96 10.44 9.48

1.03 1.07 1.04 1.04 1.06 1.00

24.98 24.75 45.21 46.19 47.97 49.65

47
25
22
CL

PI at "A" - Line  =  0.73(LL-20)  19.71

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Olive lean clay (CL)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-017

D-8 40.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line
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CL- ML

45

46

47

48

49

50

10 100

Number of Blows

M
oi

st
ur

e 
C

on
te

nt
 (%

)

       20            25          30                 40             50          60       70     80     90 



Project Name: Tested By: A. Santos Date: 09/29/08

Project No. : Input By: J. Ward Date: 09/30/08

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

38 23 15

9.64 9.26 20.75 21.84 21.29

8.14 7.83 14.29 14.79 14.30

1.06 1.03 1.03 1.05 1.04

21.19 21.03 48.72 51.31 52.71

51
21
30
CH

PI at "A" - Line  =  0.73(LL-20)  22.63

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dark olive fat clay (CH)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-017

D-10 50.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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grained soils and fine-
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grained soils
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Project Name: Tested By: G. Bathala Date: 09/18/08

Project No. : Input By: LF Date: 09/25/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

34 28 22 16

13.49 11.47 13.01 12.59 13.64 14.91

10.96 9.36 8.91 8.55 9.16 9.86

1.05 1.09 1.03 1.04 1.05 1.06

25.53 25.51 52.03 53.79 55.24 57.39

54
26
28
CH

PI at "A" - Line  =  0.73(LL-20)  24.82

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Yellowish brown fat clay (CH)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-017

S-15 75.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line
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Project Name: Tested By: F. Tabibkhoei Date: 05/21/09

Project No. : Input By: J. Ward Date: 05/22/09

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 28 23 20

49.14 48.72 47.08 43.95 42.14 51.06

46.85 46.47 43.53 39.37 37.99 44.67

31.41 31.14 31.70 24.64 25.04 25.03

14.83 14.68 30.01 31.09 32.05 32.54

32
15
17
CL

PI at "A" - Line  =  0.73(LL-20)  8.76

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dark brown sandy lean clay s(CL)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.OS

A-08-018

Bag-1 0-7
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line
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CL- ML

29

30

31

32

33

10 100

Number of Blows

M
oi

st
ur

e 
C

on
te

nt
 (%

)

       20            25          30                 40             50          60       70     80     90 



Project Name: Tested By: G. Bathala Date: 08/21/08

Project No. : Input By: LF Date: 08/22/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

33 26 20

12.27 10.13 14.14 14.33 14.57

10.65 8.82 10.88 10.95 11.06

1.05 1.04 1.06 1.06 1.07

16.88 16.84 33.20 34.18 35.14

34
17
17
CL

PI at "A" - Line  =  0.73(LL-20)  10.22

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Yellowish brown sandy lean clay s(CL)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-018

S-2 10.0
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
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CL- ML
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Project Name: Tested By: G. Bathala Date: 05/21/09

Project No. : Input By: J. Ward Date: 05/22/09

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 28 23 18

12.40 11.72 15.02 15.35 14.84 14.87

10.53 9.97 10.89 11.06 10.61 10.52

1.04 1.07 1.02 1.01 1.05 1.07

19.70 19.66 41.84 42.69 44.25 46.03

44
20
24
CL

PI at "A" - Line  =  0.73(LL-20)  17.52

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Yellowish brown sandy lean clay s(CL) with caliche

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.OS

A-08-021

Bag-1 0-7
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
4

CH or OH

CL- ML
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Project Name: Tested By: G. Bathala Date: 09/03/08

Project No. : Input By: LF Date: 09/04/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

32 25 20 15

12.17 10.24 13.10 13.44 14.58 14.90

10.66 8.98 10.29 10.49 11.26 11.42

1.06 1.04 1.04 1.05 1.05 1.04

15.73 15.87 30.38 31.25 32.52 33.53

31
16
15
CL

PI at "A" - Line  =  0.73(LL-20)  8.03

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Yellowish brown clayey sand (SC)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-021

D-5 25.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line
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Project Name: Tested By: G. Bathala Date: 05/09/09

Project No. : Input By: J. Ward Date: 05/13/09

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 27 18

13.68 11.83 13.71 15.38 16.98

11.94 10.36 10.83 12.06 13.18

1.10 1.07 1.05 1.08 1.01

16.05 15.82 29.45 30.24 31.22

30
16
14
CL

PI at "A" - Line  =  0.73(LL-20)  7.3

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Brown clayey sand (SC)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.OS

A-08-022

Bag-1 0-5
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line
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Project Name: Tested By: V. Juliano Date: 08/26/08

Project No. : Input By: LF Date: 08/27/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 28 21

8.33 9.67 13.94 14.78 13.87

7.22 8.36 10.14 10.62 9.95

1.08 1.04 1.11 1.04 1.10

18.08 17.90 42.08 43.42 44.29

44
18
26
CL

PI at "A" - Line  =  0.73(LL-20)  17.52

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Brown sandy lean clay s(CL)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-022

S-4 20.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line
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Project Name: Tested By: G. Bathala Date: 05/21/09

Project No. : Input By: J. Ward Date: 05/22/09

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 27 18

12.92 12.25 14.61 14.08 12.34

11.03 10.48 11.54 10.99 9.59

1.06 1.03 1.06 1.00 1.04

18.96 18.73 29.29 30.93 32.16

31
19
12
CL

PI at "A" - Line  =  0.73(LL-20)  8.03

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Olive sandy lean clay s(CL)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.OS

A-08-023

D-1 5.0
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grained soils and fine-
grained fraction of coarse-
grained soils
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Project Name: Tested By: A. Santos Date: 09/05/08

Project No. : Input By: LF Date: 09/10/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

36 22 17

9.87 9.51 22.84 20.60 21.07

8.60 8.32 17.63 15.82 16.11

1.02 1.04 1.09 1.10 1.08

16.75 16.35 31.50 32.47 33.00

32
17
15
CL

PI at "A" - Line  =  0.73(LL-20)  8.76

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Olive clayey sand (SC)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-023

Bag-1 20-25

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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grained soils and fine-
grained fraction of coarse-
grained soils
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Project Name: Tested By: A. Santos Date: 09/02/08

Project No. : Input By: LF Date: 09/03/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

34 25 22

10.53 9.55 22.64 23.24 20.78

9.02 8.19 17.35 17.64 15.73

1.10 1.04 1.04 1.02 1.07

19.07 19.02 32.43 33.69 34.45

34
19
15
CL

PI at "A" - Line  =  0.73(LL-20)  10.22

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dark brown clayey sand (SC)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-023

D-5 25.0
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line
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CL- ML
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Project Name: Tested By: A. Santos Date: 08/21/08

Project No. : Input By: LF Date: 08/26/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

31 25 19

11.82 11.30 20.62 23.50 21.20

10.42 9.99 17.17 19.42 17.42

1.07 1.03 1.09 1.04 1.03

14.97 14.62 21.46 22.20 23.06

22
15
7

CL-ML

PI at "A" - Line  =  0.73(LL-20)  1.46

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Grayish brown silty clay with sand (CL-ML)s

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-023

D-7 35.0
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grained soils and fine-
grained fraction of coarse-
grained soils
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Project Name: Tested By: A. Santos Date: 08/21/08

Project No. : Input By: LF Date: 08/26/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

37 27 17

10.43 10.22 21.03 22.64 21.69

8.95 8.77 15.56 16.52 15.59

1.06 1.08 1.11 1.07 1.08

18.76 18.86 37.85 39.61 42.04

40
19
21
CL

PI at "A" - Line  =  0.73(LL-20)  14.6

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Yellowish brown lean clay (CL)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-023

D-11 55.0
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grained soils and fine-
grained fraction of coarse-
grained soils
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Project Name: Tested By: A. Santos Date: 08/25/08

Project No. : Input By: LF Date: 08/26/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

30 23 18

9.09 9.43 22.00 20.78 21.12

8.00 8.28 16.23 15.23 15.36

1.03 1.01 1.05 1.05 1.10

15.64 15.82 38.01 39.14 40.39

39
16
23
CL

PI at "A" - Line  =  0.73(LL-20)  13.87

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Yellowish brown lean clay (CL)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-023

D-15 75.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
4

CH or OH

CL- ML
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Project Name: Tested By: G. Bathala Date: 05/16/09

Project No. : Input By: J. Ward Date: 05/18/09

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 28 23 18

13.45 12.44 13.39 13.26 14.02 14.03

11.34 10.51 9.81 9.64 10.11 10.01

1.05 1.04 1.07 1.04 1.07 1.01

20.51 20.38 40.96 42.09 43.25 44.67

43
20
23
CL

PI at "A" - Line  =  0.73(LL-20)  16.79

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Olive lean clay with sand (CL)s

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.OS

A-08-024

Bag-1 0-7

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
4

CH or OH

CL- ML
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Project Name: Tested By: G. Bathala Date: 05/21/09

Project No. : Input By: J. Ward Date: 05/22/09

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 27 22 17

11.67 11.66 12.98 14.96 14.07 15.14

9.96 9.96 9.58 10.84 10.13 10.73

1.07 1.06 1.08 1.12 1.05 1.10

19.24 19.10 40.00 42.39 43.39 45.79

43
19
24
CL

PI at "A" - Line  =  0.73(LL-20)  16.79

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Olive lean clay with sand (CL)s

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.OS

A-08-025

D-1 5.0
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
4

CH or OH

CL- ML
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Project Name: Tested By: A. Santos Date: 09/03/08

Project No. : Input By: LF Date: 09/04/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

30 22 15

9.37 9.27 21.72 21.04 20.22

8.08 8.00 16.06 15.43 14.71

1.04 1.10 1.02 1.05 1.11

18.32 18.41 37.63 39.01 40.51

38
18
20
CL

PI at "A" - Line  =  0.73(LL-20)  13.14

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Olive brown lean clay (CL)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-025

S-4 20.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
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CH or OH

CL- ML
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Project Name: Tested By: G. Bathala Date: 09/09/08

Project No. : Input By: LF Date: 09/10/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

34 28 23 15

13.15 12.89 12.38 14.62 12.88 14.64

11.21 10.99 9.00 10.55 9.22 10.26

1.07 1.04 1.01 1.08 1.04 1.06

19.13 19.10 42.30 42.98 44.74 47.61

44
19
25
CL

PI at "A" - Line  =  0.73(LL-20)  17.52

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Olive lean clay (CL)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-025

Bag-1 20-25

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
4

CH or OH

CL- ML
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Project Name: Tested By: V. Juliano Date: 09/02/08

Project No. : Input By: LF Date: 09/03/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 28 21

10.38 11.01 13.33 12.91 15.21

8.73 9.25 9.36 9.02 10.49

1.02 1.08 1.02 1.06 1.12

21.40 21.54 47.60 48.87 50.37

49
21
28
CL

PI at "A" - Line  =  0.73(LL-20)  21.17

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Olive lean clay (CL)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-025

D-5 25.0
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
4

CH or OH

CL- ML
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Project Name: Tested By: A. Santos Date: 09/09/08

Project No. : Input By: LF Date: 09/10/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

36 26 16

9.58 9.89 21.64 20.66 21.18

8.34 8.59 15.50 14.65 14.79

1.02 1.02 1.05 1.01 1.05

16.94 17.17 42.49 44.06 46.51

44
17
27
CL

PI at "A" - Line  =  0.73(LL-20)  17.52

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Olive brown lean clay with sand (CL)s

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-025

Bag-2 25-30

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
4

CH or OH

CL- ML
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Project Name: Tested By: A. Santos Date: 08/25/08

Project No. : Input By: LF Date: 08/26/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 24 20

9.49 9.32 19.94 20.10 22.31

8.11 7.97 14.06 14.03 15.41

1.02 1.05 1.08 1.07 1.03

19.46 19.51 45.30 46.84 47.98

47
19
28
CL

PI at "A" - Line  =  0.73(LL-20)  19.71

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Olive brown lean clay (CL)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-025

D-7 35.0
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
4

CH or OH

CL- ML

45
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Project Name: Tested By: A. Santos Date: 08/25/08

Project No. : Input By: LF Date: 08/26/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

36 24 17

10.10 9.67 21.09 20.51 21.48

8.74 8.35 16.80 16.23 16.87

1.07 1.11 1.07 1.04 1.07

17.73 18.23 27.27 28.18 29.18

28
18
10
CL

PI at "A" - Line  =  0.73(LL-20)  5.84

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dark olive clayey sand (SC)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-025

D-11 55.0
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line
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CL- ML
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Project Name: Tested By: A. Santos Date: 08/26/08

Project No. : Input By: LF Date: 08/27/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

34 29 25 20

9.08 9.09 19.86 21.49 20.59 19.96

7.99 8.00 15.39 16.54 15.80 15.23

1.07 1.07 1.03 1.07 1.08 1.02

15.75 15.73 31.13 32.00 32.54 33.29

32
16
16
CL

PI at "A" - Line  =  0.73(LL-20)  8.76

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dark olive brown clayey sand (SC)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-025

D-15 75.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line
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CL- ML
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Project Name: Tested By: G. Bathala Date: 09/23/08

Project No. : Input By: LF Date: 09/25/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

32 24 16

12.51 13.30 15.13 14.45 15.20

10.56 11.22 11.07 10.52 10.92

1.04 1.07 1.04 1.05 1.08

20.48 20.49 40.48 41.50 43.50

41
20
21
CL

PI at "A" - Line  =  0.73(LL-20)  15.33

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Yellowish brown sandy lean clay s(CL)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-026

Bag-1 5-10

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line
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Project Name: Tested By: A. Santos Date: 10/01/08

Project No. : Input By: J. Ward Date: 10/02/08

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

28 22 17

10.65 11.23 19.85 19.99 20.03

9.19 9.67 14.41 14.46 14.41

1.02 1.03 1.02 1.09 1.07

17.87 18.06 40.63 41.36 42.13

41
18
23
CL

PI at "A" - Line  =  0.73(LL-20)  15.33

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dark brown lean clay (CL)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-026

D-4 20.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line
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Project Name: Tested By: G. Bathala Date: 09/24/08

Project No. : Input By: LF Date: 09/25/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

31 24 17

13.82 13.04 15.18 14.24 16.40

11.85 11.18 11.79 10.98 12.54

1.07 1.04 1.09 1.03 1.04

18.27 18.34 31.68 32.76 33.57

33
18
15
CL

PI at "A" - Line  =  0.73(LL-20)  9.49

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Yellowish brown lean clay (CL)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-026

D-6 30.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
4

CH or OH

CL- ML
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34
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Project Name: Tested By: A. Santos Date: 09/30/08

Project No. : Input By: J. Ward Date: 10/01/08

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

34 26 19

9.74 9.18 21.29 20.43 20.09

8.12 7.66 15.90 15.24 14.94

1.10 1.06 1.04 1.05 1.06

23.08 23.03 36.27 36.58 37.10

37
23
14
CL

PI at "A" - Line  =  0.73(LL-20)  12.41

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Yellowish brown lean clay (CL)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-026

D-10 50.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
4

CH or OH

CL- ML

36
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38

10 100

Number of Blows
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Project Name: Tested By: G. Bathala Date: 09/23/08

Project No. : Input By: LF Date: 09/25/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 26 18

11.46 11.97 13.08 15.28 15.00

9.87 10.33 10.13 11.66 11.31

1.06 1.10 1.07 1.05 1.04

18.05 17.77 32.56 34.12 35.93

34
18
16
CL

PI at "A" - Line  =  0.73(LL-20)  10.22

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Yellowish brown lean clay with sand (CL)s

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-026

S-15 75.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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Liquid Limit (LL)
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ML or OL
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
4

CH or OH

CL- ML

32
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Project Name: Tested By: G. Bathala Date: 05/21/09

Project No. : Input By: J. Ward Date: 05/22/09

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

15 20 28 35

13.37 13.34 13.18 14.47 14.61 13.46

11.54 11.52 9.84 10.88 11.08 10.28

1.06 1.05 1.05 1.07 1.08 1.07

17.46 17.38 38.00 36.60 35.30 34.53

36
17
19
CL

PI at "A" - Line  =  0.73(LL-20)  11.68

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Pale olive sandy lean clay s(CL)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.OS

A-08-027

Bag-1 0-7
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
4

CH or OH

CL- ML
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Project Name: Tested By: G. Bathala Date: 08/20/08

Project No. : Input By: LF Date: 08/21/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

34 29 22 16

11.18 10.96 14.99 14.43 15.36 15.30

9.58 9.42 11.73 11.21 11.84 11.67

1.04 1.10 1.09 1.10 1.04 1.06

18.74 18.51 30.64 31.85 32.59 34.21

32
19
13
CL

PI at "A" - Line  =  0.73(LL-20)  8.76

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Olive brown clayey sand with gravel (SC)g

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-027

S-4 20.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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Liquid Limit (LL)
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MH or OH

For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
4

CH or OH

CL- ML

30
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35
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Number of Blows
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Project Name: Tested By: F. Tabibkhoei Date: 05/21/09

Project No. : Input By: J. Ward Date: 05/22/09

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

33 22 15

44.41 44.46 39.08 50.58 50.50

41.15 41.23 34.98 45.08 44.55

24.42 24.67 24.33 31.56 30.86

19.49 19.50 38.50 40.68 43.46

40
19
21
CL

PI at "A" - Line  =  0.73(LL-20)  14.6

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Olive sandy lean clay with gravel s(CL)g

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.OS

A-08-028

Bag-1 0-7
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
4

CH or OH

CL- ML

38
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Project Name: Tested By: G. Bathala Date: 08/05/08

Project No. : Input By: LF Date: 08/06/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

33 24 18

13.54 12.65 14.91 14.09 16.35

11.45 10.70 10.88 10.20 11.74

1.05 1.03 1.10 1.04 1.05

20.10 20.17 41.21 42.47 43.12

42
20
22
CL

PI at "A" - Line  =  0.73(LL-20)  16.06

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Olive sandy lean clay s(CL)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-028

S-2 10.0
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
4

CH or OH

CL- ML
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Project Name: Tested By: G. Bathala Date: 08/19/08

Project No. : Input By: LF Date: 08/20/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

32 26 19

14.08 13.23 15.06 14.59 15.27

12.07 11.36 11.73 11.31 11.65

1.06 1.11 1.04 1.08 1.06

18.26 18.24 31.15 32.06 34.18

32
18
14
CL

PI at "A" - Line  =  0.73(LL-20)  8.76

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Pale olive clayey sand (SC)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-028

S-4 20.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
4

CH or OH

CL- ML
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Project Name: Tested By: F. Tabibkhoei Date: 05/21/09

Project No. : Input By: J. Ward Date: 05/22/09

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 25 16

50.78 42.92 38.89 43.52 62.41

47.75 40.05 34.41 37.24 51.62

31.73 24.73 24.95 24.54 31.00

18.91 18.73 47.36 49.45 52.33

50
19
31
CH

PI at "A" - Line  =  0.73(LL-20)  21.9

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Yellowish brown fat clay with sand (CH)s

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.OS

A-08-030

D-1 5.0
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line
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CL- ML
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Project Name: Tested By: V. Juliano Date: 08/18/08

Project No. : Input By: LF Date: 08/20/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

29 22 16

10.54 11.43 14.39 13.49 14.28

8.92 9.65 10.57 9.83 10.31

1.01 1.02 1.06 1.07 1.11

20.48 20.63 40.17 41.78 43.15

41
21
20
CL

PI at "A" - Line  =  0.73(LL-20)  15.33

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Yellowish brown sandy lean clay s(CL)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-030

S-6 30.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
4

CH or OH

CL- ML
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Project Name: Tested By: G. Bathala Date: 08/22/08

Project No. : Input By: LF Date: 08/27/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

35 29 21 16

13.54 14.71 13.68 15.19 14.64 16.68

11.16 12.11 9.82 10.70 10.29 11.47

1.11 1.10 1.09 1.01 1.09 1.06

23.68 23.61 44.22 46.34 47.28 50.05

47
24
23
CL

PI at "A" - Line  =  0.73(LL-20)  19.71

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Yellowish brown lean clay with sand (CL)s

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-030

D-7 35.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line
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Project Name: Tested By: G. Bathala Date: 08/11/08

Project No. : Input By: LF Date: 08/12/08

Boring No.: Checked By: LF

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

32 25 19

13.86 14.93 14.85 15.19 14.68

11.95 12.86 11.41 11.56 11.12

1.02 1.06 1.08 1.07 1.10

17.47 17.54 33.30 34.60 35.53

35
18
17
CL

PI at "A" - Line  =  0.73(LL-20)  10.95

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Yellowish brown sandy lean clay s(CL)

TEST

NO.

ATTERBERG LIMITS
 ASTM D 4318

SR-57 Widening

370900.02.GE.0S

A-08-030

S-8 40.0

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Liquid Limit

Plastic Limit

Plasticity Index

Classification
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For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line
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Tested By : O. Figueroa Date: 08/29/08
Input By : LF Date: 09/03/08

Depth (ft.)

X   Moist  Mechanical Ram

  Dry  Manual Ram

       Mold Volume (ft³) 0.03310         Ram Weight = 10 lb.;   Drop = 18 in.

1 2 3 4 5 6

3658.0 3793.0 3881.0 3808.0

1841.0 1841.0 1841.0 1841.0

1817.0 1952.0 2040.0 1967.0

421.30 463.80 428.50 394.00

401.40 432.00 391.40 352.20

50.60 50.80 52.90 50.10

5.67 8.34 10.96 13.84

121.0 130.0 135.9 131.0

114.5 120.0 122.5 115.1

122.5 11.0

PROCEDURE USED

X    Procedure A
Soil Passing No. 4 (4.75 mm)  Sieve
Mold :   4 in. (101.6 mm)   diameter
Layers :   5   (Five)
Blows per layer :  25  (twenty-five)
May be used if +#4 is 20% or less 

   Procedure B
Soil Passing 3/8 in. (9.5 mm)  Sieve
Mold :   4 in. (101.6 mm)   diameter
Layers :   5   (Five)
Blows per layer :  25  (twenty-five)
Use if +#4 is >20% and +3/8 in. is
 20% or less

   Procedure C
Soil Passing 3/4 in. (19.0 mm)  Sieve
Mold :   6 in. (152.4 mm)   diameter
Layers :   5   (Five)
Blows per layer :  56  (fifty-six)
Use if +3/8 in. is >20% and +¾ in.
  is <30%

Particle-Size Distribution:
1:48:51
GR:SA:FI

Atterberg Limits:

LL,PL,PI

0-7

MODIFIED PROCTOR COMPACTION TEST
 ASTM D 1557

Project No.:

Boring No.: A-08-001

370900.02.GE.0S

Weight of Mold              (g)

SR-57 Widening

Preparation Method:

Wt. Compacted Soil + Mold (g)

Bag-1

TEST NO.

Soil Identification:

Project Name:

Sample No. :
Olive brown sandy lean clay s(CL)

Net Weight of Soil          (g)

Wet Density                  (pcf)

Dry Density                   (pcf)

Moisture Content            (%)

Wet Weight of Soil + Cont.  (g)

Dry Weight of Soil + Cont.   (g)

Weight of Container            (g)

  Optimum Moisture Content (%)                Maximum Dry Density (pcf)

110.0

115.0

120.0

125.0

130.0

0.0 5.0 10.0 15.0 20.0

Moisture Content (%)

D
ry

 D
en

si
ty

 (p
cf

)

SP. GR. = 2.65
SP. GR. = 2.70
SP. GR. = 2.75

XX

MX A-08-001, Bag-1



Tested By : O. Figueroa Date: 08/05/08
Input By : J. Ward Date: 08/14/08

Depth (ft.)

X   Moist  Mechanical Ram

  Dry  Manual Ram

       Mold Volume (ft³) 0.03310         Ram Weight = 10 lb.;   Drop = 18 in.

1 2 3 4 5 6

3723.0 3828.0 3875.0 3806.0

1841.0 1841.0 1841.0 1841.0

1882.0 1987.0 2034.0 1965.0

423.60 403.70 379.80 371.80

395.20 370.10 342.00 328.50

50.30 50.60 50.80 50.70

8.23 10.52 12.98 15.59

125.3 132.3 135.5 130.9

115.8 119.7 119.9 113.2

120.5 12.0

PROCEDURE USED

X    Procedure A
Soil Passing No. 4 (4.75 mm)  Sieve
Mold :   4 in. (101.6 mm)   diameter
Layers :   5   (Five)
Blows per layer :  25  (twenty-five)
May be used if +#4 is 20% or less 

   Procedure B
Soil Passing 3/8 in. (9.5 mm)  Sieve
Mold :   4 in. (101.6 mm)   diameter
Layers :   5   (Five)
Blows per layer :  25  (twenty-five)
Use if +#4 is >20% and +3/8 in. is
 20% or less

   Procedure C
Soil Passing 3/4 in. (19.0 mm)  Sieve
Mold :   6 in. (152.4 mm)   diameter
Layers :   5   (Five)
Blows per layer :  56  (fifty-six)
Use if +3/8 in. is >20% and +¾ in.
  is <30%

Particle-Size Distribution:
0:42:58
GR:SA:FI

Atterberg Limits:

LL,PL,PI

2-7

MODIFIED PROCTOR COMPACTION TEST
 ASTM D 1557

Project No.:

Boring No.: A-08-002

370900.02.GE.0S

Weight of Mold              (g)

SR-57 Widening

Preparation Method:

Wt. Compacted Soil + Mold (g)

Bag-1

TEST NO.

Soil Identification:

Project Name:

Sample No. :
Dark grayish brown sandy lean clay s(CL)

Net Weight of Soil          (g)

Wet Density                  (pcf)

Dry Density                   (pcf)

Moisture Content            (%)

Wet Weight of Soil + Cont.  (g)

Dry Weight of Soil + Cont.   (g)

Weight of Container            (g)

  Optimum Moisture Content (%)                Maximum Dry Density (pcf)

110.0

115.0

120.0

125.0

130.0

0.0 5.0 10.0 15.0 20.0

Moisture Content (%)

D
ry

 D
en

si
ty

 (p
cf

)

SP. GR. = 2.65
SP. GR. = 2.70
SP. GR. = 2.75

XX

MX A-08-002, Bag-1



Tested By : O. Figueroa Date: 08/29/08
Input By : LF Date: 09/03/08

Depth (ft.)

X   Moist  Mechanical Ram

  Dry  Manual Ram

       Mold Volume (ft³) 0.03310         Ram Weight = 10 lb.;   Drop = 18 in.

1 2 3 4 5 6

3655.0 3760.0 3835.0 3820.0

1841.0 1841.0 1841.0 1841.0

1814.0 1919.0 1994.0 1979.0

442.80 449.00 413.40 418.80

412.20 409.90 371.10 368.70

51.60 52.50 53.80 54.00

8.49 10.94 13.33 15.92

120.8 127.8 132.8 131.8

111.4 115.2 117.2 113.7

117.0 13.5

PROCEDURE USED

X    Procedure A
Soil Passing No. 4 (4.75 mm)  Sieve
Mold :   4 in. (101.6 mm)   diameter
Layers :   5   (Five)
Blows per layer :  25  (twenty-five)
May be used if +#4 is 20% or less 

   Procedure B
Soil Passing 3/8 in. (9.5 mm)  Sieve
Mold :   4 in. (101.6 mm)   diameter
Layers :   5   (Five)
Blows per layer :  25  (twenty-five)
Use if +#4 is >20% and +3/8 in. is
 20% or less

   Procedure C
Soil Passing 3/4 in. (19.0 mm)  Sieve
Mold :   6 in. (152.4 mm)   diameter
Layers :   5   (Five)
Blows per layer :  56  (fifty-six)
Use if +3/8 in. is >20% and +¾ in.
  is <30%

Particle-Size Distribution:
1:41:58
GR:SA:FI

Atterberg Limits:

LL,PL,PI

0-7

MODIFIED PROCTOR COMPACTION TEST
 ASTM D 1557

Project No.:

Boring No.: A-08-003

370900.02.GE.0S

Weight of Mold              (g)

SR-57 Widening

Preparation Method:

Wt. Compacted Soil + Mold (g)

Bag-1

TEST NO.

Soil Identification:

Project Name:

Sample No. :
Yellowish brown sandy lean clay s(CL)

Net Weight of Soil          (g)

Wet Density                  (pcf)

Dry Density                   (pcf)

Moisture Content            (%)

Wet Weight of Soil + Cont.  (g)

Dry Weight of Soil + Cont.   (g)

Weight of Container            (g)

  Optimum Moisture Content (%)                Maximum Dry Density (pcf)

105.0

110.0

115.0

120.0

125.0

0.0 5.0 10.0 15.0 20.0

Moisture Content (%)

D
ry

 D
en

si
ty

 (p
cf

)

SP. GR. = 2.65
SP. GR. = 2.70
SP. GR. = 2.75

XX

MX A-08-003, Bag-1



Tested By : O. Figueroa Date: 08/04/08
Input By : J. Ward Date: 08/07/08

Depth (ft.) 0-7

X Moist Rammer Weight (lb.) = 10.0
Dry #3/4 Height of Drop (in.)   = 18.0

X #3/8 18.0
#4 0.03310

1 2 3 4 5 6
3685.0 3733.0 3795.0 3808.0
1841.0 1841.0 1841.0 1841.0
1844.0 1892.0 1954.0 1967.0

413.60 472.60 481.30 507.50
393.20 439.90 439.60 453.00
50.70 54.30 52.60 50.10

5.96 8.48 10.78 13.53
122.8 126.0 130.1 131.0
115.9 116.2 117.5 115.4

117.5 11.5

124.5 9.5

   Procedure A
Soil Passing No. 4 (4.75 mm)  Sieve
Mold :   4 in. (101.6 mm)   diameter
Layers :   5   (Five)
Blows per layer :  25  (twenty-five)
May be used if +#4 is 20% or less 

X    Procedure B
Soil Passing 3/8 in. (9.5 mm)  Sieve
Mold :   4 in. (101.6 mm)   diameter
Layers :   5   (Five)
Blows per layer :  25  (twenty-five)
Use if +#4 is >20% and +3/8 in. is
 20% or less

   Procedure C
Soil Passing 3/4 in. (19.0 mm)  Sieve
Mold :   6 in. (152.4 mm)   diameter
Layers :   5   (Five)
Blows per layer :  56  (fifty-six)
Use if +3/8 in. is >20% and +¾ in.
  is <30%

Particle-Size Distribution:
21:72:7
GR:SA:FI

Atterberg Limits:

LL,PL,PI

Scalp Fraction (%)

Maximum Dry Density (pcf)

Corrected Dry Density (pcf)

Preparation    
Method:

Dry Density                   (pcf)

Mechanical Ram
Mold Volume (ft³)

TEST NO.

Net Weight of Soil          (g)

Wet Density                  (pcf)
Moisture Content            (%)

Wet Weight of Soil + Cont.  (g)

Weight of Container            (g)

Manual Ram

Dry Weight of Soil + Cont.   (g)

Compaction     
Method

Optimum Moisture Content (%)

Corrected Moisture Content (%)

Weight of Mold              (g)

SR-57 Widening

A-08-004

Wt. Compacted Soil + Mold (g)

Bag-1
Soil Identification:

Project Name:
Project No.:

Boring No.:
Sample No. :

370900.02.GE.0S

MODIFIED PROCTOR COMPACTION TEST
 ASTM D 1557

Light olive brown poorly-graded sand with silt and gravel (SP-SM)g

110.0

115.0

120.0

125.0

130.0

0.0 5.0 10.0 15.0 20.0

Moisture Content (%)

D
ry

 D
en

si
ty

 (p
cf

)

SP. GR. = 2.65
SP. GR. = 2.70
SP. GR. = 2.75

MX A-08-004, Bag-1



Tested By : G. Berdy Date: 08/28/08
Input By : LF Date: 08/29/08

Depth (ft.)

X   Moist  Mechanical Ram

  Dry  Manual Ram

       Mold Volume (ft³) 0.03310         Ram Weight = 10 lb.;   Drop = 18 in.

1 2 3 4 5 6

3668.0 3753.0 3800.0 3765.0

1841.0 1841.0 1841.0 1841.0

1827.0 1912.0 1959.0 1924.0

408.80 406.10 416.70 527.60

377.20 368.10 370.70 459.80

51.90 53.90 54.50 54.30

9.71 12.09 14.55 16.72

121.7 127.3 130.5 128.1

110.9 113.6 113.9 109.8

114.5 13.5

PROCEDURE USED

X    Procedure A
Soil Passing No. 4 (4.75 mm)  Sieve
Mold :   4 in. (101.6 mm)   diameter
Layers :   5   (Five)
Blows per layer :  25  (twenty-five)
May be used if +#4 is 20% or less 

   Procedure B
Soil Passing 3/8 in. (9.5 mm)  Sieve
Mold :   4 in. (101.6 mm)   diameter
Layers :   5   (Five)
Blows per layer :  25  (twenty-five)
Use if +#4 is >20% and +3/8 in. is
 20% or less

   Procedure C
Soil Passing 3/4 in. (19.0 mm)  Sieve
Mold :   6 in. (152.4 mm)   diameter
Layers :   5   (Five)
Blows per layer :  56  (fifty-six)
Use if +3/8 in. is >20% and +¾ in.
  is <30%

Particle-Size Distribution:
1:48:51
GR:SA:FI

Atterberg Limits:

LL,PL,PI

  Optimum Moisture Content (%)                Maximum Dry Density (pcf)

Net Weight of Soil          (g)

Wet Density                  (pcf)

Dry Density                   (pcf)

Moisture Content            (%)

Wet Weight of Soil + Cont.  (g)

Dry Weight of Soil + Cont.   (g)

Weight of Container            (g)

Weight of Mold              (g)

SR-57 Widening

Preparation Method:

Wt. Compacted Soil + Mold (g)

Bag-1

TEST NO.

Soil Identification:

Project Name:

Sample No. :
Olive yellow sandy lean clay s(CL)

0-7

MODIFIED PROCTOR COMPACTION TEST
 ASTM D 1557

Project No.:

Boring No.: A-08-005

370900.02.GE.0S

100.0

105.0

110.0

115.0

120.0

0.0 5.0 10.0 15.0 20.0

Moisture Content (%)

D
ry

 D
en

si
ty

 (p
cf

)

SP. GR. = 2.65
SP. GR. = 2.70
SP. GR. = 2.75

XX

MX A-08-005, Bag-1



Tested By : O. Figueroa Date: 08/18/08
Input By : J. Ward Date: 08/19/08

Depth (ft.)

X   Moist  Mechanical Ram

  Dry  Manual Ram

       Mold Volume (ft³) 0.03310         Ram Weight = 10 lb.;   Drop = 18 in.

1 2 3 4 5 6

3681.0 3739.0 3784.0 3758.0

1841.0 1841.0 1841.0 1841.0

1840.0 1898.0 1943.0 1917.0

422.10 407.00 372.10 395.10

389.70 368.40 330.20 343.60

49.00 53.60 54.20 54.30

9.51 12.26 15.18 17.80

122.6 126.4 129.4 127.7

111.9 112.6 112.4 108.4

113.0 13.5

PROCEDURE USED

X    Procedure A
Soil Passing No. 4 (4.75 mm)  Sieve
Mold :   4 in. (101.6 mm)   diameter
Layers :   5   (Five)
Blows per layer :  25  (twenty-five)
May be used if +#4 is 20% or less 

   Procedure B
Soil Passing 3/8 in. (9.5 mm)  Sieve
Mold :   4 in. (101.6 mm)   diameter
Layers :   5   (Five)
Blows per layer :  25  (twenty-five)
Use if +#4 is >20% and +3/8 in. is
 20% or less

   Procedure C
Soil Passing 3/4 in. (19.0 mm)  Sieve
Mold :   6 in. (152.4 mm)   diameter
Layers :   5   (Five)
Blows per layer :  56  (fifty-six)
Use if +3/8 in. is >20% and +¾ in.
  is <30%

Particle-Size Distribution:
0:15:85
GR:SA:FI

Atterberg Limits:

LL,PL,PI

  Optimum Moisture Content (%)                Maximum Dry Density (pcf)

Net Weight of Soil          (g)

Wet Density                  (pcf)

Dry Density                   (pcf)

Moisture Content            (%)

Wet Weight of Soil + Cont.  (g)

Dry Weight of Soil + Cont.   (g)

Weight of Container            (g)

Weight of Mold              (g)

SR-57 Widening

Preparation Method:

Wt. Compacted Soil + Mold (g)

Bag-1

TEST NO.

Soil Identification:

Project Name:

Sample No. :
Yellowish brown lean clay with sand (CL)s

0-7

MODIFIED PROCTOR COMPACTION TEST
 ASTM D 1557

Project No.:

Boring No.: A-08-008

370900.02.GE.0S

100.0

105.0

110.0

115.0

120.0

5.0 10.0 15.0 20.0 25.0

Moisture Content (%)

D
ry

 D
en

si
ty

 (p
cf

)

SP. GR. = 2.65
SP. GR. = 2.70
SP. GR. = 2.75

XX

MX A-08-008, Bag-1



Tested By : G. Berdy Date: 08/22/08
370900.02.GE.0S Input By : LF Date: 08/26/08

Depth (ft.) 0-7

X Moist Rammer Weight (lb.) = 10.0
Dry #3/4 Height of Drop (in.)   = 18.0

X #3/8
#4 5.0 0.03310

1 2 3 4 5 6
3755.0 3838.0 3849.0 3782.0
1841.0 1841.0 1841.0 1841.0
1914.0 1997.0 2008.0 1941.0

369.80 440.00 474.10 509.30
344.00 400.00 423.40 443.90
50.30 54.20 54.50 49.20

8.78 11.57 13.74 16.57
127.5 133.0 133.7 129.3
117.2 119.2 117.6 110.9

119.0 11.5

121.0 11.0

X    Procedure A
Soil Passing No. 4 (4.75 mm)  Sieve
Mold :   4 in. (101.6 mm)   diameter
Layers :   5   (Five)
Blows per layer :  25  (twenty-five)
May be used if +#4 is 20% or less 

   Procedure B
Soil Passing 3/8 in. (9.5 mm)  Sieve
Mold :   4 in. (101.6 mm)   diameter
Layers :   5   (Five)
Blows per layer :  25  (twenty-five)
Use if +#4 is >20% and +3/8 in. is
 20% or less

   Procedure C
Soil Passing 3/4 in. (19.0 mm)  Sieve
Mold :   6 in. (152.4 mm)   diameter
Layers :   5   (Five)
Blows per layer :  56  (fifty-six)
Use if +3/8 in. is >20% and +¾ in.
  is <30%

Particle-Size Distribution:
5:50:45
GR:SA:FI

Atterberg Limits:

LL,PL,PI

MODIFIED PROCTOR COMPACTION TEST
 ASTM D 1557

Olive brown clayey sand (SC)

Weight of Mold              (g)

SR-57 Widening

A-08-009

Wt. Compacted Soil + Mold (g)

Bag-1
Soil Identification:

Project Name:
Project No.:
Boring No.:
Sample No. :

Optimum Moisture Content (%)

Corrected Moisture Content (%)

Mold Volume (ft³)

TEST NO.

Net Weight of Soil          (g)

Wet Density                  (pcf)
Moisture Content            (%)

Wet Weight of Soil + Cont.  (g)

Weight of Container            (g)

Manual Ram

Dry Weight of Soil + Cont.   (g)

Compaction     
Method

Scalp Fraction (%)

Maximum Dry Density (pcf)

Corrected Dry Density (pcf)

Preparation    
Method:

Dry Density                   (pcf)

Mechanical Ram

105.0

110.0

115.0

120.0

125.0

0.0 5.0 10.0 15.0 20.0

Moisture Content (%)

D
ry

 D
en

si
ty

 (p
cf

)

SP. GR. = 2.65
SP. GR. = 2.70
SP. GR. = 2.75

MX A-08-009, Bag-1



Tested By : O. Figueroa Date: 08/05/08
Input By : J. Ward Date: 08/07/08

Depth (ft.)

X   Moist  Mechanical Ram

  Dry  Manual Ram

       Mold Volume (ft³) 0.03310         Ram Weight = 10 lb.;   Drop = 18 in.

1 2 3 4 5 6

3759.0 3875.0 3871.0 3804.0

1841.0 1841.0 1841.0 1841.0

1918.0 2034.0 2030.0 1963.0

421.90 406.10 378.60 378.70

394.00 371.40 340.90 334.50

50.40 50.00 52.90 50.80

8.12 10.80 13.09 15.58

127.7 135.5 135.2 130.7

118.2 122.3 119.6 113.1

122.5 10.5

PROCEDURE USED

X    Procedure A
Soil Passing No. 4 (4.75 mm)  Sieve
Mold :   4 in. (101.6 mm)   diameter
Layers :   5   (Five)
Blows per layer :  25  (twenty-five)
May be used if +#4 is 20% or less 

   Procedure B
Soil Passing 3/8 in. (9.5 mm)  Sieve
Mold :   4 in. (101.6 mm)   diameter
Layers :   5   (Five)
Blows per layer :  25  (twenty-five)
Use if +#4 is >20% and +3/8 in. is
 20% or less

   Procedure C
Soil Passing 3/4 in. (19.0 mm)  Sieve
Mold :   6 in. (152.4 mm)   diameter
Layers :   5   (Five)
Blows per layer :  56  (fifty-six)
Use if +3/8 in. is >20% and +¾ in.
  is <30%

Particle-Size Distribution:
3:53:44
GR:SA:FI

Atterberg Limits:

LL,PL,PI

0-7

MODIFIED PROCTOR COMPACTION TEST
 ASTM D 1557

Project No.:

Boring No.: A-08-010

370900.02.GE.0S

Weight of Mold              (g)

SR-57 Widening

Preparation Method:

Wt. Compacted Soil + Mold (g)

Bag-1

TEST NO.

Soil Identification:

Project Name:

Sample No. :
Yellowish brown clayey sand (SC)

Net Weight of Soil          (g)

Wet Density                  (pcf)

Dry Density                   (pcf)

Moisture Content            (%)

Wet Weight of Soil + Cont.  (g)

Dry Weight of Soil + Cont.   (g)

Weight of Container            (g)

  Optimum Moisture Content (%)                Maximum Dry Density (pcf)

110.0

115.0

120.0

125.0

130.0

0.0 5.0 10.0 15.0 20.0

Moisture Content (%)

D
ry

 D
en

si
ty

 (p
cf

)

SP. GR. = 2.65
SP. GR. = 2.70
SP. GR. = 2.75

XX

MX A-08-010, Bag-1



Tested By : G. Berdy Date: 08/28/08
Input By : LF Date: 08/29/08

Depth (ft.)

X   Moist  Mechanical Ram

  Dry  Manual Ram

       Mold Volume (ft³) 0.03310         Ram Weight = 10 lb.;   Drop = 18 in.

1 2 3 4 5 6

3731.0 3838.0 3859.0 3811.0

1841.0 1841.0 1841.0 1841.0

1890.0 1997.0 2018.0 1970.0

389.50 403.70 442.00 492.70

366.70 372.30 399.30 435.80

50.90 50.10 54.30 54.60

7.22 9.75 12.38 14.93

125.9 133.0 134.4 131.2

117.4 121.2 119.6 114.2

121.5 10.0

PROCEDURE USED

X    Procedure A
Soil Passing No. 4 (4.75 mm)  Sieve
Mold :   4 in. (101.6 mm)   diameter
Layers :   5   (Five)
Blows per layer :  25  (twenty-five)
May be used if +#4 is 20% or less 

   Procedure B
Soil Passing 3/8 in. (9.5 mm)  Sieve
Mold :   4 in. (101.6 mm)   diameter
Layers :   5   (Five)
Blows per layer :  25  (twenty-five)
Use if +#4 is >20% and +3/8 in. is
 20% or less

   Procedure C
Soil Passing 3/4 in. (19.0 mm)  Sieve
Mold :   6 in. (152.4 mm)   diameter
Layers :   5   (Five)
Blows per layer :  56  (fifty-six)
Use if +3/8 in. is >20% and +¾ in.
  is <30%

Particle-Size Distribution:
2:55:43
GR:SA:FI

Atterberg Limits:

LL,PL,PI

  Optimum Moisture Content (%)                Maximum Dry Density (pcf)

Net Weight of Soil          (g)

Wet Density                  (pcf)

Dry Density                   (pcf)

Moisture Content            (%)

Wet Weight of Soil + Cont.  (g)

Dry Weight of Soil + Cont.   (g)

Weight of Container            (g)

Weight of Mold              (g)

SR-57 Widening

Preparation Method:

Wt. Compacted Soil + Mold (g)

Bag-1

TEST NO.

Soil Identification:

Project Name:

Sample No. :
Yellowish brown clayey sand (SC)

0-7

MODIFIED PROCTOR COMPACTION TEST
 ASTM D 1557

Project No.:

Boring No.: A-08-011

370900.02.GE.0S

110.0

115.0

120.0

125.0

130.0

0.0 5.0 10.0 15.0 20.0

Moisture Content (%)

D
ry

 D
en

si
ty

 (p
cf

)

SP. GR. = 2.65
SP. GR. = 2.70
SP. GR. = 2.75

XX

MX A-08-011, Bag-1



Tested By : G. Berdy Date: 01/29/05
Input By : J. Ward Date: 08/26/08

Depth (ft.) 0-7

X Moist Rammer Weight (lb.) = 10.0
Dry #3/4 Height of Drop (in.)   = 18.0

X #3/8
#4 7.5 0.03310

1 2 3 4 5 6
3678.0 3781.0 3837.0 3781.0
1841.0 1841.0 1841.0 1841.0
1837.0 1940.0 1996.0 1940.0

434.60 425.20 451.30 455.40
406.70 389.90 405.50 400.10
50.40 51.50 54.30 50.70

7.83 10.43 13.04 15.83
122.4 129.2 132.9 129.2
113.5 117.0 117.6 111.6

118.0 12.0

120.5 11.0

X    Procedure A
Soil Passing No. 4 (4.75 mm)  Sieve
Mold :   4 in. (101.6 mm)   diameter
Layers :   5   (Five)
Blows per layer :  25  (twenty-five)
May be used if +#4 is 20% or less 

   Procedure B
Soil Passing 3/8 in. (9.5 mm)  Sieve
Mold :   4 in. (101.6 mm)   diameter
Layers :   5   (Five)
Blows per layer :  25  (twenty-five)
Use if +#4 is >20% and +3/8 in. is
 20% or less

   Procedure C
Soil Passing 3/4 in. (19.0 mm)  Sieve
Mold :   6 in. (152.4 mm)   diameter
Layers :   5   (Five)
Blows per layer :  56  (fifty-six)
Use if +3/8 in. is >20% and +¾ in.
  is <30%

Particle-Size Distribution:
8:51:41
GR:SA:FI

Atterberg Limits:

LL,PL,PI

MODIFIED PROCTOR COMPACTION TEST
 ASTM D 1557

Yellowish brown clayey sand (SC) with caliche

Weight of Mold              (g)

A-08-014

Wt. Compacted Soil + Mold (g)

Bag-1
Soil Identification:

Optimum Moisture Content (%)

Corrected Moisture Content (%)

Mold Volume (ft³)

TEST NO.

Net Weight of Soil          (g)

Wet Density                  (pcf)
Moisture Content            (%)

Wet Weight of Soil + Cont.  (g)

Weight of Container            (g)

Manual Ram

Dry Weight of Soil + Cont.   (g)

Compaction     
Method

Corrected Dry Density (pcf)

Preparation    
Method:

Dry Density                   (pcf)

Mechanical Ram

370900.02.GE.0S
SR-57 Widening

Scalp Fraction (%)

Maximum Dry Density (pcf)

Project Name:
Project No.:

Boring No.:
Sample No. :

110.0

115.0

120.0

125.0

130.0

0.0 5.0 10.0 15.0 20.0

Moisture Content (%)

D
ry

 D
en

si
ty

 (p
cf

)

SP. GR. = 2.65
SP. GR. = 2.70
SP. GR. = 2.75

MX A-08-014, Bag-1



Tested By : G. Berdy Date: 08/26/08
Input By : LF Date: 09/10/08

Depth (ft.)

X   Moist  Mechanical Ram

  Dry  Manual Ram

       Mold Volume (ft³) 0.03310         Ram Weight = 10 lb.;   Drop = 18 in.

1 2 3 4 5 6

3557.0 3690.0 3755.0 3742.0

1841.0 1841.0 1841.0 1841.0

1716.0 1849.0 1914.0 1901.0

476.20 400.20 373.70 423.10

442.50 365.10 335.50 371.80

51.10 54.20 54.30 51.40

8.61 11.29 13.58 16.01

114.3 123.2 127.5 126.6

105.2 110.7 112.2 109.1

112.0 13.5

PROCEDURE USED

X    Procedure A
Soil Passing No. 4 (4.75 mm)  Sieve
Mold :   4 in. (101.6 mm)   diameter
Layers :   5   (Five)
Blows per layer :  25  (twenty-five)
May be used if +#4 is 20% or less 

   Procedure B
Soil Passing 3/8 in. (9.5 mm)  Sieve
Mold :   4 in. (101.6 mm)   diameter
Layers :   5   (Five)
Blows per layer :  25  (twenty-five)
Use if +#4 is >20% and +3/8 in. is
 20% or less

   Procedure C
Soil Passing 3/4 in. (19.0 mm)  Sieve
Mold :   6 in. (152.4 mm)   diameter
Layers :   5   (Five)
Blows per layer :  56  (fifty-six)
Use if +3/8 in. is >20% and +¾ in.
  is <30%

Particle-Size Distribution:

GR:SA:FI
Atterberg Limits:

47,21,26
LL,PL,PI

  Optimum Moisture Content (%)                Maximum Dry Density (pcf)

Net Weight of Soil          (g)

Wet Density                  (pcf)

Dry Density                   (pcf)

Moisture Content            (%)

Wet Weight of Soil + Cont.  (g)

Dry Weight of Soil + Cont.   (g)

Weight of Container            (g)

Weight of Mold              (g)

SR-57 Widening

Preparation Method:

Wt. Compacted Soil + Mold (g)

Bag-1

TEST NO.

Soil Identification:

Project Name:

Sample No. :
Dark brown lean clay with sand (CL)s

0-7

MODIFIED PROCTOR COMPACTION TEST
 ASTM D 1557

Project No.:

Boring No.: A-08-015

370900.02.GE.0S

100.0

105.0

110.0

115.0

120.0

0.0 5.0 10.0 15.0 20.0

Moisture Content (%)

D
ry

 D
en

si
ty

 (p
cf

)

SP. GR. = 2.65
SP. GR. = 2.70
SP. GR. = 2.75

XX

MX A-08-015, Bag-1



Tested By : O. Figueroa Date: 08/27/08
Input By : LF Date: 08/29/08

Depth (ft.)

X   Moist  Mechanical Ram

  Dry  Manual Ram

       Mold Volume (ft³) 0.03310         Ram Weight = 10 lb.;   Drop = 18 in.

1 2 3 4 5 6

3630.0 3774.0 3816.0 3805.0

1841.0 1841.0 1841.0 1841.0

1789.0 1933.0 1975.0 1964.0

456.60 414.40 380.80 406.10

429.90 382.00 344.60 360.50

54.20 54.20 51.00 51.40

7.11 9.88 12.33 14.75

119.2 128.7 131.5 130.8

111.2 117.2 117.1 114.0

117.5 11.0

PROCEDURE USED

X    Procedure A
Soil Passing No. 4 (4.75 mm)  Sieve
Mold :   4 in. (101.6 mm)   diameter
Layers :   5   (Five)
Blows per layer :  25  (twenty-five)
May be used if +#4 is 20% or less 

   Procedure B
Soil Passing 3/8 in. (9.5 mm)  Sieve
Mold :   4 in. (101.6 mm)   diameter
Layers :   5   (Five)
Blows per layer :  25  (twenty-five)
Use if +#4 is >20% and +3/8 in. is
 20% or less

   Procedure C
Soil Passing 3/4 in. (19.0 mm)  Sieve
Mold :   6 in. (152.4 mm)   diameter
Layers :   5   (Five)
Blows per layer :  56  (fifty-six)
Use if +3/8 in. is >20% and +¾ in.
  is <30%

Particle-Size Distribution:

GR:SA:FI
Atterberg Limits:

LL,PL,PI

15-20

MODIFIED PROCTOR COMPACTION TEST
 ASTM D 1557

Project No.:

Boring No.: A-08-016

370900.02.GE.0S

Weight of Mold              (g)

SR-57 Widening

Preparation Method:

Wt. Compacted Soil + Mold (g)

Bag-1

TEST NO.

Soil Identification:

Project Name:

Sample No. :
Olive brown lean clay with sand (CL)s

Net Weight of Soil          (g)

Wet Density                  (pcf)

Dry Density                   (pcf)

Moisture Content            (%)

Wet Weight of Soil + Cont.  (g)

Dry Weight of Soil + Cont.   (g)

Weight of Container            (g)

  Optimum Moisture Content (%)                Maximum Dry Density (pcf)

105.0

110.0

115.0

120.0

125.0

0.0 5.0 10.0 15.0 20.0

Moisture Content (%)

D
ry

 D
en

si
ty

 (p
cf

)

SP. GR. = 2.65
SP. GR. = 2.70
SP. GR. = 2.75

XX

MX A-08-016, Bag-1



Tested By : G. Berdy Date: 08/14/07
Input By : J. Ward Date: 08/25/08

Depth (ft.)

X   Moist  Mechanical Ram

  Dry  Manual Ram

       Mold Volume (ft³) 0.03310         Ram Weight = 10 lb.;   Drop = 18 in.

1 2 3 4 5 6

3681.0 3780.0 3783.0 3770.0

1841.0 1841.0 1841.0 1841.0

1840.0 1939.0 1942.0 1929.0

454.40 434.60 398.00 550.50

427.50 401.90 361.40 487.40

51.50 54.20 54.70 50.80

7.15 9.40 11.93 14.45

122.6 129.1 129.3 128.5

114.4 118.0 115.6 112.3

118.0 9.5

PROCEDURE USED

X    Procedure A
Soil Passing No. 4 (4.75 mm)  Sieve
Mold :   4 in. (101.6 mm)   diameter
Layers :   5   (Five)
Blows per layer :  25  (twenty-five)
May be used if +#4 is 20% or less 

   Procedure B
Soil Passing 3/8 in. (9.5 mm)  Sieve
Mold :   4 in. (101.6 mm)   diameter
Layers :   5   (Five)
Blows per layer :  25  (twenty-five)
Use if +#4 is >20% and +3/8 in. is
 20% or less

   Procedure C
Soil Passing 3/4 in. (19.0 mm)  Sieve
Mold :   6 in. (152.4 mm)   diameter
Layers :   5   (Five)
Blows per layer :  56  (fifty-six)
Use if +3/8 in. is >20% and +¾ in.
  is <30%

Particle-Size Distribution:
0:47:53
GR:SA:FI

Atterberg Limits:

LL,PL,PI

  Optimum Moisture Content (%)                Maximum Dry Density (pcf)

Net Weight of Soil          (g)

Wet Density                  (pcf)

Dry Density                   (pcf)

Moisture Content            (%)

Wet Weight of Soil + Cont.  (g)

Dry Weight of Soil + Cont.   (g)

Weight of Container            (g)

Weight of Mold              (g)

SR-57 Widening

Preparation Method:

Wt. Compacted Soil + Mold (g)

Bag-1

TEST NO.

Soil Identification:

Project Name:

Sample No. :
Dark brown sandy lean clay s(CL)

0-7

MODIFIED PROCTOR COMPACTION TEST
 ASTM D 1557

Project No.:

Boring No.: A-08-018

370900.02.GE.0S

110.0

115.0

120.0

125.0

130.0

0.0 5.0 10.0 15.0 20.0

Moisture Content (%)

D
ry

 D
en

si
ty

 (p
cf

)

SP. GR. = 2.65
SP. GR. = 2.70
SP. GR. = 2.75

XX

MX A-08-018, Bag-1



Tested By : G. Berdy Date: 08/25/08
Input By : LF Date: 08/27/08

Depth (ft.)

X   Moist  Mechanical Ram

  Dry  Manual Ram

       Mold Volume (ft³) 0.03310         Ram Weight = 10 lb.;   Drop = 18 in.

1 2 3 4 5 6

3625.0 3697.0 3723.0 3699.0

1841.0 1841.0 1841.0 1841.0

1784.0 1856.0 1882.0 1858.0

414.00 372.30 398.70 406.30

379.70 336.10 352.60 352.40

51.00 54.20 54.70 54.50

10.44 12.84 15.47 18.09

118.8 123.6 125.3 123.7

107.6 109.5 108.6 104.8

109.5 13.5

PROCEDURE USED

X    Procedure A
Soil Passing No. 4 (4.75 mm)  Sieve
Mold :   4 in. (101.6 mm)   diameter
Layers :   5   (Five)
Blows per layer :  25  (twenty-five)
May be used if +#4 is 20% or less 

   Procedure B
Soil Passing 3/8 in. (9.5 mm)  Sieve
Mold :   4 in. (101.6 mm)   diameter
Layers :   5   (Five)
Blows per layer :  25  (twenty-five)
Use if +#4 is >20% and +3/8 in. is
 20% or less

   Procedure C
Soil Passing 3/4 in. (19.0 mm)  Sieve
Mold :   6 in. (152.4 mm)   diameter
Layers :   5   (Five)
Blows per layer :  56  (fifty-six)
Use if +3/8 in. is >20% and +¾ in.
  is <30%

Particle-Size Distribution:
2:28:70
GR:SA:FI

Atterberg Limits:

LL,PL,PI

  Optimum Moisture Content (%)                Maximum Dry Density (pcf)

Net Weight of Soil          (g)

Wet Density                  (pcf)

Dry Density                   (pcf)

Moisture Content            (%)

Wet Weight of Soil + Cont.  (g)

Dry Weight of Soil + Cont.   (g)

Weight of Container            (g)

Weight of Mold              (g)

SR-57 Widening

Preparation Method:

Wt. Compacted Soil + Mold (g)

Bag-1

TEST NO.

Soil Identification:

Project Name:

Sample No. :
Yellowish brown sandy lean clay s(CL) with caliche

2-7

MODIFIED PROCTOR COMPACTION TEST
 ASTM D 1557

Project No.:

Boring No.: A-08-021

370900.02.GE.0S

100.0

105.0

110.0

115.0

120.0

0.0 5.0 10.0 15.0 20.0

Moisture Content (%)

D
ry

 D
en

si
ty

 (p
cf

)

SP. GR. = 2.65
SP. GR. = 2.70
SP. GR. = 2.75

XX

MX A-08-021, Bag-1



Tested By : G. Berdy Date: 08/22/07
Input By : LF Date: 08/26/08

Depth (ft.)

X   Moist  Mechanical Ram

  Dry  Manual Ram

       Mold Volume (ft³) 0.03310         Ram Weight = 10 lb.;   Drop = 18 in.

1 2 3 4 5 6

3632.0 3782.0 3799.0 3780.0

1841.0 1841.0 1841.0 1841.0

1791.0 1941.0 1958.0 1939.0

438.20 414.40 425.70 431.60

417.20 386.90 389.70 386.60

51.50 54.50 54.30 51.10

5.74 8.27 10.73 13.41

119.3 129.3 130.4 129.1

112.8 119.4 117.8 113.9

119.5 9.0

PROCEDURE USED

X    Procedure A
Soil Passing No. 4 (4.75 mm)  Sieve
Mold :   4 in. (101.6 mm)   diameter
Layers :   5   (Five)
Blows per layer :  25  (twenty-five)
May be used if +#4 is 20% or less 

   Procedure B
Soil Passing 3/8 in. (9.5 mm)  Sieve
Mold :   4 in. (101.6 mm)   diameter
Layers :   5   (Five)
Blows per layer :  25  (twenty-five)
Use if +#4 is >20% and +3/8 in. is
 20% or less

   Procedure C
Soil Passing 3/4 in. (19.0 mm)  Sieve
Mold :   6 in. (152.4 mm)   diameter
Layers :   5   (Five)
Blows per layer :  56  (fifty-six)
Use if +3/8 in. is >20% and +¾ in.
  is <30%

Particle-Size Distribution:
1:52:47
GR:SA:FI

Atterberg Limits:

LL,PL,PI

2-7

MODIFIED PROCTOR COMPACTION TEST
 ASTM D 1557

Project No.:

Boring No.: A-08-022

370900.02.GE.0S

Weight of Mold              (g)

SR-57 Widening

Preparation Method:

Wt. Compacted Soil + Mold (g)

Bag-1

TEST NO.

Soil Identification:

Project Name:

Sample No. :
Brown clayey sand (SC)

Net Weight of Soil          (g)

Wet Density                  (pcf)

Dry Density                   (pcf)

Moisture Content            (%)

Wet Weight of Soil + Cont.  (g)

Dry Weight of Soil + Cont.   (g)

Weight of Container            (g)

  Optimum Moisture Content (%)                Maximum Dry Density (pcf)

110.0

115.0

120.0

125.0

130.0

0.0 5.0 10.0 15.0 20.0

Moisture Content (%)

D
ry

 D
en

si
ty

 (p
cf

)

SP. GR. = 2.65
SP. GR. = 2.70
SP. GR. = 2.75

XX

MX A-08-022, Bag-1



Tested By : G. Berdy Date: 08/28/08
Input By : LF Date: 09/03/08

Depth (ft.)

X   Moist  Mechanical Ram

  Dry  Manual Ram

       Mold Volume (ft³) 0.03310         Ram Weight = 10 lb.;   Drop = 18 in.

1 2 3 4 5 6

3619.0 3693.0 3738.0 3771.0

1841.0 1841.0 1841.0 1841.0

1778.0 1852.0 1897.0 1930.0

455.90 441.30 383.40 392.10

430.70 407.40 347.90 348.40

50.80 50.20 51.60 52.90

6.63 9.49 11.98 14.79

118.4 123.4 126.3 128.5

111.1 112.7 112.8 112.0

113.0 11.0

PROCEDURE USED

X    Procedure A
Soil Passing No. 4 (4.75 mm)  Sieve
Mold :   4 in. (101.6 mm)   diameter
Layers :   5   (Five)
Blows per layer :  25  (twenty-five)
May be used if +#4 is 20% or less 

   Procedure B
Soil Passing 3/8 in. (9.5 mm)  Sieve
Mold :   4 in. (101.6 mm)   diameter
Layers :   5   (Five)
Blows per layer :  25  (twenty-five)
Use if +#4 is >20% and +3/8 in. is
 20% or less

   Procedure C
Soil Passing 3/4 in. (19.0 mm)  Sieve
Mold :   6 in. (152.4 mm)   diameter
Layers :   5   (Five)
Blows per layer :  56  (fifty-six)
Use if +3/8 in. is >20% and +¾ in.
  is <30%

Particle-Size Distribution:
2:24:74
GR:SA:FI

Atterberg Limits:

LL,PL,PI

2-7

MODIFIED PROCTOR COMPACTION TEST
 ASTM D 1557

Project No.:

Boring No.: A-08-024

370900.02.GE.0S

Weight of Mold              (g)

SR-57 Widening

Preparation Method:

Wt. Compacted Soil + Mold (g)

Bag-1

TEST NO.

Soil Identification:

Project Name:

Sample No. :
Olive lean clay with sand (CL)s

Net Weight of Soil          (g)

Wet Density                  (pcf)

Dry Density                   (pcf)

Moisture Content            (%)

Wet Weight of Soil + Cont.  (g)

Dry Weight of Soil + Cont.   (g)

Weight of Container            (g)

  Optimum Moisture Content (%)                Maximum Dry Density (pcf)

100.0

105.0

110.0

115.0

120.0

0.0 5.0 10.0 15.0 20.0

Moisture Content (%)

D
ry

 D
en

si
ty

 (p
cf

)

SP. GR. = 2.65
SP. GR. = 2.70
SP. GR. = 2.75

XX

MX A-08-024, Bag-1



Tested By : O. Figueroa Date: 08/18/08
Input By : LF Date: 08/19/08
Depth (ft.) 0-7

X Moist Rammer Weight (lb.) = 10.0
Dry #3/4 Height of Drop (in.)   = 18.0

X #3/8
#4 7.6 0.03310

1 2 3 4 5 6
3674.0 3804.0 3860.0 3823.0
1841.0 1841.0 1841.0 1841.0
1833.0 1963.0 2019.0 1982.0

449.90 429.40 387.00 364.60
422.60 394.70 348.70 322.30
54.60 54.30 54.60 51.60

7.42 10.19 13.02 15.63
122.1 130.7 134.5 132.0
113.7 118.6 119.0 114.2

119.5 12.0

122.0 11.0

X    Procedure A
Soil Passing No. 4 (4.75 mm)  Sieve
Mold :   4 in. (101.6 mm)   diameter
Layers :   5   (Five)
Blows per layer :  25  (twenty-five)
May be used if +#4 is 20% or less 

   Procedure B
Soil Passing 3/8 in. (9.5 mm)  Sieve
Mold :   4 in. (101.6 mm)   diameter
Layers :   5   (Five)
Blows per layer :  25  (twenty-five)
Use if +#4 is >20% and +3/8 in. is
 20% or less

   Procedure C
Soil Passing 3/4 in. (19.0 mm)  Sieve
Mold :   6 in. (152.4 mm)   diameter
Layers :   5   (Five)
Blows per layer :  56  (fifty-six)
Use if +3/8 in. is >20% and +¾ in.
  is <30%

Particle-Size Distribution:
8:39:53
GR:SA:FI

Atterberg Limits:

LL,PL,PI

Scalp Fraction (%)

Maximum Dry Density (pcf)

Corrected Dry Density (pcf)

Preparation    
Method:

Dry Density                   (pcf)

Mechanical Ram
Mold Volume (ft³)

TEST NO.

Net Weight of Soil          (g)

Wet Density                  (pcf)
Moisture Content            (%)

Wet Weight of Soil + Cont.  (g)

Weight of Container            (g)

Manual Ram

Dry Weight of Soil + Cont.   (g)

Compaction     
Method

Optimum Moisture Content (%)

Corrected Moisture Content (%)

Project Name:
Project No.:
Boring No.:
Sample No. :

MODIFIED PROCTOR COMPACTION TEST
 ASTM D 1557

Pale olive sandy lean clay s(CL)

Weight of Mold              (g)

SR-57 Widening

A-08-027

Wt. Compacted Soil + Mold (g)

Bag-1
Soil Identification:

370900.02.GE.0

105.0

110.0

115.0

120.0

125.0

0.0 5.0 10.0 15.0 20.0

Moisture Content (%)

D
ry

 D
en
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ty

 (p
cf

)

SP. GR. = 2.65
SP. GR. = 2.70
SP. GR. = 2.75

MX A-08-027, Bag-1



Tested By : G. Berdy Date: 08/08/08
Input By : J. Ward Date: 09/10/08

Depth (ft.)

X   Moist  Mechanical Ram

  Dry  Manual Ram

       Mold Volume (ft³) 0.03310         Ram Weight = 10 lb.;   Drop = 18 in.

1 2 3 4 5 6

3702.0 3792.0 3803.0 3794.0

1841.0 1841.0 1841.0 1841.0

1861.0 1951.0 1962.0 1953.0

426.50 417.10 425.60 449.80

398.20 381.60 381.90 396.50

49.10 49.20 49.30 53.70

8.11 10.68 13.14 15.55

123.9 129.9 130.7 130.1

114.7 117.4 115.5 112.6

117.5 10.5

PROCEDURE USED

X    Procedure A
Soil Passing No. 4 (4.75 mm)  Sieve
Mold :   4 in. (101.6 mm)   diameter
Layers :   5   (Five)
Blows per layer :  25  (twenty-five)
May be used if +#4 is 20% or less 

   Procedure B
Soil Passing 3/8 in. (9.5 mm)  Sieve
Mold :   4 in. (101.6 mm)   diameter
Layers :   5   (Five)
Blows per layer :  25  (twenty-five)
Use if +#4 is >20% and +3/8 in. is
 20% or less

   Procedure C
Soil Passing 3/4 in. (19.0 mm)  Sieve
Mold :   6 in. (152.4 mm)   diameter
Layers :   5   (Five)
Blows per layer :  56  (fifty-six)
Use if +3/8 in. is >20% and +¾ in.
  is <30%

Particle-Size Distribution:
16:23:61

GR:SA:FI
Atterberg Limits:

LL,PL,PI

0-7

MODIFIED PROCTOR COMPACTION TEST
 ASTM D 1557

Project No.:

Boring No.: A-08-028

370900.02.GE.0S

Weight of Mold              (g)

SR-57 Widening

Preparation Method:

Wt. Compacted Soil + Mold (g)

Bag-1

TEST NO.

Soil Identification:

Project Name:

Sample No. :
Olive sandy lean clay with gravel s(CL)g

Net Weight of Soil          (g)

Wet Density                  (pcf)

Dry Density                   (pcf)

Moisture Content            (%)

Wet Weight of Soil + Cont.  (g)

Dry Weight of Soil + Cont.   (g)

Weight of Container            (g)

  Optimum Moisture Content (%)                Maximum Dry Density (pcf)

110.0

115.0

120.0

125.0

130.0

0.0 5.0 10.0 15.0 20.0

Moisture Content (%)

D
ry

 D
en

si
ty

 (p
cf

)

SP. GR. = 2.65
SP. GR. = 2.70
SP. GR. = 2.75

XX

MX A-08-028, Bag-1



Tested By: G. Berdy Date: 08/21/08
Checked By: LF Date: 09/10/08
Depth (ft.)

Dry Wt. of Soil + Cont.         (g)
Wt. of Container No.            (g)
Dry Wt. of Soil                     (g)
Weight Soil Retained on #4 Sieve
Percent Passing # 4 

SPECIMEN  INUNDATION in distilled water for the period of 24 h or expansion rate < 0.0002 in./h

EXPANSION INDEX of SOILS
ASTM D 4829

Project Name: SR-57 Widening
Project No. : 370900.02.GE.0S
Boring No.: A-08-002 2-7
Sample No. : Bag-1
Soil Identification: Dark grayish brown sandy lean clay s(CL)

1000.00
0.00

1000.00
0.00

100.00

MOLDED SPECIMEN Before Test After Test

Specimen Diameter        (in.) 4.01 4.01
Specimen Height            (in.) 1.0000 1.0485
Wt. Comp. Soil + Mold    (g) 558.30 437.00
Wt. of Mold                    (g) 163.80 0.00
Specific Gravity (Assumed) 2.70 2.70
Container No. O O
Wet Wt. of Soil + Cont.   (g) 798.10 600.80
Dry Wt. of Soil + Cont.    (g) 725.50 522.50
Wt. of Container             (g) 0.00 163.80
Moisture Content            (%) 10.01 21.83
Wet Density                   (pcf) 119.0 125.7
Dry Density                    (pcf) 108.2 103.2
Void Ratio   0.558 0.634
Total Porosity 0.358 0.388
Pore Volume                  (cc)  74.2 84.2
Degree of Saturation (%) [ S meas] 48.4 93.0

Date Time Pressure  (psi)
Elapsed Time         

(min.)
Dial Readings        

(in.)

10
08/21/08 13:36 1.0 0 0.1680

0.167008/21/08 13:46
Add Distilled Water to the Specimen

08/21/08 14:08 1.0 22 0.2115

1.0

0.2165
08/22/08 9:34 1.0 1188 0.2165
08/22/08 7:17 1.0 1051

Expansion Index (EI meas)   = ((Final Rdg - Initial Rdg) / Initial Thick.) x 1000 50



Tested By: G. Berdy Date: 08/20/08
Checked By: LF Date: 08/21/08
Depth (ft.)

Dry Wt. of Soil + Cont.         (g)
Wt. of Container No.            (g)
Dry Wt. of Soil                     (g)
Weight Soil Retained on #4 Sieve
Percent Passing # 4 

SPECIMEN  INUNDATION in distilled water for the period of 24 h or expansion rate < 0.0002 in./h

EXPANSION INDEX of SOILS
ASTM D 4829

Project Name: SR-57 Widening
Project No. : 370900.02.GE.0S
Boring No.: A-08-004 0-7
Sample No. : Bag-1
Soil Identification: Light olive brown poorly graded sand with silt and gravel (SP-SM)g

1000.00
0.00

1000.00
0.00

100.00

MOLDED SPECIMEN Before Test After Test

Specimen Diameter        (in.) 4.01 4.01
Specimen Height            (in.) 1.0000 0.9995
Wt. Comp. Soil + Mold    (g) 584.90 408.30
Wt. of Mold                    (g) 191.90 0.00
Specific Gravity (Assumed) 2.70 2.70
Container No. O O
Wet Wt. of Soil + Cont.   (g) 787.80 600.20
Dry Wt. of Soil + Cont.    (g) 712.90 547.50
Wt. of Container             (g) 0.00 191.90
Moisture Content            (%) 10.51 14.82
Wet Density                   (pcf) 118.5 123.2
Dry Density                    (pcf) 107.3 107.3
Void Ratio   0.572 0.571
Total Porosity 0.364 0.363
Pore Volume                  (cc)  75.3 75.2
Degree of Saturation (%) [ S meas] 49.6 70.1

Date Time Pressure  (psi)
Elapsed Time         

(min.)
Dial Readings        

(in.)

10
08/20/08 15:29 1.0 0 0.1335

0.1330
Add Distilled Water to the Specimen

08/20/08 15:43 1.0 4 0.1330

08/20/08 15:39 1.0

0.1330
08/21/08 9:07 1.0 1048 0.1330
08/21/08 7:00 1.0 921

Expansion Index (EI meas)   = ((Final Rdg - Initial Rdg) / Initial Thick.) x 1000 0



Tested By: G. Berdy Date: 08/25/08
Checked By: LF Date: 08/27/08
Depth (ft.)

Dry Wt. of Soil + Cont.         (g)
Wt. of Container No.            (g)
Dry Wt. of Soil                     (g)
Weight Soil Retained on #4 Sieve
Percent Passing # 4 

SPECIMEN  INUNDATION in distilled water for the period of 24 h or expansion rate < 0.0002 in./h

1202

Expansion Index (EI meas)   = ((Final Rdg - Initial Rdg) / Initial Thick.) x 1000 102

1.0

0.2500
08/26/08 8:28 1.0 1274 0.2500
08/26/08 7:16 1.0

Add Distilled Water to the Specimen
08/25/08 11:20 1.0 6 0.1610

10
08/25/08 11:04 1.0 0 0.1490

0.148508/25/08 11:14

Degree of Saturation (%) [ S meas] 49.8 94.2

Date Time Pressure  (psi)
Elapsed Time         

(min.)
Dial Readings        

(in.)

Total Porosity 0.413 0.467
Pore Volume                  (cc)  85.5 106.4

Dry Density                    (pcf) 98.9 89.9
Void Ratio   0.704 0.876

Moisture Content            (%) 12.99 30.55
Wet Density                   (pcf) 111.8 117.3

Dry Wt. of Soil + Cont.    (g) 656.60 518.30
Wt. of Container             (g) 0.00 190.30

Container No. O O
Wet Wt. of Soil + Cont.   (g) 741.90 618.50

Wt. of Mold                    (g) 190.30 0.00
Specific Gravity (Assumed) 2.70 2.70

Specimen Height            (in.) 1.0000 1.1010
Wt. Comp. Soil + Mold    (g) 560.90 428.20

Specimen Diameter        (in.) 4.01 4.01

100.00

MOLDED SPECIMEN Before Test After Test

1000.00
0.00

1000.00
0.00

0-7
Sample No. : Bag-1
Soil Identification: Yellowish brown lean clay with sand (CL)s

Project No. : 370900.02.GE.0S
Boring No.: A-08-008

EXPANSION INDEX of SOILS
ASTM D 4829

Project Name: SR-57 Widening



Tested By: G. Berdy Date: 08/25/08
Checked By: LF Date: 08/27/08
Depth (ft.)

Dry Wt. of Soil + Cont.         (g)
Wt. of Container No.            (g)
Dry Wt. of Soil                     (g)
Weight Soil Retained on #4 Sieve
Percent Passing # 4 

SPECIMEN  INUNDATION in distilled water for the period of 24 h or expansion rate < 0.0002 in./h

1143

Expansion Index (EI meas)   = ((Final Rdg - Initial Rdg) / Initial Thick.) x 1000 34

1.0

0.1805
08/26/08 8:33 1.0 1226 0.1805
08/26/08 7:10 1.0

Add Distilled Water to the Specimen
08/25/08 12:42 1.0 35 0.1730

10
08/25/08 11:57 1.0 0 0.1470

0.146508/25/08 12:07

Degree of Saturation (%) [ S meas] 48.9 86.3

Date Time Pressure  (psi)
Elapsed Time         

(min.)
Dial Readings        

(in.)

Total Porosity 0.351 0.372
Pore Volume                  (cc)  72.6 79.6

Dry Density                    (pcf) 109.4 105.9
Void Ratio   0.541 0.593

Moisture Content            (%) 9.79 18.94
Wet Density                   (pcf) 120.1 125.9

Dry Wt. of Soil + Cont.    (g) 730.20 543.90
Wt. of Container             (g) 0.00 181.20

Container No. O O
Wet Wt. of Soil + Cont.   (g) 801.70 612.60

Wt. of Mold                    (g) 181.20 0.00
Specific Gravity (Assumed) 2.70 2.70

Specimen Height            (in.) 1.0000 1.0335
Wt. Comp. Soil + Mold    (g) 579.50 431.40

Specimen Diameter        (in.) 4.01 4.01

100.00

MOLDED SPECIMEN Before Test After Test

1000.00
0.00

1000.00
0.00

0-7
Sample No. : Bag-1
Soil Identification: Yellowish brown clayey sand (SC)

Project No. : 370900.02.GE.0S
Boring No.: A-08-010

EXPANSION INDEX of SOILS
ASTM D 4829

Project Name: SR-57 Widening



Tested By: G. Berdy Date: 08/27/08
Checked By: LF Date: 08/28/08
Depth (ft.)

Dry Wt. of Soil + Cont.         (g)
Wt. of Container No.            (g)
Dry Wt. of Soil                     (g)
Weight Soil Retained on #4 Sieve
Percent Passing # 4 

SPECIMEN  INUNDATION in distilled water for the period of 24 h or expansion rate < 0.0002 in./h

EXPANSION INDEX of SOILS
ASTM D 4829

Project Name: SR-57 Widening
Project No. : 370900.02.GE.0S
Boring No.: A-08-012 35-40
Sample No. : Bag-1
Soil Identification: Olive lean clay with sand (CL)s

1000.00
0.00

1000.00
0.00

100.00

MOLDED SPECIMEN Before Test After Test

Specimen Diameter        (in.) 4.01 4.01
Specimen Height            (in.) 1.0000 1.0700
Wt. Comp. Soil + Mold    (g) 543.50 436.80
Wt. of Mold                    (g) 163.80 0.00
Specific Gravity (Assumed) 2.70 2.70
Container No. O O
Wet Wt. of Soil + Cont.   (g) 769.00 600.60
Dry Wt. of Soil + Cont.    (g) 689.70 504.30
Wt. of Container             (g) 0.00 163.80
Moisture Content            (%) 11.50 28.28
Wet Density                   (pcf) 114.5 123.1
Dry Density                    (pcf) 102.7 96.0
Void Ratio   0.641 0.756
Total Porosity 0.391 0.431
Pore Volume                  (cc)  80.9 95.4
Degree of Saturation (%) [ S meas] 48.4 101.0

Date Time Pressure  (psi)
Elapsed Time         

(min.)
Dial Readings        

(in.)

10
08/27/08 14:12 1.0 0 0.2280

0.227508/27/08 14:22
Add Distilled Water to the Specimen

08/27/08 14:38 1.0 16 0.2760

1.0

0.2980
08/28/08 8:20 1.0 1078 0.2980
08/28/08 7:18 1.0 1016

Expansion Index (EI meas)   = ((Final Rdg - Initial Rdg) / Initial Thick.) x 1000 71



Tested By: G. Berdy Date: 08/29/08
Checked By: LF Date: 09/10/08
Depth (ft.)

Dry Wt. of Soil + Cont.         (g)
Wt. of Container No.            (g)
Dry Wt. of Soil                     (g)
Weight Soil Retained on #4 Sieve
Percent Passing # 4 

SPECIMEN  INUNDATION in distilled water for the period of 24 h or expansion rate < 0.0002 in./h

EXPANSION INDEX of SOILS
ASTM D 4829

Project Name: SR-57 Widening
Project No. : 370900.02.GE.0S
Boring No.: A-08-013 15-20
Sample No. : Bag-1
Soil Identification: Olive fat clay with sand (CH)s

1000.00
0.00

1000.00
0.00

100.00

MOLDED SPECIMEN Before Test After Test

Specimen Diameter        (in.) 4.01 4.01
Specimen Height            (in.) 1.0000 1.1150
Wt. Comp. Soil + Mold    (g) 543.20 423.50
Wt. of Mold                    (g) 190.30 0.00
Specific Gravity (Assumed) 2.70 2.70
Container No. O O
Wet Wt. of Soil + Cont.   (g) 710.10 613.80
Dry Wt. of Soil + Cont.    (g) 617.40 497.20
Wt. of Container             (g) 0.00 190.30
Moisture Content            (%) 15.01 37.99
Wet Density                   (pcf) 106.4 114.6
Dry Density                    (pcf) 92.6 83.0
Void Ratio   0.821 1.030
Total Porosity 0.451 0.508
Pore Volume                  (cc)  93.4 117.1
Degree of Saturation (%) [ S meas] 49.3 99.5

Date Time Pressure  (psi)
Elapsed Time         

(min.)
Dial Readings        

(in.)

10
08/29/08 14:48 1.0 0 0.1185

0.117508/29/08 14:58
Add Distilled Water to the Specimen

08/29/08 15:20 1.0 22 0.1800

1.0

0.2335
09/02/08 8:25 1.0 5367 0.2335
09/02/08 7:15 1.0 5297

Expansion Index (EI meas)   = ((Final Rdg - Initial Rdg) / Initial Thick.) x 1000 116



Tested By: G. Berdy Date: 08/29/08
Checked By: LF Date: 09/10/08
Depth (ft.)

Dry Wt. of Soil + Cont.         (g)
Wt. of Container No.            (g)
Dry Wt. of Soil                     (g)
Weight Soil Retained on #4 Sieve
Percent Passing # 4 

SPECIMEN  INUNDATION in distilled water for the period of 24 h or expansion rate < 0.0002 in./h

EXPANSION INDEX of SOILS
ASTM D 4829

Project Name: SR-57 Widening
Project No. : 370900.02.GE.0S
Boring No.: A-08-013 25-30
Sample No. : Bag-2
Soil Identification: Olive fat clay (CH)

1000.00
0.00

1000.00
0.00

100.00

MOLDED SPECIMEN Before Test After Test

Specimen Diameter        (in.) 4.01 4.01
Specimen Height            (in.) 1.0000 1.0885
Wt. Comp. Soil + Mold    (g) 538.50 432.10
Wt. of Mold                    (g) 163.80 0.00
Specific Gravity (Assumed) 2.70 2.70
Container No. O O
Wet Wt. of Soil + Cont.   (g) 741.90 595.90
Dry Wt. of Soil + Cont.    (g) 656.60 495.40
Wt. of Container             (g) 0.00 163.80
Moisture Content            (%) 12.99 30.31
Wet Density                   (pcf) 113.0 119.7
Dry Density                    (pcf) 100.0 91.9
Void Ratio   0.685 0.835
Total Porosity 0.407 0.455
Pore Volume                  (cc)  84.2 102.5
Degree of Saturation (%) [ S meas] 51.2 98.1

Date Time Pressure  (psi)
Elapsed Time         

(min.)
Dial Readings        

(in.)

10
08/29/08 14:07 1.0 0 0.1860

0.186008/29/08 14:17
Add Distilled Water to the Specimen

08/29/08 14:28 1.0 11 0.2280

1.0

0.2745
09/02/08 8:20 1.0 5403 0.2745
09/02/08 7:18 1.0 5341

Expansion Index (EI meas)   = ((Final Rdg - Initial Rdg) / Initial Thick.) x 1000 89



Tested By: G. Berdy Date: 08/22/08
Checked By: LF Date: 08/26/08
Depth (ft.)

Dry Wt. of Soil + Cont.         (g)
Wt. of Container No.            (g)
Dry Wt. of Soil                     (g)
Weight Soil Retained on #4 Sieve
Percent Passing # 4 

SPECIMEN  INUNDATION in distilled water for the period of 24 h or expansion rate < 0.0002 in./h

EXPANSION INDEX of SOILS
ASTM D 4829

Project Name: SR-57 Widening
Project No. : 370900.02.GE.0S
Boring No.: A-08-015 0-7
Sample No. : Bag-1
Soil Identification: Dark brown lean clay with sand (CL)s

1000.00
0.00

1000.00
0.00

100.00

MOLDED SPECIMEN Before Test After Test

Specimen Diameter        (in.) 4.01 4.01
Specimen Height            (in.) 1.0000 1.0845
Wt. Comp. Soil + Mold    (g) 536.60 427.70
Wt. of Mold                    (g) 163.80 0.00
Specific Gravity (Assumed) 2.70 2.70
Container No. O O
Wet Wt. of Soil + Cont.   (g) 741.90 591.50
Dry Wt. of Soil + Cont.    (g) 656.60 493.70
Wt. of Container             (g) 0.00 163.80
Moisture Content            (%) 12.99 29.65
Wet Density                   (pcf) 112.5 119.0
Dry Density                    (pcf) 99.5 91.8
Void Ratio   0.694 0.837
Total Porosity 0.410 0.456
Pore Volume                  (cc)  84.8 102.3
Degree of Saturation (%) [ S meas] 50.5 95.6

Date Time Pressure  (psi)
Elapsed Time         

(min.)
Dial Readings        

(in.)

10
08/22/08 10:54 1.0 0 0.1585

0.158008/22/08 11:04
Add Distilled Water to the Specimen

08/22/08 11:33 1.0 29 0.2060

1.0

0.2430
08/25/08 8:20 1.0 4156 0.2430
08/25/08 7:15 1.0 4091

Expansion Index (EI meas)   = ((Final Rdg - Initial Rdg) / Initial Thick.) x 1000 85



Tested By: G. Berdy Date: 08/21/08
Checked By: LF Date: 09/10/08
Depth (ft.)

Dry Wt. of Soil + Cont.         (g)
Wt. of Container No.            (g)
Dry Wt. of Soil                     (g)
Weight Soil Retained on #4 Sieve
Percent Passing # 4 

SPECIMEN  INUNDATION in distilled water for the period of 24 h or expansion rate < 0.0002 in./h

EXPANSION INDEX of SOILS
ASTM D 4829

Project Name: SR-57 Widening
Project No. : 370900.02.GE.0S
Boring No.: A-08-018 0-7
Sample No. : Bag-1
Soil Identification: Dark brown sandy lean clay s(CL)

1000.00
0.00

1000.00
0.00

100.00

MOLDED SPECIMEN Before Test After Test

Specimen Diameter        (in.) 4.01 4.01
Specimen Height            (in.) 1.0000 1.0350
Wt. Comp. Soil + Mold    (g) 595.70 430.80
Wt. of Mold                    (g) 203.60 0.00
Specific Gravity (Assumed) 2.70 2.70
Container No. O O
Wet Wt. of Soil + Cont.   (g) 787.80 634.40
Dry Wt. of Soil + Cont.    (g) 712.90 558.50
Wt. of Container             (g) 0.00 203.60
Moisture Content            (%) 10.51 21.39
Wet Density                   (pcf) 118.3 125.6
Dry Density                    (pcf) 107.0 103.4
Void Ratio   0.575 0.630
Total Porosity 0.365 0.386
Pore Volume                  (cc)  75.6 82.8
Degree of Saturation (%) [ S meas] 49.3 91.7

Date Time Pressure  (psi)
Elapsed Time         

(min.)
Dial Readings        

(in.)

10
08/21/08 15:06 1.0 0 0.1535

0.152008/21/08 15:16
Add Distilled Water to the Specimen

08/21/08 15:20 1.0 4 0.1580

1.0

0.1880
08/22/08 9:41 1.0 1105 0.1885
08/22/08 7:15 1.0 959

Expansion Index (EI meas)   = ((Final Rdg - Initial Rdg) / Initial Thick.) x 1000 37



Tested By: G. Berdy Date: 08/27/08
Checked By: LF Date: 08/28/08
Depth (ft.)

Dry Wt. of Soil + Cont.         (g)
Wt. of Container No.            (g)
Dry Wt. of Soil                     (g)
Weight Soil Retained on #4 Sieve
Percent Passing # 4 

SPECIMEN  INUNDATION in distilled water for the period of 24 h or expansion rate < 0.0002 in./h

EXPANSION INDEX of SOILS
ASTM D 4829

Project Name: SR-57 Widening
Project No. : 370900.02.GE.0S
Boring No.: A-08-024 2-7
Sample No. : Bag-1
Soil Identification: Olive lean clay with sand (CL)s

1000.00
0.00

1000.00
0.00

100.00

MOLDED SPECIMEN Before Test After Test

Specimen Diameter        (in.) 4.01 4.01
Specimen Height            (in.) 1.0000 1.0685
Wt. Comp. Soil + Mold    (g) 575.40 440.00
Wt. of Mold                    (g) 190.30 0.00
Specific Gravity (Assumed) 2.70 2.70
Container No. O O
Wet Wt. of Soil + Cont.   (g) 778.10 630.30
Dry Wt. of Soil + Cont.    (g) 701.00 537.20
Wt. of Container             (g) 0.00 190.30
Moisture Content            (%) 11.00 26.84
Wet Density                   (pcf) 116.2 124.2
Dry Density                    (pcf) 104.7 97.9
Void Ratio   0.611 0.721
Total Porosity 0.379 0.419
Pore Volume                  (cc)  78.5 92.7
Degree of Saturation (%) [ S meas] 48.6 100.4

Date Time Pressure  (psi)
Elapsed Time         

(min.)
Dial Readings        

(in.)

10
08/27/08 15:18 1.0 0 0.1230

0.122508/27/08 15:28
Add Distilled Water to the Specimen

08/27/08 15:35 1.0 7 0.1340

1.0

0.1915
08/28/08 8:20 1.0 1012 0.1915
08/28/08 7:10 1.0 942

Expansion Index (EI meas)   = ((Final Rdg - Initial Rdg) / Initial Thick.) x 1000 69



Tested By: G. Berdy Date: 08/21/08
Checked By: LF Date: 09/10/08
Depth (ft.)

Dry Wt. of Soil + Cont.         (g)
Wt. of Container No.            (g)
Dry Wt. of Soil                     (g)
Weight Soil Retained on #4 Sieve
Percent Passing # 4 

SPECIMEN  INUNDATION in distilled water for the period of 24 h or expansion rate < 0.0002 in./h

EXPANSION INDEX of SOILS
ASTM D 4829

Project Name: SR-57 Widening
Project No. : 370900.02.GE.0S
Boring No.: A-08-027 0-7
Sample No. : Bag-1
Soil Identification: Pale olive sandy lean clay s(CL)

1000.00
0.00

1000.00
0.00

100.00

MOLDED SPECIMEN Before Test After Test

Specimen Diameter        (in.) 4.01 4.01
Specimen Height            (in.) 1.0000 1.0620
Wt. Comp. Soil + Mold    (g) 585.80 433.60
Wt. of Mold                    (g) 191.90 0.00
Specific Gravity (Assumed) 2.70 2.70
Container No. O O
Wet Wt. of Soil + Cont.   (g) 781.90 625.50
Dry Wt. of Soil + Cont.    (g) 705.60 547.40
Wt. of Container             (g) 0.00 191.90
Moisture Content            (%) 10.81 21.97
Wet Density                   (pcf) 118.8 123.2
Dry Density                    (pcf) 107.2 101.0
Void Ratio   0.572 0.670
Total Porosity 0.364 0.401
Pore Volume                  (cc)  75.3 88.2
Degree of Saturation (%) [ S meas] 51.0 88.6

Date Time Pressure  (psi)
Elapsed Time         

(min.)
Dial Readings        

(in.)

10
08/21/08 11:33 1.0 0 0.1380

0.137508/21/08 11:43
Add Distilled Water to the Specimen

08/21/08 11:47 1.0 4 0.1500

1.0

0.2000
08/22/08 8:27 1.0 1244 0.2000
08/22/08 7:20 1.0 1177

Expansion Index (EI meas)   = ((Final Rdg - Initial Rdg) / Initial Thick.) x 1000 63



Tested By: G. Berdy Date: 08/21/08
Checked By: LF Date: 09/10/08
Depth (ft.)

Dry Wt. of Soil + Cont.         (g)
Wt. of Container No.            (g)
Dry Wt. of Soil                     (g)
Weight Soil Retained on #4 Sieve
Percent Passing # 4 

SPECIMEN  INUNDATION in distilled water for the period of 24 h or expansion rate < 0.0002 in./h

EXPANSION INDEX of SOILS
ASTM D 4829

Project Name: SR-57 Widening
Project No. : 370900.02.GE.0S
Boring No.: A-08-030 25-30
Sample No. : Bag-2
Soil Identification: Light olive brown sandy lean clay s(CL)

1000.00
0.00

1000.00
0.00

100.00

MOLDED SPECIMEN Before Test After Test

Specimen Diameter        (in.) 4.01 4.01
Specimen Height            (in.) 1.0000 1.0400
Wt. Comp. Soil + Mold    (g) 584.80 434.80
Wt. of Mold                    (g) 190.30 0.00
Specific Gravity (Assumed) 2.70 2.70
Container No. O O
Wet Wt. of Soil + Cont.   (g) 651.60 625.10
Dry Wt. of Soil + Cont.    (g) 592.20 548.90
Wt. of Container             (g) 0.00 190.30
Moisture Content            (%) 10.03 21.25
Wet Density                   (pcf) 119.0 126.1
Dry Density                    (pcf) 108.1 104.0
Void Ratio   0.559 0.621
Total Porosity 0.358 0.383
Pore Volume                  (cc)  74.2 82.5
Degree of Saturation (%) [ S meas] 48.5 92.4

Date Time Pressure  (psi)
Elapsed Time         

(min.)
Dial Readings        

(in.)

10
08/21/08 14:08 1.0 0 0.1725

0.172508/21/08 14:18
Add Distilled Water to the Specimen

08/21/08 14:24 1.0 6 0.1970

1.0

0.2125
08/22/08 8:56 1.0 1118 0.2125
08/22/08 7:18 1.0 1020

Expansion Index (EI meas)   = ((Final Rdg - Initial Rdg) / Initial Thick.) x 1000 40



   R-VALUE TEST RESULTS
DOT CA Test 301

PROJECT NAME: SR-57 Widening PROJECT NUMBER: 370900.02.GE.OS

SAMPLE NUMBER: Bag-1 SAMPLE LOCATION: A-08-002 @ 2-7'

SAMPLE DESCRIPTION: s(CL) TECHNICIAN: SCF

DATE COMPLETED 8/4/2008

TEST SPECIMEN a b c
MOISTURE AT COMPACTION % 16.9 17.2 17.7

HEIGHT OF SAMPLE, Inches 2.55 2.48 2.53

DRY DENSITY, pcf 109.7 108.6 109.2

COMPACTOR PRESSURE, psi 150 125 75

EXUDATION PRESSURE, psi 500 379 282

EXPANSION, Inches x 10exp-4 99 96 75

STABILITY Ph 2,000 lbs (160 psi) 63 65 67

TURNS DISPLACEMENT 4.04 4.22 4.28

R-VALUE UNCORRECTED 49 46 45

R-VALUE CORRECTED 49 46 45

DESIGN CALCULATION DATA a b c
GRAVEL EQUIVALENT FACTOR 1.0 1.0 1.0

TRAFFIC INDEX 5.0 5.0 5.0

STABILOMETER THICKNESS, ft. 0.82 0.86 0.88

EXPANSION PRESSURE THICKNESS, ft. 3.30 3.20 2.50

EXPANSION PRESSURE CHART EXUDATION PRESSURE CHART

R-VALUE BY EXPANSION: 45

R-VALUE BY EXUDATION: 45

EQUILIBRIUM R-VALUE: 45
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   R-VALUE TEST RESULTS
DOT CA Test 301

PROJECT NAME: SR-57 Widening PROJECT NUMBER: 370900.02.GE.0S

SAMPLE NUMBER: Bag-1 SAMPLE LOCATION: A-08-009 @ 0-7'

SAMPLE DESCRIPTION: SC TECHNICIAN: SCF

DATE COMPLETED 8//18/2008

TEST SPECIMEN a b c
MOISTURE AT COMPACTION % 14.1 14.6 14.8

HEIGHT OF SAMPLE, Inches 2.48 2.55 2.58

DRY DENSITY, pcf 116.0 116.1 112.9

COMPACTOR PRESSURE, psi 200 125 110

EXUDATION PRESSURE, psi 328 300 267

EXPANSION, Inches x 10exp-4 56 37 34

STABILITY Ph 2,000 lbs (160 psi) 59 70 71

TURNS DISPLACEMENT 3.85 3.86 3.82

R-VALUE UNCORRECTED 53 45 45

R-VALUE CORRECTED 53 45 45

DESIGN CALCULATION DATA a b c
GRAVEL EQUIVALENT FACTOR 1.0 1.0 1.0

TRAFFIC INDEX 5.0 5.0 5.0

STABILOMETER THICKNESS, ft. 0.75 0.88 0.88

EXPANSION PRESSURE THICKNESS, ft. 1.87 1.23 1.13

EXPANSION PRESSURE CHART EXUDATION PRESSURE CHART

R-VALUE BY EXPANSION: 45

R-VALUE BY EXUDATION: 45

EQUILIBRIUM R-VALUE: 45

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

4.00

0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00

COVER THICKNESS BY EXPANSION in feet

C
O

VE
R

 T
H

IC
KN

ES
S 

BY
 S

TA
BI

LO
M

ET
ER

 in
 fe

et

0

10

20

30

40

50

60

70

80

90

0100200300400500600700800

EXUDATION PRESSURE (psi)

R
-V

AL
U

E



   R-VALUE TEST RESULTS
DOT CA Test 301

PROJECT NAME: SR-57 Widening PROJECT NUMBER: 370900.02.GE.0S

SAMPLE NUMBER: Bag-1 SAMPLE LOCATION: A-08-018 @ 0-7'

SAMPLE DESCRIPTION: s(CL) TECHNICIAN: SCF

DATE COMPLETED 8/4/2008

TEST SPECIMEN a b c
MOISTURE AT COMPACTION % 14.4 14.9 15.3

HEIGHT OF SAMPLE, Inches 2.47 2.63 2.55

DRY DENSITY, pcf 117.5 114.7 114.0

COMPACTOR PRESSURE, psi 50 50 50

EXUDATION PRESSURE, psi 425 371 280

EXPANSION, Inches x 10exp-4 54 32 24

STABILITY Ph 2,000 lbs (160 psi) 106 119 123

TURNS DISPLACEMENT 2.99 3.04 3.20

R-VALUE UNCORRECTED 30 22 19

R-VALUE CORRECTED 30 23 19

DESIGN CALCULATION DATA a b c
GRAVEL EQUIVALENT FACTOR 1.0 1.0 1.0

TRAFFIC INDEX 5.0 5.0 5.0

STABILOMETER THICKNESS, ft. 1.12 1.23 1.30

EXPANSION PRESSURE THICKNESS, ft. 1.80 1.07 0.80

EXPANSION PRESSURE CHART EXUDATION PRESSURE CHART

R-VALUE BY EXPANSION: 25

R-VALUE BY EXUDATION: 20

EQUILIBRIUM R-VALUE: 20
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   R-VALUE TEST RESULTS
DOT CA Test 301

PROJECT NAME: SR-57 Widening PROJECT NUMBER: 370900.02.GE.0S

SAMPLE NUMBER: Bag-1 SAMPLE LOCATION: A-08-022 @ 2-7'

SAMPLE DESCRIPTION: SC TECHNICIAN: SCF

DATE COMPLETED 8//18/2008

TEST SPECIMEN a b c
MOISTURE AT COMPACTION % 12.9 13.4 13.8

HEIGHT OF SAMPLE, Inches 2.44 2.52 2.59

DRY DENSITY, pcf 120.8 119.0 117.9

COMPACTOR PRESSURE, psi 150 115 80

EXUDATION PRESSURE, psi 474 385 294

EXPANSION, Inches x 10exp-4 66 49 28

STABILITY Ph 2,000 lbs (160 psi) 61 76 84

TURNS DISPLACEMENT 2.89 2.77 2.95

R-VALUE UNCORRECTED 58 50 43

R-VALUE CORRECTED 58 50 43

DESIGN CALCULATION DATA a b c
GRAVEL EQUIVALENT FACTOR 1.0 1.0 1.0

TRAFFIC INDEX 5.0 5.0 5.0

STABILOMETER THICKNESS, ft. 0.67 0.80 0.91

EXPANSION PRESSURE THICKNESS, ft. 2.20 1.63 0.93

EXPANSION PRESSURE CHART EXUDATION PRESSURE CHART

R-VALUE BY EXPANSION: 44

R-VALUE BY EXUDATION: 44

EQUILIBRIUM R-VALUE: 44
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   R-VALUE TEST RESULTS

PROJECT NAME: SR-57 Widening PROJECT NUMBER: 370900.02.GE.OS

SAMPLE NUMBER: Bag-1 SAMPLE LOCATION: A-08-028 @ 0-7'

SAMPLE DESCRIPTION: s(CL)g TESTED BY: SCF

SAMPLED BY: RB DATE COMPLETED 8/13/2008

TEST SPECIMEN a b c
MOISTURE AT COMPACTION % 18.2 18.4 18.7

HEIGHT OF SAMPLE, Inches 2.56 2.52 2.43

DRY DENSITY, pcf 110.9 109.2 107.6

COMPACTOR PRESSURE, psi 50 50 50

EXUDATION PRESSURE, psi 311 259 221

EXPANSION, Inches x 10exp-4 30 28 18

STABILITY Ph 2,000 lbs (160 psi) 120 124 126

TURNS DISPLACEMENT 3.08 3.17 3.25

R-VALUE UNCORRECTED 21 19 17

R-VALUE CORRECTED 21 19 16

DESIGN CALCULATION DATA a b c
GRAVEL EQUIVALENT FACTOR 1.0 1.0 1.0

TRAFFIC INDEX 5.0 5.0 5.0

STABILOMETER THICKNESS, ft. 1.26 1.30 1.34

EXPANSION PRESSURE THICKNESS, ft. 1.00 0.93 0.60

EXPANSION PRESSURE CHART EXUDATION PRESSURE CHART

R-VALUE BY EXPANSION: 26

R-VALUE BY EXUDATION: 21

EQUILIBRIUM R-VALUE: 21
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Project Name: Tested By:F. Tabibkhoei Date: 07/24/08
Project No.: Checked By: LF Date: 08/08/08
Boring No.: Depth (ft.):

Sample No.: Sample Type: Drive
Soil Identification:

2.416
1.000
216.28
63.53
1.0720

321.88
283.38
38.78
15.7
109.7

79
0.2947

266.25
231.71
38.95
26.73
100.2
106

0.3650
2.70
62.43

0.10 0.2947 1.0000 0.00 0.00 0.537 0.00 7/28/08 10:00:00 0.0 0.0 0.3914
0.10 0.3962 1.1015 0.00 -10.15 0.693 -10.15 7/28/08 10:00:06 0.1 0.3 0.3873
0.25 0.3964 1.1017 0.03 -10.17 0.694 -10.20 7/28/08 10:00:15 0.2 0.5 0.3870
0.50 0.3962 1.1015 0.06 -10.15 0.694 -10.21 7/28/08 10:00:30 0.5 0.7 0.3863
1.00 0.3914 1.0967 0.10 -9.66 0.687 -9.76 7/28/08 10:01:00 1.0 1.0 0.3855
2.00 0.3761 1.0814 0.16 -8.14 0.665 -8.30 7/28/08 10:02:00 2.0 1.4 0.3847
4.00 0.3549 1.0602 0.26 -6.02 0.634 -6.28 7/28/08 10:04:00 4.0 2.0 0.3839
8.00 0.3266 1.0319 0.43 -3.18 0.593 -3.61 7/28/08 10:08:00 8.0 2.8 0.3826
16.00 0.2989 1.0042 0.63 -0.42 0.553 -1.05 7/28/08 10:15:00 15.0 3.9 0.3820
4.00 0.3165 1.0218 0.39 -2.18 0.576 -2.57 7/28/08 10:30:00 30.0 5.5 0.3807
1.00 0.3428 1.0481 0.25 -4.81 0.615 -5.06 7/28/08 11:00:00 60.0 7.7 0.3797
0.25 0.3650 1.0703 0.17 -7.03 0.648 -7.20 7/28/08 12:00:00 120.0 11.0 0.3788

7/28/08 14:00:00 240.0 15.5 0.3779
7/28/08 18:00:00 480.0 21.9 0.3775
7/29/08 10:00:00 1440.0 37.9 0.3767
7/31/08 13:00:00 4500.0 67.1 0.3761

ONE-DIMENSIONAL CONSOLIDATION
PROPERTIES of SOILS

(ASTM D 2435)

Olive brown fat clay (CH)

15.0
D-3

SR-57 Widening
370900.02.GE.0S
A-08-002

 Water Density (pcf)

 Final  Dry Density (pcf)
 Final Saturation (%)
 Final Vertical Reading (in.)
 Specific Gravity (assumed)

 Wt.of Wet Sample+Cont. (g)
 Wt. of Dry Sample+Cont. (g)
 Weight of Container (g)
 Final Moisture Content (%) 

After Test

 Height after consol. (in.)

 Wt.Wet Sample+Cont. (g)
 Wt.of Dry Sample+Cont. (g)
 Weight of Container (g)

Before Test

 Initial Moisture Content (%)
 Initial Dry Density (pcf)
 Initial Saturation (%)
 Initial Vertical Reading (in.)

 Sample Diameter (in.)
 Sample Thickness (in.)
 Wt. of Sample + Ring (g)
 Weight of Ring (g)

Deformation 
% of Sample 

Thickness

Void      
Ratio

Corrected 
Deforma-
tion (%)

Time Readings @ 2.0 ksf

Date Time
Elapsed  

Time (min)
Square Root 

of Time
Dial Rdgs. 

(in.)

Pressure   
(p)       

(ksf)

Final 
Reading   

(in.)

Apparent 
Thickness  

(in.)

Load 
Compliance 

(%)

0.520

0.540

0.560

0.580

0.600

0.620

0.640

0.660

0.680

0.700

0.10 1.00 10.00 100.00
Pressure, p (ksf)

Vo
id

 R
at

io

Inundate with  
Tap water



Initial Final Initial Final Initial Final Initial Final

ONE-DIMENSIONAL CONSOLIDATION  
PROPERTIES of SOILS                     

(ASTM D 2435)       

26.7 100.2A-08-002 D-3 15.7

Soil Identification: Olive brown fat clay (CH)

Boring      
No.

Sample     
No.

Depth      
(ft.)

Moisture 
Content (%) 

Project No.:

SR-57 Widening

08-08

370900.02.GE.0S

Time Readings @ 2.0 ksf

0.648 79 100109.7

Degree of 
Saturation (%)Dry Density (pcf) 

0.537

Void Ratio

15.0
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Project Name: Tested By:F. Tabibkhoei Date: 07/24/08
Project No.: Checked By: LF Date: 08/12/08
Boring No.: Depth (ft.):

Sample No.: Sample Type: Drive
Soil Identification:

2.416
1.000
219.39
62.00
1.0146

180.47
155.09
39.50
22.0
107.2
104

0.3229

262.47
229.04
39.04
26.12
104.8
116

0.3349
2.70
62.43

0.10 0.3228 0.9999 0.00 0.02 0.572 0.02 7/31/08 13:00:00 0.0 0.0 0.3429
0.10 0.3777 1.0548 0.00 -5.47 0.658 -5.47 7/31/08 13:00:06 0.1 0.3 0.3382
0.25 0.3764 1.0535 0.07 -5.35 0.657 -5.42 7/31/08 13:00:15 0.2 0.5 0.3378
0.50 0.3721 1.0492 0.10 -4.92 0.651 -5.02 7/31/08 13:00:30 0.5 0.7 0.3372
1.00 0.3596 1.0367 0.15 -3.66 0.632 -3.81 7/31/08 13:01:00 1.0 1.0 0.3367
2.00 0.3429 1.0200 0.23 -2.00 0.607 -2.23 7/31/08 13:02:00 2.0 1.4 0.3358
4.00 0.3219 0.9990 0.35 0.10 0.576 -0.25 7/31/08 13:04:00 4.0 2.0 0.3351
8.00 0.3010 0.9781 0.52 2.19 0.546 1.67 7/31/08 13:08:00 8.0 2.8 0.3343
16.00 0.2782 0.9553 0.76 4.47 0.513 3.71 7/31/08 13:15:00 15.0 3.9 0.3334
4.00 0.2959 0.9730 0.51 2.70 0.537 2.19 7/31/08 13:30:00 30.0 5.5 0.3321
1.00 0.3162 0.9933 0.35 0.68 0.567 0.33 7/31/08 14:00:00 60.0 7.7 0.3305
0.25 0.3349 1.0120 0.26 -1.20 0.595 -1.46 7/31/08 15:00:00 120.0 11.0 0.3286

7/31/08 17:00:00 240.0 15.5 0.3262
7/31/08 21:24:00 504.0 22.4 0.3242
8/1/08 13:00:00 1440.0 37.9 0.3227
8/3/08 11:30:00 4230.0 65.0 0.3219

ONE-DIMENSIONAL CONSOLIDATION
PROPERTIES of SOILS

(ASTM D 2435)

Brown lean clay (CL)

5.0
D-1

SR-57 Widening
370900.02.GE.0S
A-08-008

 Water Density (pcf)

 Final  Dry Density (pcf)
 Final Saturation (%)
 Final Vertical Reading (in.)
 Specific Gravity (assumed)

 Wt.of Wet Sample+Cont. (g)
 Wt. of Dry Sample+Cont. (g)
 Weight of Container (g)
 Final Moisture Content (%) 

After Test

 Height after consol. (in.)

 Wt.Wet Sample+Cont. (g)
 Wt.of Dry Sample+Cont. (g)
 Weight of Container (g)

Before Test

 Initial Moisture Content (%)
 Initial Dry Density (pcf)
 Initial Saturation (%)
 Initial Vertical Reading (in.)

 Sample Diameter (in.)
 Sample Thickness (in.)
 Wt. of Sample + Ring (g)
 Weight of Ring (g)

Deformation 
% of Sample 

Thickness

Void      
Ratio

Corrected 
Deforma-
tion (%)

Time Readings @ 4.0 ksf

Date Time
Elapsed  

Time (min)
Square Root 

of Time
Dial Rdgs. 

(in.)

Pressure   
(p)       

(ksf)

Final 
Reading   

(in.)

Apparent 
Thickness  

(in.)

Load 
Compliance 

(%)

0.500

0.520

0.540

0.560

0.580

0.600

0.620

0.640

0.660

0.10 1.00 10.00 100.00
Pressure, p (ksf)
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id
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Inundate with  
Tap water



Initial Final Initial Final Initial Final Initial Final

ONE-DIMENSIONAL CONSOLIDATION  
PROPERTIES of SOILS                     

(ASTM D 2435)       

26.1 104.8A-08-008 D-1 22.0

Soil Identification: Brown lean clay (CL)

Boring      
No.

Sample     
No.

Depth      
(ft.)

Moisture 
Content (%) 

Project No.:

SR-57 Widening

08-08

370900.02.GE.0S

Time Readings @ 4.0 ksf

0.595 100 100107.2

Degree of 
Saturation (%)Dry Density (pcf) 

0.572

Void Ratio

5.0
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Project Name: Tested By:F. Tabibkhoei Date: 08/11/08
Project No.: Checked By: LF Date: 08/28/08
Boring No.: Depth (ft.):

Sample No.: Sample Type: Drive
Soil Identification:

2.416
1.000
218.90
54.44
1.0048

187.01
165.71
38.71
16.8
117.0
103

0.2459

259.19
233.39
38.99
18.43
115.7
109

0.2464
2.70
62.43

0.10 0.2397 0.9938 0.00 0.62 0.431 0.62 8/19/08 8:23:00 0.0 0.0 0.2556
0.10 0.2852 1.0393 0.00 -3.93 0.497 -3.93 8/19/08 8:23:06 0.1 0.3 0.2542
0.25 0.2847 1.0388 0.04 -3.88 0.497 -3.92 8/19/08 8:23:15 0.2 0.5 0.2539
0.50 0.2815 1.0356 0.08 -3.56 0.493 -3.64 8/19/08 8:23:30 0.5 0.7 0.2536
1.00 0.2763 1.0304 0.13 -3.04 0.486 -3.17 8/19/08 8:24:00 1.0 1.0 0.2533
2.00 0.2675 1.0216 0.20 -2.16 0.474 -2.36 8/19/08 8:25:00 2.0 1.4 0.2529
4.00 0.2556 1.0097 0.33 -0.97 0.459 -1.30 8/19/08 8:27:00 4.0 2.0 0.2524
8.00 0.2424 0.9965 0.49 0.35 0.442 -0.14 8/19/08 8:31:00 8.0 2.8 0.2517
16.00 0.2272 0.9813 0.67 1.87 0.423 1.20 8/19/08 8:38:00 15.0 3.9 0.2506
32.00 0.2076 0.9617 0.92 3.83 0.398 2.91 8/19/08 8:53:00 30.0 5.5 0.2491
64.00 0.1792 0.9333 1.28 6.67 0.363 5.39 8/19/08 9:23:00 60.0 7.7 0.2472
16.00 0.1922 0.9463 0.88 5.38 0.376 4.50 8/19/08 10:23:00 120.0 11.0 0.2455
4.00 0.2120 0.9661 0.65 3.39 0.401 2.74 8/19/08 12:23:00 240.0 15.5 0.2442
1.00 0.2316 0.9857 0.51 1.43 0.427 0.92 8/19/08 15:23:00 420.0 20.5 0.2435
0.25 0.2464 1.0005 0.43 -0.05 0.447 -0.48 8/20/08 8:23:00 1440.0 37.9 0.2428

8/21/08 8:23:00 2880.0 53.7 0.2424

Pressure   
(p)       

(ksf)

Final 
Reading   

(in.)

Apparent 
Thickness  

(in.)

Load 
Compliance 

(%)

Deformation 
% of Sample 

Thickness

Void      
Ratio

Corrected 
Deforma-
tion (%)

Time Readings @ 8 ksf

Date Time
Elapsed  

Time (min)
Square Root 

of Time
Dial Rdgs. 

(in.)

 Sample Diameter (in.)
 Sample Thickness (in.)
 Wt. of Sample + Ring (g)
 Weight of Ring (g)

After Test

 Height after consol. (in.)

 Wt.Wet Sample+Cont. (g)
 Wt.of Dry Sample+Cont. (g)
 Weight of Container (g)

Before Test

 Initial Moisture Content (%)
 Initial Dry Density (pcf)
 Initial Saturation (%)
 Initial Vertical Reading (in.)

 Wt.of Wet Sample+Cont. (g)
 Wt. of Dry Sample+Cont. (g)
 Weight of Container (g)
 Final Moisture Content (%) 

 Water Density (pcf)

 Final  Dry Density (pcf)
 Final Saturation (%)
 Final Vertical Reading (in.)
 Specific Gravity (assumed)

ONE-DIMENSIONAL CONSOLIDATION
PROPERTIES of SOILS

(ASTM D 2435)

Yellowish brown lean clay (CL)

35.0
D-7

SR-57 Widening
370900.02.GE.0S
A-08-012

0.360

0.380
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0.480

0.500

0.10 1.00 10.00 100.00
Pressure, p (ksf)

Vo
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Inundate with  
Tap water



Initial Final Initial Final Initial Final Initial Final

Time Readings @ 8 ksf

0.447 100 100117.0

Degree of 
Saturation (%)Dry Density (pcf) 

0.440

Void Ratio

35.0

Project No.:

SR-57 Widening

08-08

370900.02.GE.0S

Boring      
No.

Sample     
No.

Depth      
(ft.)

Moisture 
Content (%) 

ONE-DIMENSIONAL CONSOLIDATION  
PROPERTIES of SOILS                     

(ASTM D 2435)       

18.4 115.7A-08-012 D-7 16.8

Soil Identification: Yellowish brown lean clay (CL)
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Project Name: Tested By:F. Tabibkhoei Date: 08/11/08
Project No.: Checked By: LF Date: 08/28/08
Boring No.: Depth (ft.):

Sample No.: Sample Type: Drive
Soil Identification:

2.416
1.000
222.14
61.97
1.0086

200.78
175.01
39.72
19.0
111.8
101

0.2323

263.54
235.28
39.14
21.06
110.5
108

0.2372
2.70
62.43

0.10 0.2323 1.0000 0.00 0.00 0.508 0.00 8/19/08 8:20:00 0.0 0.0 0.2508
0.10 0.2851 1.0528 0.00 -5.28 0.587 -5.28 8/19/08 8:20:06 0.1 0.3 0.2484
0.25 0.2850 1.0527 0.02 -5.27 0.587 -5.29 8/19/08 8:20:15 0.2 0.5 0.2479
0.50 0.2829 1.0506 0.04 -5.06 0.585 -5.10 8/19/08 8:20:30 0.5 0.7 0.2476
1.00 0.2777 1.0454 0.08 -4.54 0.577 -4.62 8/19/08 8:21:00 1.0 1.0 0.2471
2.00 0.2667 1.0344 0.14 -3.44 0.562 -3.58 8/19/08 8:22:00 2.0 1.4 0.2466
4.00 0.2508 1.0185 0.27 -1.85 0.540 -2.12 8/19/08 8:24:00 4.0 2.0 0.2458
8.00 0.2344 1.0021 0.43 -0.21 0.517 -0.64 8/19/08 8:28:00 8.0 2.8 0.2448
16.00 0.2156 0.9833 0.65 1.67 0.492 1.02 8/19/08 8:35:00 15.0 3.9 0.2435
32.00 0.1915 0.9592 0.89 4.08 0.460 3.19 8/19/08 8:50:00 30.0 5.5 0.2417
64.00 0.1586 0.9263 1.22 7.37 0.415 6.15 8/19/08 9:20:00 60.0 7.7 0.2395
16.00 0.1757 0.9434 0.88 5.66 0.436 4.78 8/19/08 10:20:00 120.0 11.0 0.2375
4.00 0.1988 0.9665 0.59 3.35 0.466 2.76 8/19/08 12:20:00 240.0 15.5 0.2361
1.00 0.2190 0.9867 0.44 1.33 0.494 0.89 8/19/08 15:20:00 420.0 20.5 0.2354
0.25 0.2372 1.0049 0.37 -0.49 0.521 -0.86 8/20/08 8:20:00 1440.0 37.9 0.2347

8/21/08 8:20:00 2880.0 53.7 0.2344

ONE-DIMENSIONAL CONSOLIDATION
PROPERTIES of SOILS

(ASTM D 2435)

Olive brown fat clay (CH)

35.0
D-7

SR-57 Widening
370900.02.GE.0S
A-08-013

 Water Density (pcf)

 Final  Dry Density (pcf)
 Final Saturation (%)
 Final Vertical Reading (in.)
 Specific Gravity (assumed)

 Wt.of Wet Sample+Cont. (g)
 Wt. of Dry Sample+Cont. (g)
 Weight of Container (g)
 Final Moisture Content (%) 

After Test

 Height after consol. (in.)

 Wt.Wet Sample+Cont. (g)
 Wt.of Dry Sample+Cont. (g)
 Weight of Container (g)

Before Test

 Initial Moisture Content (%)
 Initial Dry Density (pcf)
 Initial Saturation (%)
 Initial Vertical Reading (in.)

 Sample Diameter (in.)
 Sample Thickness (in.)
 Wt. of Sample + Ring (g)
 Weight of Ring (g)

Deformation 
% of Sample 

Thickness

Void      
Ratio

Corrected 
Deforma-
tion (%)

Time Readings @ 8 ksf

Date Time
Elapsed  

Time (min)
Square Root 

of Time
Dial Rdgs. 

(in.)

Pressure   
(p)       

(ksf)

Final 
Reading   

(in.)

Apparent 
Thickness  

(in.)

Load 
Compliance 

(%)

0.410

0.430

0.450

0.470

0.490

0.510

0.530

0.550

0.570

0.590

0.10 1.00 10.00 100.00
Pressure, p (ksf)

Vo
id

 R
at

io

Inundate with  
Tap water



Initial Final Initial Final Initial Final Initial Final

ONE-DIMENSIONAL CONSOLIDATION  
PROPERTIES of SOILS                     

(ASTM D 2435)       

21.1 110.5A-08-013 D-7 19.0

Soil Identification: Olive brown fat clay (CH)

Boring      
No.

Sample     
No.

Depth      
(ft.)

Moisture 
Content (%) 

Project No.:

SR-57 Widening

08-08

370900.02.GE.0S

Time Readings @ 8 ksf

0.521 100 100111.8

Degree of 
Saturation (%)Dry Density (pcf) 

0.508

Void Ratio

35.0

0.2320

0.2340

0.2360

0.2380

0.2400

0.2420

0.2440

0.2460

0.2480

0.2500

0.2520

0.1 1.0 10.0 100.0 1000.0 10000.0
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Project Name: Tested By:F. Tabibkhoei Date: 08/07/08
Project No.: Checked By: LF Date: 08/20/08
Boring No.: Depth (ft.):

Sample No.: Sample Type: Drive
Soil Identification:

2.416
1.000
219.00
63.53
1.0349

321.41
269.64
39.29
22.5
105.5
101

0.2662

263.59
229.11
39.95
27.45
100.9
110

0.2989
2.70
62.43

0.10 0.2655 0.9993 0.00 0.07 0.597 0.07
0.10 0.3335 1.0673 0.00 -6.73 0.706 -6.73
0.25 0.3327 1.0665 0.04 -6.65 0.705 -6.69
0.50 0.3296 1.0634 0.07 -6.34 0.700 -6.41
1.00 0.3217 1.0555 0.09 -5.55 0.688 -5.64
2.00 0.3069 1.0407 0.16 -4.07 0.665 -4.23
4.00 0.2882 1.0220 0.27 -2.20 0.637 -2.47
8.00 0.2664 1.0002 0.45 -0.02 0.605 -0.47
16.00 0.2416 0.9754 0.68 2.46 0.570 1.78
4.00 0.2596 0.9934 0.44 0.66 0.594 0.22
1.00 0.2778 1.0116 0.30 -1.16 0.621 -1.46
0.25 0.2989 1.0327 0.22 -3.27 0.654 -3.49

Pressure   
(p)       

(ksf)

Final 
Reading   

(in.)

Apparent 
Thickness  

(in.)

Load 
Compliance 

(%)

Deformation 
% of Sample 

Thickness

Void      
Ratio

Corrected 
Deforma-
tion (%)

No Time Readings

Date Time
Elapsed  

Time (min)
Square Root 

of Time
Dial Rdgs. 

(in.)

 Sample Diameter (in.)
 Sample Thickness (in.)
 Wt. of Sample + Ring (g)
 Weight of Ring (g)

After Test

 Height after consol. (in.)

 Wt.Wet Sample+Cont. (g)
 Wt.of Dry Sample+Cont. (g)
 Weight of Container (g)

Before Test

 Initial Moisture Content (%)
 Initial Dry Density (pcf)
 Initial Saturation (%)
 Initial Vertical Reading (in.)

 Wt.of Wet Sample+Cont. (g)
 Wt. of Dry Sample+Cont. (g)
 Weight of Container (g)
 Final Moisture Content (%) 

 Water Density (pcf)

 Final  Dry Density (pcf)
 Final Saturation (%)
 Final Vertical Reading (in.)
 Specific Gravity (assumed)

ONE-DIMENSIONAL CONSOLIDATION
PROPERTIES of SOILS

(ASTM D 2435)

Brown fat clay (CH)

25.0
D-5

SR-57 Widening
370900.02.GE.0S
A-08-015

0.550

0.570

0.590

0.610

0.630

0.650

0.670

0.690

0.710

0.10 1.00 10.00 100.00
Pressure, p (ksf)

Vo
id

 R
at

io

Inundate with  
Tap water



Initial Final Initial Final Initial Final Initial Final

No Time Readings

0.654 100 100105.5

Degree of 
Saturation (%)Dry Density (pcf) 

0.598

Void Ratio

25.0

Project No.:

SR-57 Widening

08-08

370900.02.GE.0S

Boring      
No.

Sample     
No.

Depth      
(ft.)

Moisture 
Content (%) 

ONE-DIMENSIONAL CONSOLIDATION  
PROPERTIES of SOILS                     

(ASTM D 2435)       

27.4 100.9A-08-015 D-5 22.5

Soil Identification: Brown fat clay (CH)
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Project Name: Tested By: F. Tabibkhoei Date: 09/17/08
Project No.: Checked By: J. Ward Date: 09/30/08
Boring No.: Depth (ft.):

Sample No.: Sample Type: Drive
Soil Identification:

2.416
1.000
195.34
43.00
0.9044

112.50
97.83
38.21
24.6
101.6
101

0.2182

227.62
203.17
38.81
20.15
111.5
106

0.1196
2.70
62.43

0.10 0.2144 0.9962 0.00 0.38 0.653 0.38 9/22/08 9:00:00 0.0 0.0 0.1811
0.10 0.2151 0.9969 0.00 0.31 0.654 0.31 9/22/08 9:00:06 0.1 0.3 0.1779
0.25 0.2133 0.9951 0.03 0.49 0.652 0.46 9/22/08 9:00:15 0.2 0.5 0.1773
0.50 0.2072 0.9890 0.06 1.10 0.642 1.04 9/22/08 9:00:30 0.5 0.7 0.1767
1.00 0.1977 0.9795 0.11 2.05 0.627 1.94 9/22/08 9:01:00 1.0 1.0 0.1760
2.00 0.1811 0.9629 0.17 3.71 0.600 3.54 9/22/08 9:02:00 2.0 1.4 0.1748
4.00 0.1570 0.9388 0.29 6.12 0.562 5.83 9/22/08 9:04:00 4.0 2.0 0.1732
8.00 0.1285 0.9103 0.46 8.97 0.518 8.51 9/22/08 9:08:00 8.0 2.8 0.1709
16.00 0.0935 0.8753 0.71 12.47 0.464 11.76 9/22/08 9:15:00 15.0 3.9 0.1683
4.00 0.1001 0.8819 0.49 11.81 0.471 11.32 9/22/08 9:30:00 30.0 5.5 0.1648
1.00 0.1114 0.8932 0.36 10.69 0.488 10.33 9/22/08 10:00:00 60.0 7.7 0.1619
0.25 0.1196 0.9014 0.30 9.86 0.501 9.56 9/22/08 11:00:00 120.0 11.0 0.1601

9/22/08 13:00:00 240.0 15.5 0.1591
9/22/08 17:00:00 480.0 21.9 0.1583
9/23/08 9:00:00 1440.0 37.9 0.1576
9/24/08 9:00:00 2880.0 53.7 0.1572
9/24/08 12:30:00 3090.0 55.6 0.1570

ONE-DIMENSIONAL CONSOLIDATION
PROPERTIES of SOILS

(ASTM D 2435)

Brown lean clay (CL)

60.0
D-12

SR-57 Widening
370900.02.GE.0S
A-08-026

 Water Density (pcf)

 Final  Dry Density (pcf)
 Final Saturation (%)
 Final Vertical Reading (in.)
 Specific Gravity (assumed)

 Wt.of Wet Sample+Cont. (g)
 Wt. of Dry Sample+Cont. (g)
 Weight of Container (g)
 Final Moisture Content (%) 

After Test

 Height after consol. (in.)

 Wt.Wet Sample+Cont. (g)
 Wt.of Dry Sample+Cont. (g)
 Weight of Container (g)

Before Test

 Initial Moisture Content (%)
 Initial Dry Density (pcf)
 Initial Saturation (%)
 Initial Vertical Reading (in.)

 Sample Diameter (in.)
 Sample Thickness (in.)
 Wt. of Sample + Ring (g)
 Weight of Ring (g)

Deformation 
% of Sample 

Thickness

Void      
Ratio

Corrected 
Deforma-
tion (%)

Time Readings @ 4.0 ksf

Date Time
Elapsed  

Time (min)
Square Root 

of Time
Dial Rdgs. 

(in.)

Pressure   
(p)       

(ksf)

Final 
Reading   

(in.)

Apparent 
Thickness  

(in.)

Load 
Compliance 

(%)

0.450

0.500

0.550

0.600

0.650

0.700

0.10 1.00 10.00 100.00
Pressure, p (ksf)

Vo
id

 R
at

io

Inundate with  
Tap water



Initial Final Initial Final Initial Final Initial Final

ONE-DIMENSIONAL CONSOLIDATION  
PROPERTIES of SOILS                     

(ASTM D 2435)       

20.1 111.5A-08-026 D-12 24.6

Soil Identification: Brown lean clay (CL)

Boring      
No.

Sample     
No.

Depth      
(ft.)

Moisture 
Content (%) 

Project No.:

SR-57 Widening

09-08

370900.02.GE.0S

Time Readings @ 4.0 ksf

0.501 100 100101.6

Degree of 
Saturation (%)Dry Density (pcf) 

0.659

Void Ratio

60.0

0.1550
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0.1750
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0.1850
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Project Name: SR-57 Widening Tested By: F. Tabibkhoei Date: 08/04/08
Project No.: 370900.02.GE.0S Checked By: LF Date: 08/08/08
Boring No.: Sample Type: Drive
Sample No.: Depth (ft.): 5.0
Soil Identification: Brown sandy lean clay s(CL)

2.415 2.415 2.415
1.000 1.000 1.000
174.76 175.76 182.24
43.02 42.87 43.32

Before Shearing
169.73 169.73 169.73
164.33 164.33 164.33
39.57 39.57 39.57
0.0000 0.2443 0.2600
-0.0493 0.3144 0.3454

After Shearing
184.09 183.55 188.71
164.03 163.39 169.46
39.91 39.20 39.18
2.70 2.70 2.70
62.43 62.43 62.43

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

D-1
A-08-001

Sample Diameter(in):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

DS A-08-001, D-1



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

08-08

Project No.: 370900.02.GE.0S

Sample Type:

Drive

Brown sandy lean clay s(CL)

19.3
0.9507
16.2

SR-57 Widening
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

22.4
0.9146
14.8

1.000
0.701
0.685
0.0025

1.000
2.415

1.000
2.415

2.000
1.289
1.280
0.0025

4.000
2.656
2.656
0.0025

19.8
0.9299
16.2

Soil Identification: 4.33
105.9

4.33
105.0 110.7

1.000
2.415
4.33

Boring No.
Sample No.
Depth (ft)

A-08-001
D-1
5
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DS A-08-001, D-1



Project Name: SR-57 Widening Tested By: F. Tabibkhoei Date: 08/04/08
Project No.: 370900.02.GE.0S Checked By: LF Date: 08/08/08
Boring No.: Sample Type: Drive
Sample No.: Depth (ft.): 25.0
Soil Identification: Yellowish brown poorly graded sand with silt (SP-SM)

2.415 2.415 2.415
1.000 1.000 1.000
165.70 167.62 168.33
43.05 43.02 43.49

Before Shearing
225.77 225.77 225.77
222.30 222.30 222.30
39.05 39.05 39.05
0.0000 0.2680 0.2542
-0.0224 0.3045 0.2950

After Shearing
178.24 182.25 181.12
151.83 155.68 156.21
38.74 39.20 39.47
2.70 2.70 2.70
62.43 62.43 62.43

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

D-5
A-08-001

Sample Diameter(in):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

DS A-08-001, D-5



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

08-08

Project No.: 370900.02.GE.0S

Sample Type:

Drive

Yellowish brown poorly 
graded sand with silt (SP-SM) 7.5

0.9776
23.4

SR-57 Widening
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

7.8
0.9592
21.3

2.000
1.336
1.144
0.0033

1.000
2.415

1.000
2.415

4.000
2.839
2.524
0.0033

8.000
5.451
4.672
0.0033

7.8
0.9635
22.8

Soil Identification: 1.89
101.7

1.89
100.1 101.9

1.000
2.415
1.89

Boring No.
Sample No.
Depth (ft)

A-08-001
D-5
25
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DS A-08-001, D-5



Project Name: SR-57 Widening Tested By: F. Tabibkhoei Date: 08/07/08
Project No.: 370900.02.GE.0S Checked By: LF Date: 08/12/08
Boring No.: Sample Type: Remolded to 95% Max. Dens. @ Opt. MC
Sample No.: Depth (ft.): 2-7
Soil Identification: Dark grayish brown sandy lean clay s(CL)

2.415 2.415 2.415
1.000 1.000 1.000
198.53 198.51 198.49
44.24 44.22 44.20

Before Shearing
225.48 225.48 225.48
205.49 205.49 205.49
38.89 38.89 38.89
0.2694 0.2672 0.0000
0.2659 0.2690 -0.0092

After Shearing
201.19 199.00 198.14
176.00 174.92 174.74
39.50 39.03 38.51
2.70 2.70 2.70
62.43 62.43 62.43

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

BAG-1
A-08-002

Sample Diameter(in):

DS A-08-002, BAG-1



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

Boring No.
Sample No.
Depth (ft)

A-08-002
BAG-1
2-7

114.6

1.000
2.415
12.00

68.7
0.9982
17.7

Soil Identification: 12.00
114.6

12.00
114.6

4.000
2.474
2.455
0.0017

2.000
1.515
1.308
0.0017

1.000
2.415

1.000
2.415

1.000
0.899
0.704
0.0017

68.7
1.0035
18.5

SR-57 Widening
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

68.7
0.9908
17.2

08-08

Project No.: 370900.02.GE.0S

Sample Type:
Remolded to 95% Max. 
Dens. @ Opt. MC

Dark grayish brown sandy 
lean clay s(CL)
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DS A-08-002, BAG-1



Project Name: SR-57 Widening Tested By: F. Tabibkhoei Date: 08/04/08
Project No.: 370900.02.GE.0S Checked By: LF Date: 08/08/08
Boring No.: Sample Type: Drive
Sample No.: Depth (ft.): 5.0
Soil Identification: Yellowish brown sandy silty clay s(CL-ML)

2.415 2.415 2.415
1.000 1.000 1.000
165.06 165.30 167.91
42.81 43.31 43.26

Before Shearing
158.39 158.39 158.39
149.58 149.58 149.58
38.89 38.89 38.89
0.0000 0.2612 0.2717
-0.0092 0.2844 0.3057

After Shearing
181.35 177.78 179.92
149.43 146.57 151.77
38.90 39.37 39.11
2.70 2.70 2.70
62.43 62.43 62.43

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

D-1
A-08-003

Sample Diameter(in):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

DS A-08-003, D-1



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

08-08

Project No.: 370900.02.GE.0S

Sample Type:

Drive

Yellowish brown sandy silty 
clay s(CL-ML) 27.2

0.9908
28.9

SR-57 Widening
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

28.4
0.9660
25.0

1.000
0.761
0.704
0.0025

1.000
2.415

1.000
2.415

2.000
1.283
1.188
0.0025

4.000
2.638
2.572
0.0025

27.1
0.9768
29.1

Soil Identification: 7.96
94.0

7.96
94.2 96.0

1.000
2.415
7.96

Boring No.
Sample No.
Depth (ft)

A-08-003
D-1
5
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Project Name: SR-57 Widening Tested By: F. Tabibkhoei Date: 08/05/08
Project No.: 370900.02.GE.0S Checked By: LF Date: 08/08/08
Boring No.: Sample Type: Remolded to 95% Max. Dens. @ Opt. MC
Sample No.: Depth (ft.): 2-7
Soil Identification: Light olive brown poorly graded sand with silt and gravel (SP-SM)g

2.415 2.415 2.415
1.000 1.000 1.000
193.30 192.87 192.80
43.53 43.10 43.03

Before Shearing
209.68 209.68 209.68
192.00 192.00 192.00
38.35 38.35 38.35
0.1211 0.1406 0.1376
0.1351 0.1524 0.1576

After Shearing
191.59 191.40 188.86
170.71 171.03 166.74
39.87 38.70 38.93
2.70 2.70 2.70
62.43 62.43 62.43

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

BAG-1
A-08-004

Sample Diameter(in):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

DS A-08-004, BAG-1



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

08-08

Project No.: 370900.02.GE.0S

Sample Type:
Remolded to 95% Max. 
Dens. @ Opt. MC

Light olive brown poorly 
graded sand with silt and 
gravel (SP-SM)g

61.0
0.9860
16.0

SR-57 Widening
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

61.0
0.9800
17.3

1.000
1.081
0.701
0.0033

1.000
2.415

1.000
2.415

2.000
2.069
1.393
0.0033

4.000
3.725
2.694
0.0033

61.0
0.9882
15.4

Soil Identification: 11.51
111.7

11.51
111.7 111.7

1.000
2.415
11.51

Boring No.
Sample No.
Depth (ft)

A-08-004
BAG-1
2-7
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DS A-08-004, BAG-1



Project Name: SR-57 Widening Tested By: F. Tabibkhoei Date: 07/24/08
Project No.: 370900.02.GE.0S Checked By: LF Date: 07/30/08
Boring No.: Sample Type: Drive
Sample No.: Depth (ft.): 5.0
Soil Identification: Yellowish brown well-graded sand with silt and gravel (SW-SM)g

2.415 2.415 2.415
1.000 1.000 1.000
180.19 190.55 184.53
43.04 43.30 43.22

Before Shearing
420.27 420.27 420.27
402.90 402.90 402.90
39.83 39.83 39.83
0.0000 0.2877 0.2537
-0.0157 0.3090 0.3024

After Shearing
190.09 192.46 187.82
166.94 174.60 167.57
39.36 38.89 39.01
2.70 2.70 2.70
62.43 62.43 62.43

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

D-1
A-08-004

Sample Diameter(in):

DS A-08-004, D-1



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

Boring No.
Sample No.
Depth (ft)

A-08-004
D-1
5

112.2

1.000
2.415
4.78

29.2
0.9787
13.2

Soil Identification: 4.78
116.9

4.78
108.9

4.000
5.700
5.700
0.0050

2.000
4.077
3.593
0.0050

1.000
2.415

1.000
2.415

1.000
1.261
0.789
0.0050

23.6
0.9843
18.1

SR-57 Widening
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

25.7
0.9513
15.8

07-08

Project No.: 370900.02.GE.0S

Sample Type:

Drive

Yellowish brown well-graded 
sand with silt and gravel (SW-
SM)g
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Project Name: SR-57 Widening Tested By: F. Tabibkhoei Date: 07/24/08
Project No.: 370900.02.GE.0S Checked By: LF Date: 07/30/08
Boring No.: Sample Type: Drive
Sample No.: Depth (ft.): 25.0
Soil Identification:

2.415 2.415 2.415
1.000 1.000 1.000
195.59 196.31 198.14
43.47 43.38 43.78

Before Shearing
192.40 192.40 192.40
168.88 168.88 168.88
39.31 39.31 39.31
0.0000 0.2476 0.2663
-0.0019 0.2566 0.2928

After Shearing
193.58 194.25 196.48
159.95 160.06 167.37
38.96 38.77 39.36
2.70 2.70 2.70
62.43 62.43 62.43

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

D-5
A-08-004

Yellowish brown lean clay with sand (CL)s
Sample Diameter(in):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

DS A-08-004, D-5



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

07-08

Project No.: 370900.02.GE.0S

Sample Type:

Drive

Yellowish brown lean clay 
with sand (CL)s 85.4

0.9981
27.8

SR-57 Widening
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

88.9
0.9735
22.7

1.000
1.638
0.663
0.0017

1.000
2.415

1.000
2.415

2.000
1.701
1.160
0.0017

4.000
3.188
2.402
0.0017

86.6
0.9910
28.2

Soil Identification: 18.15
107.6

18.15
107.1 108.7

1.000
2.415
18.15

Boring No.
Sample No.
Depth (ft)

A-08-004
D-5
25
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DS A-08-004, D-5



Project Name: SR-57 Widening Tested By: F. Tabibkhoei Date: 09/02/08
Project No.: 370900.02.GE.0S Checked By: LF Date: 09/10/08
Boring No.: Sample Type: Remolded to 95% Max. Dens @ Opt. MC
Sample No.: Depth (ft.): 0-7
Soil Identification: Olive yellow sandy lean clay s(CL)

2.415 2.415 2.415
1.000 1.000 1.000
191.66 192.02 191.94
43.09 43.45 43.37

Before Shearing
222.18 222.18 222.18
200.42 200.42 200.42
39.23 39.23 39.23
0.0060 0.2635 0.2738
0.0082 0.2662 0.2854

After Shearing
196.29 196.07 194.15
168.40 168.96 168.03
39.19 39.32 38.14
2.70 2.70 2.70
62.43 62.43 62.43

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

Bag-1
A-08-005

Sample Diameter(in):

DS A-08-005, Bag-1



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

Boring No.
Sample No.
Depth (ft)

A-08-005
Bag-1
0-7

108.9

1.000
2.415
13.50

66.5
0.9973
20.9

Soil Identification: 13.50
108.9

13.50
108.9

4.000
2.600
2.594
0.0017

2.000
1.484
1.361
0.0017

1.000
2.415

1.000
2.415

1.000
0.965
0.732
0.0017

66.5
0.9978
21.6

SR-57 Widening
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

66.5
0.9884
20.1

09-08

Project No.: 370900.02.GE.0S

Sample Type:
Remolded to 95% Max. Dens 
@ Opt. MC

Olive yellow sandy lean clay 
s(CL)
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Project Name: SR-57 Widening Tested By: F. Tabibkhoei Date: 08/04/08
Project No.: 370900.02.GE.0S Checked By: LF Date: 08/08/08
Boring No.: Sample Type: Drive
Sample No.: Depth (ft.): 5.0
Soil Identification: Yellowish brown sandy silt s(ML)

2.415 2.415 2.415
1.000 1.000 1.000
180.69 184.89 188.98
43.34 43.18 43.43

Before Shearing
157.50 157.50 157.50
148.54 148.54 148.54
39.33 39.33 39.33
0.0000 0.2769 0.2715
0.0054 0.2807 0.2834

After Shearing
183.23 197.24 199.34
154.42 170.26 172.94
39.16 39.31 38.67
2.70 2.70 2.70
62.43 62.43 62.43

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

D-1
A-08-005

Sample Diameter(in):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

DS A-08-005, D-1



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

08-08

Project No.: 370900.02.GE.0S

Sample Type:

Drive

Yellowish brown sandy silt 
s(ML) 37.1

1.0054
25.0

SR-57 Widening
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

43.7
0.9881
19.7

1.000
0.758
0.569
0.0025

1.000
2.415

1.000
2.415

2.000
2.037
1.374
0.0025

4.000
3.562
2.767
0.0025

40.5
0.9962
20.6

Soil Identification: 8.20
108.9

8.20
105.6 111.9

1.000
2.415
8.20

Boring No.
Sample No.
Depth (ft)

A-08-005
D-1
5

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

4.00

0 0.1 0.2 0.3

Horizontal Deformation (in.)

S
he

ar
 S

tre
ss

 (k
sf

)

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

4.00

0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00

Normal Stress (ksf)

Sh
ea

r S
tre

ss
 (k

sf
)

DS A-08-005, D-1



Project Name: SR-57 Widening Tested By: F. Tabibkhoei Date: 08/11/08
Project No.: 370900.02.GE.0S Checked By: LF Date: 08/13/08
Boring No.: Sample Type: Drive
Sample No.: Depth (ft.): 15.0
Soil Identification: Yellowish brown silty fine sand (SM)

2.415 2.415 2.415
1.000 1.000 1.000
174.80 176.39 181.66
43.36 43.50 43.59

Before Shearing
189.73 189.73 189.73
177.61 177.61 177.61
38.95 38.95 38.95
0.0000 0.2890 0.2677
-0.0065 0.3032 0.2971

After Shearing
178.49 181.56 184.40
154.91 158.16 160.76
39.16 38.50 39.16
2.70 2.70 2.70
62.43 62.43 62.43

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

D-3
A-08-005

Sample Diameter(in):

DS A-08-005, D-3



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

Boring No.
Sample No.
Depth (ft)

A-08-005
D-3
15

105.6

1.000
2.415
8.74

35.8
0.9858
19.6

Soil Identification: 8.74
101.6

8.74
100.5

4.000
2.977
2.578
0.0033

2.000
1.481
1.393
0.0033

1.000
2.415

1.000
2.415

1.000
0.739
0.682
0.0033

34.9
0.9935
20.4

SR-57 Widening
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

39.6
0.9706
19.4

08-08

Project No.: 370900.02.GE.0S

Sample Type:

Drive

Yellowish brown silty fine 
sand (SM)
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DS A-08-005, D-3



Project Name: SR-57 Widening Tested By: G. Bathala Date: 08/06/08
Project No.: 370900.02.GE.0S Checked By: LF Date: 08/12/08
Boring No.: Sample Type: Drive
Sample No.: Depth (ft.): 25.0
Soil Identification: Yellowish brown lean clay (CL)

2.415 2.415 2.415
1.000 1.000 1.000
203.43 205.06 206.13
43.57 43.34 43.09

Before Shearing
216.77 216.77 216.77
191.66 191.66 191.66
39.33 39.33 39.33
0.0000 0.2359 0.2416
-0.0046 0.2432 0.2596

After Shearing
201.32 201.97 202.67
174.79 175.99 178.94
39.40 39.29 39.56
2.70 2.70 2.70
62.43 62.43 62.43

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

D-5
A-08-005

Sample Diameter(in):

DS A-08-005, D-5



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

Boring No.
Sample No.
Depth (ft)

A-08-005
D-5
25

116.4

1.000
2.415
16.48

96.8
0.9927
19.0

Soil Identification: 16.48
115.5

16.48
114.1

8.000
6.300
4.807
0.0017

4.000
4.015
2.370
0.0017

1.000
2.415

1.000
2.415

2.000
2.543
1.289
0.0017

93.3
0.9954
19.6

SR-57 Widening
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

99.3
0.9820
17.0

08-08

Project No.: 370900.02.GE.0S

Sample Type:

Drive

Yellowish brown lean clay 
(CL)
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Project Name: SR-57 Widening Tested By: F. Tabibkhoei Date: 07/25/08
Project No.: 370900.02.GE.0S Checked By: LF Date: 07/30/08
Boring No.: Sample Type: Drive
Sample No.: Depth (ft.): 5.0
Soil Identification:

2.415 2.415 2.415
1.000 1.000 1.000
163.62 168.54 166.68
43.28 43.21 43.05

Before Shearing
213.30 213.30 213.30
207.96 207.96 207.96
38.92 38.92 38.92
0.2624 0.2762 0.0000
0.2679 0.2890 -0.0177

After Shearing
176.29 182.99 184.44
149.18 155.35 156.01
39.12 38.92 39.23
2.70 2.70 2.70
62.43 62.43 62.43

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

D-1
A-08-007

Yellowish brown silty fine sand (SM)
Sample Diameter(in):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

DS A-08-007, D-1



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

07-08

Project No.: 370900.02.GE.0S

Sample Type:

Drive

Yellowish brown silty fine 
sand (SM) 11.6

0.9945
24.6

SR-57 Widening
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

12.3
0.9823
24.3

1.000
0.751
0.638
0.0033

1.000
2.415

1.000
2.415

2.000
1.770
1.355
0.0033

4.000
3.153
2.644
0.0033

12.8
0.9872
23.7

Soil Identification: 3.16
101.0

3.16
97.0 99.7

1.000
2.415
3.16

Boring No.
Sample No.
Depth (ft)

A-08-007
D-1
5
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DS A-08-007, D-1



Project Name: SR-57 Widening Tested By: F. Tabibkhoei Date: 08/21/08
Project No.: 370900.02.GE.0S Checked By: LF Date: 08/27/08
Boring No.: Sample Type: Remolded to 95% Max. Dens @ Opt. MC
Sample No.: Depth (ft.): 0-7
Soil Identification: Yellowish brown lean clay with sand (CL)s

2.415 2.415 2.415
1.000 1.000 1.000
189.78 189.35 190.78
43.16 42.73 44.16

Before Shearing
311.11 311.11 311.11
278.73 278.73 278.73
38.84 38.84 38.84
0.0000 0.2617 0.2539
0.0399 0.2398 0.2509

After Shearing
199.77 199.76 212.11
167.39 168.37 182.82
39.21 39.36 54.32
2.70 2.70 2.70
62.43 62.43 62.43

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

Bag-1
A-08-008

Sample Diameter(in):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

DS A-08-008, Bag-1



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

08-08

Project No.: 370900.02.GE.0S

Sample Type:
Remolded to 95% Max. Dens 
@ Opt. MC

Yellowish brown lean clay 
with sand (CL)s 64.1

1.0399
25.3

SR-57 Widening
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

64.1
1.0030
22.8

1.000
0.597
0.409
0.0017

1.000
2.415

1.000
2.415

2.000
1.078
0.959
0.0017

4.000
2.113
1.943
0.0017

64.1
1.0219
24.3

Soil Identification: 13.50
107.4

13.50
107.4 107.4

1.000
2.415
13.50

Boring No.
Sample No.
Depth (ft)

A-08-008
Bag-1
0-7
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DS A-08-008, Bag-1



Project Name: SR-57 Widening Tested By: F. Tabibkhoei Date: 07/24/08
Project No.: 370900.02.GE.0S Checked By: LF Date: 07/30/08
Boring No.: Sample Type: Drive
Sample No.: Depth (ft.): 5.0
Soil Identification:

2.415 2.415 2.415
1.000 1.000 1.000
202.95 203.71 204.24
43.56 43.23 43.59

Before Shearing
180.47 180.47 180.47
155.09 155.09 155.09
39.50 39.50 39.50
0.0000 0.2386 0.2362
0.0137 0.2288 0.2421

After Shearing
203.22 203.77 202.39
168.36 168.81 168.88
39.09 39.16 39.19
2.70 2.70 2.70
62.43 62.43 62.43

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

D-1
A-08-008

Brown lean clay (CL)
Sample Diameter(in):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

DS A-08-008, D-1



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

07-08

Project No.: 370900.02.GE.0S

Sample Type:

Drive

Brown lean clay (CL)

107.6
1.0137
27.0

SR-57 Widening
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

110.1
0.9941
25.8

1.000
1.525
0.588
0.0017

1.000
2.415

1.000
2.415

2.000
2.377
1.081
0.0017

4.000
3.942
2.125
0.0017

109.7
1.0098
27.0

Soil Identification: 21.96
109.4

21.96
108.7 109.6

1.000
2.415
21.96

Boring No.
Sample No.
Depth (ft)

A-08-008
D-1
5
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DS A-08-008, D-1



Project Name: SR-57 Widening Tested By: F. Tabibkhoei Date: 07/28/08
Project No.: 370900.02.GE.0S Checked By: LF Date: 07/31/08
Boring No.: Sample Type: Drive
Sample No.: Depth (ft.): 15.0
Soil Identification: Yellowish brown lean clay (CL)

2.415 2.415 2.415
1.000 1.000 1.000
209.22 209.50 211.80
43.24 43.40 43.44

Before Shearing
207.17 207.17 207.17
186.42 186.42 186.42
39.10 39.10 39.10
0.0000 0.2491 0.2815
0.0043 0.2497 0.2892

After Shearing
208.22 207.90 208.00
183.38 183.34 183.87
38.79 38.80 38.32
2.70 2.70 2.70
62.43 62.43 62.43

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

D-3
A-08-008

Sample Diameter(in):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

DS A-08-008, D-3



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

07-08

Project No.: 370900.02.GE.0S

Sample Type:

Drive

Yellowish brown lean clay 
(CL) 96.7

1.0043
17.2

SR-57 Widening
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

101.8
0.9923
16.6

1.000
2.021
0.657
0.0017

1.000
2.415

1.000
2.415

2.000
2.245
1.336
0.0017

4.000
4.373
2.550
0.0017

97.0
0.9994
17.0

Soil Identification: 14.08
121.1

14.08
121.0 122.7

1.000
2.415
14.08

Boring No.
Sample No.
Depth (ft)

A-08-008
D-3
15
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DS A-08-008, D-3



Project Name: SR-57 Widening Tested By: G. Bathala Date: 08/07/08
Project No.: 370900.02.GE.0S Checked By: LF Date: 08/12/08
Boring No.: Sample Type: Drive
Sample No.: Depth (ft.): 5.0
Soil Identification: Yellowish brown silty, clayey sand (SC-SM)

2.415 2.415 2.415
1.000 1.000 1.000
180.44 187.96 193.20
43.34 43.31 43.66

Before Shearing
155.98 155.98 155.98
148.34 148.34 148.34
39.15 39.15 39.15
0.0000 0.2854 0.2759
-0.0035 0.2902 0.2852

After Shearing
190.48 199.04 201.03
165.03 172.06 176.92
39.45 39.85 39.00
2.70 2.70 2.70
62.43 62.43 62.43

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

D-1
A-08-009

Sample Diameter(in):

DS A-08-009, D-1



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

Boring No.
Sample No.
Depth (ft)

A-08-009
D-1
5

116.2

1.000
2.415
7.00

37.8
0.9952
20.4

Soil Identification: 7.00
112.4

7.00
106.6

4.000
3.892
2.726
0.0025

2.000
2.065
1.361
0.0025

1.000
2.415

1.000
2.415

1.000
0.987
0.660
0.0025

32.5
0.9965
20.3

SR-57 Widening
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

42.0
0.9907
17.5

08-08

Project No.: 370900.02.GE.0S

Sample Type:

Drive

Yellowish brown silty, clayey 
sand (SC-SM)
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DS A-08-009, D-1



Project Name: SR-57 Widening Tested By: F. Tabibkhoei Date: 08/07/08
Project No.: 370900.02.GE.0S Checked By: LF Date: 08/12/08
Boring No.: Sample Type: Remolded to 95% Max. Dens. @ Opt. MC
Sample No.: Depth (ft.): 0-7
Soil Identification: Yellowish brown clayey sand (SC)

2.415 2.415 2.415
1.000 1.000 1.000
198.02 197.88 197.95
43.27 43.13 43.20

Before Shearing
241.33 241.33 241.33
222.10 222.10 222.10
38.94 38.94 38.94
0.0000 0.2676 0.2654
0.0054 0.2693 0.2727

After Shearing
200.50 199.87 200.53
176.93 176.45 177.49
38.87 38.35 39.49
2.70 2.70 2.70
62.43 62.43 62.43

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

BAG-1
A-08-010

Sample Diameter(in):

DS A-08-010, BAG-1



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

Boring No.
Sample No.
Depth (ft)

A-08-010
BAG-1
0-7

116.5

1.000
2.415
10.50

63.4
0.9983
17.0

Soil Identification: 10.50
116.5

10.50
116.5

4.000
2.807
2.622
0.0025

2.000
1.575
1.358
0.0025

1.000
2.415

1.000
2.415

1.000
0.805
0.679
0.0025

63.4
1.0054
17.1

SR-57 Widening
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

63.4
0.9927
16.7

08-08

Project No.: 370900.02.GE.0S

Sample Type:
Remolded to 95% Max. 
Dens. @ Opt. MC

Yellowish brown clayey sand 
(SC)
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DS A-08-010, BAG-1



Project Name: SR-57 Widening Tested By: F. Tabibkhoei Date: 07/24/08
Project No.: 370900.02.GE.0S Checked By: LF Date: 07/30/08
Boring No.: Sample Type: Drive
Sample No.: Depth (ft.): 15.0
Soil Identification:

2.415 2.415 2.415
1.000 1.000 1.000
207.91 212.55 214.58
43.32 43.26 43.14

Before Shearing
175.10 175.10 175.10
160.00 160.00 160.00
38.27 38.27 38.27
0.0000 0.2663 0.2663
-0.0005 0.2721 0.2764

After Shearing
208.69 213.29 214.50
184.52 189.02 191.02
38.40 39.44 39.71
2.70 2.70 2.70
62.43 62.43 62.43

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

D-3
A-08-010

Yellowish brown lean clay (CL)
Sample Diameter(in):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

DS A-08-010, D-3



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

07-08

Project No.: 370900.02.GE.0S

Sample Type:

Drive

Yellowish brown lean clay 
(CL) 87.2

0.9995
16.5

SR-57 Widening
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

101.8
0.9899
15.5

1.000
1.254
0.720
0.0017

1.000
2.415

1.000
2.415

2.000
2.301
1.430
0.0017

4.000
3.172
2.490
0.0017

96.9
0.9942
16.2

Soil Identification: 12.40
125.3

12.40
121.8 126.8

1.000
2.415
12.40

Boring No.
Sample No.
Depth (ft)

A-08-010
D-3
15
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DS A-08-010, D-3



Project Name: SR-57 Widening Tested By: F. Tabibkhoei Date: 09/02/08
Project No.: 370900.02.GE.0S Checked By: LF Date: 09/10/08
Boring No.: Sample Type: Remolded to 95% Max. Dens @ Opt. MC
Sample No.: Depth (ft.): 0-7
Soil Identification: Yellowish brown clayey sand (SC)

2.415 2.415 2.415
1.000 1.000 1.000
195.63 195.59 196.25
42.84 42.80 43.46

Before Shearing
206.06 206.06 206.06
190.86 190.86 190.86
38.89 38.89 38.89
0.0000 0.2888 0.2716
0.0007 0.2922 0.2800

After Shearing
197.30 198.56 198.60
174.65 176.38 176.50
38.44 39.09 39.00
2.70 2.70 2.70
62.43 62.43 62.43

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

Bag-1
A-08-011

Sample Diameter(in):

DS A-08-011, Bag-1



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

Boring No.
Sample No.
Depth (ft)

A-08-011
Bag-1
0-7

115.5

1.000
2.415
10.00

58.8
0.9966
16.2

Soil Identification: 10.00
115.5

10.00
115.5

4.000
2.597
2.565
0.0017

2.000
1.540
1.358
0.0017

1.000
2.415

1.000
2.415

1.000
0.993
0.723
0.0017

58.8
1.0007
16.6

SR-57 Widening
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

58.8
0.9916
16.1

09-08

Project No.: 370900.02.GE.0S

Sample Type:
Remolded to 95% Max. Dens 
@ Opt. MC

Yellowish brown clayey sand 
(SC)
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DS A-08-011, Bag-1



Project Name: SR-57 Widening Tested By: F. Tabibkhoei Date: 08/05/08
Project No.: 370900.02.GE.0S Checked By: LF Date: 09/15/08
Boring No.: Sample Type: Drive
Sample No.: Depth (ft.): 5.0
Soil Identification: Yellowish brown silty sand (SM)

2.415 2.415 2.415
1.000 1.000 1.000
182.31 184.73 187.25
43.20 43.01 43.02

Before Shearing
173.51 173.51 173.51
163.90 163.90 163.90
39.32 39.32 39.32
0.0000 0.2585 0.2539
-0.0054 0.2704 0.2749

After Shearing
190.28 191.87 194.37
166.86 169.07 172.33
38.92 38.93 39.25
2.70 2.70 2.70
62.43 62.43 62.43

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

D-1
A-08-011

Sample Diameter(in):

DS A-08-011, D-1



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

Boring No.
Sample No.
Depth (ft)

A-08-011
D-1
5

111.4

1.000
2.415
7.71

38.5
0.9881
17.5

Soil Identification: 7.71
109.4

7.71
107.4

4.000
2.848
2.546
0.0033

2.000
1.578
1.289
0.0033

1.000
2.415

1.000
2.415

1.000
0.736
0.626
0.0033

36.6
0.9946
18.3

SR-57 Widening
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

40.5
0.9790
16.6

08-08

Project No.: 370900.02.GE.0S

Sample Type:

Drive

Yellowish brown silty sand 
(SM)
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DS A-08-011, D-1



Project Name: SR-57 Widening Tested By: G. Bathala Date: 08/13/08
Project No.: 370900.02.GE.0S Checked By: LF Date: 09/15/08
Boring No.: Sample Type: Drive
Sample No.: Depth (ft.): 15.0
Soil Identification: Yellowish brown silty, clayey sand (SC-SM)

2.415 2.415 2.415
1.000 1.000 1.000
202.62 203.39 204.42
43.47 43.09 43.22

Before Shearing
338.98 338.98 338.98
311.89 311.89 311.89
38.88 38.88 38.88
0.0000 0.2619 0.2447
-0.0009 0.2670 0.2537

After Shearing
204.92 204.85 205.41
184.16 184.20 184.38
39.98 39.17 39.28
2.70 2.70 2.70
62.43 62.43 62.43

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

D-3
A-08-011

Sample Diameter(in):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

DS A-08-011, D-3



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

08-08

Project No.: 370900.02.GE.0S

Sample Type:

Drive

Yellowish brown silty, clayey 
sand (SC-SM) 67.0

0.9991
14.4

SR-57 Widening
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

70.1
0.9910
14.5

1.000
0.701
0.387
0.0017

1.000
2.415

1.000
2.415

2.000
1.937
1.163
0.0017

4.000
2.873
2.065
0.0017

68.7
0.9949
14.2

Soil Identification: 9.92
121.3

9.92
120.4 122.0

1.000
2.415
9.92

Boring No.
Sample No.
Depth (ft)

A-08-011
D-3
15
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DS A-08-011, D-3



Project Name: SR-57 Widening Tested By: F. Tabibkhoei Date: 09/22/08
Project No.: 370900.02.GE.0S Checked By: J. Ward Date: 09/26/08
Boring No.: Sample Type: Drive
Sample No.: Depth (ft.): 15.0
Soil Identification:

2.415 2.415 2.415
1.000 1.000 1.000
187.88 196.39 202.75
43.38 43.48 43.67

Before Shearing
255.15 255.15 255.15
230.44 230.44 230.44
39.02 39.02 39.02
0.0000 0.2615 0.2696
0.0149 0.2449 0.2555

After Shearing
197.95 203.55 206.80
168.10 173.67 178.63
39.86 39.38 39.43
2.70 2.70 2.70
62.43 62.43 62.43

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

D-3
A-08-012

Grayish brown lean clay (CL)
Sample Diameter(in):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

DS A-08-012, D-3



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

09-08

Project No.: 370900.02.GE.0S

Sample Type:

Drive

Grayish brown lean clay (CL)

59.7
1.0149
23.3

SR-57 Widening
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

79.5
1.0141
20.2

1.000
0.836
0.626
0.0017

1.000
2.415

1.000
2.415

2.000
2.043
1.166
0.0017

4.000
3.653
2.235
0.0017

70.2
1.0166
22.3

Soil Identification: 12.91
112.6

12.91
106.4 117.2

1.000
2.415
12.91

Boring No.
Sample No.
Depth (ft)

A-08-012
D-3
15
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DS A-08-012, D-3



Project Name: SR-57 Widening Tested By: F. Tabibkhoei Date: 08/11/08
Project No.: 370900.02.GE.0S Checked By: LF Date: 08/14/08
Boring No.: Sample Type: Drive
Sample No.: Depth (ft.): 35.0
Soil Identification: Yellowish brown lean clay (CL)

2.415 2.415 2.415
1.000 1.000 1.000
207.92 208.67 209.28
43.40 43.43 43.47

Before Shearing
187.01 187.01 187.01
165.71 165.71 165.71
38.71 38.71 38.71
0.0000 0.2498 0.2664
0.0055 0.2546 0.2790

After Shearing
205.07 206.28 205.54
178.31 179.49 179.65
38.76 39.91 39.29
2.70 2.70 2.70
62.43 62.43 62.43

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

D-7
A-08-012

Sample Diameter(in):

DS A-08-012, D-7



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

Boring No.
Sample No.
Depth (ft)

A-08-012
D-7
35

118.1

1.000
2.415
16.77

104.8
0.9952
19.2

Soil Identification: 16.77
117.7

16.77
117.2

8.000
6.844
4.332
0.0017

4.000
3.914
2.314
0.0017

1.000
2.415

1.000
2.415

2.000
3.414
1.474
0.0017

103.3
1.0055
19.2

SR-57 Widening
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

106.0
0.9874
18.4

08-08

Project No.: 370900.02.GE.0S

Sample Type:

Drive

Yellowish brown lean clay 
(CL)
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DS A-08-012, D-7



Project Name: SR-57 Widening Tested By: F. Tabibkhoei Date: 09/22/08
Project No.: 370900.02.GE.0S Checked By: J. Ward Date: 09/26/08
Boring No.: Sample Type: Drive
Sample No.: Depth (ft.): 15.0
Soil Identification:

2.415 2.415 2.415
1.000 1.000 1.000
191.34 196.64 198.37
43.42 43.47 43.61

Before Shearing
198.08 198.08 198.08
167.49 167.49 167.49
38.87 38.87 38.87
0.0000 0.2820 0.2815
0.0269 0.2670 0.2764

After Shearing
196.37 196.87 195.70
160.08 162.10 161.32
39.21 39.17 38.11
2.70 2.70 2.70
62.43 62.43 62.43

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

D-3
A-08-013

Olive gray fat clay with sand (CH)s and caliche
Sample Diameter(in):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

DS A-08-013, D-3



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

09-08

Project No.: 370900.02.GE.0S

Sample Type:

Drive

Olive gray fat clay with sand 
(CH)s and caliche 92.3

1.0269
30.0

SR-57 Widening
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

103.4
1.0051
27.9

1.000
0.887
0.641
0.0017

1.000
2.415

1.000
2.415

2.000
2.336
1.110
0.0017

4.000
3.741
1.955
0.0017

100.7
1.0150
28.3

Soil Identification: 23.78
102.9

23.78
99.4 104.0

1.000
2.415
23.78

Boring No.
Sample No.
Depth (ft)

A-08-013
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DS A-08-013, D-3



Project Name: SR-57 Widening Tested By: F. Tabibkhoei Date: 09/22/08
Project No.: 370900.02.GE.0S Checked By: J. Ward Date: 09/26/08
Boring No.: Sample Type: Drive
Sample No.: Depth (ft.): 15.0
Soil Identification:

2.415 2.415 2.415
1.000 1.000 1.000
191.34 196.64 198.37
43.42 43.47 43.61

Before Shearing
198.08 198.08 198.08
167.49 167.49 167.49
38.87 38.87 38.87
0.0000 0.2820 0.2815
0.0269 0.2670 0.2764

After Shearing
196.37 196.87 195.70
160.08 162.10 161.32
39.21 39.17 38.11
2.70 2.70 2.70
62.43 62.43 62.43

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

D-3
A-08-013

Olive gray fat clay with sand (CH)s and caliche
Sample Diameter(in):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

DS A-08-013, D-3



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

09-08

Project No.: 370900.02.GE.0S

Sample Type:

Drive

Olive gray fat clay with sand 
(CH)s and caliche 92.3

1.0269
30.0

SR-57 Widening
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

103.4
1.0051
27.9

1.000
0.887
0.641
0.0017

1.000
2.415

1.000
2.415

2.000
2.336
1.110
0.0017

4.000
3.741
1.955
0.0017

100.7
1.0150
28.3

Soil Identification: 23.78
102.9

23.78
99.4 104.0

1.000
2.415
23.78

Boring No.
Sample No.
Depth (ft)

A-08-013
D-3
15
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DS A-08-013, D-3



Project Name: SR-57 Widening Tested By: F. Tabibkhoei Date: 09/22/08
Project No.: 370900.02.GE.0S Checked By: J. Ward Date: 09/26/08
Boring No.: Sample Type: Drive
Sample No.: Depth (ft.): 25.0
Soil Identification:

2.415 2.415 2.415
1.000 1.000 1.000
200.33 201.58 202.75
43.07 43.60 43.58

Before Shearing
185.11 185.11 185.11
161.95 161.95 161.95
39.75 39.75 39.75
0.2882 0.2853 0.0000
0.2916 0.3013 -0.0333

After Shearing
198.59 198.95 199.34
169.75 170.35 172.32
39.29 39.33 40.19
2.70 2.70 2.70
62.43 62.43 62.43

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

D-5
A-08-013

Olive lean clay (CL)
Sample Diameter(in):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

DS A-08-013, D-5



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

09-08

Project No.: 370900.02.GE.0S

Sample Type:

Drive

Olive lean clay (CL)

96.0
0.9966
22.1

SR-57 Widening
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

99.4
0.9667
20.4

4.000
4.999
2.210
0.0017

1.000
2.415

1.000
2.415

8.000
6.784
4.524
0.0017

16.000
9.730
7.246
0.0017

97.3
0.9840
21.8

Soil Identification: 18.95
110.5

18.95
109.9 111.3

1.000
2.415
18.95
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Depth (ft)

A-08-013
D-5
25
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Project Name: SR-57 Widening Tested By: F. Tabibkhoei Date: 08/11/08
Project No.: 370900.02.GE.0S Checked By: LF Date: 08/28/08
Boring No.: Sample Type: Drive
Sample No.: Depth (ft.): 35.0
Soil Identification: Olive brown fat clay (CH)

2.415 2.415 2.415
1.000 1.000 1.000
204.50 204.82 207.58
43.06 43.22 43.27

Before Shearing
200.78 200.78 200.78
175.01 175.01 175.01
39.72 39.72 39.72
0.0000 0.2665 0.2798
0.0082 0.2670 0.2901

After Shearing
202.29 202.15 203.49
172.21 173.95 175.16
39.17 38.93 38.46
2.70 2.70 2.70
62.43 62.43 62.43

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

D-7
A-08-013

Sample Diameter(in):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

DS A-08-013, D-7



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

08-08

Project No.: 370900.02.GE.0S

Sample Type:

Drive

Olive brown fat clay (CH)

104.0
1.0082
22.6

SR-57 Widening
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

109.8
0.9897
20.7

2.000
3.358
1.229
0.0017

1.000
2.415

1.000
2.415

4.000
4.609
2.226
0.0017

8.000
6.992
3.857
0.0017

104.3
0.9995
20.9

Soil Identification: 19.05
112.9

19.05
112.8 114.8

1.000
2.415
19.05

Boring No.
Sample No.
Depth (ft)

A-08-013
D-7
35
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Project Name: SR-57 Widening Tested By: F. Tabibkhoei Date: 08/05/08
Project No.: 370900.02.GE.0S Checked By: LF Date: 09/02/08
Boring No.: Sample Type: Drive
Sample No.: Depth (ft.): 55.0
Soil Identification: Yellowish brown sandy lean clay s(CL)

2.415 2.415 2.415
1.000 1.000 1.000
203.31 204.70 207.65
43.32 43.43 43.49

Before Shearing
209.97 209.97 209.97
185.11 185.11 185.11
39.17 39.17 39.17
0.0000 0.2539 0.2597
-0.0134 0.2760 0.2927

After Shearing
198.33 201.00 200.39
171.33 176.04 176.69
39.13 39.84 38.47
2.70 2.70 2.70
62.43 62.43 62.43

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

D-11
A-08-013

Sample Diameter(in):

DS A-08-013, D-11



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

Boring No.
Sample No.
Depth (ft)

A-08-013
D-11
55

116.7

1.000
2.415
17.03

97.7
0.9779
18.3

Soil Identification: 17.03
114.6

17.03
113.7

12.000
8.441
7.426
0.0025

6.000
4.090
3.659
0.0025

1.000
2.415

1.000
2.415

3.000
2.826
2.125
0.0025

95.3
0.9866
20.4

SR-57 Widening
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

103.4
0.9670
17.1

08-08

Project No.: 370900.02.GE.0S

Sample Type:

Drive

Yellowish brown sandy lean 
clay s(CL)
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Project Name: SR-57 Widening Tested By: F. Tabibkhoei Date: 08/26/08
Project No.: 370900.02.GE.0S Checked By: LF Date: 09/02/08
Boring No.: Sample Type: Remolded to 95% Max. Dens. @ Opt. MC
Sample No.: Depth (ft.): 0-7
Soil Identification: Yellowish brown clayey sand (SC)

2.415 2.415 2.415
1.000 1.000 1.000
194.36 194.14 194.44
43.27 43.05 43.35

Before Shearing
256.43 256.43 256.43
233.18 233.18 233.18
39.42 39.42 39.42
0.1479 0.1069 0.1037
0.1509 0.1159 0.1139

After Shearing
198.37 197.85 197.60
172.76 172.92 173.12
39.25 39.21 38.94
2.70 2.70 2.70
62.43 62.43 62.43

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

Bag-1
A-08-014

Sample Diameter(in):

DS A-08-014, Bag-1



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

Boring No.
Sample No.
Depth (ft)

A-08-014
Bag-1
0-7

112.2

1.000
2.415
12.00

64.5
0.9910
18.6

Soil Identification: 12.00
112.2

12.00
112.2

4.000
2.694
2.477
0.0025

2.000
1.182
1.088
0.0025

1.000
2.415

1.000
2.415

1.000
0.761
0.468
0.0025

64.5
0.9970
19.2

SR-57 Widening
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

64.5
0.9898
18.2

08-08

Project No.: 370900.02.GE.0S

Sample Type:
Remolded to 95% Max. 
Dens. @ Opt. MC

Yellowish brown clayey sand 
(SC)
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Project Name: SR-57 Widening Tested By: G. Bathala Date: 08/07/08
Project No.: 370900.02.GE.0S Checked By: LF Date: 08/12/08
Boring No.: Sample Type: Drive
Sample No.: Depth (ft.): 15.0
Soil Identification: Yellowish brown poorly graded sand with silt and gravel (SP-SM)g

2.415 2.415 2.415
1.000 1.000 1.000
178.19 187.24 191.26
43.65 45.41 43.21

Before Shearing
235.34 235.34 235.34
221.26 221.26 221.26
39.54 39.54 39.54
0.2475 0.2742 0.1260
0.2545 0.2877 0.1520

After Shearing
183.33 191.38 192.07
156.65 166.61 170.16
38.88 39.64 38.43
2.70 2.70 2.70
62.43 62.43 62.43

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

D-3
A-08-014

Sample Diameter(in):

DS A-08-014, D-3



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

Boring No.
Sample No.
Depth (ft)

A-08-014
D-3
15

114.3

1.000
2.415
7.75

38.8
0.9865
19.5

Soil Identification: 7.75
109.5

7.75
103.8

4.000
5.555
5.555
0.0033

2.000
1.544
1.430
0.0033

1.000
2.415

1.000
2.415

1.000
0.786
0.720
0.0033

33.6
0.9930
22.7

SR-57 Widening
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

44.0
0.9740
16.6

08-08

Project No.: 370900.02.GE.0S

Sample Type:

Drive

Yellowish brown poorly 
graded sand with silt and 
gravel (SP-SM)g
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DS A-08-014, D-3



Project Name: SR-57 Widening Tested By: F. Tabibkhoei Date: 08/27/08
Project No.: 370900.02.GE.0S Checked By: LF Date: 09/10/08
Boring No.: Sample Type: Remolded to 95% Max. Dens. @ Opt. MC
Sample No.: Depth (ft.): 0-7
Soil Identification: Dark brown lean clay with sand (CL)s

2.415 2.415 2.415
1.000 1.000 1.000
190.54 188.46 188.09
45.21 43.13 42.76

Before Shearing
248.85 248.85 248.85
223.88 223.88 223.88
38.89 38.89 38.89
0.3783 0.3179 0.3264
0.3462 0.3037 0.3334

After Shearing
195.59 217.14 191.08
166.56 189.25 165.71
39.12 61.06 39.58
2.70 2.70 2.70
62.43 62.43 62.43

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

Bag-1
A-08-015

Sample Diameter(in):

DS A-08-015, Bag-1



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

Boring No.
Sample No.
Depth (ft)

A-08-015
Bag-1
0-7

106.5

1.000
2.415
13.50

62.5
1.0142
21.8

Soil Identification: 13.50
106.5

13.50
106.5

4.000
3.141
3.141
0.0017

2.000
1.446
1.393
0.0017

1.000
2.415

1.000
2.415

1.000
0.861
0.616
0.0017

62.5
1.0321
22.8

SR-57 Widening
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

62.5
0.9930
20.1

08-08

Project No.: 370900.02.GE.0S

Sample Type:
Remolded to 95% Max. 
Dens. @ Opt. MC

Dark brown lean clay with 
sand (CL)s
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DS A-08-015, Bag-1



Project Name: SR-57 Widening Tested By: F. Tabibkhoei Date: 08/05/08
Project No.: 370900.02.GE.0S Checked By: LF Date: 08/26/08
Boring No.: Sample Type: Drive
Sample No.: Depth (ft.): 5.0
Soil Identification: Pale olive fat clay (CH)

2.415 2.415 2.415
1.000 1.000 1.000
185.74 190.89 193.76
43.69 44.20 44.44

Before Shearing
428.27 428.27 428.27
361.85 361.85 361.85
39.38 39.38 39.38
0.0000 0.2619 0.2614
0.0345 0.2391 0.2381

After Shearing
195.19 197.02 198.08
160.31 165.20 163.44
38.86 39.19 39.45
2.70 2.70 2.70
62.43 62.43 62.43

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

D-1
A-08-015

Sample Diameter(in):

DS A-08-015, D-1



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

Boring No.
Sample No.
Depth (ft)

A-08-015
D-1
5

103.0

1.000
2.415
20.60

83.5
1.0228
25.3

Soil Identification: 20.60
101.2

20.60
98.0

4.000
3.229
1.518
0.0017

2.000
1.638
1.157
0.0017

1.000
2.415

1.000
2.415

1.000
0.984
0.588
0.0017

77.2
1.0345
28.7

SR-57 Widening
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

87.3
1.0233
27.9

08-08

Project No.: 370900.02.GE.0S

Sample Type:

Drive

Pale olive fat clay (CH)
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DS A-08-015, D-1



Project Name: SR-57 Widening Tested By: F. Tabibkhoei Date: 08/21/08
Project No.: 370900.02.GE.0S Checked By: LF Date: 08/26/08
Boring No.: Sample Type: Drive
Sample No.: Depth (ft.): 15.0
Soil Identification: Yellowish brown lean clay (CL) with a layer of caliche

2.415 2.415 2.415
1.000 1.000 1.000
204.31 205.86 207.68
44.67 44.40 43.77

Before Shearing
209.31 209.31 209.31
189.10 189.10 189.10
50.00 50.00 50.00
0.0000 0.2512 0.2574
0.0045 0.2489 0.2627

After Shearing
202.45 203.99 205.57
174.23 176.76 179.30
38.95 38.92 39.30
2.70 2.70 2.70
62.43 62.43 62.43

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

D-3
A-08-015

Sample Diameter(in):

DS A-08-015, D-3



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

Boring No.
Sample No.
Depth (ft)

A-08-015
D-3
15

119.0

1.000
2.415
14.53

89.6
1.0023
19.8

Soil Identification: 14.53
117.2

14.53
115.9

4.000
4.917
2.497
0.0017

2.000
3.119
1.339
0.0017

1.000
2.415

1.000
2.415

1.000
1.280
0.739
0.0017

86.4
1.0045
20.9

SR-57 Widening
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

94.3
0.9947
18.8

08-08

Project No.: 370900.02.GE.0S

Sample Type:

Drive

Yellowish brown lean clay 
(CL) with a layer of caliche
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Project Name: SR-57 Widening Tested By: F. Tabibkhoei Date: 08/25/08
Project No.: 370900.02.GE.0S Checked By: LF Date: 09/02/08
Boring No.: Sample Type: Drive
Sample No.: Depth (ft.): 15.0
Soil Identification: Yellowish brown lean clay with sand (CL)s

2.415 2.415 2.415
1.000 1.000 1.000
199.28 200.14 202.61
42.81 43.64 43.24

Before Shearing
201.23 201.23 201.23
178.59 178.59 178.59
39.32 39.32 39.32
0.0000 0.2561 0.2757
0.0284 0.2406 0.2705

After Shearing
201.64 201.01 201.83
169.56 168.83 173.08
39.21 39.65 39.18
2.70 2.70 2.70
62.43 62.43 62.43

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

D-3
A-08-016

Sample Diameter(in):

DS A-08-016,D-3



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

Boring No.
Sample No.
Depth (ft)

A-08-016
D-3
15

114.0

1.000
2.415
16.26

86.8
1.0155
24.9

Soil Identification: 16.26
112.0

16.26
111.9

4.000
3.603
2.235
0.0017

2.000
2.028
1.088
0.0017

1.000
2.415

1.000
2.415

1.000
1.584
0.468
0.0017

86.8
1.0284
24.6

SR-57 Widening
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

91.7
1.0052
21.5

08-08

Project No.: 370900.02.GE.0S

Sample Type:

Drive

Yellowish brown lean clay 
with sand (CL)s
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DS A-08-016,D-3



Project Name: SR-57 Widening Tested By: F. Tabibkhoei Date: 08/28/08
Project No.: 370900.02.GE.0S Checked By: LF Date: 09/02/08
Boring No.: Sample Type: Remolded to 95% Max. Dens. @ Opt. MC
Sample No.: Depth (ft.): 15-20
Soil Identification: Olive brown lean clay with sand (CL)s

2.415 2.415 2.415
1.000 1.000 1.000
192.07 192.34 192.74
42.97 43.24 43.64

Before Shearing
241.44 241.44 241.44
221.37 221.37 221.37
38.88 38.88 38.88
0.0000 0.2790 0.2808
0.0223 0.2721 0.2915

After Shearing
197.85 219.10 195.96
169.96 193.85 172.01
39.28 61.06 39.29
2.70 2.70 2.70
62.43 62.43 62.43

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

Bag-1
A-08-016

Sample Diameter(in):

DS A-08-016, Bag-1



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

Boring No.
Sample No.
Depth (ft)

A-08-016
Bag-1
15-20

111.7

1.000
2.415
11.00

58.4
1.0069
19.0

Soil Identification: 11.00
111.7

11.00
111.7

4.000
2.370
2.342
0.0017

2.000
1.276
1.223
0.0017

1.000
2.415

1.000
2.415

1.000
0.748
0.566
0.0017

58.4
1.0223
21.3

SR-57 Widening
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

58.4
0.9893
18.0

08-08

Project No.: 370900.02.GE.0S

Sample Type:
Remolded to 95% Max. 
Dens. @ Opt. MC

Olive brown lean clay with 
sand (CL)s
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DS A-08-016, Bag-1



Project Name: SR-57 Widening Tested By: F. Tabibkhoei Date: 08/15/08
Project No.: 370900.02.GE.0S Checked By: LF Date: 08/19/08
Boring No.: Sample Type: Drive
Sample No.: Depth (ft.): 25.0
Soil Identification: Yellowish brown lean clay with sand (CL)s and caliche

2.415 2.415 2.415
1.000 1.000 1.000
201.08 203.25 211.88
42.61 43.25 43.51

Before Shearing
230.60 230.60 230.60
211.54 211.54 211.54
38.86 38.86 38.86
0.0000 0.2539 0.2574
-0.0015 0.2619 0.2715

After Shearing
202.19 202.35 209.99
176.21 177.21 186.87
38.88 39.12 39.32
2.70 2.70 2.70
62.43 62.43 62.43

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

D-5
A-08-016

Sample Diameter(in):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

DS A-08-016, D-5



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

08-08

Project No.: 370900.02.GE.0S

Sample Type:

Drive

Yellowish brown lean clay 
with sand (CL)s and caliche 70.9

0.9985
18.9

SR-57 Widening
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

88.5
0.9859
15.7

2.000
2.135
1.427
0.0017

1.000
2.415

1.000
2.415

4.000
3.405
2.468
0.0017

8.000
5.835
5.203
0.0017

73.3
0.9920
18.2

Soil Identification: 11.04
119.8

11.04
118.7 126.1

1.000
2.415
11.04

Boring No.
Sample No.
Depth (ft)
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DS A-08-016, D-5



Project Name: SR-57 Widening Tested By: F. Tabibkhoei Date: 08/18/08
Project No.: 370900.02.GE.0S Checked By: LF Date: 08/26/08
Boring No.: Sample Type: Drive
Sample No.: Depth (ft.): 45.0
Soil Identification: Brown lean clay (CL)

2.415 2.415 2.415
1.000 1.000 1.000
203.22 204.46 204.92
43.86 44.29 43.71

Before Shearing
189.44 189.44 189.44
163.89 163.89 163.89
39.22 39.22 39.22
0.2802 0.2069 0.2638
0.3088 0.2516 0.3284

After Shearing
197.93 195.26 193.53
170.69 170.10 169.98
39.24 39.04 39.47
2.70 2.70 2.70
62.43 62.43 62.43

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

D-9
A-08-016

Sample Diameter(in):

DS A-08-016, D-9



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

Boring No.
Sample No.
Depth (ft)

A-08-016
D-9
45

111.3

1.000
2.415
20.49

105.5
0.9553
19.2

Soil Identification: 20.49
110.6

20.49
110.0

12.000
4.288
4.024
0.0017

6.000
2.965
2.634
0.0017

1.000
2.415

1.000
2.415

3.000
1.987
1.657
0.0017

103.9
0.9714
20.7

SR-57 Widening
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

107.5
0.9354
18.0

08-08

Project No.: 370900.02.GE.0S

Sample Type:

Drive

Brown lean clay (CL)
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DS A-08-016, D-9



Project Name: SR-57 Widening Tested By: F. Tabibkhoei Date: 08/18/08
Project No.: 370900.02.GE.0S Checked By: LF Date: 08/28/08
Boring No.: Sample Type: Drive
Sample No.: Depth (ft.): 65.0
Soil Identification: Olive brown clayey sand (SC)

2.415 2.415 2.415
1.000 1.000 1.000
195.75 197.20 199.83
43.38 43.53 43.74

Before Shearing
167.41 167.41 167.41
143.83 143.83 143.83
38.78 38.78 38.78
0.2862 0.3088 0.2962
0.3049 0.3460 0.3442

After Shearing
190.36 190.16 220.09
159.92 161.58 191.70
38.93 38.99 66.81
2.70 2.70 2.70
62.43 62.43 62.43

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

D-13
A-08-016

Sample Diameter(in):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

DS A-08-016, D-13



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

08-08

Project No.: 370900.02.GE.0S

Sample Type:

Drive

Olive brown clayey sand (SC)

96.4
0.9813
25.2

SR-57 Widening
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

102.7
0.9520
22.7

3.000
2.267
1.899
0.0025

1.000
2.415

1.000
2.415

6.000
3.707
3.266
0.0025

12.000
7.234
6.791
0.0025

98.5
0.9628
23.3

Soil Identification: 22.45
104.4

22.45
103.5 106.0

1.000
2.415
22.45

Boring No.
Sample No.
Depth (ft)

A-08-016
D-13
65
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DS A-08-016, D-13



Project Name: SR-57 Widening Tested By: F. Tabibkhoei Date: 09/22/08
Project No.: 370900.02.GE.0S Checked By: J. Ward Date: 09/30/08
Boring No.: Sample Type: Drive
Sample No.: Depth (ft.): 10.0
Soil Identification:

2.415 2.415 2.415
1.000 1.000 1.000
196.12 198.20 201.35
44.34 46.88 46.12

Before Shearing
189.90 189.90 189.90
162.68 162.68 162.68
38.92 38.92 38.92
0.1617 0.1066 0.1220
0.1689 0.1215 0.1417

After Shearing
192.75 191.31 193.62
161.86 160.14 162.56
39.15 39.45 39.24
2.70 2.70 2.70
62.43 62.43 62.43

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

D-2
A-08-017

Olive brown lean clay with sand (CL)s and caliche
Sample Diameter(in):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

DS A-08-017, D-2



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

09-08

Project No.: 370900.02.GE.0S

Sample Type:

Drive

Olive brown lean clay with 
sand (CL)s and caliche 94.4

0.9928
25.2

SR-57 Widening
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

100.2
0.9803
25.2

1.000
1.531
1.059
0.0017

1.000
2.415

1.000
2.415

2.000
1.676
1.383
0.0017

4.000
2.933
2.330
0.0017

93.7
0.9851
25.8

Soil Identification: 21.99
103.2

21.99
103.5 105.8

1.000
2.415
21.99

Boring No.
Sample No.
Depth (ft)

A-08-017
D-2
10
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DS A-08-017, D-2



Project Name: SR-57 Widening Tested By: F. Tabibkhoei Date: 09/23/08
Project No.: 370900.02.GE.0S Checked By: J. Ward Date: 09/30/08
Boring No.: Sample Type: Drive
Sample No.: Depth (ft.): 40.0
Soil Identification:

2.415 2.415 2.415
1.000 1.000 1.000
199.07 199.66 200.29
43.36 43.52 42.94

Before Shearing
182.17 182.17 182.17
155.87 155.87 155.87
39.88 39.88 39.88
0.2882 0.2316 0.2746
0.3007 0.2508 0.3058

After Shearing
195.53 195.81 195.19
164.46 164.79 165.82
39.24 39.24 39.49
2.70 2.70 2.70
62.43 62.43 62.43

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

D-8
A-08-017

Olive lean clay (CL)
Sample Diameter(in):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

DS A-08-017, D-8



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

09-08

Project No.: 370900.02.GE.0S

Sample Type:

Drive

Olive lean clay (CL)

102.6
0.9875
24.8

SR-57 Widening
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

105.5
0.9688
23.2

2.000
1.386
1.000
0.0017

1.000
2.415

1.000
2.415

4.000
2.892
2.175
0.0017

8.000
4.870
4.140
0.0017

103.3
0.9808
24.7

Soil Identification: 22.67
105.9

22.67
105.6 106.7

1.000
2.415
22.67

Boring No.
Sample No.
Depth (ft)

A-08-017
D-8
40
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DS A-08-017, D-8



Project Name: SR-57 Widening Tested By: F. Tabibkhoei Date: 08/25/08
Project No.: 370900.02.GE.0S Checked By: LF Date: 09/02/08
Boring No.: Sample Type: Remolded to 95% Max. Dens. @ Opt. MC
Sample No.: Depth (ft.): 0-7
Soil Identification: Dark brown sandy lean clay s(CL)

2.415 2.415 2.415
1.000 1.000 1.000
190.51 190.92 193.13
42.79 43.20 45.41

Before Shearing
228.88 228.88 228.88
212.40 212.40 212.40
38.88 38.88 38.88
0.1225 0.1196 0.1208
0.1078 0.1186 0.1320

After Shearing
198.53 197.15 217.37
173.10 173.47 195.39
39.27 39.05 61.09
2.70 2.70 2.70
62.43 62.43 62.43

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

Bag-1
A-08-018

Sample Diameter(in):

DS A-08-018, Bag-1



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

Boring No.
Sample No.
Depth (ft)

A-08-018
Bag-1
0-7

112.2

1.000
2.415
9.50

51.0
1.0010
17.6

Soil Identification: 9.50
112.2

9.50
112.2

4.000
2.345
2.333
0.0017

2.000
1.239
1.229
0.0017

1.000
2.415

1.000
2.415

1.000
0.714
0.648
0.0017

51.0
1.0147
19.0

SR-57 Widening
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

51.0
0.9888
16.4

08-08

Project No.: 370900.02.GE.0S

Sample Type:
Remolded to 95% Max. 
Dens. @ Opt. MC

Dark brown sandy lean clay 
s(CL)
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DS A-08-018, Bag-1



Project Name: SR-57 Widening Tested By: F. Tabibkhoei Date: 08/25/08
Project No.: 370900.02.GE.0S Checked By: LF Date: 09/02/08
Boring No.: Sample Type: Drive
Sample No.: Depth (ft.): 5.0
Soil Identification: Yellowish brown lean clay with sand (CL)s

2.415 2.415 2.415
1.000 1.000 1.000
188.11 201.57 205.46
43.31 43.32 43.09

Before Shearing
182.55 182.55 182.55
166.54 166.54 166.54
39.01 39.01 39.01
0.0000 0.2590 0.2723
0.0123 0.2451 0.2722

After Shearing
195.38 203.62 205.95
165.07 174.97 178.14
39.01 38.95 38.99
2.70 2.70 2.70
62.43 62.43 62.43

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

D-1
A-08-021

Sample Diameter(in):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

DS A-08-021, D-1



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

08-08

Project No.: 370900.02.GE.0S

Sample Type:

Drive

Yellowish brown lean clay 
with sand (CL)s 58.9

1.0123
24.0

SR-57 Widening
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

83.7
1.0001
20.0

1.000
0.871
0.710
0.0017

1.000
2.415

1.000
2.415

2.000
3.040
1.245
0.0017

4.000
4.719
2.524
0.0017

76.8
1.0139
21.1

Soil Identification: 12.55
116.9

12.55
107.0 120.0

1.000
2.415
12.55

Boring No.
Sample No.
Depth (ft)

A-08-021
D-1
5
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DS A-08-021, D-1



Project Name: SR-57 Widening Tested By: F. Tabibkhoei Date: 08/21/08
Project No.: 370900.02.GE.0S Checked By: LF Date: 09/02/08
Boring No.: Sample Type: Drive
Sample No.: Depth (ft.): 5.0
Soil Identification: Yellowish brown clayey sand (SC)

2.415 2.415 2.415
1.000 1.000 1.000
207.85 209.23 211.12
43.18 42.89 43.19

Before Shearing
191.37 191.37 191.37
173.17 173.17 173.17
39.12 39.12 39.12
0.3155 0.3335 0.2590
0.3219 0.3483 0.2799

After Shearing
227.49 231.98 207.80
204.58 210.45 186.42
60.86 64.56 39.28
2.70 2.70 2.70
62.43 62.43 62.43

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

D-1
A-08-022

Sample Diameter(in):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

DS A-08-022, D-1



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

08-08

Project No.: 370900.02.GE.0S

Sample Type:

Drive

Yellowish brown clayey sand 
(SC) 92.1

0.9936
15.9

SR-57 Widening
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

98.9
0.9791
14.5

1.000
1.745
0.805
0.0017

1.000
2.415

1.000
2.415

2.000
2.628
1.544
0.0017

4.000
4.197
2.763
0.0017

95.5
0.9852
14.8

Soil Identification: 13.58
121.8

13.58
120.6 123.0

1.000
2.415
13.58

Boring No.
Sample No.
Depth (ft)

A-08-022
D-1
5
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DS A-08-022, D-1



Project Name: SR-57 Widening Tested By: F. Tabibkhoei Date: 08/26/08
Project No.: 370900.02.GE.0S Checked By: LF Date: 09/02/08
Boring No.: Sample Type: Drive
Sample No.: Depth (ft.): 25.0
Soil Identification: Dark brown clayey sand (SC)

2.415 2.415 2.415
1.000 1.000 1.000
204.00 202.44 203.26
43.26 43.37 43.29

Before Shearing
212.68 212.68 212.68
194.50 194.50 194.50
39.52 39.52 39.52
0.2761 0.2661 0.2583
0.2790 0.2733 0.2760

After Shearing
204.11 203.09 202.77
180.54 179.48 181.14
38.85 39.72 39.20
2.70 2.70 2.70
62.43 62.43 62.43

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

D-5
A-08-023

Sample Diameter(in):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

DS A-08-023, D-5



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

08-08

Project No.: 370900.02.GE.0S

Sample Type:

Drive

Dark brown clayey sand (SC)

77.5
0.9971
16.6

SR-57 Widening
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

76.2
0.9823
15.2

2.000
2.568
1.327
0.0025

1.000
2.415

1.000
2.415

4.000
3.961
2.961
0.0025

8.000
7.130
5.838
0.0025

74.8
0.9928
16.9

Soil Identification: 11.73
118.4

11.73
119.6 119.1

1.000
2.415
11.73

Boring No.
Sample No.
Depth (ft)

A-08-023
D-5
25
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DS A-08-023, D-5



Project Name: SR-57 Widening Tested By: F. Tabibkhoei Date: 08/25/08
Project No.: 370900.02.GE.0S Checked By: LF Date: 08/27/08
Boring No.: Sample Type: Drive
Sample No.: Depth (ft.): 45.0
Soil Identification: Yellowish brown silty fine sand (SM)

2.415 2.415 2.415
1.000 1.000 1.000
194.98 195.51 197.24
43.18 43.48 42.83

Before Shearing
184.72 184.72 184.72
172.13 172.13 172.13
39.15 39.15 39.15
0.0000 0.2698 0.2586
-0.0100 0.2849 0.2750

After Shearing
197.94 198.11 198.37
175.78 176.87 178.20
39.19 39.29 38.57
2.70 2.70 2.70
62.43 62.43 62.43

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

D-9
A-08-023

Sample Diameter(in):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

DS A-08-023, D-9



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

08-08

Project No.: 370900.02.GE.0S

Sample Type:

Drive

Yellowish brown silty fine 
sand (SM) 55.4

0.9900
16.2

SR-57 Widening
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

58.5
0.9836
14.4

2.000
2.065
1.355
0.0033

1.000
2.415

1.000
2.415

4.000
4.084
2.974
0.0033

8.000
8.102
5.602
0.0033

55.6
0.9849
15.4

Soil Identification: 9.47
115.5

9.47
115.3 117.3

1.000
2.415
9.47

Boring No.
Sample No.
Depth (ft)

A-08-023
D-9
45
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DS A-08-023, D-9



Project Name: SR-57 Widening Tested By: F. Tabibkhoei Date: 08/23/08
Project No.: 370900.02.GE.0S Checked By: LF Date: 09/02/08
Boring No.: Sample Type: Drive
Sample No.: Depth (ft.): 65.0
Soil Identification: Brown lean clay (CL)

2.415 2.415 2.415
1.000 1.000 1.000
199.54 199.71 199.80
43.07 43.43 43.48

Before Shearing
220.57 220.57 220.57
187.46 187.46 187.46
40.00 40.00 40.00
0.3270 0.3004 0.3777
0.3358 0.3161 0.4009

After Shearing
196.45 195.65 195.01
167.08 166.23 165.28
38.70 39.40 39.02
2.70 2.70 2.70
62.43 62.43 62.43

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

D-13
A-08-023

Sample Diameter(in):

DS A-08-023, D-13



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

Boring No.
Sample No.
Depth (ft)

A-08-023
D-13
65

106.2

1.000
2.415
22.45

103.1
0.9843
23.2

Soil Identification: 22.45
106.1

22.45
106.3

12.000
5.803
5.021
0.0017

6.000
3.989
2.399
0.0017

1.000
2.415

1.000
2.415

3.000
3.222
1.515
0.0017

103.4
0.9912
22.9

SR-57 Widening
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

103.2
0.9768
23.5

08-08

Project No.: 370900.02.GE.0S

Sample Type:

Drive

Brown lean clay (CL)
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DS A-08-023, D-13



Project Name: SR-57 Widening Tested By: F. Tabibkhoei Date: 09/02/08
Project No.: 370900.02.GE.0S Checked By: LF Date: 09/10/08
Boring No.: Sample Type: Remolded to 95% Max. Dens @ Opt. MC
Sample No.: Depth (ft.): 2-7
Soil Identification: Olive lean clay with sand (CL)s

2.415 2.415 2.415
1.000 1.000 1.000
187.06 186.60 186.37
43.66 43.20 42.97

Before Shearing
227.69 227.69 227.69
208.97 208.97 208.97
38.83 38.83 38.83
0.0000 0.2653 0.2735
0.0193 0.2630 0.2827

After Shearing
197.07 195.80 192.91
167.04 167.20 167.00
39.29 39.31 39.05
2.70 2.70 2.70
62.43 62.43 62.43

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

Bag-1
A-08-024

Sample Diameter(in):

DS A-08-024, Bag-1



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

Boring No.
Sample No.
Depth (ft)

A-08-024
Bag-1
2-7

107.4

1.000
2.415
11.00

52.2
1.0023
22.4

Soil Identification: 11.00
107.4

11.00
107.4

4.000
1.968
1.905
0.0017

2.000
1.037
0.990
0.0017

1.000
2.415

1.000
2.415

1.000
0.522
0.472
0.0017

52.2
1.0193
23.5

SR-57 Widening
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

52.2
0.9908
20.3

09-08

Project No.: 370900.02.GE.0S

Sample Type:
Remolded to 95% Max. Dens 
@ Opt. MC

Olive lean clay with sand 
(CL)s
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DS A-08-024, Bag-1



Project Name: SR-57 Widening Tested By: F. Tabibkhoei Date: 08/25/08
Project No.: 370900.02.GE.0S Checked By: LF Date: 09/02/08
Boring No.: Sample Type: Drive
Sample No.: Depth (ft.): 5.0
Soil Identification: Olive brown sandy lean clay s(CL)

2.415 2.415 2.415
1.000 1.000 1.000
206.14 208.47 209.97
43.12 43.27 43.47

Before Shearing
217.06 217.06 217.06
198.78 198.78 198.78
39.20 39.20 39.20
0.3509 0.3468 0.2639
0.3378 0.3461 0.2768

After Shearing
209.09 209.72 210.29
181.16 184.18 184.11
39.31 39.41 38.99
2.70 2.70 2.70
62.43 62.43 62.43

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

D-1
A-08-024

Sample Diameter(in):

DS A-08-024, D-1



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

Boring No.
Sample No.
Depth (ft)

A-08-024
D-1
5

124.2

1.000
2.415
11.46

84.2
1.0007
17.6

Soil Identification: 11.46
123.3

11.46
121.6

4.000
5.228
2.204
0.0017

2.000
3.229
1.273
0.0017

1.000
2.415

1.000
2.415

1.000
1.940
0.751
0.0017

80.2
1.0131
19.7

SR-57 Widening
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

86.7
0.9871
18.0

08-08

Project No.: 370900.02.GE.0S

Sample Type:

Drive

Olive brown sandy lean clay 
s(CL)
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DS A-08-024, D-1



Project Name: SR-57 Widening Tested By: F. Tabibkhoei Date: 08/25/08
Project No.: 370900.02.GE.0S Checked By: LF Date: 09/02/08
Boring No.: Sample Type: Drive
Sample No.: Depth (ft.): 25.0
Soil Identification: Olive lean clay (CL)

2.415 2.415 2.415
1.000 1.000 1.000
196.88 197.07 200.26
43.18 43.28 43.10

Before Shearing
218.95 218.95 218.95
191.34 191.34 191.34
39.28 39.28 39.28
0.1183 0.1287 0.1281
0.1195 0.1394 0.1450

After Shearing
194.90 195.11 197.14
161.76 163.87 169.32
38.86 39.67 39.27
2.70 2.70 2.70
62.43 62.43 62.43

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

D-5
A-08-025

Sample Diameter(in):

DS A-08-025, D-5



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

Boring No.
Sample No.
Depth (ft)

A-08-025
D-5
25

110.6

1.000
2.415
18.16

88.0
0.9893
25.2

Soil Identification: 18.16
108.2

18.16
108.2

8.000
5.675
4.172
0.0017

4.000
3.606
2.320
0.0017

1.000
2.415

1.000
2.415

2.000
2.286
1.097
0.0017

87.8
0.9988
27.0

SR-57 Widening
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

93.6
0.9831
21.4

08-08

Project No.: 370900.02.GE.0S

Sample Type:

Drive

Olive lean clay (CL)
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DS A-08-025, D-5



Project Name: SR-57 Widening Tested By: F. Tabibkhoei Date: 08/21/08
Project No.: 370900.02.GE.0S Checked By: LF Date: 09/16/08
Boring No.: Sample Type: Drive
Sample No.: Depth (ft.): 45.0
Soil Identification: Gray well-graded sand with silt and gravel (SW-SM)g

2.415 2.415 2.415
1.000 1.000 1.000
193.77 195.17 196.40
43.12 43.10 43.19

Before Shearing
348.92 348.92 348.92
342.82 342.82 342.82
39.16 39.16 39.16
0.2571 0.3076 0.3284
0.2690 0.3250 0.3620

After Shearing
198.70 218.68 201.07
182.02 203.60 185.50
39.59 61.03 39.67
2.70 2.70 2.70
62.43 62.43 62.43

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

D-9
A-08-025

Sample Diameter(in):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

DS A-08-025, D-9



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

08-08

Project No.: 370900.02.GE.0S

Sample Type:

Drive

Gray well-graded sand with 
silt and gravel (SW-SM)g 14.6

0.9881
11.7

SR-57 Widening
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

15.5
0.9664
10.7

2.000
2.603
1.811
0.0050

1.000
2.415

1.000
2.415

4.000
6.379
5.932
0.0050

8.000
11.252
11.195
0.0050

15.1
0.9826
10.6

Soil Identification: 2.01
124.0

2.01
122.8 124.9

1.000
2.415
2.01

Boring No.
Sample No.
Depth (ft)

A-08-025
D-9
45
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DS A-08-025, D-9



Project Name: SR-57 Widening Tested By: F. Tabibkhoei Date: 08/25/08
Project No.: 370900.02.GE.0S Checked By: LF Date: 09/04/08
Boring No.: Sample Type: Drive
Sample No.: Depth (ft.): 65.0
Soil Identification: Brown sandy lean clay s(CL)

2.415 2.415 2.415
1.000 1.000 1.000
197.36 211.72 212.48
43.04 43.36 43.19

Before Shearing
215.24 215.24 215.24
198.55 198.55 198.55
39.80 39.80 39.80
0.3118 0.2978 0.3059
0.3280 0.3175 0.3398

After Shearing
197.33 209.00 211.00
174.72 186.51 188.05
38.50 39.24 39.29
2.70 2.70 2.70
62.43 62.43 62.43

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

D-13
A-08-025

Sample Diameter(in):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

DS A-08-025, D-13



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

08-08

Project No.: 370900.02.GE.0S

Sample Type:

Drive

Brown sandy lean clay s(CL)

62.9
0.9838
16.6

SR-57 Widening
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

87.9
0.9661
15.4

3.000
2.153
2.021
0.0017

1.000
2.415

1.000
2.415

6.000
5.241
4.351
0.0017

12.000
9.287
8.454
0.0017

85.9
0.9803
15.3

Soil Identification: 10.51
126.7

10.51
116.1 127.4

1.000
2.415
10.51

Boring No.
Sample No.
Depth (ft)

A-08-025
D-13
65
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DS A-08-025, D-13



Project Name: SR-57 Widening Tested By: F. Tabibkhoei Date: 09/22/08
Project No.: 370900.02.GE.0S Checked By: LF Date: 09/25/08
Boring No.: Sample Type: Drive
Sample No.: Depth (ft.): 30.0
Soil Identification:

2.415 2.415 2.415
1.000 1.000 1.000
209.63 213.32 214.34
46.46 46.15 44.96

Before Shearing
207.98 207.98 207.98
188.31 188.31 188.31
38.60 38.60 38.60
0.2882 0.2713 0.3337
0.2993 0.2840 0.3571

After Shearing
204.51 209.31 210.74
177.97 185.66 188.26
39.04 39.69 39.63
2.70 2.70 2.70
62.43 62.43 62.43

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

D-6
A-08-026

Yellowish brown lean clay (CL)
Sample Diameter(in):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

DS A-08-026, D-6



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

09-08

Project No.: 370900.02.GE.0S

Sample Type:

Drive

Yellowish brown lean clay 
(CL) 87.5

0.9889
19.1

SR-57 Widening
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

100.3
0.9766
15.1

2.000
1.490
1.298
0.0017

1.000
2.415

1.000
2.415

4.000
3.898
2.666
0.0017

8.000
6.850
4.961
0.0017

95.4
0.9873
16.2

Soil Identification: 13.14
122.9

13.14
119.9 124.5

1.000
2.415
13.14

Boring No.
Sample No.
Depth (ft)

A-08-026
D-6
30.0
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DS A-08-026, D-6



Project Name: SR-57 Widening Tested By: F. Tabibkhoei Date: 09/22/08
Project No.: 370900.02.GE.0S Checked By: LF Date: 09/30/08
Boring No.: Sample Type: Drive
Sample No.: Depth (ft.): 40.0
Soil Identification:

2.415 2.415 2.415
1.000 1.000 1.000
196.21 203.21 204.54
45.45 43.58 43.45

Before Shearing
215.48 215.48 215.48
190.12 190.12 190.12
39.90 39.90 39.90
0.2419 0.3153 0.2623
0.2630 0.3445 0.2969

After Shearing
192.22 196.77 197.83
165.42 171.22 173.75
39.40 39.54 39.17
2.70 2.70 2.70
62.43 62.43 62.43

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

D-8
A-08-026

Yellowish brown clayey sand (SC)
Sample Diameter(in):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

DS A-08-026, D-8



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

09-08

Project No.: 370900.02.GE.0S

Sample Type:

Drive

Yellowish brown clayey sand 
(SC) 79.8

0.9789
21.3

SR-57 Widening
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

96.9
0.9654
17.9

2.000
1.132
0.987
0.0025

1.000
2.415

1.000
2.415

4.000
2.716
2.330
0.0025

8.000
5.873
5.074
0.0025

94.2
0.9708
19.4

Soil Identification: 16.88
113.6

16.88
107.3 114.6

1.000
2.415
16.88

Boring No.
Sample No.
Depth (ft)

A-08-026
D-8
40.0
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DS A-08-026, D-8



Project Name: SR-57 Widening Tested By: F. Tabibkhoei Date: 09/17/08
Project No.: 370900.02.GE.0S Checked By: LF Date: 09/25/08
Boring No.: Sample Type: Drive
Sample No.: Depth (ft.): 60.0
Soil Identification:

2.415 2.415 2.415
1.000 1.000 1.000
193.77 196.80 197.40
43.19 43.40 42.87

Before Shearing
112.50 112.50 112.50
97.83 97.83 97.83
38.21 38.21 38.21
0.0000 0.2592 0.2791
-0.0561 0.3301 0.3730

After Shearing
182.49 185.17 185.32
155.28 160.16 162.06
38.47 38.62 39.21
2.70 2.70 2.70
62.43 62.43 62.43

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

D-12
A-08-026

Brown lean clay (CL)
Sample Diameter(in):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

DS A-08-026, D-12



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

09-08

Project No.: 370900.02.GE.0S

Sample Type:

Drive

Brown lean clay (CL)

98.1
0.9439
23.3

SR-57 Widening
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

104.7
0.9061
18.9

3.000
1.751
1.739
0.0017

1.000
2.415

1.000
2.415

6.000
3.354
3.213
0.0017

12.000
6.313
6.313
0.0017

102.8
0.9291
20.6

Soil Identification: 24.61
102.4

24.61
100.5 103.1

1.000
2.415
24.61

Boring No.
Sample No.
Depth (ft)

A-08-026
D-12
60.0
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DS A-08-026, D-12



Project Name: SR-57 Widening Tested By: F. Tabibkhoei Date: 08/21/08
Project No.: 370900.02.GE.0S Checked By: LF Date: 09/10/08
Boring No.: Sample Type: Remolded to 95% Max. Dens @ Opt. MC
Sample No.: Depth (ft.): 0-7
Soil Identification: Pale olive sandy lean clay s(CL)

2.415 2.415 2.415
1.000 1.000 1.000
196.19 197.20 195.74
43.18 44.19 42.73

Before Shearing
244.18 244.18 244.18
222.17 222.17 222.17
38.73 38.73 38.73
0.0000 0.2529 0.2545
0.0154 0.2478 0.2594

After Shearing
201.00 199.99 199.79
173.91 173.98 174.58
39.21 39.00 39.73
2.70 2.70 2.70
62.43 62.43 62.43

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

Bag-1
A-08-027

Sample Diameter(in):

DS A-08-027, Bag-1



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

Boring No.
Sample No.
Depth (ft)

A-08-027
Bag-1
0-7

113.6

1.000
2.415
12.00

67.0
1.0051
19.3

Soil Identification: 12.00
113.6

12.00
113.6

4.000
2.493
2.446
0.0017

2.000
1.289
1.217
0.0017

1.000
2.415

1.000
2.415

1.000
0.758
0.666
0.0017

67.0
1.0154
20.1

SR-57 Widening
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

67.0
0.9951
18.7

08-08

Project No.: 370900.02.GE.0S

Sample Type:
Remolded to 95% Max. Dens 
@ Opt. MC

Pale olive sandy lean clay 
s(CL)
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DS A-08-027, Bag-1



Project Name: SR-57 Widening Tested By: F. Tabibkhoei Date: 07/25/08
Project No.: 370900.02.GE.0S Checked By: LF Date: 07/30/08
Boring No.: Sample Type: Drive
Sample No.: Depth (ft.): 15.0
Soil Identification:

2.415 2.415 2.415
1.000 1.000 1.000
202.26 205.74 207.98
42.09 41.75 42.31

Before Shearing
204.88 204.88 204.88
189.95 189.95 189.95
39.02 39.02 39.02
0.2435 0.2568 0.1305
0.2282 0.2537 0.1442

After Shearing
206.36 207.80 207.17
177.70 180.63 181.38
39.44 38.82 39.19
2.70 2.70 2.70
62.43 62.43 62.43

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

D-3
A-08-027

Dark brown sandy lean clay s(CL)
Sample Diameter(in):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

DS A-08-027, D-3



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

07-08

Project No.: 370900.02.GE.0S

Sample Type:

Drive

Dark brown sandy lean clay 
s(CL) 68.4

1.0153
20.7

SR-57 Widening
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

77.5
0.9863
18.1

1.000
1.069
0.707
0.0017

1.000
2.415

1.000
2.415

2.000
2.348
1.618
0.0017

4.000
4.250
3.317
0.0017

74.6
1.0031
19.2

Soil Identification: 9.89
124.1

9.89
121.2 125.4

1.000
2.415
9.89

Boring No.
Sample No.
Depth (ft)

A-08-027
D-3
15
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DS A-08-027, D-3



Project Name: SR-57 Widening Tested By: F. Tabibkhoei Date: 07/31/08
Project No.: 370900.02.GE.0S Checked By: LF Date: 08/06/08
Boring No.: Sample Type: Drive
Sample No.: Depth (ft.): 25.0
Soil Identification: Yellowish brown sandy lean clay with gravel s(CL)g

2.415 2.415 2.415
1.000 1.000 1.000
202.11 210.17 205.26
42.18 43.54 42.39

Before Shearing
206.04 206.04 206.04
186.45 186.45 186.45
39.20 39.20 39.20
0.0000 0.2793 0.2618
-0.0038 0.2847 0.2777

After Shearing
201.56 209.14 203.38
175.96 186.01 180.03
38.98 39.22 39.09
2.70 2.70 2.70
62.43 62.43 62.43

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

D-5
A-08-027

Sample Diameter(in):

DS A-08-027, D-5



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

Boring No.
Sample No.
Depth (ft)

A-08-027
D-5
25

119.5

1.000
2.415
13.30

95.0
0.9946
15.8

Soil Identification: 13.30
122.3

13.30
117.4

4.000
3.040
2.738
0.0025

2.000
1.981
1.195
0.0025

1.000
2.415

1.000
2.415

1.000
1.713
0.846
0.0025

82.4
0.9962
18.7

SR-57 Widening
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

87.6
0.9841
16.6

07-08

Project No.: 370900.02.GE.0S

Sample Type:

Drive

Yellowish brown sandy lean 
clay with gravel s(CL)g
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DS A-08-027, D-5



Project Name: SR-57 Widening Tested By: F. Tabibkhoei Date: 08/11/08
Project No.: 370900.02.GE.0S Checked By: LF Date: 09/16/08
Boring No.: Sample Type: Remolded to 95% Max. Dens. @ Opt. MC
Sample No.: Depth (ft.): 0-7
Soil Identification: Olive sandy lean clay with gravel s(CL)g

2.415 2.415 2.415
1.000 1.000 1.000
191.90 191.97 191.89
43.47 43.54 43.46

Before Shearing
233.66 233.66 233.66
215.18 215.18 215.18
39.17 39.17 39.17
0.0000 0.2626 0.2747
0.0235 0.2538 0.2780

After Shearing
200.04 198.55 197.38
171.58 171.26 170.88
39.36 38.91 38.21
2.70 2.70 2.70
62.43 62.43 62.43

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

Bag-1
A-08-028

Sample Diameter(in):

DS A-08-028, Bag-1



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

Boring No.
Sample No.
Depth (ft)

A-08-028
Bag-1
0-7

111.7

1.000
2.415
10.50

55.7
1.0088
20.6

Soil Identification: 10.50
111.7

10.50
111.7

4.000
2.075
2.065
0.0017

2.000
1.135
1.125
0.0017

1.000
2.415

1.000
2.415

1.000
0.720
0.597
0.0017

55.7
1.0235
21.5

SR-57 Widening
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

55.7
0.9967
20.0

08-08

Project No.: 370900.02.GE.0S

Sample Type:
Remolded to 95% Max. 
Dens. @ Opt. MC

Olive sandy lean clay with 
gravel s(CL)g
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DS A-08-028, Bag-1



Project Name: SR-57 Widening Tested By: F. Tabibkhoei Date: 07/31/08
Project No.: 370900.02.GE.0S Checked By: LF Date: 08/06/08
Boring No.: Sample Type: Drive
Sample No.: Depth (ft.): 15.0
Soil Identification: Grayish brown clayey sand (SC)

2.415 2.415 2.415
1.000 1.000 1.000
196.18 201.82 207.09
43.58 44.72 43.32

Before Shearing
247.18 247.18 247.18
224.40 224.40 224.40
39.19 39.19 39.19
0.0000 0.2752 0.2701
0.0013 0.2762 0.2739

After Shearing
202.83 205.10 207.43
176.73 180.18 180.38
39.34 39.04 38.95
2.70 2.70 2.70
62.43 62.43 62.43

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

D-3
A-08-028

Sample Diameter(in):

DS A-08-028, D-3



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

Boring No.
Sample No.
Depth (ft)

A-08-028
D-3
15

121.3

1.000
2.415
12.30

74.0
0.9990
17.7

Soil Identification: 12.30
116.3

12.30
113.0

4.000
5.414
2.663
0.0017

2.000
2.625
1.632
0.0017

1.000
2.415

1.000
2.415

1.000
1.154
0.710
0.0017

67.6
1.0013
19.0

SR-57 Widening
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

85.2
0.9962
19.1

07-08

Project No.: 370900.02.GE.0S

Sample Type:

Drive

Grayish brown clayey sand 
(SC)
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DS A-08-028, D-3



Project Name: SR-57 Widening Tested By: F. Tabibkhoei Date: 07/25/08
Project No.: 370900.02.GE.0S Checked By: LF Date: 07/30/08
Boring No.: Sample Type: Drive
Sample No.: Depth (ft.): 15.0
Soil Identification:

2.415 2.415 2.415
1.000 1.000 1.000
194.74 205.67 211.40
43.41 43.50 43.45

Before Shearing
180.79 180.79 180.79
162.40 162.40 162.40
39.34 39.34 39.34
0.2671 0.2536 0.1101
0.2558 0.2492 0.1242

After Shearing
200.51 206.52 212.34
166.45 177.60 189.15
38.90 38.83 38.81
2.70 2.70 2.70
62.43 62.43 62.43

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

D-3
A-08-030

Yellowish brown lean clay with sand (CL)s
Sample Diameter(in):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

DS A-08-030, D-3



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

07-08

Project No.: 370900.02.GE.0S

Sample Type:

Drive

Yellowish brown lean clay 
with sand (CL)s 74.8

1.0113
26.7

SR-57 Widening
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

104.2
0.9859
15.4

1.000
0.934
0.638
0.0017

1.000
2.415

1.000
2.415

2.000
2.207
1.191
0.0017

4.000
3.644
2.556
0.0017

92.4
1.0044
20.8

Soil Identification: 14.94
117.3

14.94
109.5 121.5

1.000
2.415
14.94

Boring No.
Sample No.
Depth (ft)

A-08-030
D-3
15
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DS A-08-030, D-3



Project Name: SR-57 Widening Tested By: F. Tabibkhoei Date: 07/28/08
Project No.: 370900.02.GE.0S Checked By: LF Date: 07/31/08
Boring No.: Sample Type: Drive
Sample No.: Depth (ft.): 45.0
Soil Identification: Yellowish brown lean clay (CL)

2.415 2.415 2.415
1.000 1.000 1.000
195.22 199.60 201.00
43.76 43.76 43.54

Before Shearing
179.07 179.07 179.07
159.11 159.11 159.11
39.11 39.11 39.11
0.0000 0.2595 0.2330
-0.0079 0.2787 0.2579

After Shearing
193.33 196.43 197.96
161.62 167.26 171.19
38.88 39.52 39.42
2.70 2.70 2.70
62.43 62.43 62.43

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

D-9
A-08-030

Sample Diameter(in):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

DS A-08-030, D-9



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

07-08

Project No.: 370900.02.GE.0S

Sample Type:

Drive

Yellowish brown lean clay 
(CL) 80.1

0.9921
25.8

SR-57 Widening
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

89.6
0.9751
20.3

3.000
2.191
1.572
0.0017

1.000
2.415

1.000
2.415

6.000
4.342
2.578
0.0017

12.000
8.300
6.725
0.0017

86.9
0.9808
22.8

Soil Identification: 16.63
111.1

16.63
108.0 112.3

1.000
2.415
16.63
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Depth (ft)
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D-9
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DS A-08-030, D-9



Project Name: SR-57 Widening Tested By: F. Tabibkhoei Date: 07/25/08
Project No.: 370900.02.GE.0S Checked By: LF Date: 07/30/08
Boring No.: Sample Type: Drive
Sample No.: Depth (ft.): 55.0
Soil Identification:

2.415 2.415 2.415
1.000 1.000 1.000
200.92 201.06 203.51
43.86 43.58 43.40

Before Shearing
174.25 174.25 174.25
153.12 153.12 153.12
39.19 39.19 39.19
0.1237 0.2594 0.2743
0.1479 0.2745 0.3112

After Shearing
199.73 200.46 200.40
170.11 175.63 171.94
39.42 38.10 39.77
2.70 2.70 2.70
62.43 62.43 62.43

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

D-11
A-08-030

Yellowish brown lean clay (CL)
Sample Diameter(in):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final
Vertical Rdg.(in): Initial

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

DS A-08-030, D-11



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

07-08

Project No.: 370900.02.GE.0S

Sample Type:

Drive

Yellowish brown lean clay 
(CL) 94.5

0.9758
22.7

SR-57 Widening
DIRECT SHEAR TEST RESULTS  

Consolidated Drained - ASTM D 3080

100.0
0.9631
21.5

3.000
2.358
1.924
0.0017

1.000
2.415

1.000
2.415

6.000
5.423
3.842
0.0017

12.000
8.328
6.932
0.0017

95.3
0.9849
18.1

Soil Identification: 18.55
110.5

18.55
110.2 112.3

1.000
2.415
18.55

Boring No.
Sample No.
Depth (ft)

A-08-030
D-11
55

0.00
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2.00

3.00
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DS A-08-030, D-11



Project Name: Tested by: A. Santos Date: 08/14/08
Project No: 370900.02.GE.0S Checked by: LF Date: 08/20/08
Boring No.: A-08-010 Sample Type:
Sample No.: D-5 Depth(ft): 25
Sample Description:

1 2.42
2 2.416
3 2.413

Average 2.416
1 5.556
2 5.554
3 5.551

Average 5.554

930.70
0.00

1038.50
949.50
109.30
2.70
11.5
0.045

10.59 168.85
125.9 11.46
0.338 180.31
84.5 4.50

* Stress values have been corrected for membrane effects

Minor principal total stress (psi) 
Major principal total stress (psi) 
Axial strain (%) 

Moisture Content (%)
Dry  Density (pcf)
Void Ratio
% Saturation

Specific Gravity  (assumed)
Confining Pressure (psi)
Rate of Deformation (in/min)

Deviator stress (psi)

Diameter (in)

Height (in)

Sample Properties At Failure*

Weight of Container (g)

SR-57 Widening

Weight of Sample + Tube / Rings (g)
Weight of Tube / Rings (g)
Weight of Wet Sample + Container (g)
Weight of Dry Sample + Container (g)

Unconsolidated-Undrained Triaxial
Compression Test on Cohesive Soils

ASTM D 2850

Olive brown clayey sand (SC)

Drive

Stress - Strain Curve
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Project Name: Tested by: A. Santos Date: 08/14/08
Project No: 370900.02.GE.0S Checked by: LF Date: 08/20/08
Boring No.: A-08-012 Sample Type:
Sample No.: D-5 Depth(ft): 25
Sample Description:

1 2.420
2 2.421
3 2.424

Average 2.422
1 5.464
2 5.462
3 5.461

Average 5.462

887.10
0.00

993.50
868.90
106.80
2.70
13.9
0.045

16.35 192.08
115.5 13.90
0.459 205.98
96.1 9.89

* Stress values have been corrected for membrane effects

Unconsolidated-Undrained Triaxial
Compression Test on Cohesive Soils

ASTM D 2850

Olive fat clay (CH)

Drive

Weight of Container (g)

SR-57 Widening

Weight of Sample + Tube / Rings (g)
Weight of Tube / Rings (g)
Weight of Wet Sample + Container (g)
Weight of Dry Sample + Container (g)

Specific Gravity  (assumed)
Confining Pressure (psi)
Rate of Deformation (in/min)

Deviator stress (psi)

Diameter (in)

Height (in)

Sample Properties At Failure*

Minor principal total stress (psi) 
Major principal total stress (psi) 
Axial strain (%) 

Moisture Content (%)
Dry  Density (pcf)
Void Ratio
% Saturation

Stress - Strain Curve
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Project Name: Tested by: A. Santos Date: 08/18/08
Project No: 370900.02.GE.0S Checked by: LF Date: 08/20/08
Boring No.: A-08-013 Sample Type:
Sample No.: D-9 Depth(ft): 45
Sample Description:

1 2.424
2 2.423
3 2.420

Average 2.422
1 5.443
2 5.441
3 5.444

Average 5.442

871.60
0.00

978.80
841.10
107.84
2.70
20.8
0.045

18.78 161.98
111.5 20.83
0.512 182.81
99.1 13.78

* Stress values have been corrected for membrane effects

Minor principal total stress (psi) 
Major principal total stress (psi) 
Axial strain (%) 

Moisture Content (%)
Dry  Density (pcf)
Void Ratio
% Saturation

Specific Gravity  (assumed)
Confining Pressure (psi)
Rate of Deformation (in/min)

Deviator stress (psi)

Diameter (in)

Height (in)

Sample Properties At Failure*

Weight of Container (g)

SR-57 Widening

Weight of Sample + Tube / Rings (g)
Weight of Tube / Rings (g)
Weight of Wet Sample + Container (g)
Weight of Dry Sample + Container (g)

Unconsolidated-Undrained Triaxial
Compression Test on Cohesive Soils

ASTM D 2850

Olive lean clay (CL)

Drive

Stress - Strain Curve
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Project Name: Tested by: A. Santos Date: 08/18/08
Project No: 370900.02.GE.0S Checked by: LF Date: 08/20/08
Boring No.: A-08-016 Sample Type:
Sample No.: D-7 Depth(ft): 35
Sample Description:

1 2.420
2 2.416
3 2.418

Average 2.418
1 5.452
2 5.450
3 5.452

Average 5.451

829.50
0.00

939.60
788.10
110.84
2.70
13.9
0.045

22.37 32.36
103.2 13.90
0.633 46.26
95.4 15.23

* Stress values have been corrected for membrane effects

Unconsolidated-Undrained Triaxial
Compression Test on Cohesive Soils

ASTM D 2850

Dark olive brown lean clay (CL)

Drive

Weight of Container (g)

SR-57 Widening

Weight of Sample + Tube / Rings (g)
Weight of Tube / Rings (g)
Weight of Wet Sample + Container (g)
Weight of Dry Sample + Container (g)

Specific Gravity  (assumed)
Confining Pressure (psi)
Rate of Deformation (in/min)

Deviator stress (psi)

Diameter (in)

Height (in)

Sample Properties At Failure*

Minor principal total stress (psi) 
Major principal total stress (psi) 
Axial strain (%) 

Moisture Content (%)
Dry  Density (pcf)
Void Ratio
% Saturation

Stress - Strain Curve
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Project Name: Tested by: A. Santos Date: 08/15/08
Project No: 370900.02.GE.0S Checked by: LF Date: 08/20/08
Boring No.: A-08-016 Sample Type:
Sample No.: D-15 Depth(ft): 75
Sample Description:

1 2.423
2 2.424
3 2.425

Average 2.424
1 5.578
2 5.576
3 5.577

Average 5.577

864.00
0.00

971.30
823.60
108.30
2.70
31.3
0.045

20.65 87.53
106.0 31.25
0.589 118.78
94.6 15.06

* Stress values have been corrected for membrane effects

Minor principal total stress (psi) 
Major principal total stress (psi) 
Axial strain (%) 

Moisture Content (%)
Dry  Density (pcf)
Void Ratio
% Saturation

Specific Gravity  (assumed)
Confining Pressure (psi)
Rate of Deformation (in/min)

Deviator stress (psi)

Diameter (in)

Height (in)

Sample Properties At Failure*

Weight of Container (g)

SR-57 Widening

Weight of Sample + Tube / Rings (g)
Weight of Tube / Rings (g)
Weight of Wet Sample + Container (g)
Weight of Dry Sample + Container (g)

Unconsolidated-Undrained Triaxial
Compression Test on Cohesive Soils

ASTM D 2850

Pale olive clayey / silty sand (SC/SM)

Drive

Stress - Strain Curve
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Project Name: Tested by: A. Santos Date: 09/23/08
Project No: 370900.02.GE.0S Checked by: LF Date: 09/25/08
Boring No.: A-08-017 Sample Type: Drive
Sample No.: D-6 Depth(ft): 30
Sample Description:

1 2.415
2 2.417
3 2.420

Average 2.417
1 5.524
2 5.521
3 5.523

Average 5.523

832.70
0.00

942.40
778.30
110.60
2.70
25.0
0.045

24.58 64.96
100.5 25.00
0.677 89.96
98.0 15.21

* Stress values have been corrected for membrane effects

Unconsolidated-Undrained Triaxial
Compression Test on Cohesive Soils

ASTM D 2850

Olive gray fat clay (CH)

Weight of Container (g)

SR-57 Widening

Weight of Sample + Tube / Rings (g)
Weight of Tube / Rings (g)
Weight of Wet Sample + Container (g)
Weight of Dry Sample + Container (g)

Specific Gravity  (assumed)
Confining Pressure (psi)
Rate of Deformation (in/min)

Deviator stress (psi)

Diameter (in)

Height (in)

Sample Properties At Failure*

Minor principal total stress (psi) 
Major principal total stress (psi) 
Axial strain (%) 

Moisture Content (%)
Dry  Density (pcf)
Void Ratio
% Saturation

Stress - Strain Curve
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Project Name: Tested by: A. Santos Date: 09/23/08
Project No: 370900.02.GE.0S Checked by: LF Date: 09/25/08
Boring No.: A-08-017 Sample Type: Drive
Sample No.: D-10 Depth(ft): 50
Sample Description:

1 2.419
2 2.420
3 2.420

Average 2.420
1 5.404
2 5.406
3 5.407

Average 5.405

837.10
0.00

944.30
793.30
108.21
2.70
38.2
0.045

22.04 119.71
105.1 38.20
0.603 157.91
98.8 12.77

* Stress values have been corrected for membrane effects

Unconsolidated-Undrained Triaxial
Compression Test on Cohesive Soils

ASTM D 2850

Dark olive fat clay (CH)

Weight of Container (g)

SR-57 Widening

Weight of Sample + Tube / Rings (g)
Weight of Tube / Rings (g)
Weight of Wet Sample + Container (g)
Weight of Dry Sample + Container (g)

Specific Gravity  (assumed)
Confining Pressure (psi)
Rate of Deformation (in/min)

Deviator stress (psi)

Diameter (in)

Height (in)

Sample Properties At Failure*

Minor principal total stress (psi) 
Major principal total stress (psi) 
Axial strain (%) 

Moisture Content (%)
Dry  Density (pcf)
Void Ratio
% Saturation

Stress - Strain Curve
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Project Name: Tested by: A. Santos Date: 08/19/08
Project No: 370900.02.GE.0S Checked by: LF Date: 08/20/08
Boring No.: A-08-023 Sample Type:
Sample No.: D-7 Depth(ft): 35
Sample Description:

1 2.416
2 2.418
3 2.420

Average 2.418
1 5.436
2 5.438
3 5.439

Average 5.438

879.60
0.00

987.00
877.90
108.20
2.70
13.9
0.045

14.17 30.35
117.5 13.90
0.433 44.25
88.3 15.26

* Stress values have been corrected for membrane effects

Unconsolidated-Undrained Triaxial
Compression Test on Cohesive Soils

ASTM D 2850

Grayish brown lean clay with sand (CL)s

Drive

Weight of Container (g)

SR-57 Widening

Weight of Sample + Tube / Rings (g)
Weight of Tube / Rings (g)
Weight of Wet Sample + Container (g)
Weight of Dry Sample + Container (g)

Specific Gravity  (assumed)
Confining Pressure (psi)
Rate of Deformation (in/min)

Deviator stress (psi)

Diameter (in)

Height (in)

Sample Properties At Failure*

Minor principal total stress (psi) 
Major principal total stress (psi) 
Axial strain (%) 

Moisture Content (%)
Dry  Density (pcf)
Void Ratio
% Saturation

Stress - Strain Curve
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Project Name: Tested by: A. Santos Date: 08/19/08
Project No: 370900.02.GE.0S Checked by: LF Date: 08/20/08
Boring No.: A-08-023 Sample Type:
Sample No.: D-11 Depth(ft): 55
Sample Description:

1 2.420
2 2.421
3 2.424

Average 2.422
1 5.434
2 5.432
3 5.435

Average 5.434

846.60
0.00

955.80
821.30
110.10
2.70
22.9
0.045

18.91 99.09
108.4 22.90
0.555 121.99
92.1 12.33

* Stress values have been corrected for membrane effects

Minor principal total stress (psi) 
Major principal total stress (psi) 
Axial strain (%) 

Moisture Content (%)
Dry  Density (pcf)
Void Ratio
% Saturation

Specific Gravity  (assumed)
Confining Pressure (psi)
Rate of Deformation (in/min)

Deviator stress (psi)

Diameter (in)

Height (in)

Sample Properties At Failure*

Weight of Container (g)

SR-57 Widening

Weight of Sample + Tube / Rings (g)
Weight of Tube / Rings (g)
Weight of Wet Sample + Container (g)
Weight of Dry Sample + Container (g)

Unconsolidated-Undrained Triaxial
Compression Test on Cohesive Soils

ASTM D 2850

Yellowish brown lean clay (CL)

Drive

Stress - Strain Curve
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Project Name: Tested by: A. Santos Date: 08/19/08
Project No: 370900.02.GE.0S Checked by: LF Date: 08/20/08
Boring No.: A-08-023 Sample Type:
Sample No.: D-15 Depth(ft): 75
Sample Description:

1 2.423
2 2.420
3 2.418

Average 2.420
1 5.537
2 5.534
3 5.536

Average 5.536

886.50
0.00

993.20
857.70
107.50
2.70
31.3
0.045

18.06 79.82
112.3 31.25
0.500 111.07
97.5 15.17

* Stress values have been corrected for membrane effects

Unconsolidated-Undrained Triaxial
Compression Test on Cohesive Soils

ASTM D 2850

Yellowish brown lean clay (CL)

Drive

Weight of Container (g)

SR-57 Widening

Weight of Sample + Tube / Rings (g)
Weight of Tube / Rings (g)
Weight of Wet Sample + Container (g)
Weight of Dry Sample + Container (g)

Specific Gravity  (assumed)
Confining Pressure (psi)
Rate of Deformation (in/min)

Deviator stress (psi)

Diameter (in)

Height (in)

Sample Properties At Failure*

Minor principal total stress (psi) 
Major principal total stress (psi) 
Axial strain (%) 

Moisture Content (%)
Dry  Density (pcf)
Void Ratio
% Saturation

Stress - Strain Curve
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Project Name: Tested by: A. Santos Date: 08/20/08
Project No: 370900.02.GE.0S Checked by: LF Date: 08/21/08
Boring No.: A-08-025 Sample Type:
Sample No.: D-7 Depth(ft): 35
Sample Description:

1 2.425
2 2.418
3 2.416

Average 2.420
1 5.444
2 5.442
3 5.441

Average 5.442

837.70
0.00

947.30
828.20
110.78
2.70
13.9
0.045

16.60 86.46
109.4 13.90
0.541 100.36
82.9 10.47

* Stress values have been corrected for membrane effects

Minor principal total stress (psi) 
Major principal total stress (psi) 
Axial strain (%) 

Moisture Content (%)
Dry  Density (pcf)
Void Ratio
% Saturation

Specific Gravity  (assumed)
Confining Pressure (psi)
Rate of Deformation (in/min)

Deviator stress (psi)

Diameter (in)

Height (in)

Sample Properties At Failure*

Weight of Container (g)

SR-57 Widening

Weight of Sample + Tube / Rings (g)
Weight of Tube / Rings (g)
Weight of Wet Sample + Container (g)
Weight of Dry Sample + Container (g)

Unconsolidated-Undrained Triaxial
Compression Test on Cohesive Soils

ASTM D 2850

Olive brown lean clay (CL) / some silty sand in the middle

Drive

Stress - Strain Curve
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Project Name: Tested by: A. Santos Date: 08/20/08
Project No: 370900.02.GE.0S Checked by: LF Date: 08/21/08
Boring No.: A-08-025 Sample Type:
Sample No.: D-11 Depth(ft): 55
Sample Description:

1 2.423
2 2.422
3 2.420

Average 2.422
1 5.480
2 5.477
3 5.478

Average 5.478

872.40
0.00

977.80
890.80
107.00
2.70
22.9
0.045

11.10 123.09
118.6 22.90
0.421 145.99
71.2 6.02

* Stress values have been corrected for membrane effects

Unconsolidated-Undrained Triaxial
Compression Test on Cohesive Soils

ASTM D 2850

Dark olive sandy lean clay s(CL)

Drive

Weight of Container (g)

SR-57 Widening

Weight of Sample + Tube / Rings (g)
Weight of Tube / Rings (g)
Weight of Wet Sample + Container (g)
Weight of Dry Sample + Container (g)

Specific Gravity  (assumed)
Confining Pressure (psi)
Rate of Deformation (in/min)

Deviator stress (psi)

Diameter (in)

Height (in)

Sample Properties At Failure*

Minor principal total stress (psi) 
Major principal total stress (psi) 
Axial strain (%) 

Moisture Content (%)
Dry  Density (pcf)
Void Ratio
% Saturation

Stress - Strain Curve
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Project Name: Tested by: A. Santos Date: 08/20/08
Project No: 370900.02.GE.0S Checked by: LF Date: 08/21/08
Boring No.: A-08-025 Sample Type:
Sample No.: D-15 Depth(ft): 75
Sample Description:

1 2.423
2 2.425
3 2.426

Average 2.425
1 5.544
2 5.547
3 5.545

Average 5.545

881.30
0.00

989.80
884.20
109.30
2.70
31.3
0.045

13.63 150.34
115.4 31.25
0.460 181.59
80.0 6.13

* Stress values have been corrected for membrane effects

Unconsolidated-Undrained Triaxial
Compression Test on Cohesive Soils

ASTM D 2850

Dark olive brown sandy lean clay s(CL)

Drive

Weight of Container (g)

SR-57 Widening

Weight of Sample + Tube / Rings (g)
Weight of Tube / Rings (g)
Weight of Wet Sample + Container (g)
Weight of Dry Sample + Container (g)

Specific Gravity  (assumed)
Confining Pressure (psi)
Rate of Deformation (in/min)

Deviator stress (psi)

Diameter (in)

Height (in)

Sample Properties At Failure*

Minor principal total stress (psi) 
Major principal total stress (psi) 
Axial strain (%) 

Moisture Content (%)
Dry  Density (pcf)
Void Ratio
% Saturation

Stress - Strain Curve
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Project Name: Tested by: A. Santos Date: 09/29/08
Project No: 370900.02.GE.0S Checked by: J. Ward Date: 09/30/08
Boring No.: A-08-026 Sample Type: Drive
Sample No.: D-10 Depth(ft): 50
Sample Description:

1 2.413
2 2.408
3 2.416

Average 2.412
1 5.253
2 5.254
3 5.253

Average 5.253

753.20
0.00

855.90
673.50
106.78
2.70
38.2
0.045

32.19 11.20
90.4 38.20
0.864 49.40
100.6 15.04

* Stress values have been corrected for membrane effects

Unconsolidated-Undrained Triaxial
Compression Test on Cohesive Soils

ASTM D 2850

Yellowish brown lean clay (CL)

Weight of Container (g)

SR-57 Widening

Weight of Sample + Tube / Rings (g)
Weight of Tube / Rings (g)
Weight of Wet Sample + Container (g)
Weight of Dry Sample + Container (g)

Specific Gravity  (assumed)
Confining Pressure (psi)
Rate of Deformation (in/min)

Deviator stress (psi)

Diameter (in)

Height (in)

Sample Properties At Failure*

Minor principal total stress (psi) 
Major principal total stress (psi) 
Axial strain (%) 

Moisture Content (%)
Dry  Density (pcf)
Void Ratio
% Saturation

Stress - Strain Curve
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Project Name: Tested by: A. Santos Date: 08/13/08
Project No: 370900.02.GE.0S Checked by: LF Date: 08/20/08
Boring No.: A-08-030 Sample Type:
Sample No.: D-7 Depth(ft): 35
Sample Description: Yellowish brown lean clay with sand (CL)s & brown silty sand (SM) 

1 2.424
2 2.425
3 2.427

Average 2.425
1
2 5.553
3

Average 5.553

811.40
0.00

973.30
823.40
108.30
2.70
15.3
0.045

20.96 93.08
99.6 15.30
0.691 108.38
81.9 7.38

* Stress values have been corrected for membrane effects

Minor principal total stress (psi) 
Major principal total stress (psi) 
Axial strain (%) 

Moisture Content (%)
Dry  Density (pcf)
Void Ratio
% Saturation

Specific Gravity  (assumed)
Confining Pressure (psi)
Rate of Deformation (in/min)

Deviator stress (psi)

Diameter (in)

Height (in)

Sample Properties At Failure*

Weight of Container (g)

SR-57 Widening

Weight of Sample + Tube / Rings (g)
Weight of Tube / Rings (g)
Weight of Wet Sample + Container (g)
Weight of Dry Sample + Container (g)

Unconsolidated-Undrained Triaxial
Compression Test on Cohesive Soils

ASTM D 2850

Drive

Stress - Strain Curve
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Project Name: SR-57 Widening Tested By : V. Juliano Date: 08/06/08

Project No. : 370900.02.GE.0S Data Input By: LF Date: 08/13/08

Boring No. A-08-002 A-08-004 A-08-008

Sample No. BAG-1 BAG-1 BAG-1

Sample Depth (ft) 2-7 0-7 0-7

157.60 154.91 170.21

150.72 151.67 164.37

58.45 57.19 39.87

7.46 3.43 4.69

100.85 100.19 100.46

6 8 9

6 7 21

840 840 840

8:40 / 9:25 8:40 / 9:25 8:40 / 9:25

45 45 45

19.7688 18.2394 18.8011

19.7672 18.2376 18.7989

0.0016 0.0018 0.0022

65.84 74.07 90.53

71 77 95

ml of Chloride Soln. For Titration      (B) 30 30 30

ml of AgNO3 Soln. Used in Titration (C) 0.9 0.5 0.5

PPM of Chloride (C -0.2) * 100 * 30 / B 70 30 30

PPM of Chloride, Dry Wt. Basis 76 31 31

6.93 7.90 8.05

22.0 21.9 21.9

PPM of Sulfate, Dry Weight Basis

Duration of Combustion (min)

Wt. of Crucible + Residue (g)      

Wt. of Crucible (g)      

Wt. of  Residue (g)                     (A)      

30

18.4145

115.22

Moisture Content (%)

Weight of Soaked Soil (g)

Beaker No.

Crucible No.

Furnace Temperature (°C)

Time In / Time Out

PPM of Sulfate                 (A) x 41150

(SP-SM)g (CL)s SC

121

8:40 / 9:25

45

179.18

172.73

39.92

Wet Weight of Soil + Container (g)

Dry Weight of Soil + Container (g)

Weight of Container (g)

s(CL)

4.86

100.25

18.4117

0.0028

10

23

840

pH TEST, DOT California Test  532/643

CHLORIDE CONTENT, DOT California Test 422

Temperature  °C

pH Value 7.82

22.0

1.3

110

116

TESTS for SULFATE CONTENT
CHLORIDE CONTENT and pH of SOILS

SULFATE CONTENT, DOT California Test 417, Part II

Soil Identification:

A-08-010

BAG-1

0-7



Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: LF Date:

Boring No.: Depth (ft.) :     

Sample No. : BAG-1

s(CL)

SR-57 Widening 08/06/08

08/13/08

2-7

370900.02.GE.0S

A-08-002

1282

1147 1300.00

71 76 6.93 22.01100 28.0

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

7.46

157.60

150.72

58.45Wt. of Container     (g)

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant 6.746

15.72

32.25

3103

3 170

18040.52

DOT CA Test 532 / 643DOT CA Test 417 Part II DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

460

190

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

100

200

300

400

23.99

Dry Wt. of Soil + Cont. (g)

1214

DOT CA Test 532 / 643

4

5

Specimen 
No.

1

2

Soil Identification:

1000

1500

2000

2500

3000

3500

15.0 20.0 25.0 30.0 35.0 40.0 45.0

Moisture Content (%)
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Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: LF Date:

Boring No.: Depth (ft.) :     

Sample No. :

DOT CA Test 532 / 643

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

100

200

300

4004

DOT CA Test             
532 / 643

DOT CA Test 417           
Part II

DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

2300

1600

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

5

Specimen 
No.

1

2

3 1500

1700

19.34

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant 6.746

27.30

35.25

1300.00

10080 25.0

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

77 31 7.90 21.9

15516

10794

10119

11468

11.39

BAG-1

SR-57 Widening 08/06/08

08/13/08

0-7

370900.02.GE.0S

A-08-004

Soil Identification: (SP-SM)g

Dry Wt. of Soil + Cont. (g)

Wt. of Container     (g)

3.43

154.91

151.67

57.19

10000

11000

12000

13000

14000

15000

16000

10.0 15.0 20.0 25.0 30.0 35.0 40.0

Moisture Content (%)
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Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: LF Date:

Boring No.: Depth (ft.) :     

Sample No. :

SR-57 Widening 08/06/08

08/13/08

0-7

370900.02.GE.0S

A-08-008

1214 1300.00

BAG-1

Soil Identification: (CL)s

Specimen 
No.

1

2

3

95 31 8.05 21.91070 41.0

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

6.746

20.80

4.69

170.21

164.37

39.87

53.01

2091

111336.90

Dry Wt. of Soil + Cont. (g)

Wt. of Container     (g)

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant

DOT CA Test             
532 / 643

DOT CA Test 417           
Part II

DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

310

165

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

200

400

600 180

DOT CA Test 532 / 643

4

5

1000

1200

1400

1600

1800

2000

2200

20.0 25.0 30.0 35.0 40.0 45.0 50.0 55.0

Moisture Content (%)

So
il 
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Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: LF Date:

Boring No.: Depth (ft.) :     

Sample No. :

SC

DOT CA Test 532 / 643

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

100

200

300

4004

DOT CA Test             
532 / 643

DOT CA Test 417           
Part II

DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

320

170

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

5

Specimen 
No.

1

2

3 150

160

20.99

Wt. of Container     (g)

1079

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant 6.746

12.92

37.12

1012 29.1

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

121 116 7.82 22.0

1147

1012

SR-57 Widening

Soil Identification:

08/06/08

08/13/08

0-7

370900.02.GE.0S

A-08-010

1300.00

BAG-1

29.05

4.86

179.18

172.73

39.92

Dry Wt. of Soil + Cont. (g)

2159

1000

1200

1400

1600

1800

2000

2200

10.0 15.0 20.0 25.0 30.0 35.0 40.0

Moisture Content (%)

So
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Project Name: SR-57 Widening Tested By : V. Juliano Date: 08/12/08

Project No. : 370900.02.GE.0S Data Input By: LF Date: 08/15/08

Boring No. A-08-009 A-08-022

Sample No. Bag-1 Bag-1

Sample Depth (ft) 0 - 7 2 - 7

195.25 202.14

185.41 193.41

64.62 61.94

8.15 6.64

100.51 100.41

6 8

23 26

840 840

7:15 / 8:00 7:15 / 8:00

45 45

18.4134 18.8770

18.4110 18.8736

0.0024 0.0034

98.76 139.91

108 150

ml of Chloride Soln. For Titration      (B) 30 30

ml of AgNO3 Soln. Used in Titration (C) 0.9 1.2

PPM of Chloride (C -0.2) * 100 * 30 / B 70 100

PPM of Chloride, Dry Wt. Basis 76 107

7.86 8.22

21.9 21.9

TESTS for SULFATE CONTENT
CHLORIDE CONTENT and pH of SOILS

SULFATE CONTENT, DOT California Test 417, Part II

Soil Identification:

pH TEST, DOT California Test  532/643

CHLORIDE CONTENT, DOT California Test 422

Temperature  °C

pH Value

Wet Weight of Soil + Container (g)

Dry Weight of Soil + Container (g)

Weight of Container (g)

SC SC

Moisture Content (%)

Weight of Soaked Soil (g)

Beaker No.

Crucible No.

Furnace Temperature (°C)

Time In / Time Out

PPM of Sulfate                 (A) x 41150

PPM of Sulfate, Dry Weight Basis

Duration of Combustion (min)

Wt. of Crucible + Residue (g)      

Wt. of Crucible (g)      

Wt. of  Residue (g)                     (A)      



Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: LF Date:

Boring No.: Depth (ft.) :     

Sample No. :

Specimen 
No.

1

2

Soil Identification:

1214

DOT CA Test 532 / 643

4

5

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

100

200

300

400

24.78

Dry Wt. of Soil + Cont. (g)

DOT CA Test 532 / 643DOT CA Test 417 Part II DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

280

180

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

3 170

18041.42

Wt. of Container     (g)

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant 6.746

16.47

33.10

1889

8.15

195.25

185.41

64.62

1140 29.0

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

108 76 7.86 21.9

1214

1147 1300.00

Bag-1

SC

SR-57 Widening 08/12/08

08/15/08

0 - 7

370900.02.GE.0S

A-08-009

1100

1200

1300

1400

1500

1600

1700

1800

1900

15.0 20.0 25.0 30.0 35.0 40.0 45.0

Moisture Content (%)

So
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Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: LF Date:

Boring No.: Depth (ft.) :     

Sample No. :

Dry Wt. of Soil + Cont. (g)

Wt. of Container     (g)

6.64

202.14

193.41

61.9414.84

Bag-1

SR-57 Widening 08/12/08

08/15/08

2 - 7

370900.02.GE.0S

A-08-022

Soil Identification: SC

1754

1147

1079

1147

150 107 8.22 21.91075 28.0

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant 6.746

31.25

39.45

1300.00

5

Specimen 
No.

1

2

3 160

170

23.05

DOT CA Test             
532 / 643

DOT CA Test 417           
Part II

DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

260

170

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

DOT CA Test 532 / 643

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

100

200

300

4004

1000

1100

1200

1300

1400

1500

1600

1700

1800

10.0 15.0 20.0 25.0 30.0 35.0 40.0

Moisture Content (%)

So
il 
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Project Name: SR-57 Widening Tested By : V. Juliano Date: 08/26/08

Project No. : 370900.02.GE.0S Data Input By: LF Date: 08/28/08

Boring No. A-08-011 A-08-024 A-08-003

Sample No. Bag-1 Bag-1 Bag-1

Sample Depth (ft) 0-7 2-7 0-7

161.38 183.78 194.62

151.28 170.10 183.08

68.17 65.19 58.72

12.15 13.04 9.28

100.23 100.27 100.66

11 13 14

27 31 32

830 830 830

7:15 / 8:00 7:15 / 8:00 7:15 / 8:00

45 45 45

17.6386 18.9797 19.1630

17.6368 18.9744 19.1614

0.0018 0.0053 0.0016

74.07 218.10 65.84

84 251 73

ml of Chloride Soln. For Titration      (B) 30 30 30

ml of AgNO3 Soln. Used in Titration (C) 0.5 1.2 0.7

PPM of Chloride (C -0.2) * 100 * 30 / B 30 100 50

PPM of Chloride, Dry Wt. Basis 34 115 55

7.48 7.19 7.53

20.3 20.4 20.4

TESTS for SULFATE CONTENT
CHLORIDE CONTENT and pH of SOILS

SULFATE CONTENT, DOT California Test 417, Part II

Soil Identification:

pH TEST, DOT California Test  532/643

CHLORIDE CONTENT, DOT California Test 422

Temperature  °C

pH Value

Wet Weight of Soil + Container (g)

Dry Weight of Soil + Container (g)

Weight of Container (g)

SC (CL)s s(CL)

Moisture Content (%)

Weight of Soaked Soil (g)

Beaker No.

Crucible No.

Furnace Temperature (°C)

Time In / Time Out

PPM of Sulfate                 (A) x 41150

PPM of Sulfate, Dry Weight Basis

Duration of Combustion (min)

Wt. of Crucible + Residue (g)      

Wt. of Crucible (g)      

Wt. of  Residue (g)                     (A)      



Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: LF Date:

Boring No.: Depth (ft.) :     

Sample No. :

Specimen 
No.

1

2

Soil Identification:

DOT CA Test 532 / 643

4

5

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

100

200

300

29.41

Dry Wt. of Soil + Cont. (g)

DOT CA Test 532 / 643DOT CA Test 417 Part II DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

260

210

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

3 230

Wt. of Container     (g)

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant 6.746

20.78

38.03

1754

12.15

161.38

151.28

68.17

1410 30.5

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

84 34 7.48 20.3

1417

1552 1300.00

Bag-1

SC

SR-57 Widening 08/26/08

08/28/08

0-7

370900.02.GE.0S

A-08-011

1400

1450

1500

1550

1600

1650

1700

1750

1800

20.0 25.0 30.0 35.0 40.0

Moisture Content (%)

So
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Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: LF Date:

Boring No.: Depth (ft.) :     

Sample No. :

Dry Wt. of Soil + Cont. (g)

Wt. of Container     (g)

13.04

183.78

170.10

65.1930.43

Bag-1

SR-57 Widening 08/26/08

08/28/08

2-7

370900.02.GE.0S

A-08-024

Soil Identification: (CL)s

688

580

594

251 115 7.19 20.4575 52.0

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant 6.746

65.21 1300.00

5

Specimen 
No.

1

2

3 88

47.82

DOT CA Test             
532 / 643

DOT CA Test 417           
Part II

DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

102

86

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

DOT CA Test 532 / 643

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

200

400

600

4

570

590

610

630

650

670

690

30.0 35.0 40.0 45.0 50.0 55.0 60.0 65.0 70.0

Moisture Content (%)

So
il 
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Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: LF Date:

Boring No.: Depth (ft.) :     

Sample No. :

DOT CA Test 532 / 643

4

5

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

100

200

300 215

DOT CA Test             
532 / 643

DOT CA Test 417           
Part II

DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

310

200

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

26.09

Dry Wt. of Soil + Cont. (g)

Wt. of Container     (g)

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant 6.746

17.69

9.28

194.62

183.08

58.72

34.50

2091

1349

1315 28.0

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

73 55 7.53 20.4

1450 1300.00

Bag-1

Soil Identification: s(CL)

Specimen 
No.

1

2

3

SR-57 Widening 08/26/08

08/28/08

0-7

370900.02.GE.0S

A-08-003

1300

1400

1500

1600

1700

1800

1900

2000

2100

15.0 20.0 25.0 30.0 35.0

Moisture Content (%)

So
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Project Name: SR-57 Widening Tested By : V. Juliano Date: 08/12/08

Project No. : 370900.02.GE.0S Data Input By: LF Date: 08/15/08

Boring No. A-08-012 A-08-013 A-08-015

Sample No. Bag-1 Bag-1 Bag-1

Sample Depth (ft) 35-40 15-20 0-7

184.79 171.33 170.43

174.19 159.99 160.58

61.64 58.32 36.68

9.42 11.15 7.95

100.34 100.18 100.83

9 10 14

21 23 26

830 830 830

7:15 / 8:00 7:15 / 8:00 7:15 / 8:00

45 45 45

18.7989 18.4120 18.8744

18.7980 18.4110 18.8734

0.0009 0.0010 0.0010

37.04 41.15 39.50

41 46 43

ml of Chloride Soln. For Titration      (B) 30 30 30

ml of AgNO3 Soln. Used in Titration (C) 4.3 1.8 0.7

PPM of Chloride (C -0.2) * 100 * 30 / B 410 160 50

PPM of Chloride, Dry Wt. Basis 453 180 54

7.88 7.83 7.96

21.4 21.6 21.6

TESTS for SULFATE CONTENT
CHLORIDE CONTENT and pH of SOILS

SULFATE CONTENT, DOT California Test 417, Part II

Soil Identification:

A-08-021

Bag-1

2-7

8.02

21.6

1.0

80

94

pH TEST, DOT California Test  532/643

CHLORIDE CONTENT, DOT California Test 422

Temperature  °C

pH Value

14.84

100.67

17.6364

0.0014

16

27

830

Wet Weight of Soil + Container (g)

Dry Weight of Soil + Container (g)

Weight of Container (g)

(CL)s (CH)s (CL)s s(CL)

68

7:15 / 8:00

45

162.16

148.65

57.61

30

17.6378

57.61

Moisture Content (%)

Weight of Soaked Soil (g)

Beaker No.

Crucible No.

Furnace Temperature (°C)

Time In / Time Out

PPM of Sulfate                 (A) x 41150

PPM of Sulfate, Dry Weight Basis

Duration of Combustion (min)

Wt. of Crucible + Residue (g)      

Wt. of Crucible (g)      

Wt. of  Residue (g)                     (A)      



Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: LF Date:

Boring No.: Depth (ft.) :     

Sample No. :

Specimen 
No.

1

2

Soil Identification:

519

DOT CA Test 532 / 643

4

5

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

200

300

400

500

34.67

Dry Wt. of Soil + Cont. (g)

DOT CA Test 532 / 643DOT CA Test 417 Part II DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

88

75

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

3 72

7751.50

Wt. of Container     (g)

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant 6.746

26.25

43.09

594

9.42

184.79

174.19

61.64

484 42.0

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

41 453 7.88 21.4

506

486 1300.00

Bag-1

(CL)s

SR-57 Widening 08/12/08

08/15/08

35-40

370900.02.GE.0S

A-08-012

480

500

520

540

560

580

600

25.0 30.0 35.0 40.0 45.0 50.0 55.0

Moisture Content (%)

So
il 
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Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: LF Date:

Boring No.: Depth (ft.) :     

Sample No. :

Dry Wt. of Soil + Cont. (g)

Wt. of Container     (g)

11.15

171.33

159.99

58.3223.98

Bag-1

SR-57 Widening 08/12/08

08/15/08

15-20

370900.02.GE.0S

A-08-013

Soil Identification: (CH)s

944

627

634

46 180 7.83 21.6606 41.0

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant 6.746

49.63 1300.00

5

Specimen 
No.

1

2

3 94

36.80

DOT CA Test             
532 / 643

DOT CA Test 417           
Part II

DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

140

93

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

DOT CA Test 532 / 643

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

150

300

450

4

600

650

700

750

800

850

900

950

1000

20.0 25.0 30.0 35.0 40.0 45.0 50.0

Moisture Content (%)

So
il 
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es
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Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: LF Date:

Boring No.: Depth (ft.) :     

Sample No. :

DOT CA Test 532 / 643

4

5

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

150

300

450 140

DOT CA Test             
532 / 643

DOT CA Test 417           
Part II

DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

190

130

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

32.86

Dry Wt. of Soil + Cont. (g)

Wt. of Container     (g)

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant 6.746

20.41

7.95

170.43

160.58

36.68

45.32

1282

877

860 35.5

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

43 54 7.96 21.6

944 1300.00

Bag-1

Soil Identification: (CL)s

Specimen 
No.

1

2

3

SR-57 Widening 08/12/08

08/15/08

0-7

370900.02.GE.0S

A-08-015

850

900

950

1000

1050

1100

1150

1200

1250

1300

20.0 25.0 30.0 35.0 40.0 45.0 50.0

Moisture Content (%)

So
il 
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Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: LF Date:

Boring No.: Depth (ft.) :     

Sample No. :

s(CL)

1300.00

Bag-1

41.34

14.84

162.16

148.65

57.61

Dry Wt. of Soil + Cont. (g)

1417

08/12/08

08/15/08

2-7

370900.02.GE.0S

A-08-021

742

810

SR-57 Widening

Soil Identification:

68 94 8.02 21.6705 34.7

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

Wt. of Container     (g)

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant 6.746

23.67

5

Specimen 
No.

1

2

3 120

32.51

DOT CA Test             
532 / 643

DOT CA Test 417           
Part II

DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

210

110

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

DOT CA Test 532 / 643

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

100

200

300

4

700

800

900

1000

1100

1200

1300

1400

1500

20.0 25.0 30.0 35.0 40.0 45.0

Moisture Content (%)

So
il 

R
es

is
tiv

ity
 (o

hm
-c

m
)



Project Name: SR-57 Widening Tested By : V. Juliano Date: 08/06/08

Project No. : 370900.02.GE.0S Data Input By: LF Date: 08/12/08

Boring No. A-08-013 A-08-016 A-08-023

Sample No. Bag-2 Bag-2 Bag-1

Sample Depth (ft) 25-30 25-30 20-25

161.02 184.34 159.58

155.19 178.67 147.88

58.72 56.94 61.95

6.04 4.66 13.62

100.68 100.51 100.28

11 13 14

26 27 31

840 840 840

8:40 / 9:25 8:40 / 9:25 8:40 / 9:25

45 45 45

18.8762 17.6386 18.9759

18.8740 17.6367 18.9742

0.0022 0.0019 0.0017

90.53 78.18 69.95

96 82 81

ml of Chloride Soln. For Titration      (B) 30 30 30

ml of AgNO3 Soln. Used in Titration (C) 0.8 1.8 0.6

PPM of Chloride (C -0.2) * 100 * 30 / B 60 160 40

PPM of Chloride, Dry Wt. Basis 64 168 46

8.17 7.86 8.14

22.0 21.9 21.9

PPM of Sulfate, Dry Weight Basis

Duration of Combustion (min)

Wt. of Crucible + Residue (g)      

Wt. of Crucible (g)      

Wt. of  Residue (g)                     (A)      

Moisture Content (%)

Weight of Soaked Soil (g)

Beaker No.

Crucible No.

Furnace Temperature (°C)

Time In / Time Out

PPM of Sulfate                 (A) x 41150

(CL)s sc

Wet Weight of Soil + Container (g)

Dry Weight of Soil + Container (g)

Weight of Container (g)

CH

pH TEST, DOT California Test  532/643

CHLORIDE CONTENT, DOT California Test 422

Temperature  °C

pH Value

TESTS for SULFATE CONTENT
CHLORIDE CONTENT and pH of SOILS

SULFATE CONTENT, DOT California Test 417, Part II

Soil Identification:



Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: LF Date:

Boring No.: Depth (ft.) :     

Sample No. : Bag-2

CH

SR-57 Widening 08/06/08

08/12/08

25-30

370900.02.GE.0S

A-08-013

1079

1349 1300.00

96 64 8.17 22.01079 42.8

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

6.04

161.02

155.19

58.72Wt. of Container     (g)

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant 6.746

30.51

54.99

1349

3 200

DOT CA Test 532 / 643DOT CA Test 417 Part II DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

200

160

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

300

450

600

42.75

Dry Wt. of Soil + Cont. (g)

DOT CA Test 532 / 643

4

5

Specimen 
No.

1

2

Soil Identification:

1050

1100

1150

1200

1250

1300

1350

1400

30.0 35.0 40.0 45.0 50.0 55.0

Moisture Content (%)

So
il 
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Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: LF Date:

Boring No.: Depth (ft.) :     

Sample No. :

DOT CA Test 532 / 643

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

200

400

600

4

DOT CA Test             
532 / 643

DOT CA Test 417           
Part II

DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

200

110

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

5

Specimen 
No.

1

2

3 130

36.86

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant 6.746

52.96 1300.00

720 40.0

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

82 168 7.86 21.9

1349

742

877

20.76

Bag-2

SR-57 Widening 08/06/08

08/12/08

25-30

370900.02.GE.0S

A-08-016

Soil Identification: (CL)s

Dry Wt. of Soil + Cont. (g)

Wt. of Container     (g)

4.66

184.34

178.67

56.94

700

800

900

1000

1100

1200

1300

1400

20.0 25.0 30.0 35.0 40.0 45.0 50.0 55.0

Moisture Content (%)

So
il 
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-c

m
)



Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: LF Date:

Boring No.: Depth (ft.) :     

Sample No. :

SR-57 Widening 08/06/08

08/12/08

20-25

370900.02.GE.0S

A-08-023

1754 1300.00

Bag-1

Soil Identification: sc

Specimen 
No.

1

2

3

81 46 8.14 21.91615 32.0

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

6.746

22.36

13.62

159.58

147.88

61.95

39.83

1923

161931.10

Dry Wt. of Soil + Cont. (g)

Wt. of Container     (g)

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant

DOT CA Test             
532 / 643

DOT CA Test 417           
Part II

DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

285

240

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

100

200

300 260

DOT CA Test 532 / 643

4

5

1600

1650

1700

1750

1800

1850

1900

1950

20.0 25.0 30.0 35.0 40.0

Moisture Content (%)

So
il 
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Project Name: SR-57 Widening Tested By : V. Juliano Date: 08/26/08

Project No. : 370900.02.GE.0S Data Input By: LF Date: 08/28/08

Boring No. A-08-014 A-08-016 A-08-001

Sample No. Bag-1 Bag-1 Bag-1

Sample Depth (ft) 0-7 15-20 0-7

219.22 162.16 190.08

209.10 156.02 180.63

76.34 59.18 69.52

7.62 6.34 8.51

100.23 100.26 100.11

6 8 9

20 21 23

830 830 830

7:15 / 8:00 7:15 / 8:00 7:15 / 8:00

45 45 45

21.2256 18.8006 18.4125

21.2237 18.7988 18.4116

0.0019 0.0018 0.0009

78.18 74.07 37.04

85 79 40

ml of Chloride Soln. For Titration      (B) 30 30 30

ml of AgNO3 Soln. Used in Titration (C) 1.0 2.2 0.9

PPM of Chloride (C -0.2) * 100 * 30 / B 80 200 70

PPM of Chloride, Dry Wt. Basis 87 214 77

7.19 7.22 7.55

20.5 20.3 20.4

TESTS for SULFATE CONTENT
CHLORIDE CONTENT and pH of SOILS

SULFATE CONTENT, DOT California Test 417, Part II

Soil Identification:

A-08-005

Bag-1

0-7

7.46

20.3

0.6

40

42

pH TEST, DOT California Test  532/643

CHLORIDE CONTENT, DOT California Test 422

Temperature  °C

pH Value

3.69

100.71

18.8740

0.0014

10

26

830

Wet Weight of Soil + Container (g)

Dry Weight of Soil + Container (g)

Weight of Container (g)

SC (CL)s s(CL) s(CL)

60

7:15 / 8:00

45

153.84

149.68

36.80

30

18.8754

57.61

Moisture Content (%)

Weight of Soaked Soil (g)

Beaker No.

Crucible No.

Furnace Temperature (°C)

Time In / Time Out

PPM of Sulfate                 (A) x 41150

PPM of Sulfate, Dry Weight Basis

Duration of Combustion (min)

Wt. of Crucible + Residue (g)      

Wt. of Crucible (g)      

Wt. of  Residue (g)                     (A)      



Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: LF Date:

Boring No.: Depth (ft.) :     

Sample No. :

Specimen 
No.

1

2

Soil Identification:

1349

DOT CA Test 532 / 643

4

5

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

100

200

300

400

24.18

Dry Wt. of Soil + Cont. (g)

DOT CA Test 532 / 643DOT CA Test 417 Part II DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

510

200

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

3 190

20040.74

Wt. of Container     (g)

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant 6.746

15.90

32.46

3440

7.62

219.22

209.10

76.34

1180 27.5

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

85 87 7.19 20.5

1349

1282 1300.00

Bag-1

SC

SR-57 Widening 08/26/08

08/28/08

0-7

370900.02.GE.0S

A-08-014

1000

1500

2000

2500

3000

3500

15.0 20.0 25.0 30.0 35.0 40.0 45.0

Moisture Content (%)

So
il 
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Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: LF Date:

Boring No.: Depth (ft.) :     

Sample No. :

Dry Wt. of Soil + Cont. (g)

Wt. of Container     (g)

6.34

162.16

156.02

59.1814.52

Bag-1

SR-57 Widening 08/26/08

08/28/08

15-20

370900.02.GE.0S

A-08-016

Soil Identification: (CL)s

1417

702

742

79 214 7.22 20.3660 25.0

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant 6.746

30.88 1300.00

5

Specimen 
No.

1

2

3 110

22.70

DOT CA Test             
532 / 643

DOT CA Test 417           
Part II

DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

210

104

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

DOT CA Test 532 / 643

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

100

200

300

4

600

700

800

900

1000

1100

1200

1300

1400

1500

10.0 15.0 20.0 25.0 30.0 35.0

Moisture Content (%)

So
il 
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Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: LF Date:

Boring No.: Depth (ft.) :     

Sample No. :

DOT CA Test 532 / 643

4

5

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

100

200

300 270

DOT CA Test             
532 / 643

DOT CA Test 417           
Part II

DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

370

230

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

25.20

Dry Wt. of Soil + Cont. (g)

Wt. of Container     (g)

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant 6.746

16.85

8.51

190.08

180.63

69.52

33.54

2496

1552

1525 26.5

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

40 77 7.55 20.4

1821 1300.00

Bag-1

Soil Identification: s(CL)

Specimen 
No.

1

2

3

SR-57 Widening 08/26/08

08/28/08

0-7

370900.02.GE.0S

A-08-001

1500

1600

1700

1800

1900

2000

2100

2200

2300

2400

2500

15.0 20.0 25.0 30.0 35.0

Moisture Content (%)

So
il 
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Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: LF Date:

Boring No.: Depth (ft.) :     

Sample No. :

s(CL)

1300.00

Bag-1

35.59

3.69

153.84

149.68

36.80

Dry Wt. of Soil + Cont. (g)

2429

08/26/08

08/28/08

0-7

370900.02.GE.0S

A-08-005

1282

1349

SR-57 Widening

Soil Identification:

60 42 7.46 20.31218 29.8

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

Wt. of Container     (g)

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant 6.746

19.64

5

Specimen 
No.

1

2

3 200

27.61

DOT CA Test             
532 / 643

DOT CA Test 417           
Part II

DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

360

190

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

DOT CA Test 532 / 643

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

200

300

400

4

1100

1300

1500

1700

1900

2100

2300

2500

15.0 20.0 25.0 30.0 35.0 40.0

Moisture Content (%)

So
il 
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Project Name: SR-57 Widening Tested By : V. Juliano Date: 08/12/08

Project No. : 370900.02.GE.0S Data Input By: LF Date: 08/15/08

Boring No. A-08-025 A-08-025

Sample No. Bag-1 Bag-2

Sample Depth (ft) 20-25 25-30

196.43 162.42

185.96 149.49

58.98 69.15

8.25 16.09

100.18 100.43

17 18

31 32

830 830

7:15 / 8:00 7:15 / 8:00

45 45

18.9770 19.1625

18.9737 19.1608

0.0033 0.0017

135.79 69.96

148 83

ml of Chloride Soln. For Titration      (B) 30 30

ml of AgNO3 Soln. Used in Titration (C) 0.9 0.9

PPM of Chloride (C -0.2) * 100 * 30 / B 70 70

PPM of Chloride, Dry Wt. Basis 76 83

7.79 7.96

21.6 21.5

PPM of Sulfate, Dry Weight Basis

Duration of Combustion (min)

Wt. of Crucible + Residue (g)      

Wt. of Crucible (g)      

Wt. of  Residue (g)                     (A)      

Moisture Content (%)

Weight of Soaked Soil (g)

Beaker No.

Crucible No.

Furnace Temperature (°C)

Time In / Time Out

PPM of Sulfate                 (A) x 41150

(CL)s

Wet Weight of Soil + Container (g)

Dry Weight of Soil + Container (g)

Weight of Container (g)

CL

pH TEST, DOT California Test  532/643

CHLORIDE CONTENT, DOT California Test 422

Temperature  °C

pH Value

TESTS for SULFATE CONTENT
CHLORIDE CONTENT and pH of SOILS

SULFATE CONTENT, DOT California Test 417, Part II

Soil Identification:



Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: LF Date:

Boring No.: Depth (ft.) :     

Sample No. : Bag-1

CL

SR-57 Widening 08/12/08

08/15/08

20-25

370900.02.GE.0S

A-08-025

810

742 1300.00

148 76 7.79 21.6742 33.2

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

8.25

196.43

185.96

58.98Wt. of Container     (g)

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant 6.746

16.57

33.23

1079

3 110

12041.55

DOT CA Test 532 / 643DOT CA Test 417 Part II DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

160

120

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

100

200

300

400

24.90

Dry Wt. of Soil + Cont. (g)

810

DOT CA Test 532 / 643

4

5

Specimen 
No.

1

2

Soil Identification:

700

750

800

850

900

950

1000

1050

1100

15.0 20.0 25.0 30.0 35.0 40.0 45.0

Moisture Content (%)
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Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: LF Date:

Boring No.: Depth (ft.) :     

Sample No. :

DOT CA Test 532 / 643

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

100

200

300

4

DOT CA Test             
532 / 643

DOT CA Test 417           
Part II

DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

260

150

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

5

Specimen 
No.

1

2

3 170

33.95

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant 6.746

42.89 1300.00

980 35.7

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

83 83 7.96 21.5

1754

1012

1147

25.02

Bag-2

SR-57 Widening 08/12/08

08/15/08

25-30

370900.02.GE.0S

A-08-025

Soil Identification: (CL)s

Dry Wt. of Soil + Cont. (g)

Wt. of Container     (g)

16.09

162.42

149.49

69.15

900

1000

1100

1200

1300

1400

1500

1600

1700

1800

25.0 30.0 35.0 40.0 45.0

Moisture Content (%)

So
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Project Name: SR-57 Widening Tested By : V. Juliano Date: 09/22/08

Project No. : 370900.02.GE.0S Data Input By: J. Ward Date: 09/30/08

Boring No. A-08-026

Sample No. Bag-1

Sample Depth (ft) 5-10

161.08

149.78

60.69

12.68

100.57

8

18

840

7:25 / 8:10

45

19.7369

19.7342

0.0027

111.10

127

ml of Chloride Soln. For Titration      (B) 30

ml of AgNO3 Soln. Used in Titration (C) 0.7

PPM of Chloride (C -0.2) * 100 * 30 / B 50

PPM of Chloride, Dry Wt. Basis 57

7.87

20.9

PPM of Sulfate, Dry Weight Basis

Duration of Combustion (min)

Wt. of Crucible + Residue (g)      

Wt. of Crucible (g)      

Wt. of  Residue (g)                     (A)      

Moisture Content (%)

Weight of Soaked Soil (g)

Beaker No.

Crucible No.

Furnace Temperature (°C)

Time In / Time Out

PPM of Sulfate                 (A) x 41150

Wet Weight of Soil + Container (g)

Dry Weight of Soil + Container (g)

Weight of Container (g)

s(CL)

pH TEST, DOT California Test  532/643

CHLORIDE CONTENT, DOT California Test 422

Temperature  °C

pH Value

TESTS for SULFATE CONTENT
CHLORIDE CONTENT and pH of SOILS

SULFATE CONTENT, DOT California Test 417, Part II

Soil Identification:



Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: J. Ward Date:

Boring No.: Depth (ft.) :     

Sample No. : Bag-1

s(CL)

SR-57 Widening 09/26/08

09/30/08

5-10

370900.02.GE.0S

A-08-026

877

810 1300.00

127 57 7.87 20.9780 34.4

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

12.68

161.08

149.78

60.69Wt. of Container     (g)

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant 6.746

21.35

38.69

1687

3 120

14047.36

DOT CA Test 532 / 643DOT CA Test 417 Part II DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

250

130

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

100

200

300

400

30.02

Dry Wt. of Soil + Cont. (g)

944

DOT CA Test 532 / 643

4

5

Specimen 
No.

1

2

Soil Identification:

600

800

1000

1200

1400

1600

1800

20.0 25.0 30.0 35.0 40.0 45.0 50.0

Moisture Content (%)
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Project Name: SR-57 Widening Tested By : V. Juliano Date: 08/12/08

Project No. : 370900.02.GE.0S Data Input By: LF Date: 08/14/08

Boring No. A-08-027 A-08-028

Sample No. Bag-1 Bag-1

Sample Depth (ft) 0-7 0-7

186.48 196.77

174.37 185.81

60.68 59.20

10.65 8.66

100.68 100.51

6 8

15 20

830 830

7:15 / 8:00 7:15 / 8:00

45 45

20.3184 21.2240

20.3137 21.2231

0.0047 0.0009

193.40 37.04

216 41

ml of Chloride Soln. For Titration      (B) 30 30

ml of AgNO3 Soln. Used in Titration (C) 0.9 0.8

PPM of Chloride (C -0.2) * 100 * 30 / B 70 60

PPM of Chloride, Dry Wt. Basis 78 66

7.32 7.80

21.8 21.8

PPM of Sulfate, Dry Weight Basis

Duration of Combustion (min)

Wt. of Crucible + Residue (g)      

Wt. of Crucible (g)      

Wt. of  Residue (g)                     (A)      

Moisture Content (%)

Weight of Soaked Soil (g)

Beaker No.

Crucible No.

Furnace Temperature (°C)

Time In / Time Out

PPM of Sulfate                 (A) x 41150

s(CL)g

Wet Weight of Soil + Container (g)

Dry Weight of Soil + Container (g)

Weight of Container (g)

s(CL)

pH TEST, DOT California Test  532/643

CHLORIDE CONTENT, DOT California Test 422

Temperature  °C

pH Value

TESTS for SULFATE CONTENT
CHLORIDE CONTENT and pH of SOILS

SULFATE CONTENT, DOT California Test 417, Part II

Soil Identification:



Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: LF Date:

Boring No.: Depth (ft.) :     

Sample No. : Bag-1

s(CL)

SR-57 Widening 08/12/08

08/14/08

0-7

370900.02.GE.0S

A-08-027

944

877 1300.00

216 78 7.32 21.8860 32.0

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

10.65

186.48

174.37

60.68Wt. of Container     (g)

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant 6.746

19.16

36.19

1754

3 130

14044.70

DOT CA Test 532 / 643DOT CA Test 417 Part II DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

260

140

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

100

200

300

400

27.68

Dry Wt. of Soil + Cont. (g)

944

DOT CA Test 532 / 643

4

5

Specimen 
No.

1

2

Soil Identification:

800

900

1000

1100

1200

1300

1400

1500

1600

1700

1800

15.0 20.0 25.0 30.0 35.0 40.0 45.0

Moisture Content (%)
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Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: LF Date:

Boring No.: Depth (ft.) :     

Sample No. :

DOT CA Test 532 / 643

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

200

300

400

4

DOT CA Test             
532 / 643

DOT CA Test 417           
Part II

DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

190

160

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

5

Specimen 
No.

1

2

3 180

33.73

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant 6.746

42.09 1300.00

1079 33.7

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

41 66 7.80 21.8

1282

1079

1214

25.37

Bag-1

SR-57 Widening 08/12/08

08/14/08

0-7

370900.02.GE.0S

A-08-028

Soil Identification: s(CL)g

Dry Wt. of Soil + Cont. (g)

Wt. of Container     (g)

8.66

196.77

185.81

59.20

1050

1100

1150

1200

1250

1300

25.0 30.0 35.0 40.0 45.0

Moisture Content (%)

So
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Project Name: SR-57 Widening Tested By : V. Juliano Date: 08/06/08

Project No. : 370900.02.GE.0S Data Input By: LF Date: 08/13/08

Boring No. A-08-030

Sample No. BAG-2

Sample Depth (ft) 25-30

170.77

164.87

64.61

5.88

100.22

16

32

840

8:40 / 9:25

45

19.1629

19.1613

0.0016

65.84

70

ml of Chloride Soln. For Titration      (B) 30

ml of AgNO3 Soln. Used in Titration (C) 0.9

PPM of Chloride (C -0.2) * 100 * 30 / B 70

PPM of Chloride, Dry Wt. Basis 74

8.21

22.0

PPM of Sulfate, Dry Weight Basis

Duration of Combustion (min)

Wt. of Crucible + Residue (g)      

Wt. of Crucible (g)      

Wt. of  Residue (g)                     (A)      

Moisture Content (%)

Weight of Soaked Soil (g)

Beaker No.

Crucible No.

Furnace Temperature (°C)

Time In / Time Out

PPM of Sulfate                 (A) x 41150

Wet Weight of Soil + Container (g)

Dry Weight of Soil + Container (g)

Weight of Container (g)

s(CL)

pH TEST, DOT California Test  532/643

CHLORIDE CONTENT, DOT California Test 422

Temperature  °C

pH Value

TESTS for SULFATE CONTENT
CHLORIDE CONTENT and pH of SOILS

SULFATE CONTENT, DOT California Test 417, Part II

Soil Identification:



Project Name: Tested By : V. Juliano Date:

Project No. : Data Input By: LF Date:

Boring No.: Depth (ft.) :     

Sample No. : BAG-2

s(CL)

SR-57 Widening 08/06/08

08/13/08

25-30

370900.02.GE.0S

A-08-030

1754

1687 1300.00

70 74 8.21 22.01600 26.0

SOIL RESISTIVITY TEST
DOT CA TEST 532 / 643

Temp. (°C)pH

Soil pHMin. Resistivity   
(ohm-cm)

Moisture Content  
(%)

Sulfate Content        
(ppm)

5.88

170.77

164.87

64.61Wt. of Container     (g)

MC =(((1+Mci/100)x(Wa/Wt+1))-1)x100

Container No.

Initial Soil Wt. (g)   (Wt)

Box Constant 6.746

14.03

30.32

3373

3 250

31038.46

DOT CA Test 532 / 643DOT CA Test 417 Part II DOT CA Test 422

Adjusted 
Moisture 
Content   

(MC)

Soil 
Resistivity 
(ohm-cm)

500

260

Resistance 
Reading 
(ohm)

Moisture Content (%)  (MCi)

Wet Wt. of Soil + Cont. (g)

Chloride Content         
(ppm)

Water 
Added (ml)  

(Wa)

100

200

300

400

22.17

Dry Wt. of Soil + Cont. (g)

2091

DOT CA Test 532 / 643

4

5

Specimen 
No.

1

2

Soil Identification:

1500

1700

1900

2100

2300

2500

2700

2900

3100

3300

3500

10.0 15.0 20.0 25.0 30.0 35.0 40.0

Moisture Content (%)
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APPENDIX E  

Engineering Calculations
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APPENDIX E.1  

Shear Strength Plots 



DIRECT SHEAR TESTS RESULTS FOR SR-57 NORTHBOUND WIDENING PROJECT

Last Update 5-Feb-09

Summary Table

Geologic Average Dry Average

Investigator Year Phase Structure
1

Boring Sample Depth Sample USCS Description Unit Category 
2

Density Moisture

Number ID (ft) Type (pcf) (%) 1 2 3 1 2 3 1 2 3 1 2 3 c' (ksf) φ' (degree) c' (ksf) φ' (degree) c' (ksf) φ' (degree)

1 CH2M HILL 2008 PS&E 2 A-08-001 D-1 5 DRIVE s(CL) Sandy Lean Clay Qvof 2 107.2 4.3 1 2 4 0.701 1.289 2.656 0.685 1.280 2.656 0.02 33 0.00 33

2 CH2M HILL 2008 PS&E 2 A-08-001 D-5 25 DRIVE SP-SM Sand with silt Qvof 1 101.2 1.9 2 4 8 1.336 2.839 5.451 1.144 2.524 4.672 0.03 34 0.07 30

3 CH2M HILL 2008 PS&E 2 A-08-002 Bag-1 2-7 BULK s(CL) Sandy Lean Clay Af 22 114.6 12.0 1 2 4 0.899 1.515 2.474 0.704 1.308 2.455 0.42 27 0.13 30

4 CH2M HILL 2008 PS&E 2 A-08-003 D-1 5 DRIVE (CL-ML) Sandy Silty Clay Qvof 2 94.7 8.0 1 2 4 0.761 1.283 2.638 0.704 1.188 2.572 0.08 32 0.01 32

5 CH2M HILL 2008 PS&E 2 A-08-004 D-1 5 DRIVE (SW-SM)g Sand with silt and gravel Qvof 1 112.7 4.8 1 2 4 1.261 4.077 5.700 0.789 3.593 5.700 0.45 54 0.00 56

6 CH2M HILL 2008 PS&E 2 A-08-004 D-5 25 DRIVE (CL)s Lean Clay with Sand Qvof 2 107.8 18.2 1 2 4 1.638 1.701 3.188 0.663 1.160 2.402 0.89 29 0.04 30

7 CH2M HILL 2008 PS&E 2 A-08-004 Bag-1 2-7 BULK (SP-SM)g Sand with silt and gravel Af 11 111.7 11.5 1 2 4 1.081 2.069 3.725 0.701 1.393 2.694 0.25 41 0.05 34

8 CH2M HILL 2008 PS&E 2 A-08-005 D-1 5 DRIVE s(ML) Sandy Silt Qvof 1 108.8 8.2 1 2 4 0.758 2.037 3.562 0.569 1.374 2.767 0.00 42 0.00 35

9 CH2M HILL 2008 PS&E 2 A-08-005 D-3 15 DRIVE SM Silty Sand Qvof 1 102.6 8.7 1 2 4 0.739 1.481 2.977 0.682 1.393 2.578 0.00 37 0.09 32

10 CH2M HILL 2008 PS&E 2 A-08-005 D-5 25 DRIVE CL Lean Clay Qvof 2 115.3 16.5 2 4 8 2.543 4.015 6.300 1.289 2.370 4.807 1.40 32 0.07 31

11 CH2M HILL 2008 PS&E 2 A-08-005 Bag-1 0-7 BULK s(CL) Sandy Lean Clay Af 22 108.9 13.5 1 2 4 0.965 1.484 2.600 0.732 1.361 2.594 0.41 29 0.12 32

12 CH2M HILL 2008 PS&E 1 A-08-007 D-1 5 DRIVE SM Silty fine Sand Qvof 1 99.2 3.2 1 2 4 0.751 1.770 3.153 0.638 1.355 2.644 0.06 38 0.00 34

13 CH2M HILL 2008 PS&E 2 A-08-008 D-1 5 DRIVE (CL)s Lean Clay with sand Qvof 2 109.2 22.0 1 2 4 1.525 2.377 3.942 0.588 1.081 2.125 0.74 39 0.07 27

14 CH2M HILL 2008 PS&E 2 A-08-008 D-3 15 DRIVE CL Lean Clay Qvof 2 121.6 14.1 1 2 4 2.021 2.245 4.373 0.657 1.336 2.550 0.96 39 0.05 32

15 CH2M HILL 2008 PS&E 2 A-08-008 Bag-1 0-7 BULK (CL)s Lean Clay with Sand Af 22 107.4 13.5 1 2 4 0.597 1.078 2.113 0.409 0.959 1.943 0.08 27 0.00 26

16 CH2M HILL 2008 PS&E 2 A-08-009 D-1 5 DRIVE SC-SM Silty Clayey Sand Qvof 1 111.7 7.0 1 2 4 0.987 2.065 3.892 0.660 1.361 2.726 0.07 44 0.00 34

17 CH2M HILL 2008 PS&E 2 A-08-010 D-3 15 DRIVE CL Lean Clay Qvof 2 124.6 12.4 1 2 4 1.254 2.301 3.172 0.720 1.430 2.490 0.82 31 0.19 30

18 CH2M HILL 2008 PS&E 2 A-08-010 Bag-1 0-7 BULK SC Clayey Sand Af 11 116.5 10.5 1 2 4 0.805 1.575 2.807 0.679 1.358 2.622 0.19 33 0.05 33

19 CH2M HILL 2008 PS&E 2 A-08-011 D-1 5 DRIVE SM Silty Sand Qvof 1 109.4 7.7 1 2 4 0.736 1.578 2.848 0.626 1.289 2.546 0.10 35 0.00 33

20 CH2M HILL 2008 PS&E 2 A-08-011 D-3 15 DRIVE SC-SM Silty Clayey Sand Qvof 1 121.2 9.9 1 2 4 0.701 1.937 2.873 0.387 1.163 2.065 0.23 35 0.00 28

21 CH2M HILL 2008 PS&E 2 A-08-011 Bag-1 0-7 BULK SC Clayey Sand Af 11 115.5 10.0 1 2 4 0.993 1.540 2.597 0.723 1.358 2.565 0.46 28 0.12 31

22 CH2M HILL 2008 PS&E 1 A-08-012 D-3 15 DRIVE Claystone Lean Clay Qlh 2 112.1 12.9 1 2 4 0.836 2.043 3.653 0.626 1.166 2.235 0.03 43 0.09 28

23 CH2M HILL 2008 PS&E 1 A-08-012 D-7 35 DRIVE Claystone Lean Clay Qlh 2 117.7 16.8 2 4 8 3.414 3.914 6.844 1.474 2.314 4.332 1.95 31 0.47 26

24 CH2M HILL 2008 PS&E 1 A-08-013 D-3 15 DRIVE Claystone Lean Clay Qlh 2 102.1 23.8 1 2 4 0.887 2.336 3.741 0.641 1.110 1.955 0.18 42 0.22 24

25 CH2M HILL 2008 PS&E 1 A-08-013 D-5 25 DRIVE Claystone High plasticity Clay with sand Qlh 2 110.6 19.0 4 8 16 4.999 6.784 9.730 2.210 4.524 7.246 3.53 21 0.85 22

26 CH2M HILL 2008 PS&E 1 A-08-013 D-7 35 DRIVE Claystone Lean Clay Qlh 2 113.5 19.1 2 4 8 3.358 4.609 6.992 1.229 2.226 3.857 2.17 31 0.41 23

27 CH2M HILL 2008 PS&E 1 A-08-013 D-11 55 DRIVE Claystone Silty Clay Qlh 2 115.0 17.0 3 6 12 2.826 4.090 8.441 2.125 3.659 7.426 0.65 33 0.24 31

28 CH2M HILL 2008 PS&E 2 A-08-014 D-3 15 DRIVE (SP-SM)g Sand with silt and gravel Qvof 1 109.2 7.8 1 2 4 0.786 1.544 5.555 0.720 1.430 5.555 0.00 51 0.00 51

29 CH2M HILL 2008 PS&E 2 A-08-014 Bag-1 0-7 BULK SC Clayey Sand Af 11 112.2 12.0 1 2 4 0.761 1.182 2.694 0.468 1.088 2.477 0.00 33 0.00 31

30 CH2M HILL 2008 PS&E 2 A-08-015 D-1 5 DRIVE CH High Plasticity Clay Af 2 100.7 20.6 1 2 4 0.984 1.638 3.229 0.588 1.157 1.518 0.19 37 0.41 16

31 CH2M HILL 2008 PS&E 2 A-08-015 D-3 15 DRIVE CL Lean Clay Qvof 2 117.4 14.5 1 2 4 1.280 3.119 4.917 0.739 1.339 2.497 0.38 49 0.16 30

32 CH2M HILL 2008 PS&E 2 A-08-015 Bag-1 0-7 BULK (CL)s Lean Clay with Sand Af 22 106.5 13.5 1 2 4 0.861 1.446 3.141 0.616 1.393 3.141 0.01 38 0.00 37

33 CH2M HILL 2008 PS&E 1 A-08-016 D-3 15 DRIVE (CL)s Lean Clay with Sand Af 2 112.6 16.3 1 2 4 1.584 2.028 3.603 0.468 1.088 2.235 0.80 35 0.00 29

34 CH2M HILL 2008 PS&E 1 A-08-016 D-5 25 DRIVE (CL)s Lean Clay with Sand Af 2 121.5 11.0 2 4 8 2.135 3.405 5.835 1.427 2.468 5.203 0.92 32 0.06 33

35 CH2M HILL 2008 PS&E 1 A-08-016 D-9 45 DRIVE CL Lean Clay Qyf 2 110.6 20.5 3 6 12 1.987 2.965 4.288 1.657 2.634 4.024 1.33 14 0.96 14

36 CH2M HILL 2008 PS&E 1 A-08-016 D-13 65 DRIVE SC Clayey Sand Qvof 1 104.6 22.5 3 6 12 2.267 3.707 7.234 1.899 3.266 6.791 0.50 29 0.14 29

37 CH2M HILL 2008 PS&E 1 A-08-016 Bag-1 15-20 BULK (CL)s Lean Clay with Sand Af 22 111.7 11.0 1 2 4 0.748 1.276 2.370 0.566 1.223 2.342 0.20 28 0.01 30

38 CH2M HILL 2008 PS&E 1 A-08-017 D-2 10 DRIVE (CL)s Lean Clay with Sand and Caliche Qyf 2 104.2 22.0 1 2 4 1.531 1.676 2.933 1.059 1.383 2.330 0.90 26 0.59 23

39 CH2M HILL 2008 PS&E 1 A-08-017 D-8 40 DRIVE CL Lean Clay Qvof 2 106.1 22.7 2 4 8 1.386 2.892 4.870 1.000 2.175 4.140 0.40 30 0.02 27

40 CH2M HILL 2008 PS&E 2 A-08-018 Bag-1 0-7' BULK s(CL) Sandy Lean Clay Af 22 112.2 9.5 1 2 4 0.714 1.239 2.345 0.648 1.229 2.333 0.16 29 0.10 29

41 CH2M HILL 2008 PS&E 2 A-08-019 D-2 10 DRIVE CL Lean Clay Qvof 2 115.0 17.5 1 2 4 1.990 2.936 3.606 0.670 1.437 2.779 1.66 27 0.00 35

42 CH2M HILL 2008 PS&E 2 A-08-019 D-4 20 DRIVE CL Lean Clay Qvof 2 103.9 18.6 2 4 8 1.591 3.150 6.231 1.113 2.411 4.631 0.05 38 0.00 30

43 CH2M HILL 2008 PS&E 2 A-08-019 D-8 40 DRIVE CH High plasticity Clay Qvof 2 95.2 29.3 3 6 12 2.304 3.961 7.199 1.770 2.936 5.618 0.69 29 0.43 23

44 CH2M HILL 2008 PS&E 2 A-08-019 Bag-1 15-20 BULK s(CL) Sandy Lean Clay Af 22 106.5 15.0 1 2 4 1.003 1.776 2.807 0.657 1.298 2.594 0.49 31 0.01 33

45 CH2M HILL 2008 PS&E 2 A-08-020 D-1 5 DRIVE CH High plasticity Clay  Qvof 2 96.5 25.0 1 2 4 1.107 2.304 4.087 0.572 1.085 1.877 0.22 44 0.18 23

46 CH2M HILL 2008 PS&E 2 A-08-020 Bag-1 15-20 BULK (CL)s Lean Clay with Sand Af 22 109.3 11.0 1 2 4 0.588 0.990 2.091 0.453 0.956 2.084 0.04 27 0.00 27

47 CH2M HILL 2008 PS&E 2 A-08-021 D-1 5 DRIVE (CL)s Lean Clay with Sand Qvof 2 114.6 12.6 1 2 4 0.871 3.040 4.719 0.710 1.245 2.524 0.03 51 0.07 31

48 CH2M HILL 2008 PS&E 2 A-08-022 D-1 5 DRIVE SC Clayey Sand Af 1 121.8 13.6 1 2 4 1.745 2.628 4.197 0.805 1.544 2.763 0.96 39 0.20 33

49 CH2M HILL 2008 PS&E 1 A-08-023 D-5 25 DRIVE SC Clayey Sand Af 1 119.0 11.7 2 4 8 2.568 3.961 7.130 1.327 2.961 5.838 0.98 37 0.00 36

50 CH2M HILL 2008 PS&E 1 A-08-023 D-9 45 DRIVE SM Silty Sand Qvof 1 116.0 9.5 2 4 8 2.065 4.084 8.102 1.355 2.974 5.602 0.06 45 0.04 35

51 CH2M HILL 2008 PS&E 1 A-08-023 D-13 65 DRIVE CL Lean Clay Qvof 2 106.2 22.5 3 6 12 3.222 3.989 5.803 1.515 2.399 5.021 2.32 16 0.20 22

52 CH2M HILL 2008 PS&E 2 A-08-024 Bag-1 2-7 BULK (CL)s Lean Clay with Sand Af 22 107.4 11.0 1 2 4 0.522 1.037 1.968 0.472 0.990 1.905 0.06 26 0.01 25

53 CH2M HILL 2008 PS&E 2 A-08-024 D-1 5 DRIVE s(CL) Sandy Lean Clay Af 2 123.0 11.5 1 2 4 1.940 3.229 5.228 0.751 1.273 2.204 0.94 47 0.29 26

54 CH2M HILL 2008 PS&E 1 A-08-025 D-5 25 DRIVE CL Lean Clay Af 2 109.0 18.2 2 4 8 2.286 3.606 5.675 1.097 2.320 4.172 1.25 29 0.17 27

55 CH2M HILL 2008 PS&E 1 A-08-025 D-9 45 DRIVE (SW-SM)g Sand with silt and gravel Qvof 1 123.9 2.0 2 4 8 2.603 6.379 11.252 1.811 5.932 11.195 0.17 55 0.00 54

56 CH2M HILL 2008 PS&E 1 A-08-025 D-13 65 DRIVE s(CL) Sandy Lean Clay Qvof 2 123.4 10.5 3 6 12 2.153 5.241 9.287 2.021 4.351 8.454 0.13 38 0.00 35

57 CH2M HILL 2008 PS&E 1 A-08-026 D-6 30 DRIVE CL Lean Clay Qvof 2 122.4 13.1 2 4 8 1.490 3.898 6.850 1.298 2.666 4.961 0.01 41 0.15 31

58 CH2M HILL 2008 PS&E 1 A-08-026 D-8 40 DRIVE SC Clayey Sand Qvof 1 111.8 16.9 2 4 8 1.132 2.716 5.873 0.987 2.330 5.074 0.00 36 0.00 32

59 CH2M HILL 2008 PS&E 1 A-08-026 D-12 60 DRIVE CL Lean Clay Qvof 2 102.0 24.6 3 6 12 1.751 3.354 6.313 1.739 3.213 6.313 0.27 27 0.19 27

60 CH2M HILL 2008 PS&E 2 A-08-027 D-3 15 DRIVE s(CL) Sandy Lean Clay Af 2 123.6 9.9 1 2 4 1.069 2.348 4.250 0.707 1.618 3.317 0.12 46 0.00 39

61 CH2M HILL 2008 PS&E 2 A-08-027 D-5 25 DRIVE s(CL)g Sandy Lean Clay with Gravel Af 2 119.7 13.3 1 2 4 1.713 1.981 3.040 0.846 1.195 2.738 1.18 24 0.07 33

62 CH2M HILL 2008 PS&E 2 A-08-027 Bag-1 0-7 BULK s(CL) Sandy Lean Clay Af 22 113.6 12.0 1 2 4 0.758 1.289 2.493 0.666 1.217 2.446 0.16 30 0.05 31

63 CH2M HILL 2008 PS&E 2 A-08-028 D-3 15 DRIVE SC Clayey Sand Af 1 116.9 12.3 1 2 4 1.154 2.625 5.414 0.710 1.632 2.630 0.00 53 0.21 32

64 CH2M HILL 2008 PS&E 2 A-08-028 Bag-1 0-7 BULK s(CL)g Sandy Lean Clay with Gravel Af 22 111.7 10.5 1 2 4 0.720 1.135 2.075 0.597 1.125 2.065 0.25 24 0.13 26

65 CH2M HILL 2008 PS&E 1 A-08-030 D-3 15 DRIVE SC Clayey Sand Qvof 1 116.1 14.9 1 2 4 0.934 2.207 3.644 0.638 1.191 2.556 0.22 41 0.00 32

66 CH2M HILL 2008 PS&E 1 A-08-030 D-9 45 DRIVE s(CL) Sandy Lean Clay Qvof 2 110.5 16.6 3 6 12 2.191 4.342 8.300 1.572 2.578 6.725 0.21 34 0.00 28

67 CH2M HILL 2008 PS&E 1 A-08-030 D-11 55 DRIVE (CL)s Lean Clay with sand Qvof 2 111.0 18.6 3 6 12 2.358 5.423 8.328 1.924 3.842 6.932 0.91 33 0.38 29

Notes:
1
 Structure: (1) Bridge, (2) Retaining Wall/Soundwall

2
 Category: (1) Native Sandy Material, (2) Native Clayey Material, (11) Remolded Sandy Material, (22) Remolded Clayey Material

Normal Stress (ksf) Peak Shear Stress (ksf) Ultimate Shear Stress (ksf) Residual Shear Stress (ksf)
Effective Shear Strength Parameters

Peak Ultimate Residual



FIGURE E-1

SR-57 NORTHBOUND WIDENING PROJECT
VERY OLD ALLUVIUM FAN DEPOSITS (Qvof)

PEAK SHEAR STRENGTH - CLAY
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A-08-001@5' (CH2M HILL, 2008)

A-08-003@5' (CH2M HILL, 2008)

A-08-004@25' (CH2M HILL, 2008)

A-08-005@25' (CH2M HILL, 2008)

A-08-008@5' (CH2M HILL, 2008)

A-08-008@15' (CH2M HILL, 2008)

A-08-010@15' (CH2M HILL, 2008)

A-08-015@15' (CH2M HILL, 2008)

A-08-017@40' (CH2M HILL, 2008)

A-08-019@10' (CH2M HILL, 2008)

A-08-019@20' (CH2M HILL, 2008)

A-08-019@40' (CH2M HILL, 2008)

A-08-020@5' (CH2M HILL, 2008)

A-08-021@5' (CH2M HILL, 2008)

A-08-023@65' (CH2M HILL, 2008)

A-08-025@65' (CH2M HILL, 2008)

A-08-026@30' (CH2M HILL, 2008)

A-08-026@60' (CH2M HILL, 2008)

A-08-030@45' (CH2M HILL, 2008)

A-08-030@55' (CH2M HILL, 2008)

Recommended Design Strength

(c' = 950 psf, φ' = 30
o
)

Upperbound

(c' = 1500 psf, φ' = 34
o
)

Lowerbound

(c' = 350 psf, φ' = 25
o
)



FIGURE E-2

SR-57 NORTHBOUND WIDENING PROJECT
VERY OLD ALLUVIUM FAN DEPOSITS (Qvof)

ULTIMATE SHEAR STRENGTH - CLAY
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A-08-008@5' (CH2M HILL, 2008)

A-08-008@15' (CH2M HILL, 2008)

A-08-010@15' (CH2M HILL, 2008)

A-08-015@15' (CH2M HILL, 2008)

A-08-017@40' (CH2M HILL, 2008)

A-08-019@10' (CH2M HILL, 2008)

A-08-019@20' (CH2M HILL, 2008)

A-08-019@40' (CH2M HILL, 2008)

A-08-020@5' (CH2M HILL, 2008)

A-08-021@5' (CH2M HILL, 2008)

A-08-023@65' (CH2M HILL, 2008)

A-08-025@65' (CH2M HILL, 2008)

A-08-026@30' (CH2M HILL, 2008)

A-08-026@60' (CH2M HILL, 2008)

A-08-030@45' (CH2M HILL, 2008)

A-08-030@55' (CH2M HILL, 2008)

Recommended Design Strength

(c' = 180 psf, φ' = 28
o
)

Upperbound

(c' = 350 psf, φ' = 30
o
)

Lowerbound

(c' = 0 psf, φ' = 26
o
)



FIGURE E-3

SR-57 NORTHBOUND WIDENING PROJECT
VERY OLD ALLUVIUM FAN DEPOSITS (Qvof)

PEAK SHEAR STRENGTH - SAND

0

2

4

6

8

10

12

14

16

18

0 2 4 6 8 10 12 14 16 18 20 22 24

Normal Stress (ksf)

S
h

e
a

r 
S

tr
e

s
s

 (
k

s
f)

A-08-001@25' (CH2M HILL, 2008)

A-08-004@5' (CH2M HILL, 2008)

A-08-005@5' (CH2M HILL, 2008)

A-08-005@15' (CH2M HILL, 2008)

A-08-007@5' (CH2M HILL, 2008)

A-08-009@5' (CH2M HILL, 2008)

A-08-011@5' (CH2M HILL, 2008)

A-08-011@15' (CH2M HILL, 2008)

A-08-014@15' (CH2M HILL, 2008)

A-08-016@65' (CH2M HILL, 2008)

A-08-023@45' (CH2M HILL, 2008)

A-08-025@45' (CH2M HILL, 2008)

A-08-026@40' (CH2M HILL, 2008)

A-08-030@15' (CH2M HILL, 2008)

Recommended Design Strength

(c' = 400 psf, φ' = 38
o
)

Upperbound

(c' = 800 psf, φ' = 41
o
)

Lowerbound

(c' = 0 psf, φ' = 35
o
)



FIGURE E-4

SR-57 NORTHBOUND WIDENING PROJECT
VERY OLD ALLUVIUM FAN DEPOSITS (Qvof)

ULTIMATE SHEAR STRENGTH - SAND
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A-08-005@5' (CH2M HILL, 2008)

A-08-005@15' (CH2M HILL, 2008)

A-08-007@5' (CH2M HILL, 2008)

A-08-009@5' (CH2M HILL, 2008)

A-08-011@5' (CH2M HILL, 2008)

A-08-011@15' (CH2M HILL, 2008)

A-08-014@15' (CH2M HILL, 2008)

A-08-016@65' (CH2M HILL, 2008)

A-08-023@45' (CH2M HILL, 2008)

A-08-025@45' (CH2M HILL, 2008)

A-08-026@40' (CH2M HILL, 2008)

A-08-030@15' (CH2M HILL, 2008)

Upperbound

(c' = 200 psf, φ' = 37
o
)

Lowerbound

(c' = 0 psf, φ' = 35
o
)

Recommended Design Strength

(c' = 100 psf, φ' = 36
o
)



FIGURE E-5

SR-57 NORTHBOUND WIDENING PROJECT
YOUNG ALLUVIUM FAN DEPOSITS (Qyf)

PEAK SHEAR STRENGTH - CLAY
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A-08-016@45' (CH2M HILL, 2008)

A-08-017@10' (CH2M HILL, 2008)

Recommended Design Strength

(c' = 1400 psf, φ' = 14
o
)

Upperbound

(c' = 1500 psf, φ' = 16
o
)

Lowerbound

(c' = 1200 psf, φ' = 13
o
)



FIGURE E-6

SR-57 NORTHBOUND WIDENING PROJECT
YOUNG ALLUVIUM FAN DEPOSITS (Qyf)

ULTIMATE SHEAR STRENGTH - CLAY
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A-08-016@45' (CH2M HILL, 2008)

A-08-017@10' (CH2M HILL, 2008)

Recommended Design Strength

(c' = 900 psf, φ' = 15
o
)

Upperbound

(c' = 1000 psf, φ' = 16
o
)

Lowerbound

(c' = 800 psf, φ' = 14
o
)



FIGURE E-7

SR-57 NORTHBOUND WIDENING PROJECT
LA HABRA FORMATION (Qlh)

PEAK SHEAR STRENGTH - CLAY
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A-08-013@25' (CH2M HILL, 2008)

A-08-013@35' (CH2M HILL, 2008)

A-08-013@55' (CH2M HILL, 2008)

Recommended Design Strength

(c' = 1500 psf, φ' = 30
o
)

Upperbound

(c' = 1800 psf, φ' = 33
o
)

Lowerbound

(c' = 1000 psf, φ' = 28
o
)



FIGURE E-8

SR-57 NORTHBOUND WIDENING PROJECT
LA HABRA FORMATION (Qlh)

ULTIMATE SHEAR STRENGTH - CLAY
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A-08-013@15' (CH2M HILL, 2008)

A-08-013@25' (CH2M HILL, 2008)

A-08-013@35' (CH2M HILL, 2008)

A-08-013@55' (CH2M HILL, 2008)

Recommended Design Strength

(c' = 300 psf, φ' = 26
o
)

Upperbound

(c' = 550 psf, φ' = 28
o
)

Lowerbound

(c' = 50 psf, φ' = 24
o
)



FIGURE E-9

SR-57 NORTHBOUND WIDENING PROJECT
COMPACTED FILL (Af) - EXISTING

PEAK SHEAR STRENGTH - CLAY

0

2

4

6

8

10

12

14

16

18

0 2 4 6 8 10 12 14 16 18 20 22 24

Normal Stress (ksf)

S
h

e
a

r 
S

tr
e

s
s

 (
k

s
f)

A-08-015@5' (CH2M HILL, 2008)

A-08-016@15' (CH2M HILL, 2008)

A-08-016@25' (CH2M HILL, 2008)

A-08-024@5' (CH2M HILL, 2008)

A-08-025@25' (CH2M HILL, 2008)

A-08-027@15' (CH2M HILL, 2008)

A-08-027@25' (CH2M HILL, 2008)

Recommended Design Strength

(c' = 800 psf, φ' = 33
o
)

Upperbound

(c' = 1400 psf, φ' = 38
o
)

Lowerbound

(c' = 500 psf, φ' = 27
o
)



FIGURE E-10

SR-57 NORTHBOUND WIDENING PROJECT
COMPACTED FILL (Af) - EXISTING

ULTIMATE SHEAR STRENGTH - CLAY
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A-08-016@25' (CH2M HILL, 2008)

A-08-024@5' (CH2M HILL, 2008)

A-08-025@25' (CH2M HILL, 2008)

A-08-027@15' (CH2M HILL, 2008)

A-08-027@25' (CH2M HILL, 2008)

Recommended Design Strength

(c' = 100 psf, φ' = 30
o
)

Upperbound

(c' = 200 psf, φ' = 31
o
)

Lowerbound

(c' = 0 psf, φ' = 28
o
)



FIGURE E-11

SR-57 NORTHBOUND WIDENING PROJECT
COMPACTED FILL (Af) - EXISTING

PEAK SHEAR STRENGTH - SAND
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A-08-022@5' (CH2M HILL, 2008)

A-08-023@25' (CH2M HILL, 2008)

A-08-028@15' (CH2M HILL, 2008)

Recommended Design Strength

(c' = 900 psf, φ' = 39
o
)

Upperbound

(c' = 1100 psf, φ' = 41
o
)

Lowerbound

(c' = 750 psf, φ' = 37
o
)



FIGURE E-12

SR-57 NORTHBOUND WIDENING PROJECT
COMPACTED FILL (Af) - EXISTING

ULTIMATE SHEAR STRENGTH - SAND
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A-08-022@5' (CH2M HILL, 2008)

A-08-023@25' (CH2M HILL, 2008)

A-08-028@15' (CH2M HILL, 2008)

Recommended Design Strength

(c' = 25 psf, φ' = 35
o
)

Upperbound

(c' = 50 psf, φ' = 35
o
)

Lowerbound

(c' = 0 psf, φ' = 35
o
)



FIGURE E-13

SR-57 NORTHBOUND WIDENING PROJECT
COMPACTED FILL (Af) - REMOLDED

PEAK SHEAR STRENGTH - CLAY
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FIGURE E-14

SR-57 NORTHBOUND WIDENING PROJECT
COMPACTED FILL (Af) - REMOLDED

ULTIMATE SHEAR STRENGTH - CLAY
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FIGURE E-15

SR-57 NORTHBOUND WIDENING PROJECT
COMPACTED FILL (Af) - REMOLDED

PEAK SHEAR STRENGTH - SAND
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FIGURE E-16

SR-57 NORTHBOUND WIDENING PROJECT
COMPACTED FILL (Af) - REMOLDED

ULTIMATE SHEAR STRENGTH - SAND
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Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW592 ST12+60 - STATIC

Analysis Methods
Analysis Methods used: 
Bishop simplified
Janbu corrected
Spencer
Number of slices: 25
Tolerance: 0.005
Maximum number of iterations: 50

Material Properties
Material: CLAY (Qvof)
Strength Type: Mohr-Coulomb
Unit Weight: 130 lb/ft3
Cohesion: 180 psf
Friction Angle: 28 degrees
Material: BACKFILL
Strength Type: Mohr-Coulomb
Unit Weight: 120 lb/ft3
Cohesion: 200 psf
Friction Angle: 34 degrees
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    Slide Analysis Information 
     
    Document Name 
     
    File Name: RW592_ST12+60_STATIC.sli 
     
    Project Settings 
     
    Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW592 
ST12+60 - STATIC 
    Failure Direction: Right to Left 
    Units of Measurement: Imperial Units 
    Pore Fluid Unit Weight: 62.4 lb/ft3 
    Groundwater Method: Water Surfaces 
    Data Output: Standard 
    Calculate Excess Pore Pressure: Off 
    Allow Ru with Water Surfaces or Grids: Off 
    Random Numbers: Pseudo-random Seed 
    Random Number Seed: 10116 
    Random Number Generation Method: Park and Miller v.3 
     
    Analysis Methods 
     
    Analysis Methods used:  
    Bishop simplified 
    Janbu corrected 
    Spencer 
     
    Number of slices: 25 
    Tolerance: 0.005 
    Maximum number of iterations: 50 
     
    Surface Options 
     
    Surface Type: Circular 
    Search Method: Grid Search 
    Radius increment: 10 
    Composite Surfaces: Disabled 
    Reverse Curvature: Create Tension Crack 
    Minimum Elevation: Not Defined 
    Minimum Depth: Not Defined 
     
    Material Properties 
     
    Material: CLAY (Qvof) 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 180 psf 
    Friction Angle: 28 degrees 
    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Material: BACKFILL 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 120 lb/ft3 

    Cohesion: 200 psf 
    Friction Angle: 34 degrees 
    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Material: CONCRETE 
    Strength Type: Infinite strength 
    Unit Weight: 150 lb/ft3 
     
    Global Minimums 
     
    Method: bishop simplified 
    FS: 2.182580 
    Center: -4.845, 340.119 
    Radius: 56.226 
    Left Slip Surface Endpoint: -33.333, 291.645 
    Right Slip Surface Endpoint: 44.832, 313.783 
    Resisting Moment=4.36803e+006 lb-ft 
    Driving Moment=2.00131e+006 lb-ft 
     
    Method: janbu corrected 
    FS: 2.102680 
    Center: -6.314, 331.705 
    Radius: 48.321 
    Left Slip Surface Endpoint: -33.333, 291.645 
    Right Slip Surface Endpoint: 38.447, 313.500 
    Resisting Horizontal Force=65608.3 lb 
    Driving Horizontal Force=31202.3 lb 
     
    Method: spencer 
    FS: 2.184030 
    Center: -4.845, 340.119 
    Radius: 56.226 
    Left Slip Surface Endpoint: -33.333, 291.645 
    Right Slip Surface Endpoint: 44.832, 313.783 
    Resisting Moment=4.37093e+006 lb-ft 
    Driving Moment=2.00131e+006 lb-ft 
    Resisting Horizontal Force=69248.5 lb 
    Driving Horizontal Force=31706.7 lb 
     
    Valid / Invalid Surfaces 
     
    Method: bishop simplified 
    Number of Valid Surfaces: 7981 
    Number of Invalid Surfaces: 20630 
    Error Codes:  
    Error Code -99 reported for 351 surfaces 
    Error Code -101 reported for 411 surfaces 
    Error Code -103 reported for 16130 surfaces 
    Error Code -112 reported for 37 surfaces 
    Error Code -113 reported for 16 surfaces 
    Error Code -1000 reported for 3685 surfaces 
     
    Method: janbu corrected 
    Number of Valid Surfaces: 7958 
    Number of Invalid Surfaces: 20653 
    Error Codes:  



    Error Code -99 reported for 351 surfaces 
    Error Code -101 reported for 411 surfaces 
    Error Code -103 reported for 16130 surfaces 
    Error Code -111 reported for 25 surfaces 
    Error Code -112 reported for 35 surfaces 
    Error Code -113 reported for 16 surfaces 
    Error Code -1000 reported for 3685 surfaces 
     
    Method: spencer 
    Number of Valid Surfaces: 7928 
    Number of Invalid Surfaces: 20683 
    Error Codes:  
    Error Code -99 reported for 351 surfaces 
    Error Code -101 reported for 411 surfaces 
    Error Code -103 reported for 16130 surfaces 
    Error Code -111 reported for 38 surfaces 
    Error Code -112 reported for 52 surfaces 
    Error Code -113 reported for 16 surfaces 
    Error Code -1000 reported for 3685 surfaces 
     
    Error Codes 
     
    The following errors were encountered during the computation: 
     
    -99 = Slip surface intersects an infinite 
    strength material. If infinite strength regions 
    are defined for a model, a large number of 
    potential slip surfaces may show this error code. 
    This is Normal. 
     
    -101 = Only one (or zero) 
    surface / slope intersections. 
     
    -103 = Two surface / slope intersections, 
    but one or more surface / nonslope external polygon 
    intersections lie between them. This usually occurs 
    when the slip surface extends past the bottom of the 
    soil region, but may also occur on a benched 
    slope model with two sets of Slope Limits. 
     
    -111 = safety factor equation did not converge 
     
    -112 = The coefficient M-Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) 
    < 0.2 for the final iteration of the safety factor calculation. This screens out 
    some slip surfaces which may not be valid in the context of the analysis, in 
    particular, deep seated slip surfaces with many high negative base angle 
    slices in the passive zone. 
     
    -113 = Surface intersects outside slope limits. 
     
    -1000 = No valid slip surfaces are generated 
    at a grid center. Unable to draw a surface. 
     
     
    List of All Coordinates 
     
    Search Grid 

       -43.037 284.024 
       30.410 284.024 
       30.410 354.143 
       -43.037 354.143 
     
    Material Boundary 
       -82.210 292.090 
       -79.200 292.060 
       -78.563 292.103 
     
    Material Boundary 
       0.000 293.760 
       0.000 286.630 
       -2.917 286.630 
       -2.917 285.130 
       6.083 285.130 
       6.083 286.630 
       1.653 286.630 
       0.960 301.630 
     
    Material Boundary 
       6.083 285.130 
       7.083 285.130 
       35.669 313.500 
     
    Material Boundary 
       -10.095 291.187 
       -3.917 285.130 
       -2.917 285.130 
     
    External Boundary 
       -100.000 292.320 
       -100.000 257.320 
       100.000 257.320 
       100.000 314.170 
       39.160 313.743 
       39.160 313.500 
       35.669 313.500 
       29.160 313.500 
       0.960 301.630 
       0.960 302.630 
       0.010 302.630 
       0.000 293.760 
       -0.320 293.760 
       -0.330 293.760 
       -0.810 290.760 
       -1.080 290.770 
       -8.810 291.160 
       -10.095 291.187 
       -10.750 291.200 
       -20.540 291.400 
       -20.546 291.400 
       -30.250 291.600 
       -30.910 291.620 
       -62.996 291.945 
       -78.563 292.103 
     



    Water Table 
       -100.000 261.000 
       100.000 261.000 
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Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW592 ST12+60 - PSUEDOSTATIC

Analysis Methods
Analysis Methods used: 
Bishop simplified
Janbu corrected
Spencer
Number of slices: 25
Tolerance: 0.005
Maximum number of iterations: 50

Material Properties
Material: BACKFILL
Strength Type: Mohr-Coulomb
Unit Weight: 120 lb/ft3
Cohesion: 200 psf
Friction Angle: 34 degrees
Material: CLAY (Qvof) - PEAK
Strength Type: Mohr-Coulomb
Unit Weight: 130 lb/ft3
Cohesion: 950 psf
Friction Angle: 30 degrees
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    Slide Analysis Information 
     
    Document Name 
     
    File Name: RW592_ST12+60_PSEUDOSTATIC.sli 
     
    Project Settings 
     
    Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW592 
ST12+60 - PSEUDOSTATIC 
    Failure Direction: Right to Left 
    Units of Measurement: Imperial Units 
    Pore Fluid Unit Weight: 62.4 lb/ft3 
    Groundwater Method: Water Surfaces 
    Data Output: Standard 
    Calculate Excess Pore Pressure: Off 
    Allow Ru with Water Surfaces or Grids: Off 
    Random Numbers: Pseudo-random Seed 
    Random Number Seed: 10116 
    Random Number Generation Method: Park and Miller v.3 
     
    Analysis Methods 
     
    Analysis Methods used:  
    Bishop simplified 
    Janbu corrected 
    Spencer 
     
    Number of slices: 25 
    Tolerance: 0.005 
    Maximum number of iterations: 50 
     
    Surface Options 
     
    Surface Type: Circular 
    Search Method: Grid Search 
    Radius increment: 10 
    Composite Surfaces: Disabled 
    Reverse Curvature: Create Tension Crack 
    Minimum Elevation: Not Defined 
    Minimum Depth: Not Defined 
     
    Loading 
     
    Seismic Load Coefficient (Horizontal): 0.2 
     
    Material Properties 
     
    Material: BACKFILL 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 120 lb/ft3 
    Cohesion: 200 psf 
    Friction Angle: 34 degrees 
    Water Surface: Water Table 

    Custom Hu value: 1 
     
    Material: CLAY (Qvof) - PEAK 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 950 psf 
    Friction Angle: 30 degrees 
    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Material: CONCRETE 
    Strength Type: Infinite strength 
    Unit Weight: 150 lb/ft3 
     
    Global Minimums 
     
    Method: bishop simplified 
    FS: 2.724680 
    Center: 1.425, 350.125 
    Radius: 68.029 
    Left Slip Surface Endpoint: -33.333, 291.645 
    Right Slip Surface Endpoint: 58.997, 313.882 
    Resisting Moment=1.3375e+007 lb-ft 
    Driving Moment=4.90882e+006 lb-ft 
     
    Method: janbu corrected 
    FS: 2.620120 
    Center: 3.236, 341.192 
    Radius: 61.581 
    Left Slip Surface Endpoint: -33.333, 291.645 
    Right Slip Surface Endpoint: 58.429, 313.878 
    Resisting Horizontal Force=203423 lb 
    Driving Horizontal Force=77638.7 lb 
     
    Method: spencer 
    FS: 2.734160 
    Center: 1.425, 351.911 
    Radius: 69.571 
    Left Slip Surface Endpoint: -33.333, 291.645 
    Right Slip Surface Endpoint: 59.686, 313.887 
    Resisting Moment=1.37159e+007 lb-ft 
    Driving Moment=5.01651e+006 lb-ft 
    Resisting Horizontal Force=178363 lb 
    Driving Horizontal Force=65235.3 lb 
     
    Valid / Invalid Surfaces 
     
    Method: bishop simplified 
    Number of Valid Surfaces: 8312 
    Number of Invalid Surfaces: 20299 
    Error Codes:  
    Error Code -99 reported for 1005 surfaces 
    Error Code -101 reported for 312 surfaces 
    Error Code -103 reported for 10635 surfaces 
    Error Code -112 reported for 16 surfaces 
    Error Code -113 reported for 26 surfaces 



    Error Code -1000 reported for 8305 surfaces 
     
    Method: janbu corrected 
    Number of Valid Surfaces: 8226 
    Number of Invalid Surfaces: 20385 
    Error Codes:  
    Error Code -99 reported for 1005 surfaces 
    Error Code -101 reported for 312 surfaces 
    Error Code -103 reported for 10635 surfaces 
    Error Code -108 reported for 21 surfaces 
    Error Code -111 reported for 68 surfaces 
    Error Code -112 reported for 13 surfaces 
    Error Code -113 reported for 26 surfaces 
    Error Code -1000 reported for 8305 surfaces 
     
    Method: spencer 
    Number of Valid Surfaces: 8200 
    Number of Invalid Surfaces: 20411 
    Error Codes:  
    Error Code -99 reported for 1005 surfaces 
    Error Code -101 reported for 312 surfaces 
    Error Code -103 reported for 10635 surfaces 
    Error Code -108 reported for 21 surfaces 
    Error Code -111 reported for 90 surfaces 
    Error Code -112 reported for 17 surfaces 
    Error Code -113 reported for 26 surfaces 
    Error Code -1000 reported for 8305 surfaces 
     
    Error Codes 
     
    The following errors were encountered during the computation: 
     
    -99 = Slip surface intersects an infinite 
    strength material. If infinite strength regions 
    are defined for a model, a large number of 
    potential slip surfaces may show this error code. 
    This is Normal. 
     
    -101 = Only one (or zero) 
    surface / slope intersections. 
     
    -103 = Two surface / slope intersections, 
    but one or more surface / nonslope external polygon 
    intersections lie between them. This usually occurs 
    when the slip surface extends past the bottom of the 
    soil region, but may also occur on a benched 
    slope model with two sets of Slope Limits. 
     
    -108 = Total driving moment 
    or total driving force < 0.1. This is to 
    limit the calculation of extremely high safety 
    factors if the driving force is very small 
    (0.1 is an arbitrary number). 
     
    -111 = safety factor equation did not converge 
     

    -112 = The coefficient M-Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) 
    < 0.2 for the final iteration of the safety factor calculation. This screens out 
    some slip surfaces which may not be valid in the context of the analysis, in 
    particular, deep seated slip surfaces with many high negative base angle 
    slices in the passive zone. 
     
    -113 = Surface intersects outside slope limits. 
     
    -1000 = No valid slip surfaces are generated 
    at a grid center. Unable to draw a surface. 
     
     
    List of All Coordinates 
     
    Search Grid 
       -60.169 284.024 
       30.410 284.024 
       30.410 373.349 
       -60.169 373.349 
     
    Material Boundary 
       -82.210 292.090 
       -79.200 292.060 
       -78.563 292.103 
     
    Material Boundary 
       0.000 293.760 
       0.000 286.630 
       -2.917 286.630 
       -2.917 285.130 
       6.083 285.130 
       6.083 286.630 
       1.653 286.630 
       0.960 301.630 
     
    Material Boundary 
       6.083 285.130 
       7.083 285.130 
       35.669 313.500 
     
    Material Boundary 
       -10.095 291.187 
       -3.917 285.130 
       -2.917 285.130 
     
    External Boundary 
       -100.000 292.320 
       -100.000 257.320 
       100.000 257.320 
       100.000 314.170 
       39.160 313.743 
       39.160 313.500 
       35.669 313.500 
       29.160 313.500 
       0.960 301.630 
       0.960 302.630 



       0.010 302.630 
       0.000 293.760 
       -0.320 293.760 
       -0.330 293.760 
       -0.810 290.760 
       -1.080 290.770 
       -8.810 291.160 
       -10.095 291.187 
       -10.750 291.200 
       -20.540 291.400 
       -20.546 291.400 
       -30.250 291.600 
       -30.910 291.620 
       -62.996 291.945 
       -78.563 292.103 
     
    Water Table 
       -100.000 261.000 
       100.000 261.000 
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Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW598 ST13+25 - STATIC

Analysis Methods
Analysis Methods used: 
Bishop simplified
Janbu corrected
Spencer
Number of slices: 25
Tolerance: 0.005
Maximum number of iterations: 50

Material Properties
Material: SAND (Qvof)
Strength Type: Mohr-Coulomb
Unit Weight: 120 lb/ft3
Cohesion: 100 psf
Friction Angle: 36 degrees
Material: CLAY (Qvof)
Strength Type: Mohr-Coulomb
Unit Weight: 130 lb/ft3
Cohesion: 180 psf
Friction Angle: 28 degrees
Material: BACKFILL
Strength Type: Mohr-Coulomb
Unit Weight: 120 lb/ft3
Cohesion: 200 psf
Friction Angle: 34 degrees CLAY (Qvof)
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    Slide Analysis Information 
     
    Document Name 
     
    File Name: RW598_ST13+25_Static.sli 
     
    Project Settings 
     
    Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW598 
ST13+25 - STATIC 
    Failure Direction: Right to Left 
    Units of Measurement: Imperial Units 
    Pore Fluid Unit Weight: 62.4 lb/ft3 
    Groundwater Method: Water Surfaces 
    Data Output: Standard 
    Calculate Excess Pore Pressure: Off 
    Allow Ru with Water Surfaces or Grids: Off 
    Random Numbers: Pseudo-random Seed 
    Random Number Seed: 10116 
    Random Number Generation Method: Park and Miller v.3 
     
    Analysis Methods 
     
    Analysis Methods used:  
    Bishop simplified 
    Spencer 
     
    Number of slices: 25 
    Tolerance: 0.005 
    Maximum number of iterations: 50 
     
    Surface Options 
     
    Surface Type: Circular 
    Search Method: Grid Search 
    Radius increment: 10 
    Composite Surfaces: Disabled 
    Reverse Curvature: Create Tension Crack 
    Minimum Elevation: Not Defined 
    Minimum Depth: Not Defined 
     
    Material Properties 
     
    Material: SAND (Qvof) 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 120 lb/ft3 
    Cohesion: 100 psf 
    Friction Angle: 36 degrees 
    Water Surface: None 
     
    Material: CLAY (Qvof) 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 180 psf 
    Friction Angle: 28 degrees 

    Water Surface: None 
     
    Material: BACKFILL 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 120 lb/ft3 
    Cohesion: 200 psf 
    Friction Angle: 34 degrees 
    Water Surface: None 
     
    Material: CONCRETE 
    Strength Type: Infinite strength 
    Unit Weight: 150 lb/ft3 
     
    Global Minimums 
     
    Method: bishop simplified 
    FS: 2.490210 
    Center: -1.182, 311.629 
    Radius: 23.895 
    Left Slip Surface Endpoint: -18.437, 295.099 
    Right Slip Surface Endpoint: 22.713, 311.629 
    Left Slope Intercept: -18.437 295.099 
    Right Slope Intercept: 22.713 315.407 
    Resisting Moment=1.41315e+006 lb-ft 
    Driving Moment=567485 lb-ft 
     
    Method: spencer 
    FS: 2.525340 
    Center: -2.208, 311.629 
    Radius: 24.452 
    Left Slip Surface Endpoint: -20.259, 295.135 
    Right Slip Surface Endpoint: 22.244, 311.629 
    Left Slope Intercept: -20.259 295.135 
    Right Slope Intercept: 22.244 315.342 
    Resisting Moment=1.49772e+006 lb-ft 
    Driving Moment=593077 lb-ft 
    Resisting Horizontal Force=50796.8 lb 
    Driving Horizontal Force=20114.9 lb 
     
    Valid / Invalid Surfaces 
     
    Method: bishop simplified 
    Number of Valid Surfaces: 11543 
    Number of Invalid Surfaces: 17068 
    Error Codes:  
    Error Code -99 reported for 9030 surfaces 
    Error Code -103 reported for 6735 surfaces 
    Error Code -106 reported for 33 surfaces 
    Error Code -107 reported for 703 surfaces 
    Error Code -109 reported for 47 surfaces 
    Error Code -112 reported for 520 surfaces 
     
    Method: spencer 
    Number of Valid Surfaces: 10799 
    Number of Invalid Surfaces: 17812 
    Error Codes:  
    Error Code -99 reported for 9030 surfaces 



    Error Code -103 reported for 6735 surfaces 
    Error Code -106 reported for 33 surfaces 
    Error Code -107 reported for 703 surfaces 
    Error Code -108 reported for 71 surfaces 
    Error Code -109 reported for 47 surfaces 
    Error Code -111 reported for 406 surfaces 
    Error Code -112 reported for 787 surfaces 
     
    Error Codes 
     
    The following errors were encountered during the computation: 
     
    -99 = Slip surface intersects an infinite 
    strength material. If infinite strength regions 
    are defined for a model, a large number of 
    potential slip surfaces may show this error code. 
    This is Normal. 
     
    -103 = Two surface / slope intersections, 
    but one or more surface / nonslope external polygon 
    intersections lie between them. This usually occurs 
    when the slip surface extends past the bottom of the 
    soil region, but may also occur on a benched 
    slope model with two sets of Slope Limits. 
     
    -106 = Average slice width is less than 
    0.0001 * (maximum horizontal extent of soil region). 
    This limitation is imposed to avoid numerical errors 
    which may result from too many slices, or too 
    small a slip region. 
     
    -107 = Total driving moment or 
    total driving force is negative. This will occur 
    if the wrong failure direction is specified, 
    or if high external or anchor loads are applied 
    against the failure direction. 
     
    -108 = Total driving moment 
    or total driving force < 0.1. This is to 
    limit the calculation of extremely high safety 
    factors if the driving force is very small 
    (0.1 is an arbitrary number). 
     
    -109 = Soiltype for slice base not 
    located. This error should occur very rarely, 
    if at all. It may occur if a very low number of 
    slices is combined with certain soil geometries, 
    such that the midpoint of a slice base is 
    actually outside the soil region,even though 
    the slip surface is wholly within the soil region. 
     
    -111 = safety factor equation did not converge 
     
    -112 = The coefficient M-Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) 
    < 0.2 for the final iteration of the safety factor calculation. This screens out 
    some slip surfaces which may not be valid in the context of the analysis, in 
    particular, deep seated slip surfaces with many high negative base angle 

    slices in the passive zone. 
     
     
    List of All Coordinates 
     
    Search Grid 
       -34.010 301.684 
       17.283 301.684 
       17.283 351.413 
       -34.010 351.413 
     
    Material Boundary 
       0.000 291.400 
       0.000 294.730 
     
    Material Boundary 
       0.000 291.400 
       -3.917 291.400 
       -3.917 289.730 
       8.170 289.730 
       8.170 291.400 
       1.877 291.400 
       0.960 312.400 
     
    Material Boundary 
       -100.000 274.360 
       100.000 274.360 
     
    Material Boundary 
       8.170 289.730 
       9.170 289.730 
       27.000 316.000 
     
    Material Boundary 
       -10.088 294.932 
       -4.917 289.730 
       -3.917 289.730 
     
    External Boundary 
       100.000 316.000 
       27.000 316.000 
       0.960 312.400 
       0.960 313.400 
       0.000 313.400 
       0.000 294.730 
       -10.088 294.932 
       -100.000 296.730 
       -100.000 274.360 
       -100.000 254.237 
       100.000 254.237 
       100.000 274.360 



2.342.342.342.34

Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW598 ST13+25 - PSEUDOSTATIC

Analysis Methods
Analysis Methods used: 
Bishop simplified
Janbu corrected
Spencer
Number of slices: 25
Tolerance: 0.005
Maximum number of iterations: 50

Material Properties
Material: SAND (Qvof) - PEAK
Strength Type: Mohr-Coulomb
Unit Weight: 120 lb/ft3
Cohesion: 400 psf
Friction Angle: 38 degrees
Material: CLAY (Qvof) - PEAK
Strength Type: Mohr-Coulomb
Unit Weight: 120 lb/ft3
Cohesion: 950 psf
Friction Angle: 30 degrees
Material: BACKFILL
Strength Type: Mohr-Coulomb
Unit Weight: 120 lb/ft3
Cohesion: 200 psf
Friction Angle: 34 degrees

CLAY (Qvof)

SAND (Qvof)
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    Slide Analysis Information 
     
    Document Name 
     
    File Name: RW598_ST13+25_Pseudostatic.sli 
     
    Project Settings 
     
    Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW598 
ST13+25 - PSEUDOSTATIC 
    Failure Direction: Right to Left 
    Units of Measurement: Imperial Units 
    Pore Fluid Unit Weight: 62.4 lb/ft3 
    Groundwater Method: Water Surfaces 
    Data Output: Standard 
    Calculate Excess Pore Pressure: Off 
    Allow Ru with Water Surfaces or Grids: Off 
    Random Numbers: Pseudo-random Seed 
    Random Number Seed: 10116 
    Random Number Generation Method: Park and Miller v.3 
     
    Analysis Methods 
     
    Analysis Methods used:  
    Bishop simplified 
    Spencer 
     
    Number of slices: 25 
    Tolerance: 0.005 
    Maximum number of iterations: 50 
     
    Surface Options 
     
    Surface Type: Circular 
    Search Method: Grid Search 
    Radius increment: 10 
    Composite Surfaces: Disabled 
    Reverse Curvature: Create Tension Crack 
    Minimum Elevation: Not Defined 
    Minimum Depth: Not Defined 
     
    Loading 
     
    Seismic Load Coefficient (Horizontal): 0.2 
     
    Material Properties 
     
    Material: SAND (Qvof) - PEAK 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 120 lb/ft3 
    Cohesion: 400 psf 
    Friction Angle: 38 degrees 
    Water Surface: None 
     

    Material: CLAY (Qvof) - PEAK 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 120 lb/ft3 
    Cohesion: 950 psf 
    Friction Angle: 30 degrees 
    Water Surface: None 
     
    Material: BACKFILL 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 120 lb/ft3 
    Cohesion: 200 psf 
    Friction Angle: 34 degrees 
    Water Surface: None 
     
    Material: CONCRETE 
    Strength Type: Infinite strength 
    Unit Weight: 150 lb/ft3 
     
    Global Minimums 
     
    Method: bishop simplified 
    FS: 2.337940 
    Center: -3.234, 342.461 
    Radius: 53.987 
    Left Slip Surface Endpoint: -29.546, 295.321 
    Right Slip Surface Endpoint: 43.823, 316.000 
    Resisting Moment=6.32384e+006 lb-ft 
    Driving Moment=2.70488e+006 lb-ft 
     
    Method: spencer 
    FS: 2.358880 
    Center: -3.234, 342.461 
    Radius: 53.987 
    Left Slip Surface Endpoint: -29.546, 295.321 
    Right Slip Surface Endpoint: 43.823, 316.000 
    Resisting Moment=6.38049e+006 lb-ft 
    Driving Moment=2.70488e+006 lb-ft 
    Resisting Horizontal Force=107147 lb 
    Driving Horizontal Force=45423 lb 
     
    Valid / Invalid Surfaces 
     
    Method: bishop simplified 
    Number of Valid Surfaces: 11984 
    Number of Invalid Surfaces: 16627 
    Error Codes:  
    Error Code -99 reported for 9029 surfaces 
    Error Code -103 reported for 6735 surfaces 
    Error Code -106 reported for 35 surfaces 
    Error Code -109 reported for 46 surfaces 
    Error Code -112 reported for 782 surfaces 
     
    Method: spencer 
    Number of Valid Surfaces: 10822 
    Number of Invalid Surfaces: 17789 
    Error Codes:  



    Error Code -99 reported for 9029 surfaces 
    Error Code -103 reported for 6735 surfaces 
    Error Code -106 reported for 35 surfaces 
    Error Code -108 reported for 25 surfaces 
    Error Code -109 reported for 46 surfaces 
    Error Code -111 reported for 296 surfaces 
    Error Code -112 reported for 1623 surfaces 
     
    Error Codes 
     
    The following errors were encountered during the computation: 
     
    -99 = Slip surface intersects an infinite 
    strength material. If infinite strength regions 
    are defined for a model, a large number of 
    potential slip surfaces may show this error code. 
    This is Normal. 
     
    -103 = Two surface / slope intersections, 
    but one or more surface / nonslope external polygon 
    intersections lie between them. This usually occurs 
    when the slip surface extends past the bottom of the 
    soil region, but may also occur on a benched 
    slope model with two sets of Slope Limits. 
     
    -106 = Average slice width is less than 
    0.0001 * (maximum horizontal extent of soil region). 
    This limitation is imposed to avoid numerical errors 
    which may result from too many slices, or too 
    small a slip region. 
     
    -108 = Total driving moment 
    or total driving force < 0.1. This is to 
    limit the calculation of extremely high safety 
    factors if the driving force is very small 
    (0.1 is an arbitrary number). 
     
    -109 = Soiltype for slice base not 
    located. This error should occur very rarely, 
    if at all. It may occur if a very low number of 
    slices is combined with certain soil geometries, 
    such that the midpoint of a slice base is 
    actually outside the soil region,even though 
    the slip surface is wholly within the soil region. 
     
    -111 = safety factor equation did not converge 
     
    -112 = The coefficient M-Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) 
    < 0.2 for the final iteration of the safety factor calculation. This screens out 
    some slip surfaces which may not be valid in the context of the analysis, in 
    particular, deep seated slip surfaces with many high negative base angle 
    slices in the passive zone. 
     
     
    List of All Coordinates 
     

    Search Grid 
       -34.010 301.684 
       17.283 301.684 
       17.283 351.413 
       -34.010 351.413 
     
    Material Boundary 
       0.000 291.400 
       0.000 294.730 
     
    Material Boundary 
       0.000 291.400 
       -3.917 291.400 
       -3.917 289.730 
       8.170 289.730 
       8.170 291.400 
       1.877 291.400 
       0.960 312.400 
     
    Material Boundary 
       -100.000 274.360 
       100.000 274.360 
     
    Material Boundary 
       8.170 289.730 
       9.170 289.730 
       27.000 316.000 
     
    Material Boundary 
       -10.157 294.933 
       -4.917 289.730 
       -3.917 289.730 
     
    External Boundary 
       100.000 316.000 
       27.000 316.000 
       0.960 312.400 
       0.960 313.400 
       0.000 313.400 
       0.000 294.730 
       -10.157 294.933 
       -100.000 296.730 
       -100.000 274.360 
       -100.000 254.237 
       100.000 254.237 
       100.000 274.360 
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3.113.113.113.11

Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW604 ST10+60 - STATICAnalysis Methods
Analysis Methods used: 
Bishop simplified
Janbu corrected
Spencer
Number of slices: 25
Tolerance: 0.005
Maximum number of iterations: 50

Material Properties
Material: SAND (Qvof)
Strength Type: Mohr-Coulomb
Unit Weight: 120 lb/ft3
Cohesion: 100 psf
Friction Angle: 36 degrees
Material: BACKFILL
Strength Type: Mohr-Coulomb
Unit Weight: 120 lb/ft3
Cohesion: 200 psf
Friction Angle: 34 degrees SAND (Qvof)

BACKFILL
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    Slide Analysis Information 
     
    Document Name 
     
    File Name: RW604_ST10+60_Static.sli 
     
    Project Settings 
     
    Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW604 
ST10+60 - STATIC 
    Failure Direction: Right to Left 
    Units of Measurement: Imperial Units 
    Pore Fluid Unit Weight: 62.4 lb/ft3 
    Groundwater Method: Water Surfaces 
    Data Output: Standard 
    Calculate Excess Pore Pressure: Off 
    Allow Ru with Water Surfaces or Grids: Off 
    Random Numbers: Pseudo-random Seed 
    Random Number Seed: 10116 
    Random Number Generation Method: Park and Miller v.3 
     
    Analysis Methods 
     
    Analysis Methods used:  
    Bishop simplified 
    Spencer 
     
    Number of slices: 25 
    Tolerance: 0.005 
    Maximum number of iterations: 50 
     
    Surface Options 
     
    Surface Type: Circular 
    Search Method: Grid Search 
    Radius increment: 10 
    Composite Surfaces: Disabled 
    Reverse Curvature: Create Tension Crack 
    Minimum Elevation: Not Defined 
    Minimum Depth: Not Defined 
     
    Material Properties 
     
    Material: SAND (Qvof) 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 120 lb/ft3 
    Cohesion: 100 psf 
    Friction Angle: 36 degrees 
    Water Surface: None 
     
    Material: BACKFILL 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 120 lb/ft3 
    Cohesion: 200 psf 
    Friction Angle: 34 degrees 

    Water Surface: None 
     
    Material: CONCRETE 
    Strength Type: Infinite strength 
    Unit Weight: 150 lb/ft3 
     
    Global Minimums 
     
    Method: bishop simplified 
    FS: 3.108790 
    Center: -5.751, 339.409 
    Radius: 48.622 
    Left Slip Surface Endpoint: -29.646, 297.063 
    Right Slip Surface Endpoint: 34.410, 312.000 
    Resisting Moment=2.65775e+006 lb-ft 
    Driving Moment=854912 lb-ft 
     
    Method: spencer 
    FS: 3.111040 
    Center: -5.751, 339.409 
    Radius: 48.622 
    Left Slip Surface Endpoint: -29.646, 297.063 
    Right Slip Surface Endpoint: 34.410, 312.000 
    Resisting Moment=2.65966e+006 lb-ft 
    Driving Moment=854912 lb-ft 
    Resisting Horizontal Force=49960.9 lb 
    Driving Horizontal Force=16059.2 lb 
     
    Valid / Invalid Surfaces 
     
    Method: bishop simplified 
    Number of Valid Surfaces: 12290 
    Number of Invalid Surfaces: 16321 
    Error Codes:  
    Error Code -99 reported for 5905 surfaces 
    Error Code -103 reported for 10174 surfaces 
    Error Code -106 reported for 10 surfaces 
    Error Code -107 reported for 57 surfaces 
    Error Code -109 reported for 17 surfaces 
    Error Code -112 reported for 158 surfaces 
     
    Method: spencer 
    Number of Valid Surfaces: 12193 
    Number of Invalid Surfaces: 16418 
    Error Codes:  
    Error Code -99 reported for 5905 surfaces 
    Error Code -103 reported for 10174 surfaces 
    Error Code -106 reported for 10 surfaces 
    Error Code -107 reported for 57 surfaces 
    Error Code -108 reported for 43 surfaces 
    Error Code -109 reported for 17 surfaces 
    Error Code -111 reported for 49 surfaces 
    Error Code -112 reported for 163 surfaces 
     
    Error Codes 
     



    The following errors were encountered during the computation: 
     
    -99 = Slip surface intersects an infinite 
    strength material. If infinite strength regions 
    are defined for a model, a large number of 
    potential slip surfaces may show this error code. 
    This is Normal. 
     
    -103 = Two surface / slope intersections, 
    but one or more surface / nonslope external polygon 
    intersections lie between them. This usually occurs 
    when the slip surface extends past the bottom of the 
    soil region, but may also occur on a benched 
    slope model with two sets of Slope Limits. 
     
    -106 = Average slice width is less than 
    0.0001 * (maximum horizontal extent of soil region). 
    This limitation is imposed to avoid numerical errors 
    which may result from too many slices, or too 
    small a slip region. 
     
    -107 = Total driving moment or 
    total driving force is negative. This will occur 
    if the wrong failure direction is specified, 
    or if high external or anchor loads are applied 
    against the failure direction. 
     
    -108 = Total driving moment 
    or total driving force < 0.1. This is to 
    limit the calculation of extremely high safety 
    factors if the driving force is very small 
    (0.1 is an arbitrary number). 
     
    -109 = Soiltype for slice base not 
    located. This error should occur very rarely, 
    if at all. It may occur if a very low number of 
    slices is combined with certain soil geometries, 
    such that the midpoint of a slice base is 
    actually outside the soil region,even though 
    the slip surface is wholly within the soil region. 
     
    -111 = safety factor equation did not converge 
     
    -112 = The coefficient M-Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) 
    < 0.2 for the final iteration of the safety factor calculation. This screens out 
    some slip surfaces which may not be valid in the context of the analysis, in 
    particular, deep seated slip surfaces with many high negative base angle 
    slices in the passive zone. 
     
     
    List of All Coordinates 
     
    Search Grid 
       -21.050 307.721 
       19.211 307.721 
       19.211 344.567 

       -21.050 344.567 
     
    Material Boundary 
       0.000 293.470 
       0.000 296.470 
     
    Material Boundary 
       0.000 293.470 
       -2.580 293.470 
       -2.580 292.120 
       5.417 292.120 
       5.417 293.470 
       1.543 293.470 
       0.960 306.470 
     
    Material Boundary 
       5.417 292.120 
       6.417 292.120 
       27.000 312.000 
     
    Material Boundary 
       -8.088 296.632 
       -3.580 292.120 
       -2.580 292.120 
     
    External Boundary 
       100.000 260.000 
       100.000 312.000 
       27.000 312.000 
       0.960 306.470 
       0.960 307.470 
       0.000 307.470 
       0.000 296.470 
       -8.088 296.632 
       -100.000 298.470 
       -100.000 260.000 



2.732.732.732.73

Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW604 ST10+60 - PSEUDOSTATICAnalysis Methods
Analysis Methods used: 
Bishop simplified
Janbu corrected
Spencer
Number of slices: 25
Tolerance: 0.005
Maximum number of iterations: 50

Material Properties
Material: SAND (Qvof) - PEAK
Strength Type: Mohr-Coulomb
Unit Weight: 120 lb/ft3
Cohesion: 450 psf
Friction Angle: 38 degrees
Material: BACKFILL
Strength Type: Mohr-Coulomb
Unit Weight: 120 lb/ft3
Cohesion: 200 psf
Friction Angle: 34 degrees SAND (Qvof)

BACKFILL
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    Slide Analysis Information 
     
    Document Name 
     
    File Name: RW604_ST10+60_Pseudostatic.sli 
     
    Project Settings 
     
    Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW604 
ST10+60 - PSEUDOSTATIC 
    Failure Direction: Right to Left 
    Units of Measurement: Imperial Units 
    Pore Fluid Unit Weight: 62.4 lb/ft3 
    Groundwater Method: Water Surfaces 
    Data Output: Standard 
    Calculate Excess Pore Pressure: Off 
    Allow Ru with Water Surfaces or Grids: Off 
    Random Numbers: Pseudo-random Seed 
    Random Number Seed: 10116 
    Random Number Generation Method: Park and Miller v.3 
     
    Analysis Methods 
     
    Analysis Methods used:  
    Bishop simplified 
    Spencer 
     
    Number of slices: 25 
    Tolerance: 0.005 
    Maximum number of iterations: 50 
     
    Surface Options 
     
    Surface Type: Circular 
    Search Method: Grid Search 
    Radius increment: 10 
    Composite Surfaces: Disabled 
    Reverse Curvature: Create Tension Crack 
    Minimum Elevation: Not Defined 
    Minimum Depth: Not Defined 
     
    Loading 
     
    Seismic Load Coefficient (Horizontal): 0.2 
     
    Material Properties 
     
    Material: SAND (Qvof) - PEAK 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 120 lb/ft3 
    Cohesion: 400 psf 
    Friction Angle: 38 degrees 
    Water Surface: None 
     

    Material: BACKFILL 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 120 lb/ft3 
    Cohesion: 200 psf 
    Friction Angle: 34 degrees 
    Water Surface: None 
     
    Material: CONCRETE 
    Strength Type: Infinite strength 
    Unit Weight: 150 lb/ft3 
     
    Global Minimums 
     
    Method: bishop simplified 
    FS: 2.731180 
    Center: 0.074, 344.649 
    Radius: 52.807 
    Left Slip Surface Endpoint: -22.520, 296.920 
    Right Slip Surface Endpoint: 41.578, 312.000 
    Resisting Moment=4.28378e+006 lb-ft 
    Driving Moment=1.56848e+006 lb-ft 
     
    Method: spencer 
    FS: 2.744000 
    Center: 0.074, 344.649 
    Radius: 52.807 
    Left Slip Surface Endpoint: -22.520, 296.920 
    Right Slip Surface Endpoint: 41.578, 312.000 
    Resisting Moment=4.3039e+006 lb-ft 
    Driving Moment=1.56848e+006 lb-ft 
    Resisting Horizontal Force=75482.9 lb 
    Driving Horizontal Force=27508.3 lb 
     
    Valid / Invalid Surfaces 
     
    Method: bishop simplified 
    Number of Valid Surfaces: 13410 
    Number of Invalid Surfaces: 15201 
    Error Codes:  
    Error Code -99 reported for 6484 surfaces 
    Error Code -103 reported for 8705 surfaces 
    Error Code -106 reported for 4 surfaces 
    Error Code -109 reported for 7 surfaces 
    Error Code -112 reported for 1 surface 
     
    Method: spencer 
    Number of Valid Surfaces: 13386 
    Number of Invalid Surfaces: 15225 
    Error Codes:  
    Error Code -99 reported for 6484 surfaces 
    Error Code -103 reported for 8705 surfaces 
    Error Code -106 reported for 4 surfaces 
    Error Code -109 reported for 7 surfaces 
    Error Code -111 reported for 24 surfaces 
    Error Code -112 reported for 1 surface 
     



    Error Codes 
     
    The following errors were encountered during the computation: 
     
    -99 = Slip surface intersects an infinite 
    strength material. If infinite strength regions 
    are defined for a model, a large number of 
    potential slip surfaces may show this error code. 
    This is Normal. 
     
    -103 = Two surface / slope intersections, 
    but one or more surface / nonslope external polygon 
    intersections lie between them. This usually occurs 
    when the slip surface extends past the bottom of the 
    soil region, but may also occur on a benched 
    slope model with two sets of Slope Limits. 
     
    -106 = Average slice width is less than 
    0.0001 * (maximum horizontal extent of soil region). 
    This limitation is imposed to avoid numerical errors 
    which may result from too many slices, or too 
    small a slip region. 
     
    -109 = Soiltype for slice base not 
    located. This error should occur very rarely, 
    if at all. It may occur if a very low number of 
    slices is combined with certain soil geometries, 
    such that the midpoint of a slice base is 
    actually outside the soil region,even though 
    the slip surface is wholly within the soil region. 
     
    -111 = safety factor equation did not converge 
     
    -112 = The coefficient M-Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) 
    < 0.2 for the final iteration of the safety factor calculation. This screens out 
    some slip surfaces which may not be valid in the context of the analysis, in 
    particular, deep seated slip surfaces with many high negative base angle 
    slices in the passive zone. 
     
     
    List of All Coordinates 
     
    Search Grid 
       -20.862 314.436 
       19.399 314.436 
       19.399 351.282 
       -20.862 351.282 
     
    Material Boundary 
       0.000 293.470 
       0.000 296.470 
     
    Material Boundary 
       0.000 293.470 
       -2.580 293.470 
       -2.580 292.120 

       5.417 292.120 
       5.417 293.470 
       1.543 293.470 
       0.960 306.470 
     
    Material Boundary 
       5.417 292.120 
       6.417 292.120 
       27.000 312.000 
     
    Material Boundary 
       -8.088 296.632 
       -3.580 292.120 
       -2.580 292.120 
     
    External Boundary 
       100.000 260.000 
       100.000 312.000 
       27.000 312.000 
       0.960 306.470 
       0.960 307.470 
       0.000 307.470 
       0.000 296.470 
       -8.088 296.632 
       -100.000 298.470 
       -100.000 260.000 
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SOIL DATA

REINFORCED SOIL
Unit weight, γ 120.0 lb/ft ³
Design value of internal angle of friction, φ 34.0 °

RETAINED SOIL
Unit weight, γ 120.0 lb/ft ³
Design value of internal angle of friction, φ 34.0 °

FOUNDATION SOIL (Considered as an equivalent uniform soil)
Equivalent unit weight, γ equiv. 130.0 lb/ft ³
Equivalent internal angle of friction, φequiv. 39.0 °
Equivalent cohesion,  c equiv. 900.0 lb/ft ²

Water table does not affect bearing capacity

LATERAL EARTH PRESSURE COEFFICIENTS

Ka (internal stability) = 0.2827   (if batter is less than 10°, Ka is calculated from eq. 15.  Otherwise, eq. 38 is utilized)
Ka (external stability) = 0.2827   (if batter is less than 10°, Ka is calculated from eq. 16.  Otherwise, eq. 17 is utilized)

BEARING CAPACITY

Bearing capacity coefficients (calculated by MSEW):  Nc = 7.67 N   = 20.89γ

SEISMICITY

Maximum ground acceleration coefficient, A = 0.200
Design acceleration coefficient in Internal Stability:  Kh = 0.250
Design acceleration coefficient in External Stability:  Kh = 0.250

Kae ( Kh > 0 ) = 0.4504 Kae ( Kh = 0 )  = 0.2827 Kae = 0.1677     (see eq. 37 in DEMO 82)Δ
Seismic soil-metal mats friction coefficient, F* is 80.0% of its specified static value.
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INPUT DATA:  Metal mats/grids
(Analysis)

D  A  T  A Metal mats
type #1

Metal mats
type #2

Metal mats
type #3

Metal mats
type #4

Metal mats
type #5

Yield strength of steel, Fy  [kips/in ²]
Gross width of grid, b  [in]
Vertical spacing, Sv [ft]

65.0
6.0
Varies

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

Design cross section area, Ac  [in ²] 0.14 N/A N/A N/A N/A
Thickness of transverse element, t  [in]
Distance between transverse bars, St  [in]

0.4
6.0

N/A
N/A

N/A
N/A

N/A
N/A

N/A
N/A

Friction angle along reinforcement-soil interface, ρ
@ the top
@ 19.7 ft or below

Pullout resistance factor,  F*
@ the top
@ 19.7 ft or below

Scale-effect correction factor, α

51.25
34.00

1.25
0.62
1.00

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

Variation of Lateral Earth Pressure Coefficient With Depth

Z K / Ka
   0 ft 2.50
 3.3 ft 2.30
 6.6 ft 2.05
 9.8 ft 1.85
13.1 ft 1.65
16.4 ft 1.40
19.7 ft 1.20

   0

 6.6

 9.8

16.4

26.2

32.8

Z [ft]

0.0 1.0 2.0 3.0
K / Ka
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INPUT DATA:  Facia and Connection
(Analysis)

FACIA type:   Full height precast concrete panels.
Depth of panel is 0.50 ft.  Horizontal distance to Center of Gravity of panel is 0.25 ft.
Average unit weight of panel is   = 150.00 lb/ft ³γ f

Z / Hd    To-static / Tmax
or   To-seismic / Tmd

Top of wall

0.00
0.25
0.50
0.75
1.00

Z / Hd

1.00 0.90 0.80 0.70 0.60 0.50
To-static / Tmax   or   To-seismic / Tmd

0.00 1.00
0.25 1.00
0.50 1.00
0.75 1.00
1.00 1.00

D  A  T  A  (for connection only) Type #1 Type #2 Type #3 Type #4 Type #5

Product Name Caltrans .. N/A N/A N/A N/A
Strength reduction at the connection,

CRu = Fyc  / Fy 0.90 N/A N/A N/A N/A
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INPUT DATA:  Geometry and Surcharge loads  (of a SIMPLE STRUCTURE)

Design height, Hd 15.00 [ft] { Embedded depth is E = 5.00 ft, and height above top of finished
bottom grade is H = 10.00 ft }

Batter, ω 0.0 [deg]
Backslope, β 0.0 [deg]
Backslope rise 0.0 [ft] Broken back equivalent angle, I = 0.00°  (see Fig. 25 in DEMO 82)

U N I F O R M   S U R C H A R G E
Uniformly distributed dead load is 240.0 [lb/ft ²]

ANALYZED REINFORCEMENT LAYOUT:

SCALE:

0 2 4 6 8 10 [ft]
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ANALYSIS: CALCULATED FACTORS (Static conditions)
Bearing capacity, Fs = 7.15, Meyerhof stress = 2604 lb/ft².

Foundation Interface: Direct sliding, Fs = 3.131, Eccentricity, e/L = 0.1082, Fs-overturning = 4.62
M E T A L   M A T S C O N N E C T I O N

# Elevation Length Type
#

Fs-overall
 [pullout
resistance]

Fs-overall
[connection
    break]

Fs-overall
[metal mats
strength]

Metal mats
strength
   Fs

Pullout
resistance
   Fs

Direct
sliding
   Fs

Eccentricity
   e/L

Product
name

[ft] [ft]

1 1.25 11.00 1 N/A 7.72 8.57 8.573 14.784 3.387 0.0923 Caltrans W20
2 3.75 11.00 1 N/A 8.30 9.22 9.224 12.537 4.054 0.0642 Caltrans W20
3 6.25 11.00 1 N/A 9.42 10.47 10.471 10.417 5.058 0.0409 Caltrans W20
4 8.75 11.00 1 N/A 11.33 12.59 12.589 9.320 6.759 0.0226 Caltrans W20
5 11.25 11.00 1 N/A 15.01 16.68 16.681 9.257 10.385 0.0093 Caltrans W20
6 13.75 11.00 1 N/A 24.83 27.59 27.594 9.263 25.994 0.0014 Caltrans W20

ANALYSIS: CALCULATED FACTORS (Seismic conditions)
Bearing capacity, Fs = 3.48, Meyerhof stress = 4114 lb/ft².

Foundation Interface: Direct sliding, Fs = 1.620, Eccentricity, e/L = 0.2520, Fs-overturning = 1.98
M E T A L   M A T S C O N N E C T I O N

# Elevation Length Type
#

Fs-overall
 [pullout
resistance]

Fs-overall
[connection
    break]

Fs-overall
[metal mats
strength]

Metal mats
strength
   Fs

Pullout
resistance
   Fs

Direct
sliding
   Fs

Eccentricity
   e/L

Product
name

[ft] [ft]

1 1.25 11.00 1 N/A 6.65 7.39 7.390 10.194 1.769 0.2119 Caltrans W20
2 3.75 11.00 1 N/A 7.24 8.04 8.041 8.743 2.166 0.1420 Caltrans W20
3 6.25 11.00 1 N/A 8.28 9.20 9.198 7.320 2.794 0.0861 Caltrans W20
4 8.75 11.00 1 N/A 9.86 10.96 10.955 6.489 3.930 0.0440 Caltrans W20
5 11.25 11.00 1 N/A 12.54 13.93 13.928 6.183 6.609 0.0159 Caltrans W20
6 13.75 11.00 1 N/A 18.72 20.80 20.796 5.585 20.290 0.0018 Caltrans W20
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BEARING CAPACITY for GIVEN LAYOUT

SCALE:

0 2 4 6 8 10 [ft]

STATIC SEISMIC UNITS
(Water table does not affect bearing capacity)
Ultimate bearing capacity, q-ult 18607 14310 [lb/ft ²]
Meyerhof stress, σV 2603.6 4114 [lb/ft ²]
Eccentricity,  e 1.19 2.77 [ft]
Eccentricity,  e/L 0.108 0.252
Fs calculated 7.15 3.48
Base length 11.00 11.00 [ft]
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DIRECT SLIDING for GIVEN LAYOUT
(for METAL MATS/GRIDS reinforcements)

Along reinforced and foundation soils interface:  Fs-static = 3.131  and  Fs-seismic = 1.620

  # Metal Mats
Elevation
   [ft]

Metal Mats
Length
   [ft]

  Fs
Static

  Fs
Seismic

Metal Mats
Type  # Product name

1 1.25 11.00 3.387 1.769 1 Caltrans W20
2 3.75 11.00 4.054 2.166 1 Caltrans W20
3 6.25 11.00 5.058 2.794 1 Caltrans W20
4 8.75 11.00 6.759 3.930 1 Caltrans W20
5 11.25 11.00 10.385 6.609 1 Caltrans W20
6 13.75 11.00 25.994 20.290 1 Caltrans W20

ECCENTRICITY for GIVEN LAYOUT

At interface with foundation:  e/L static = 0.1082,  e/L seismic = 0.2520; Overturning: Fs-static = 4.62, Fs-seismic = 1.98

  # Metal Mats
Elevation
   [ft]

Metal Mats
Length
   [ft]

 e / L
Static

 e / L
Seismic

Metal Mats
Type  # Product name

1 1.25 11.00 0.0923 0.2119 1 Caltrans W20
2 3.75 11.00 0.0642 0.1420 1 Caltrans W20
3 6.25 11.00 0.0409 0.0861 1 Caltrans W20
4 8.75 11.00 0.0226 0.0440 1 Caltrans W20
5 11.25 11.00 0.0093 0.0159 1 Caltrans W20
6 13.75 11.00 0.0014 0.0018 1 Caltrans W20

Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 

SR-57 Improvements
Copyright © 1998-2008 ADAMA Engineering, Inc.  License number  MSEW-301754

Page 8 of  10

Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 



Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 

MSEW -- Mechanically Stabilized Earth Walls SR-57 Improvements
Present Date/Time:  Thu Feb 19 17:43:06 2009 \\c.....eotechnical\Reports\Retaining Wall Report\RW614\Appendix C\MSEW Analysis\RW614_ST13+48.BEN

Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 

RESULTS for STRENGTH     [ Note: Actual Fs-overall = (Yield stress) / (Actual stress) ]

  # Metal Mats
Elevation
   [ft]

Coverage
  ratio,
Rc=b/Sh

Horizontal
spacing, Sh
   [ft]

Long-term
strength
Fy·Ac·Rc/b
   [lb/ft]

  Tmax
[lb/ft]

Tmd
[lb/ft]

Specified
minimum
Fs-overall
static

Actual
calculated
Fs-overall
static

Specified
minimum
Fs-overall
seismic

Actual
calculated
Fs-overall
seismic

1 1.25 1.000 0.500 18213 2124.39 340.26 N/A 8.573 N/A 7.390
2 3.75 1.000 0.500 18213 1974.51 290.47 N/A 9.224 N/A 8.041
3 6.25 1.000 0.500 18213 1739.39 240.67 N/A 10.471 N/A 9.198
4 8.75 1.000 0.500 18213 1446.71 215.78 N/A 12.589 N/A 10.955
5 11.25 1.000 0.500 18213 1091.87 215.78 N/A 16.681 N/A 13.928
6 13.75 1.000 0.500 18213 660.03 215.78 N/A 27.594 N/A 20.796

RESULTS for PULLOUT

  # Metal Mats
Elevation

[ft]

Coverage
Ratio
Rc=b/Sh

Tmax
[lb/ft]

Tmd
[lb/ft]

Le
[ft]

La
[ft]

Avail.Static
Pullout, Pr

[lb/ft]

Specified
Static

Fs

Actual
Static

Fs

Avail.Seism.
Pullout, Pr

[lb/ft]

Specified
Seismic

Fs

Actual
Seismic

Fs

1 1.25 1.000 2124.4 340.3 10.25 0.75 31406.2 25125.0N/A 14.784 N/A 10.194
2 3.75 1.000 1974.5 290.5 8.75 2.25 24754.2 19803.4N/A 12.537 N/A 8.743
3 6.25 1.000 1739.4 240.7 7.25 3.75 18118.8 14495.0N/A 10.417 N/A 7.320
4 8.75 1.000 1446.7 215.8 6.50 4.50 13483.8 10787.1N/A 9.320 N/A 6.489
5 11.25 1.000 1091.9 215.8 6.50 4.50 10107.2 8085.8N/A 9.257 N/A 6.183
6 13.75 1.000 660.0 215.8 6.50 4.50 6113.7 4891.0N/A 9.263 N/A 5.585
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RESULTS for CONNECTION (static conditions)

  # Metal Mats
Elevation
   [ft]

Coverage
  ratio
Rc=b/Sh

Horizontal
spacing, Sh
   [ft]

Connection
force, To
  [lb/ft]

Reduction
factor for
connection
break,
CRu

Long-term
connection
strength,Tac
(break
criterion)
  [lb/ft]

Metal Mats
long-term
strength,
  [lb/ft]

Fs-overall
connection
break

Specified   Actual

Fs-overall
Metal Mats
strength

Specified   Actual

Product
name

1 1.25 1.000 0.500 2124 0.90 16392 18213 N/A 7.72 N/A 8.57 Caltrans W20
2 3.75 1.000 0.500 1975 0.90 16392 18213 N/A 8.30 N/A 9.22 Caltrans W20
3 6.25 1.000 0.500 1739 0.90 16392 18213 N/A 9.42 N/A 10.47 Caltrans W20
4 8.75 1.000 0.500 1447 0.90 16392 18213 N/A 11.33 N/A 12.59 Caltrans W20
5 11.25 1.000 0.500 1092 0.90 16392 18213 N/A 15.01 N/A 16.68 Caltrans W20
6 13.75 1.000 0.500 660 0.90 16392 18213 N/A 24.83 N/A 27.59 Caltrans W20

RESULTS for CONNECTION (seismic conditions)

  # Metal Mats
Elevation
   [ft]

Coverage
  ratio
Rc=b/Sh

Horizontal
spacing, Sh
   [ft]

Connection
force, To
  [lb/ft]

Reduction
factor for
connection
break,
CRu

Long-term
connection
strength,Tac
(break
criterion)
  [lb/ft]

Metal Mats
long-term
strength,
  [lb/ft]

Fs-overall
connection
break

Specified   Actual

Fs-overall
Metal Mats
strength

Specified   Actual

Product
name

1 1.25 1.000 0.500 2465 0.90 16392 18213 N/A 6.65 N/A 7.39 Caltrans W20
2 3.75 1.000 0.500 2265 0.90 16392 18213 N/A 7.24 N/A 8.04 Caltrans W20
3 6.25 1.000 0.500 1980 0.90 16392 18213 N/A 8.28 N/A 9.20 Caltrans W20
4 8.75 1.000 0.500 1662 0.90 16392 18213 N/A 9.86 N/A 10.96 Caltrans W20
5 11.25 1.000 0.500 1308 0.90 16392 18213 N/A 12.54 N/A 13.93 Caltrans W20
6 13.75 1.000 0.500 876 0.90 16392 18213 N/A 18.72 N/A 20.80 Caltrans W20
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SR-57 Improvements
AASHTO  DESIGN  METHOD

PROJECT IDENTIFICATION

Title: SR-57 Improvements
Project Number: RW614
Client: OCTA
Designer: RB
Station Number: 14+70

Description:

Company's information:

Name: CH2M HILL
Street: 6 Hutton Center Drive

#700
Santa Ana, CA  92707

Telephone #:
Fax #:
E-Mail:

Original file path and name: \\cheron\Projects\OCTA\370900_SR57NBWideningPSE\Design\.....
.....is\RW614_ST14+70.BEN

Original date and time of creating this file: Thu Jan 08 09:08:00 2009

PROGRAM MODE: ANALYSIS
of a SIMPLE STRUCTURE
using METAL MATS/GRIDS as reinforcing material.
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SOIL DATA

REINFORCED SOIL
Unit weight, γ 120.0 lb/ft ³
Design value of internal angle of friction, φ 34.0 °

RETAINED SOIL
Unit weight, γ 120.0 lb/ft ³
Design value of internal angle of friction, φ 34.0 °

FOUNDATION SOIL (Considered as an equivalent uniform soil)
Equivalent unit weight, γ equiv. 130.0 lb/ft ³
Equivalent internal angle of friction, φequiv. 30.0 °
Equivalent cohesion,  c equiv. 950.0 lb/ft ²

Water table does not affect bearing capacity

LATERAL EARTH PRESSURE COEFFICIENTS

Ka (internal stability) = 0.2827   (if batter is less than 10°, Ka is calculated from eq. 15.  Otherwise, eq. 38 is utilized)
Ka (external stability) = 0.2827   (if batter is less than 10°, Ka is calculated from eq. 16.  Otherwise, eq. 17 is utilized)

BEARING CAPACITY

Bearing capacity coefficients (calculated by MSEW):  Nc = 6.83 N   = 4.00γ

SEISMICITY

Maximum ground acceleration coefficient, A = 0.200
Design acceleration coefficient in Internal Stability:  Kh = 0.250
Design acceleration coefficient in External Stability:  Kh = 0.250

Kae ( Kh > 0 ) = 0.4504 Kae ( Kh = 0 )  = 0.2827 Kae = 0.1677     (see eq. 37 in DEMO 82)Δ
Seismic soil-metal mats friction coefficient, F* is 80.0% of its specified static value.
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INPUT DATA:  Metal mats/grids
(Analysis)

D  A  T  A Metal mats
type #1

Metal mats
type #2

Metal mats
type #3

Metal mats
type #4

Metal mats
type #5

Yield strength of steel, Fy  [kips/in ²]
Gross width of grid, b  [in]
Vertical spacing, Sv [ft]

65.0
6.0
Varies

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

Design cross section area, Ac  [in ²] 0.14 N/A N/A N/A N/A
Thickness of transverse element, t  [in]
Distance between transverse bars, St  [in]

0.4
6.0

N/A
N/A

N/A
N/A

N/A
N/A

N/A
N/A

Friction angle along reinforcement-soil interface, ρ
@ the top
@ 19.7 ft or below

Pullout resistance factor,  F*
@ the top
@ 19.7 ft or below

Scale-effect correction factor, α

51.25
34.00

1.25
0.62
1.00

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

Variation of Lateral Earth Pressure Coefficient With Depth

Z K / Ka
   0 ft 2.50
 3.3 ft 2.30
 6.6 ft 2.05
 9.8 ft 1.85
13.1 ft 1.65
16.4 ft 1.40
19.7 ft 1.20

   0

 6.6

 9.8

16.4

26.2

32.8

Z [ft]

0.0 1.0 2.0 3.0
K / Ka
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INPUT DATA:  Facia and Connection
(Analysis)

FACIA type:   Full height precast concrete panels.
Depth of panel is 0.50 ft.  Horizontal distance to Center of Gravity of panel is 0.25 ft.
Average unit weight of panel is   = 150.00 lb/ft ³γ f

Z / Hd    To-static / Tmax
or   To-seismic / Tmd

Top of wall

0.00
0.25
0.50
0.75
1.00

Z / Hd

1.00 0.90 0.80 0.70 0.60 0.50
To-static / Tmax   or   To-seismic / Tmd

0.00 1.00
0.25 1.00
0.50 1.00
0.75 1.00
1.00 1.00

D  A  T  A  (for connection only) Type #1 Type #2 Type #3 Type #4 Type #5

Product Name Caltrans .. N/A N/A N/A N/A
Strength reduction at the connection,

CRu = Fyc  / Fy 0.90 N/A N/A N/A N/A
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INPUT DATA:  Geometry and Surcharge loads  (of a SIMPLE STRUCTURE)

Design height, Hd 12.50 [ft] { Embedded depth is E = 2.50 ft, and height above top of finished
bottom grade is H = 10.00 ft }

Batter, ω 0.0 [deg]
Backslope, β 0.0 [deg]
Backslope rise 0.0 [ft] Broken back equivalent angle, I = 0.00°  (see Fig. 25 in DEMO 82)

U N I F O R M   S U R C H A R G E
Uniformly distributed dead load is 240.0 [lb/ft ²]

ANALYZED REINFORCEMENT LAYOUT:

SCALE:

0 2 4 6 8 10 [ft]
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ANALYSIS: CALCULATED FACTORS (Static conditions)
Bearing capacity, Fs = 3.66, Meyerhof stress = 2265 lb/ft².

Foundation Interface: Direct sliding, Fs = 3.019, Eccentricity, e/L = 0.1160, Fs-overturning = 4.31
M E T A L   M A T S C O N N E C T I O N

# Elevation Length Type
#

Fs-overall
 [pullout
resistance]

Fs-overall
[connection
    break]

Fs-overall
[metal mats
strength]

Metal mats
strength
   Fs

Pullout
resistance
   Fs

Direct
sliding
   Fs

Eccentricity
   e/L

Product
name

[ft] [ft]

1 1.25 9.00 1 N/A 8.30 9.22 9.224 11.825 3.317 0.0958 Caltrans W20
2 3.75 9.00 1 N/A 9.42 10.47 10.471 9.703 4.138 0.0611 Caltrans W20
3 6.25 9.00 1 N/A 11.33 12.59 12.589 7.532 5.530 0.0337 Caltrans W20
4 8.75 9.00 1 N/A 15.01 16.68 16.681 7.480 8.497 0.0139 Caltrans W20
5 11.25 9.00 1 N/A 24.83 27.59 27.594 7.485 21.268 0.0020 Caltrans W20

ANALYSIS: CALCULATED FACTORS (Seismic conditions)
Bearing capacity, Fs = 2.08, Meyerhof stress = 3651 lb/ft².

Foundation Interface: Direct sliding, Fs = 1.594, Eccentricity, e/L = 0.2617, Fs-overturning = 1.91
M E T A L   M A T S C O N N E C T I O N

# Elevation Length Type
#

Fs-overall
 [pullout
resistance]

Fs-overall
[connection
    break]

Fs-overall
[metal mats
strength]

Metal mats
strength
   Fs

Pullout
resistance
   Fs

Direct
sliding
   Fs

Eccentricity
   e/L

Product
name

[ft] [ft]

1 1.25 9.00 1 N/A 7.26 8.07 8.068 8.274 1.773 0.2121 Caltrans W20
2 3.75 9.00 1 N/A 8.32 9.24 9.241 6.850 2.286 0.1285 Caltrans W20
3 6.25 9.00 1 N/A 10.08 11.20 11.196 5.358 3.215 0.0658 Caltrans W20
4 8.75 9.00 1 N/A 12.89 14.32 14.319 5.137 5.407 0.0238 Caltrans W20
5 11.25 9.00 1 N/A 19.51 21.68 21.680 4.705 16.601 0.0027 Caltrans W20
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BEARING CAPACITY for GIVEN LAYOUT

SCALE:

0 2 4 6 8 10 [ft]

STATIC SEISMIC UNITS
(Water table does not affect bearing capacity)
Ultimate bearing capacity, q-ult 8289 7606 [lb/ft ²]
Meyerhof stress, σV 2265.4 3651 [lb/ft ²]
Eccentricity,  e 1.04 2.36 [ft]
Eccentricity,  e/L 0.116 0.262
Fs calculated 3.66 2.08
Base length 9.00 9.00 [ft]
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DIRECT SLIDING for GIVEN LAYOUT
(for METAL MATS/GRIDS reinforcements)

Along reinforced and foundation soils interface:  Fs-static = 3.019  and  Fs-seismic = 1.594

  # Metal Mats
Elevation
   [ft]

Metal Mats
Length
   [ft]

  Fs
Static

  Fs
Seismic

Metal Mats
Type  # Product name

1 1.25 9.00 3.317 1.773 1 Caltrans W20
2 3.75 9.00 4.138 2.286 1 Caltrans W20
3 6.25 9.00 5.530 3.215 1 Caltrans W20
4 8.75 9.00 8.497 5.407 1 Caltrans W20
5 11.25 9.00 21.268 16.601 1 Caltrans W20

ECCENTRICITY for GIVEN LAYOUT

At interface with foundation:  e/L static = 0.1160,  e/L seismic = 0.2617; Overturning: Fs-static = 4.31, Fs-seismic = 1.91

  # Metal Mats
Elevation
   [ft]

Metal Mats
Length
   [ft]

 e / L
Static

 e / L
Seismic

Metal Mats
Type  # Product name

1 1.25 9.00 0.0958 0.2121 1 Caltrans W20
2 3.75 9.00 0.0611 0.1285 1 Caltrans W20
3 6.25 9.00 0.0337 0.0658 1 Caltrans W20
4 8.75 9.00 0.0139 0.0238 1 Caltrans W20
5 11.25 9.00 0.0020 0.0027 1 Caltrans W20
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RESULTS for STRENGTH     [ Note: Actual Fs-overall = (Yield stress) / (Actual stress) ]

  # Metal Mats
Elevation
   [ft]

Coverage
  ratio,
Rc=b/Sh

Horizontal
spacing, Sh
   [ft]

Long-term
strength
Fy·Ac·Rc/b
   [lb/ft]

  Tmax
[lb/ft]

Tmd
[lb/ft]

Specified
minimum
Fs-overall
static

Actual
calculated
Fs-overall
static

Specified
minimum
Fs-overall
seismic

Actual
calculated
Fs-overall
seismic

1 1.25 1.000 0.500 18213 1974.51 282.96 N/A 9.224 N/A 8.068
2 3.75 1.000 0.500 18213 1739.39 231.51 N/A 10.471 N/A 9.241
3 6.25 1.000 0.500 18213 1446.71 180.07 N/A 12.589 N/A 11.196
4 8.75 1.000 0.500 18213 1091.87 180.07 N/A 16.681 N/A 14.319
5 11.25 1.000 0.500 18213 660.03 180.07 N/A 27.594 N/A 21.680

RESULTS for PULLOUT

  # Metal Mats
Elevation

[ft]

Coverage
Ratio
Rc=b/Sh

Tmax
[lb/ft]

Tmd
[lb/ft]

Le
[ft]

La
[ft]

Avail.Static
Pullout, Pr

[lb/ft]

Specified
Static

Fs

Actual
Static

Fs

Avail.Seism.
Pullout, Pr

[lb/ft]

Specified
Seismic

Fs

Actual
Seismic

Fs

1 1.25 1.000 1974.5 283.0 8.25 0.75 23348.0 18678.4N/A 11.825 N/A 8.274
2 3.75 1.000 1739.4 231.5 6.75 2.25 16876.5 13501.2N/A 9.703 N/A 6.850
3 6.25 1.000 1446.7 180.1 5.25 3.75 10896.0 8716.8N/A 7.532 N/A 5.358
4 8.75 1.000 1091.9 180.1 5.25 3.75 8167.4 6533.9N/A 7.480 N/A 5.137
5 11.25 1.000 660.0 180.1 5.25 3.75 4940.4 3952.3N/A 7.485 N/A 4.705
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RESULTS for CONNECTION (static conditions)

  # Metal Mats
Elevation
   [ft]

Coverage
  ratio
Rc=b/Sh

Horizontal
spacing, Sh
   [ft]

Connection
force, To
  [lb/ft]

Reduction
factor for
connection
break,
CRu

Long-term
connection
strength,Tac
(break
criterion)
  [lb/ft]

Metal Mats
long-term
strength,
  [lb/ft]

Fs-overall
connection
break

Specified   Actual

Fs-overall
Metal Mats
strength

Specified   Actual

Product
name

1 1.25 1.000 0.500 1975 0.90 16392 18213 N/A 8.30 N/A 9.22 Caltrans W20
2 3.75 1.000 0.500 1739 0.90 16392 18213 N/A 9.42 N/A 10.47 Caltrans W20
3 6.25 1.000 0.500 1447 0.90 16392 18213 N/A 11.33 N/A 12.59 Caltrans W20
4 8.75 1.000 0.500 1092 0.90 16392 18213 N/A 15.01 N/A 16.68 Caltrans W20
5 11.25 1.000 0.500 660 0.90 16392 18213 N/A 24.83 N/A 27.59 Caltrans W20

RESULTS for CONNECTION (seismic conditions)

  # Metal Mats
Elevation
   [ft]

Coverage
  ratio
Rc=b/Sh

Horizontal
spacing, Sh
   [ft]

Connection
force, To
  [lb/ft]

Reduction
factor for
connection
break,
CRu

Long-term
connection
strength,Tac
(break
criterion)
  [lb/ft]

Metal Mats
long-term
strength,
  [lb/ft]

Fs-overall
connection
break

Specified   Actual

Fs-overall
Metal Mats
strength

Specified   Actual

Product
name

1 1.25 1.000 0.500 2257 0.90 16392 18213 N/A 7.26 N/A 8.07 Caltrans W20
2 3.75 1.000 0.500 1971 0.90 16392 18213 N/A 8.32 N/A 9.24 Caltrans W20
3 6.25 1.000 0.500 1627 0.90 16392 18213 N/A 10.08 N/A 11.20 Caltrans W20
4 8.75 1.000 0.500 1272 0.90 16392 18213 N/A 12.89 N/A 14.32 Caltrans W20
5 11.25 1.000 0.500 840 0.90 16392 18213 N/A 19.51 N/A 21.68 Caltrans W20
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SR-57 Improvements
AASHTO  DESIGN  METHOD

PROJECT IDENTIFICATION

Title: SR-57 Improvements
Project Number: RW614
Client: OCTA
Designer: RB
Station Number: 15+40

Description:

Company's information:

Name: CH2M HILL
Street: 6 Hutton Center Drive

#700
Santa Ana, CA  92707

Telephone #:
Fax #:
E-Mail:

Original file path and name: \\cheron\Projects\OCTA\370900_SR57NBWideningPSE\Design\.....
.....is\RW614_ST15+40.BEN

Original date and time of creating this file: Thu Jan 08 09:08:00 2009

PROGRAM MODE: ANALYSIS
of a SIMPLE STRUCTURE
using METAL MATS/GRIDS as reinforcing material.
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SOIL DATA

REINFORCED SOIL
Unit weight, γ 120.0 lb/ft ³
Design value of internal angle of friction, φ 34.0 °

RETAINED SOIL
Unit weight, γ 120.0 lb/ft ³
Design value of internal angle of friction, φ 34.0 °

FOUNDATION SOIL (Considered as an equivalent uniform soil)
Equivalent unit weight, γ equiv. 130.0 lb/ft ³
Equivalent internal angle of friction, φequiv. 30.0 °
Equivalent cohesion,  c equiv. 950.0 lb/ft ²

Water table does not affect bearing capacity

LATERAL EARTH PRESSURE COEFFICIENTS

Ka (internal stability) = 0.2827   (if batter is less than 10°, Ka is calculated from eq. 15.  Otherwise, eq. 38 is utilized)
Ka (external stability) = 0.2827   (if batter is less than 10°, Ka is calculated from eq. 16.  Otherwise, eq. 17 is utilized)

BEARING CAPACITY

Bearing capacity coefficients (calculated by MSEW):  Nc = 6.83 N   = 4.00γ

SEISMICITY

Maximum ground acceleration coefficient, A = 0.200
Design acceleration coefficient in Internal Stability:  Kh = 0.250
Design acceleration coefficient in External Stability:  Kh = 0.250

Kae ( Kh > 0 ) = 0.4504 Kae ( Kh = 0 )  = 0.2827 Kae = 0.1677     (see eq. 37 in DEMO 82)Δ
Seismic soil-metal mats friction coefficient, F* is 80.0% of its specified static value.
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INPUT DATA:  Metal mats/grids
(Analysis)

D  A  T  A Metal mats
type #1

Metal mats
type #2

Metal mats
type #3

Metal mats
type #4

Metal mats
type #5

Yield strength of steel, Fy  [kips/in ²]
Gross width of grid, b  [in]
Vertical spacing, Sv [ft]

65.0
6.0
Varies

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

Design cross section area, Ac  [in ²] 0.14 N/A N/A N/A N/A
Thickness of transverse element, t  [in]
Distance between transverse bars, St  [in]

0.4
6.0

N/A
N/A

N/A
N/A

N/A
N/A

N/A
N/A

Friction angle along reinforcement-soil interface, ρ
@ the top
@ 19.7 ft or below

Pullout resistance factor,  F*
@ the top
@ 19.7 ft or below

Scale-effect correction factor, α

51.25
34.00

1.25
0.62
1.00

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

Variation of Lateral Earth Pressure Coefficient With Depth

Z K / Ka
   0 ft 2.50
 3.3 ft 2.30
 6.6 ft 2.05
 9.8 ft 1.85
13.1 ft 1.65
16.4 ft 1.40
19.7 ft 1.20

   0

 6.6

 9.8

16.4

26.2

32.8

Z [ft]

0.0 1.0 2.0 3.0
K / Ka
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INPUT DATA:  Facia and Connection
(Analysis)

FACIA type:   Full height precast concrete panels.
Depth of panel is 0.50 ft.  Horizontal distance to Center of Gravity of panel is 0.25 ft.
Average unit weight of panel is   = 150.00 lb/ft ³γ f

Z / Hd    To-static / Tmax
or   To-seismic / Tmd

Top of wall

0.00
0.25
0.50
0.75
1.00

Z / Hd

1.00 0.90 0.80 0.70 0.60 0.50
To-static / Tmax   or   To-seismic / Tmd

0.00 1.00
0.25 1.00
0.50 1.00
0.75 1.00
1.00 1.00

D  A  T  A  (for connection only) Type #1 Type #2 Type #3 Type #4 Type #5

Product Name Caltrans .. N/A N/A N/A N/A
Strength reduction at the connection,

CRu = Fyc  / Fy 0.90 N/A N/A N/A N/A
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INPUT DATA:  Geometry and Surcharge loads  (of a SIMPLE STRUCTURE)

Design height, Hd 15.00 [ft] { Embedded depth is E = 4.00 ft, and height above top of finished
bottom grade is H = 11.00 ft }

Batter, ω 0.0 [deg]
Backslope, β 0.0 [deg]
Backslope rise 0.0 [ft] Broken back equivalent angle, I = 0.00°  (see Fig. 25 in DEMO 82)

U N I F O R M   S U R C H A R G E
Uniformly distributed dead load is 240.0 [lb/ft ²]

ANALYZED REINFORCEMENT LAYOUT:

SCALE:

0 2 4 6 8 10 [ft]
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ANALYSIS: CALCULATED FACTORS (Static conditions)
Bearing capacity, Fs = 3.35, Meyerhof stress = 2604 lb/ft².

Foundation Interface: Direct sliding, Fs = 3.131, Eccentricity, e/L = 0.1082, Fs-overturning = 4.62
M E T A L   M A T S C O N N E C T I O N

# Elevation Length Type
#

Fs-overall
 [pullout
resistance]

Fs-overall
[connection
    break]

Fs-overall
[metal mats
strength]

Metal mats
strength
   Fs

Pullout
resistance
   Fs

Direct
sliding
   Fs

Eccentricity
   e/L

Product
name

[ft] [ft]

1 1.25 11.00 1 N/A 7.72 8.57 8.573 14.784 3.387 0.0923 Caltrans W20
2 3.75 11.00 1 N/A 8.30 9.22 9.224 12.537 4.054 0.0642 Caltrans W20
3 6.25 11.00 1 N/A 9.42 10.47 10.471 10.417 5.058 0.0409 Caltrans W20
4 8.75 11.00 1 N/A 11.33 12.59 12.589 9.320 6.759 0.0226 Caltrans W20
5 11.25 11.00 1 N/A 15.01 16.68 16.681 9.257 10.385 0.0093 Caltrans W20
6 13.75 11.00 1 N/A 24.83 27.59 27.594 9.263 25.994 0.0014 Caltrans W20

ANALYSIS: CALCULATED FACTORS (Seismic conditions)
Bearing capacity, Fs = 1.92, Meyerhof stress = 4114 lb/ft².

Foundation Interface: Direct sliding, Fs = 1.620, Eccentricity, e/L = 0.2520, Fs-overturning = 1.98
M E T A L   M A T S C O N N E C T I O N

# Elevation Length Type
#

Fs-overall
 [pullout
resistance]

Fs-overall
[connection
    break]

Fs-overall
[metal mats
strength]

Metal mats
strength
   Fs

Pullout
resistance
   Fs

Direct
sliding
   Fs

Eccentricity
   e/L

Product
name

[ft] [ft]

1 1.25 11.00 1 N/A 6.65 7.39 7.390 10.194 1.769 0.2119 Caltrans W20
2 3.75 11.00 1 N/A 7.24 8.04 8.041 8.743 2.166 0.1420 Caltrans W20
3 6.25 11.00 1 N/A 8.28 9.20 9.198 7.320 2.794 0.0861 Caltrans W20
4 8.75 11.00 1 N/A 9.86 10.96 10.955 6.489 3.930 0.0440 Caltrans W20
5 11.25 11.00 1 N/A 12.54 13.93 13.928 6.183 6.609 0.0159 Caltrans W20
6 13.75 11.00 1 N/A 18.72 20.80 20.796 5.585 20.290 0.0018 Caltrans W20
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BEARING CAPACITY for GIVEN LAYOUT

SCALE:

0 2 4 6 8 10 [ft]

STATIC SEISMIC UNITS
(Water table does not affect bearing capacity)
Ultimate bearing capacity, q-ult 8732 7910 [lb/ft ²]
Meyerhof stress, σV 2603.6 4114 [lb/ft ²]
Eccentricity,  e 1.19 2.77 [ft]
Eccentricity,  e/L 0.108 0.252
Fs calculated 3.35 1.92
Base length 11.00 11.00 [ft]
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DIRECT SLIDING for GIVEN LAYOUT
(for METAL MATS/GRIDS reinforcements)

Along reinforced and foundation soils interface:  Fs-static = 3.131  and  Fs-seismic = 1.620

  # Metal Mats
Elevation
   [ft]

Metal Mats
Length
   [ft]

  Fs
Static

  Fs
Seismic

Metal Mats
Type  # Product name

1 1.25 11.00 3.387 1.769 1 Caltrans W20
2 3.75 11.00 4.054 2.166 1 Caltrans W20
3 6.25 11.00 5.058 2.794 1 Caltrans W20
4 8.75 11.00 6.759 3.930 1 Caltrans W20
5 11.25 11.00 10.385 6.609 1 Caltrans W20
6 13.75 11.00 25.994 20.290 1 Caltrans W20

ECCENTRICITY for GIVEN LAYOUT

At interface with foundation:  e/L static = 0.1082,  e/L seismic = 0.2520; Overturning: Fs-static = 4.62, Fs-seismic = 1.98

  # Metal Mats
Elevation
   [ft]

Metal Mats
Length
   [ft]

 e / L
Static

 e / L
Seismic

Metal Mats
Type  # Product name

1 1.25 11.00 0.0923 0.2119 1 Caltrans W20
2 3.75 11.00 0.0642 0.1420 1 Caltrans W20
3 6.25 11.00 0.0409 0.0861 1 Caltrans W20
4 8.75 11.00 0.0226 0.0440 1 Caltrans W20
5 11.25 11.00 0.0093 0.0159 1 Caltrans W20
6 13.75 11.00 0.0014 0.0018 1 Caltrans W20
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RESULTS for STRENGTH     [ Note: Actual Fs-overall = (Yield stress) / (Actual stress) ]

  # Metal Mats
Elevation
   [ft]

Coverage
  ratio,
Rc=b/Sh

Horizontal
spacing, Sh
   [ft]

Long-term
strength
Fy·Ac·Rc/b
   [lb/ft]

  Tmax
[lb/ft]

Tmd
[lb/ft]

Specified
minimum
Fs-overall
static

Actual
calculated
Fs-overall
static

Specified
minimum
Fs-overall
seismic

Actual
calculated
Fs-overall
seismic

1 1.25 1.000 0.500 18213 2124.39 340.26 N/A 8.573 N/A 7.390
2 3.75 1.000 0.500 18213 1974.51 290.47 N/A 9.224 N/A 8.041
3 6.25 1.000 0.500 18213 1739.39 240.67 N/A 10.471 N/A 9.198
4 8.75 1.000 0.500 18213 1446.71 215.78 N/A 12.589 N/A 10.955
5 11.25 1.000 0.500 18213 1091.87 215.78 N/A 16.681 N/A 13.928
6 13.75 1.000 0.500 18213 660.03 215.78 N/A 27.594 N/A 20.796

RESULTS for PULLOUT

  # Metal Mats
Elevation

[ft]

Coverage
Ratio
Rc=b/Sh

Tmax
[lb/ft]

Tmd
[lb/ft]

Le
[ft]

La
[ft]

Avail.Static
Pullout, Pr

[lb/ft]

Specified
Static

Fs

Actual
Static

Fs

Avail.Seism.
Pullout, Pr

[lb/ft]

Specified
Seismic

Fs

Actual
Seismic

Fs

1 1.25 1.000 2124.4 340.3 10.25 0.75 31406.2 25125.0N/A 14.784 N/A 10.194
2 3.75 1.000 1974.5 290.5 8.75 2.25 24754.2 19803.4N/A 12.537 N/A 8.743
3 6.25 1.000 1739.4 240.7 7.25 3.75 18118.8 14495.0N/A 10.417 N/A 7.320
4 8.75 1.000 1446.7 215.8 6.50 4.50 13483.8 10787.1N/A 9.320 N/A 6.489
5 11.25 1.000 1091.9 215.8 6.50 4.50 10107.2 8085.8N/A 9.257 N/A 6.183
6 13.75 1.000 660.0 215.8 6.50 4.50 6113.7 4891.0N/A 9.263 N/A 5.585
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RESULTS for CONNECTION (static conditions)

  # Metal Mats
Elevation
   [ft]

Coverage
  ratio
Rc=b/Sh

Horizontal
spacing, Sh
   [ft]

Connection
force, To
  [lb/ft]

Reduction
factor for
connection
break,
CRu

Long-term
connection
strength,Tac
(break
criterion)
  [lb/ft]

Metal Mats
long-term
strength,
  [lb/ft]

Fs-overall
connection
break

Specified   Actual

Fs-overall
Metal Mats
strength

Specified   Actual

Product
name

1 1.25 1.000 0.500 2124 0.90 16392 18213 N/A 7.72 N/A 8.57 Caltrans W20
2 3.75 1.000 0.500 1975 0.90 16392 18213 N/A 8.30 N/A 9.22 Caltrans W20
3 6.25 1.000 0.500 1739 0.90 16392 18213 N/A 9.42 N/A 10.47 Caltrans W20
4 8.75 1.000 0.500 1447 0.90 16392 18213 N/A 11.33 N/A 12.59 Caltrans W20
5 11.25 1.000 0.500 1092 0.90 16392 18213 N/A 15.01 N/A 16.68 Caltrans W20
6 13.75 1.000 0.500 660 0.90 16392 18213 N/A 24.83 N/A 27.59 Caltrans W20

RESULTS for CONNECTION (seismic conditions)

  # Metal Mats
Elevation
   [ft]

Coverage
  ratio
Rc=b/Sh

Horizontal
spacing, Sh
   [ft]

Connection
force, To
  [lb/ft]

Reduction
factor for
connection
break,
CRu

Long-term
connection
strength,Tac
(break
criterion)
  [lb/ft]

Metal Mats
long-term
strength,
  [lb/ft]

Fs-overall
connection
break

Specified   Actual

Fs-overall
Metal Mats
strength

Specified   Actual

Product
name

1 1.25 1.000 0.500 2465 0.90 16392 18213 N/A 6.65 N/A 7.39 Caltrans W20
2 3.75 1.000 0.500 2265 0.90 16392 18213 N/A 7.24 N/A 8.04 Caltrans W20
3 6.25 1.000 0.500 1980 0.90 16392 18213 N/A 8.28 N/A 9.20 Caltrans W20
4 8.75 1.000 0.500 1662 0.90 16392 18213 N/A 9.86 N/A 10.96 Caltrans W20
5 11.25 1.000 0.500 1308 0.90 16392 18213 N/A 12.54 N/A 13.93 Caltrans W20
6 13.75 1.000 0.500 876 0.90 16392 18213 N/A 18.72 N/A 20.80 Caltrans W20
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SR-57 Improvements
AASHTO  DESIGN  METHOD

PROJECT IDENTIFICATION

Title: SR-57 Improvements
Project Number: RW614
Client: OCTA
Designer: RB
Station Number: 15+50

Description:

Company's information:

Name: CH2M HILL
Street: 6 Hutton Center Drive

#700
Santa Ana, CA  92707

Telephone #:
Fax #:
E-Mail:

Original file path and name: \\cheron\Projects\OCTA\370900_SR57NBWideningPSE\Design\.....
.....is\RW614_ST15+50.BEN

Original date and time of creating this file: Thu Jan 08 09:08:00 2009

PROGRAM MODE: ANALYSIS
of a SIMPLE STRUCTURE
using METAL MATS/GRIDS as reinforcing material.
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SOIL DATA

REINFORCED SOIL
Unit weight, γ 120.0 lb/ft ³
Design value of internal angle of friction, φ 34.0 °

RETAINED SOIL
Unit weight, γ 120.0 lb/ft ³
Design value of internal angle of friction, φ 34.0 °

FOUNDATION SOIL (Considered as an equivalent uniform soil)
Equivalent unit weight, γ equiv. 130.0 lb/ft ³
Equivalent internal angle of friction, φequiv. 30.0 °
Equivalent cohesion,  c equiv. 950.0 lb/ft ²

Water table does not affect bearing capacity

LATERAL EARTH PRESSURE COEFFICIENTS

Ka (internal stability) = 0.2827   (if batter is less than 10°, Ka is calculated from eq. 15.  Otherwise, eq. 38 is utilized)
Ka (external stability) = 0.2827   (if batter is less than 10°, Ka is calculated from eq. 16.  Otherwise, eq. 17 is utilized)

BEARING CAPACITY

Bearing capacity coefficients (calculated by MSEW):  Nc = 10.84 N   = 4.00γ

SEISMICITY

Maximum ground acceleration coefficient, A = 0.200
Design acceleration coefficient in Internal Stability:  Kh = 0.250
Design acceleration coefficient in External Stability:  Kh = 0.250

Kae ( Kh > 0 ) = 0.4504 Kae ( Kh = 0 )  = 0.2827 Kae = 0.1677     (see eq. 37 in DEMO 82)Δ
Seismic soil-metal mats friction coefficient, F* is 80.0% of its specified static value.
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INPUT DATA:  Metal mats/grids
(Analysis)

D  A  T  A Metal mats
type #1

Metal mats
type #2

Metal mats
type #3

Metal mats
type #4

Metal mats
type #5

Yield strength of steel, Fy  [kips/in ²]
Gross width of grid, b  [in]
Vertical spacing, Sv [ft]

65.0
6.0
Varies

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

Design cross section area, Ac  [in ²] 0.14 N/A N/A N/A N/A
Thickness of transverse element, t  [in]
Distance between transverse bars, St  [in]

0.4
6.0

N/A
N/A

N/A
N/A

N/A
N/A

N/A
N/A

Friction angle along reinforcement-soil interface, ρ
@ the top
@ 19.7 ft or below

Pullout resistance factor,  F*
@ the top
@ 19.7 ft or below

Scale-effect correction factor, α

51.25
34.00

1.25
0.62
1.00

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

Variation of Lateral Earth Pressure Coefficient With Depth

Z K / Ka
   0 ft 2.50
 3.3 ft 2.30
 6.6 ft 2.05
 9.8 ft 1.85
13.1 ft 1.65
16.4 ft 1.40
19.7 ft 1.20

   0

 6.6

 9.8

16.4

26.2

32.8

Z [ft]

0.0 1.0 2.0 3.0
K / Ka
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INPUT DATA:  Facia and Connection
(Analysis)

FACIA type:   Full height precast concrete panels.
Depth of panel is 0.50 ft.  Horizontal distance to Center of Gravity of panel is 0.25 ft.
Average unit weight of panel is   = 150.00 lb/ft ³γ f

Z / Hd    To-static / Tmax
or   To-seismic / Tmd

Top of wall

0.00
0.25
0.50
0.75
1.00

Z / Hd

1.00 0.90 0.80 0.70 0.60 0.50
To-static / Tmax   or   To-seismic / Tmd

0.00 1.00
0.25 1.00
0.50 1.00
0.75 1.00
1.00 1.00

D  A  T  A  (for connection only) Type #1 Type #2 Type #3 Type #4 Type #5

Product Name Caltrans .. N/A N/A N/A N/A
Strength reduction at the connection,

CRu = Fyc  / Fy 0.90 N/A N/A N/A N/A
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INPUT DATA:  Geometry and Surcharge loads  (of a SIMPLE STRUCTURE)

Design height, Hd 15.00 [ft] { Embedded depth is E = 4.50 ft, and height above top of finished
bottom grade is H = 10.50 ft }

Batter, ω 0.0 [deg]
Backslope, β 0.0 [deg]
Backslope rise 0.0 [ft] Broken back equivalent angle, I = 0.00°  (see Fig. 25 in DEMO 82)

U N I F O R M   S U R C H A R G E
Uniformly distributed dead load is 240.0 [lb/ft ²]

ANALYZED REINFORCEMENT LAYOUT:

SCALE:

0 2 4 6 8 10 [ft]
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ANALYSIS: CALCULATED FACTORS (Static conditions)
Bearing capacity, Fs = 5.45, Meyerhof stress = 2414 lb/ft².

Foundation Interface: Direct sliding, Fs = 3.700, Eccentricity, e/L = 0.0775, Fs-overturning = 6.45
M E T A L   M A T S C O N N E C T I O N

# Elevation Length Type
#

Fs-overall
 [pullout
resistance]

Fs-overall
[connection
    break]

Fs-overall
[metal mats
strength]

Metal mats
strength
   Fs

Pullout
resistance
   Fs

Direct
sliding
   Fs

Eccentricity
   e/L

Product
name

[ft] [ft]

1 1.25 13.00 1 N/A 7.72 8.57 8.573 17.671 4.003 0.0661 Caltrans W20
2 3.75 13.00 1 N/A 8.30 9.22 9.224 15.406 4.791 0.0459 Caltrans W20
3 6.25 13.00 1 N/A 9.42 10.47 10.471 13.294 5.977 0.0293 Caltrans W20
4 8.75 13.00 1 N/A 11.33 12.59 12.589 12.192 7.988 0.0162 Caltrans W20
5 11.25 13.00 1 N/A 15.01 16.68 16.681 12.109 12.273 0.0066 Caltrans W20
6 13.75 13.00 1 N/A 24.83 27.59 27.594 12.116 30.720 0.0010 Caltrans W20

ANALYSIS: CALCULATED FACTORS (Seismic conditions)
Bearing capacity, Fs = 3.90, Meyerhof stress = 3192 lb/ft².

Foundation Interface: Direct sliding, Fs = 1.915, Eccentricity, e/L = 0.1805, Fs-overturning = 2.77
M E T A L   M A T S C O N N E C T I O N

# Elevation Length Type
#

Fs-overall
 [pullout
resistance]

Fs-overall
[connection
    break]

Fs-overall
[metal mats
strength]

Metal mats
strength
   Fs

Pullout
resistance
   Fs

Direct
sliding
   Fs

Eccentricity
   e/L

Product
name

[ft] [ft]

1 1.25 13.00 1 N/A 6.70 7.44 7.444 12.276 2.091 0.1517 Caltrans W20
2 3.75 13.00 1 N/A 7.26 8.07 8.069 10.781 2.560 0.1017 Caltrans W20
3 6.25 13.00 1 N/A 8.27 9.19 9.186 9.330 3.302 0.0616 Caltrans W20
4 8.75 13.00 1 N/A 9.81 10.90 10.904 8.448 4.644 0.0315 Caltrans W20
5 11.25 13.00 1 N/A 12.46 13.85 13.846 8.041 7.810 0.0114 Caltrans W20
6 13.75 13.00 1 N/A 18.55 20.61 20.613 7.241 23.979 0.0013 Caltrans W20
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BEARING CAPACITY for GIVEN LAYOUT

SCALE:

0 2 4 6 8 10 [ft]

STATIC SEISMIC UNITS
(Water table does not affect bearing capacity)
Ultimate bearing capacity, q-ult 13157 12461 [lb/ft ²]
Meyerhof stress, σV 2414.2 3192 [lb/ft ²]
Eccentricity,  e 1.01 2.35 [ft]
Eccentricity,  e/L 0.077 0.180
Fs calculated 5.45 3.90
Base length 13.00 13.00 [ft]
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DIRECT SLIDING for GIVEN LAYOUT
(for METAL MATS/GRIDS reinforcements)

Along reinforced and foundation soils interface:  Fs-static = 3.700  and  Fs-seismic = 1.915

  # Metal Mats
Elevation
   [ft]

Metal Mats
Length
   [ft]

  Fs
Static

  Fs
Seismic

Metal Mats
Type  # Product name

1 1.25 13.00 4.003 2.091 1 Caltrans W20
2 3.75 13.00 4.791 2.560 1 Caltrans W20
3 6.25 13.00 5.977 3.302 1 Caltrans W20
4 8.75 13.00 7.988 4.644 1 Caltrans W20
5 11.25 13.00 12.273 7.810 1 Caltrans W20
6 13.75 13.00 30.720 23.979 1 Caltrans W20

ECCENTRICITY for GIVEN LAYOUT

At interface with foundation:  e/L static = 0.0775,  e/L seismic = 0.1805; Overturning: Fs-static = 6.45, Fs-seismic = 2.77

  # Metal Mats
Elevation
   [ft]

Metal Mats
Length
   [ft]

 e / L
Static

 e / L
Seismic

Metal Mats
Type  # Product name

1 1.25 13.00 0.0661 0.1517 1 Caltrans W20
2 3.75 13.00 0.0459 0.1017 1 Caltrans W20
3 6.25 13.00 0.0293 0.0616 1 Caltrans W20
4 8.75 13.00 0.0162 0.0315 1 Caltrans W20
5 11.25 13.00 0.0066 0.0114 1 Caltrans W20
6 13.75 13.00 0.0010 0.0013 1 Caltrans W20
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RESULTS for STRENGTH     [ Note: Actual Fs-overall = (Yield stress) / (Actual stress) ]

  # Metal Mats
Elevation
   [ft]

Coverage
  ratio,
Rc=b/Sh

Horizontal
spacing, Sh
   [ft]

Long-term
strength
Fy·Ac·Rc/b
   [lb/ft]

  Tmax
[lb/ft]

Tmd
[lb/ft]

Specified
minimum
Fs-overall
static

Actual
calculated
Fs-overall
static

Specified
minimum
Fs-overall
seismic

Actual
calculated
Fs-overall
seismic

1 1.25 1.000 0.500 18213 2124.39 322.16 N/A 8.573 N/A 7.444
2 3.75 1.000 0.500 18213 1974.51 282.71 N/A 9.224 N/A 8.069
3 6.25 1.000 0.500 18213 1739.39 243.26 N/A 10.471 N/A 9.186
4 8.75 1.000 0.500 18213 1446.71 223.54 N/A 12.589 N/A 10.904
5 11.25 1.000 0.500 18213 1091.87 223.54 N/A 16.681 N/A 13.846
6 13.75 1.000 0.500 18213 660.03 223.54 N/A 27.594 N/A 20.613

RESULTS for PULLOUT

  # Metal Mats
Elevation

[ft]

Coverage
Ratio
Rc=b/Sh

Tmax
[lb/ft]

Tmd
[lb/ft]

Le
[ft]

La
[ft]

Avail.Static
Pullout, Pr

[lb/ft]

Specified
Static

Fs

Actual
Static

Fs

Avail.Seism.
Pullout, Pr

[lb/ft]

Specified
Seismic

Fs

Actual
Seismic

Fs

1 1.25 1.000 2124.4 322.2 12.25 0.75 37541.0 30032.8N/A 17.671 N/A 12.276
2 3.75 1.000 1974.5 282.7 10.75 2.25 30418.8 24335.0N/A 15.406 N/A 10.781
3 6.25 1.000 1739.4 243.3 9.25 3.75 23123.1 18498.5N/A 13.294 N/A 9.330
4 8.75 1.000 1446.7 223.5 8.50 4.50 17637.9 14110.4N/A 12.192 N/A 8.448
5 11.25 1.000 1091.9 223.5 8.50 4.50 13221.0 10576.8N/A 12.109 N/A 8.041
6 13.75 1.000 660.0 223.5 8.50 4.50 7997.2 6397.8N/A 12.116 N/A 7.241
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RESULTS for CONNECTION (static conditions)

  # Metal Mats
Elevation
   [ft]

Coverage
  ratio
Rc=b/Sh

Horizontal
spacing, Sh
   [ft]

Connection
force, To
  [lb/ft]

Reduction
factor for
connection
break,
CRu

Long-term
connection
strength,Tac
(break
criterion)
  [lb/ft]

Metal Mats
long-term
strength,
  [lb/ft]

Fs-overall
connection
break

Specified   Actual

Fs-overall
Metal Mats
strength

Specified   Actual

Product
name

1 1.25 1.000 0.500 2124 0.90 16392 18213 N/A 7.72 N/A 8.57 Caltrans W20
2 3.75 1.000 0.500 1975 0.90 16392 18213 N/A 8.30 N/A 9.22 Caltrans W20
3 6.25 1.000 0.500 1739 0.90 16392 18213 N/A 9.42 N/A 10.47 Caltrans W20
4 8.75 1.000 0.500 1447 0.90 16392 18213 N/A 11.33 N/A 12.59 Caltrans W20
5 11.25 1.000 0.500 1092 0.90 16392 18213 N/A 15.01 N/A 16.68 Caltrans W20
6 13.75 1.000 0.500 660 0.90 16392 18213 N/A 24.83 N/A 27.59 Caltrans W20

RESULTS for CONNECTION (seismic conditions)

  # Metal Mats
Elevation
   [ft]

Coverage
  ratio
Rc=b/Sh

Horizontal
spacing, Sh
   [ft]

Connection
force, To
  [lb/ft]

Reduction
factor for
connection
break,
CRu

Long-term
connection
strength,Tac
(break
criterion)
  [lb/ft]

Metal Mats
long-term
strength,
  [lb/ft]

Fs-overall
connection
break

Specified   Actual

Fs-overall
Metal Mats
strength

Specified   Actual

Product
name

1 1.25 1.000 0.500 2447 0.90 16392 18213 N/A 6.70 N/A 7.44 Caltrans W20
2 3.75 1.000 0.500 2257 0.90 16392 18213 N/A 7.26 N/A 8.07 Caltrans W20
3 6.25 1.000 0.500 1983 0.90 16392 18213 N/A 8.27 N/A 9.19 Caltrans W20
4 8.75 1.000 0.500 1670 0.90 16392 18213 N/A 9.81 N/A 10.90 Caltrans W20
5 11.25 1.000 0.500 1315 0.90 16392 18213 N/A 12.46 N/A 13.85 Caltrans W20
6 13.75 1.000 0.500 884 0.90 16392 18213 N/A 18.55 N/A 20.61 Caltrans W20
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SR-57 Improvements
AASHTO  DESIGN  METHOD

PROJECT IDENTIFICATION

Title: SR-57 Improvements
Project Number: RW614
Client: OCTA
Designer: RB
Station Number: 17+13.15

Description:

Company's information:

Name: CH2M HILL
Street: 6 Hutton Center Drive

#700
Santa Ana, CA  92707

Telephone #:
Fax #:
E-Mail:

Original file path and name: \\cheron\Projects\OCTA\370900_SR57NBWideningPSE\Design\.....
.....RW614_ST17+13.15.BEN

Original date and time of creating this file: Thu Jan 08 09:08:00 2009

PROGRAM MODE: ANALYSIS
of a SIMPLE STRUCTURE
using METAL MATS/GRIDS as reinforcing material.
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SOIL DATA

REINFORCED SOIL
Unit weight, γ 120.0 lb/ft ³
Design value of internal angle of friction, φ 34.0 °

RETAINED SOIL
Unit weight, γ 120.0 lb/ft ³
Design value of internal angle of friction, φ 34.0 °

FOUNDATION SOIL (Considered as an equivalent uniform soil)
Equivalent unit weight, γ equiv. 130.0 lb/ft ³
Equivalent internal angle of friction, φequiv. 30.0 °
Equivalent cohesion,  c equiv. 950.0 lb/ft ²

Water table does not affect bearing capacity

LATERAL EARTH PRESSURE COEFFICIENTS

Ka (internal stability) = 0.2827   (if batter is less than 10°, Ka is calculated from eq. 15.  Otherwise, eq. 38 is utilized)
Ka (external stability) = 0.2827   (if batter is less than 10°, Ka is calculated from eq. 16.  Otherwise, eq. 17 is utilized)

BEARING CAPACITY

Bearing capacity coefficients (calculated by MSEW):  Nc = 13.62 N   = 4.00γ

SEISMICITY

Maximum ground acceleration coefficient, A = 0.200
Design acceleration coefficient in Internal Stability:  Kh = 0.250
Design acceleration coefficient in External Stability:  Kh = 0.250

Kae ( Kh > 0 ) = 0.4504 Kae ( Kh = 0 )  = 0.2827 Kae = 0.1677     (see eq. 37 in DEMO 82)Δ
Seismic soil-metal mats friction coefficient, F* is 80.0% of its specified static value.
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INPUT DATA:  Metal mats/grids
(Analysis)

D  A  T  A Metal mats
type #1

Metal mats
type #2

Metal mats
type #3

Metal mats
type #4

Metal mats
type #5

Yield strength of steel, Fy  [kips/in ²]
Gross width of grid, b  [in]
Vertical spacing, Sv [ft]

65.0
6.0
Varies

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

Design cross section area, Ac  [in ²] 0.14 N/A N/A N/A N/A
Thickness of transverse element, t  [in]
Distance between transverse bars, St  [in]

0.4
6.0

N/A
N/A

N/A
N/A

N/A
N/A

N/A
N/A

Friction angle along reinforcement-soil interface, ρ
@ the top
@ 19.7 ft or below

Pullout resistance factor,  F*
@ the top
@ 19.7 ft or below

Scale-effect correction factor, α

51.25
34.00

1.25
0.62
1.00

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

Variation of Lateral Earth Pressure Coefficient With Depth

Z K / Ka
   0 ft 2.50
 3.3 ft 2.30
 6.6 ft 2.05
 9.8 ft 1.85
13.1 ft 1.65
16.4 ft 1.40
19.7 ft 1.20

   0

 6.6

 9.8

16.4

26.2

32.8

Z [ft]

0.0 1.0 2.0 3.0
K / Ka
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INPUT DATA:  Facia and Connection
(Analysis)

FACIA type:   Full height precast concrete panels.
Depth of panel is 0.50 ft.  Horizontal distance to Center of Gravity of panel is 0.25 ft.
Average unit weight of panel is   = 150.00 lb/ft ³γ f

Z / Hd    To-static / Tmax
or   To-seismic / Tmd

Top of wall

0.00
0.25
0.50
0.75
1.00

Z / Hd

1.00 0.90 0.80 0.70 0.60 0.50
To-static / Tmax   or   To-seismic / Tmd

0.00 1.00
0.25 1.00
0.50 1.00
0.75 1.00
1.00 1.00

D  A  T  A  (for connection only) Type #1 Type #2 Type #3 Type #4 Type #5

Product Name Caltrans .. N/A N/A N/A N/A
Strength reduction at the connection,

CRu = Fyc  / Fy 0.90 N/A N/A N/A N/A
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INPUT DATA:  Geometry and Surcharge loads  (of a SIMPLE STRUCTURE)

Design height, Hd 10.00 [ft] { Embedded depth is E = 2.50 ft, and height above top of finished
bottom grade is H = 7.50 ft }

Batter, ω 0.0 [deg]
Backslope, β 0.0 [deg]
Backslope rise 0.0 [ft] Broken back equivalent angle, I = 0.00°  (see Fig. 25 in DEMO 82)

U N I F O R M   S U R C H A R G E
Uniformly distributed dead load is 240.0 [lb/ft ²]

ANALYZED REINFORCEMENT LAYOUT:

SCALE:

0 2 4 6 [ft]
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ANALYSIS: CALCULATED FACTORS (Static conditions)
Bearing capacity, Fs = 8.15, Meyerhof stress = 1792 lb/ft².

Foundation Interface: Direct sliding, Fs = 3.272, Eccentricity, e/L = 0.0982, Fs-overturning = 5.09
M E T A L   M A T S C O N N E C T I O N

# Elevation Length Type
#

Fs-overall
 [pullout
resistance]

Fs-overall
[connection
    break]

Fs-overall
[metal mats
strength]

Metal mats
strength
   Fs

Pullout
resistance
   Fs

Direct
sliding
   Fs

Eccentricity
   e/L

Product
name

[ft] [ft]

1 1.25 8.00 1 N/A 9.42 10.47 10.471 10.417 3.678 0.0773 Caltrans W20
2 3.75 8.00 1 N/A 11.33 12.59 12.589 8.244 4.916 0.0427 Caltrans W20
3 6.25 8.00 1 N/A 15.01 16.68 16.681 7.120 7.553 0.0176 Caltrans W20
4 8.75 8.00 1 N/A 24.83 27.59 27.594 7.124 18.905 0.0026 Caltrans W20

ANALYSIS: CALCULATED FACTORS (Seismic conditions)
Bearing capacity, Fs = 5.65, Meyerhof stress = 2503 lb/ft².

Foundation Interface: Direct sliding, Fs = 1.775, Eccentricity, e/L = 0.2123, Fs-overturning = 2.36
M E T A L   M A T S C O N N E C T I O N

# Elevation Length Type
#

Fs-overall
 [pullout
resistance]

Fs-overall
[connection
    break]

Fs-overall
[metal mats
strength]

Metal mats
strength
   Fs

Pullout
resistance
   Fs

Direct
sliding
   Fs

Eccentricity
   e/L

Product
name

[ft] [ft]

1 1.25 8.00 1 N/A 8.40 9.33 9.330 7.425 2.032 0.1627 Caltrans W20
2 3.75 8.00 1 N/A 10.15 11.27 11.274 5.907 2.858 0.0832 Caltrans W20
3 6.25 8.00 1 N/A 13.23 14.70 14.704 5.021 4.806 0.0301 Caltrans W20
4 8.75 8.00 1 N/A 20.32 22.58 22.575 4.663 14.756 0.0034 Caltrans W20
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BEARING CAPACITY for GIVEN LAYOUT

SCALE:

0 2 4 6 [ft]

STATIC SEISMIC UNITS
(Water table does not affect bearing capacity)
Ultimate bearing capacity, q-ult 14610 14135 [lb/ft ²]
Meyerhof stress, σV 1791.8 2503 [lb/ft ²]
Eccentricity,  e 0.79 1.70 [ft]
Eccentricity,  e/L 0.098 0.212
Fs calculated 8.15 5.65
Base length 8.00 8.00 [ft]
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DIRECT SLIDING for GIVEN LAYOUT
(for METAL MATS/GRIDS reinforcements)

Along reinforced and foundation soils interface:  Fs-static = 3.272  and  Fs-seismic = 1.775

  # Metal Mats
Elevation
   [ft]

Metal Mats
Length
   [ft]

  Fs
Static

  Fs
Seismic

Metal Mats
Type  # Product name

1 1.25 8.00 3.678 2.032 1 Caltrans W20
2 3.75 8.00 4.916 2.858 1 Caltrans W20
3 6.25 8.00 7.553 4.806 1 Caltrans W20
4 8.75 8.00 18.905 14.756 1 Caltrans W20

ECCENTRICITY for GIVEN LAYOUT

At interface with foundation:  e/L static = 0.0982,  e/L seismic = 0.2123; Overturning: Fs-static = 5.09, Fs-seismic = 2.36

  # Metal Mats
Elevation
   [ft]

Metal Mats
Length
   [ft]

 e / L
Static

 e / L
Seismic

Metal Mats
Type  # Product name

1 1.25 8.00 0.0773 0.1627 1 Caltrans W20
2 3.75 8.00 0.0427 0.0832 1 Caltrans W20
3 6.25 8.00 0.0176 0.0301 1 Caltrans W20
4 8.75 8.00 0.0026 0.0034 1 Caltrans W20
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RESULTS for STRENGTH     [ Note: Actual Fs-overall = (Yield stress) / (Actual stress) ]

  # Metal Mats
Elevation
   [ft]

Coverage
  ratio,
Rc=b/Sh

Horizontal
spacing, Sh
   [ft]

Long-term
strength
Fy·Ac·Rc/b
   [lb/ft]

  Tmax
[lb/ft]

Tmd
[lb/ft]

Specified
minimum
Fs-overall
static

Actual
calculated
Fs-overall
static

Specified
minimum
Fs-overall
seismic

Actual
calculated
Fs-overall
seismic

1 1.25 1.000 0.500 18213 1739.39 212.77 N/A 10.471 N/A 9.330
2 3.75 1.000 0.500 18213 1446.71 168.75 N/A 12.589 N/A 11.274
3 6.25 1.000 0.500 18213 1091.87 146.74 N/A 16.681 N/A 14.704
4 8.75 1.000 0.500 18213 660.03 146.74 N/A 27.594 N/A 22.575

RESULTS for PULLOUT

  # Metal Mats
Elevation

[ft]

Coverage
Ratio
Rc=b/Sh

Tmax
[lb/ft]

Tmd
[lb/ft]

Le
[ft]

La
[ft]

Avail.Static
Pullout, Pr

[lb/ft]

Specified
Static

Fs

Actual
Static

Fs

Avail.Seism.
Pullout, Pr

[lb/ft]

Specified
Seismic

Fs

Actual
Seismic

Fs

1 1.25 1.000 1739.4 212.8 7.25 0.75 18118.8 14495.0N/A 10.417 N/A 7.425
2 3.75 1.000 1446.7 168.7 5.75 2.25 11927.3 9541.8N/A 8.244 N/A 5.907
3 6.25 1.000 1091.9 146.7 5.00 3.00 7773.6 6218.9N/A 7.120 N/A 5.021
4 8.75 1.000 660.0 146.7 5.00 3.00 4702.2 3761.7N/A 7.124 N/A 4.663

Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 

SR-57 Improvements
Copyright © 1998-2008 ADAMA Engineering, Inc.  License number  MSEW-301754

Page 9 of  10

Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 



Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 

MSEW -- Mechanically Stabilized Earth Walls SR-57 Improvements
Present Date/Time:  Fri Feb 20 10:43:40 2009 \\c.....echnical\Reports\Retaining Wall Report\RW614\Appendix C\MSEW Analysis\RW614_ST17+13.15.BEN

Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 

RESULTS for CONNECTION (static conditions)

  # Metal Mats
Elevation
   [ft]

Coverage
  ratio
Rc=b/Sh

Horizontal
spacing, Sh
   [ft]

Connection
force, To
  [lb/ft]

Reduction
factor for
connection
break,
CRu

Long-term
connection
strength,Tac
(break
criterion)
  [lb/ft]

Metal Mats
long-term
strength,
  [lb/ft]

Fs-overall
connection
break

Specified   Actual

Fs-overall
Metal Mats
strength

Specified   Actual

Product
name

1 1.25 1.000 0.500 1739 0.90 16392 18213 N/A 9.42 N/A 10.47 Caltrans W20
2 3.75 1.000 0.500 1447 0.90 16392 18213 N/A 11.33 N/A 12.59 Caltrans W20
3 6.25 1.000 0.500 1092 0.90 16392 18213 N/A 15.01 N/A 16.68 Caltrans W20
4 8.75 1.000 0.500 660 0.90 16392 18213 N/A 24.83 N/A 27.59 Caltrans W20

RESULTS for CONNECTION (seismic conditions)

  # Metal Mats
Elevation
   [ft]

Coverage
  ratio
Rc=b/Sh

Horizontal
spacing, Sh
   [ft]

Connection
force, To
  [lb/ft]

Reduction
factor for
connection
break,
CRu

Long-term
connection
strength,Tac
(break
criterion)
  [lb/ft]

Metal Mats
long-term
strength,
  [lb/ft]

Fs-overall
connection
break

Specified   Actual

Fs-overall
Metal Mats
strength

Specified   Actual

Product
name

1 1.25 1.000 0.500 1952 0.90 16392 18213 N/A 8.40 N/A 9.33 Caltrans W20
2 3.75 1.000 0.500 1615 0.90 16392 18213 N/A 10.15 N/A 11.27 Caltrans W20
3 6.25 1.000 0.500 1239 0.90 16392 18213 N/A 13.23 N/A 14.70 Caltrans W20
4 8.75 1.000 0.500 807 0.90 16392 18213 N/A 20.32 N/A 22.58 Caltrans W20
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1.531.53

240.00 lb/ft2
240.00 lb/ft2 240.00 lb/ft2

33.00 lb/ft2

33.00 lb/ft2

1.531.53

Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW614 ST13+48 - Static

Analysis Methods
Analysis Methods used: 
Bishop simplified
Spencer
Number of slices: 25
Tolerance: 0.005
Maximum number of iterations: 50

Material Properties
Material: FILL - SAND (Af)
Strength Type: Mohr-Coulomb
Unit Weight: 130 lb/ft3
Cohesion: 50 psf
Friction Angle: 35 degrees
Material: CLAY (Qvof)
Strength Type: Mohr-Coulomb
Unit Weight: 130 lb/ft3
Cohesion: 180 psf
Friction Angle: 28 degrees
Material: BACKFILL
Strength Type: Mohr-Coulomb
Unit Weight: 120 lb/ft3
Cohesion: 200 psf
Friction Angle: 34 degrees
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    Slide Analysis Information 
     
    Document Name 
     
    File Name: RW614_ST13+48_Static_sand.sli 
     
    Project Settings 
     
    Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW614 
ST13+48 - Static 
    Failure Direction: Left to Right 
    Units of Measurement: Imperial Units 
    Pore Fluid Unit Weight: 62.4 lb/ft3 
    Groundwater Method: Water Surfaces 
    Data Output: Standard 
    Calculate Excess Pore Pressure: Off 
    Allow Ru with Water Surfaces or Grids: Off 
    Random Numbers: Pseudo-random Seed 
    Random Number Seed: 10116 
    Random Number Generation Method: Park and Miller v.3 
     
    Analysis Methods 
     
    Analysis Methods used:  
    Bishop simplified 
    Spencer 
     
    Number of slices: 25 
    Tolerance: 0.005 
    Maximum number of iterations: 50 
     
    Surface Options 
     
    Surface Type: Circular 
    Search Method: Grid Search 
    Radius increment: 10 
    Composite Surfaces: Disabled 
    Reverse Curvature: Create Tension Crack 
    Minimum Elevation: Not Defined 
    Minimum Depth: Not Defined 
     
    Loading 
     
    2 Distributed Loads present: 
    Distributed Load #1 Constant Distribution, Orientation:  Vertical, Magnitude:  240 lb/ft2 
    Distributed Load #2 Constant Distribution, Orientation:  Horizontal, Magnitude:  33 lb/ft2 
     
    Material Properties 
     
    Material: FILL - SAND (Af) 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 50 psf 
    Friction Angle: 35 degrees 

    Water Surface: None 
     
    Material: CLAY (Qvof) 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 180 psf 
    Friction Angle: 28 degrees 
    Water Surface: None 
     
    Material: BACKFILL 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 120 lb/ft3 
    Cohesion: 200 psf 
    Friction Angle: 34 degrees 
    Water Surface: None 
     
    Material: RF SOIL 
    Strength Type: Infinite strength 
    Unit Weight: 120 lb/ft3 
     
    Global Minimums 
     
    Method: bishop simplified 
    FS: 1.531250 
    Center: 67.219, 397.171 
    Radius: 124.682 
    Left Slip Surface Endpoint: -26.442, 314.871 
    Right Slip Surface Endpoint: 62.711, 272.571 
    Resisting Moment=1.16189e+007 lb-ft 
    Driving Moment=7.58786e+006 lb-ft 
     
    Method: spencer 
    FS: 1.531490 
    Center: 64.990, 390.682 
    Radius: 118.291 
    Left Slip Surface Endpoint: -25.795, 314.848 
    Right Slip Surface Endpoint: 62.998, 272.408 
    Resisting Moment=1.12609e+007 lb-ft 
    Driving Moment=7.3529e+006 lb-ft 
    Resisting Horizontal Force=84237.9 lb 
    Driving Horizontal Force=55004 lb 
     
    Valid / Invalid Surfaces 
     
    Method: bishop simplified 
    Number of Valid Surfaces: 10162 
    Number of Invalid Surfaces: 18449 
    Error Codes:  
    Error Code -99 reported for 3900 surfaces 
    Error Code -100 reported for 33 surfaces 
    Error Code -103 reported for 74 surfaces 
    Error Code -105 reported for 8 surfaces 
    Error Code -106 reported for 270 surfaces 
    Error Code -109 reported for 8705 surfaces 
    Error Code -112 reported for 7 surfaces 
    Error Code -113 reported for 7 surfaces 



    Error Code -1000 reported for 5445 surfaces 
     
    Method: spencer 
    Number of Valid Surfaces: 10124 
    Number of Invalid Surfaces: 18487 
    Error Codes:  
    Error Code -99 reported for 3900 surfaces 
    Error Code -100 reported for 33 surfaces 
    Error Code -103 reported for 74 surfaces 
    Error Code -105 reported for 8 surfaces 
    Error Code -106 reported for 270 surfaces 
    Error Code -108 reported for 34 surfaces 
    Error Code -109 reported for 8705 surfaces 
    Error Code -111 reported for 3 surfaces 
    Error Code -112 reported for 8 surfaces 
    Error Code -113 reported for 7 surfaces 
    Error Code -1000 reported for 5445 surfaces 
     
    Error Codes 
     
    The following errors were encountered during the computation: 
     
    -99 = Slip surface intersects an infinite 
    strength material. If infinite strength regions 
    are defined for a model, a large number of 
    potential slip surfaces may show this error code. 
    This is Normal. 
     
    -100 = Both surface / slope intersections 
    are on the same horizontal surface. In general, this 
    will give a very high or infinite factor of safety (zero 
    driving force), if calculated. 
     
    -103 = Two surface / slope intersections, 
    but one or more surface / nonslope external polygon 
    intersections lie between them. This usually occurs 
    when the slip surface extends past the bottom of the 
    soil region, but may also occur on a benched 
    slope model with two sets of Slope Limits. 
     
    -105 = More than two surface / slope 
    intersections with no valid slip surface. 
     
    -106 = Average slice width is less than 
    0.0001 * (maximum horizontal extent of soil region). 
    This limitation is imposed to avoid numerical errors 
    which may result from too many slices, or too 
    small a slip region. 
     
    -108 = Total driving moment 
    or total driving force < 0.1. This is to 
    limit the calculation of extremely high safety 
    factors if the driving force is very small 
    (0.1 is an arbitrary number). 
     
    -109 = Soiltype for slice base not 

    located. This error should occur very rarely, 
    if at all. It may occur if a very low number of 
    slices is combined with certain soil geometries, 
    such that the midpoint of a slice base is 
    actually outside the soil region,even though 
    the slip surface is wholly within the soil region. 
     
    -111 = safety factor equation did not converge 
     
    -112 = The coefficient M-Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) 
    < 0.2 for the final iteration of the safety factor calculation. This screens out 
    some slip surfaces which may not be valid in the context of the analysis, in 
    particular, deep seated slip surfaces with many high negative base angle 
    slices in the passive zone. 
     
    -113 = Surface intersects outside slope limits. 
     
    -1000 = No valid slip surfaces are generated 
    at a grid center. Unable to draw a surface. 
     
     
    List of All Coordinates 
     
    Search Grid 
       4.824 299.842 
       116.242 299.842 
       116.242 407.985 
       4.824 407.985 
     
    Material Boundary 
       -96.713 317.211 
       -94.190 317.090 
       -91.660 316.980 
       -82.640 316.730 
       -81.177 316.696 
     
    Material Boundary 
       -75.057 316.493 
       -74.580 316.470 
       -73.696 316.447 
     
    Material Boundary 
       -11.000 314.333 
       -11.000 300.400 
       -0.010 300.400 
       -0.010 305.400 
     
    Material Boundary 
       -100.000 270.700 
       66.000 270.700 
     
    Material Boundary 
       -14.004 314.440 
       -11.000 300.400 
     
    External Boundary 



       -100.000 317.320 
       -100.000 270.700 
       -100.000 240.000 
       100.000 240.000 
       100.000 282.670 
       93.202 282.888 
       73.550 283.520 
       71.660 281.060 
       71.080 279.620 
       70.630 275.850 
       70.280 270.860 
       66.000 270.700 
       5.000 305.400 
       -0.010 305.400 
       -0.010 332.880 
       -1.010 332.880 
       -1.010 316.880 
       -1.090 316.440 
       -1.490 313.880 
       -2.680 313.940 
       -9.490 314.280 
       -11.000 314.333 
       -11.200 314.340 
       -11.490 314.350 
       -14.004 314.440 
       -14.010 314.440 
       -14.430 314.460 
       -18.140 314.580 
       -18.220 314.583 
       -31.270 315.040 
       -31.483 315.047 
       -73.696 316.447 
       -75.057 316.493 
       -81.177 316.696 
       -96.713 317.211 
     
    Distributed Load 
       -100.000 317.320 
       -96.713 317.211 
       -81.177 316.696 
       -75.057 316.493 
       -73.696 316.447 
       -31.483 315.047 
       -31.270 315.040 
       -18.220 314.583 
       -18.140 314.580 
       -14.430 314.460 
       -14.010 314.440 
       -14.004 314.440 
       -11.490 314.350 
       -11.200 314.340 
       -11.000 314.333 
       -9.490 314.280 
       -2.680 313.940 
       -1.490 313.880 
     

    Distributed Load 
       -1.010 332.880 
       -1.010 316.880 
       -1.090 316.440 
       -1.490 313.880 
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240.00 lb/ft2
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2.042.04

Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW614 ST13+48 - Pseudostatic

Analysis Methods
Analysis Methods used: 
Bishop simplified
Spencer
Number of slices: 25
Tolerance: 0.005
Maximum number of iterations: 50

Material Properties
Material: CLAY (Qovf) - PEAK
Strength Type: Mohr-Coulomb
Unit Weight: 130 lb/ft3
Cohesion: 950 psf
Friction Angle: 30 degrees
Material: FILL (Af) - SAND - PEAK
Strength Type: Mohr-Coulomb
Unit Weight: 130 lb/ft3
Cohesion: 900 psf
Friction Angle: 39 degrees
Material: BACKFILL
Strength Type: Mohr-Coulomb
Unit Weight: 120 lb/ft3
Cohesion: 200 psf
Friction Angle: 34 degrees
Water Surface: None
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    Slide Analysis Information 
     
    Document Name 
     
    File Name: RW614_ST13+48_Pseudostatic_sand.sli 
     
    Project Settings 
     
    Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW614 
ST13+48 - Pseudostatic 
    Failure Direction: Left to Right 
    Units of Measurement: Imperial Units 
    Pore Fluid Unit Weight: 62.4 lb/ft3 
    Groundwater Method: Water Surfaces 
    Data Output: Standard 
    Calculate Excess Pore Pressure: Off 
    Allow Ru with Water Surfaces or Grids: Off 
    Random Numbers: Pseudo-random Seed 
    Random Number Seed: 10116 
    Random Number Generation Method: Park and Miller v.3 
     
    Analysis Methods 
     
    Analysis Methods used:  
    Bishop simplified 
    Spencer 
     
    Number of slices: 25 
    Tolerance: 0.005 
    Maximum number of iterations: 50 
     
    Surface Options 
     
    Surface Type: Circular 
    Search Method: Grid Search 
    Radius increment: 10 
    Composite Surfaces: Disabled 
    Reverse Curvature: Create Tension Crack 
    Minimum Elevation: Not Defined 
    Minimum Depth: Not Defined 
     
    Loading 
     
    Seismic Load Coefficient (Horizontal): 0.2 
    2 Distributed Loads present: 
    Distributed Load #1 Constant Distribution, Orientation:  Vertical, Magnitude:  240 lb/ft2 
    Distributed Load #2 Constant Distribution, Orientation:  Horizontal, Magnitude:  33 lb/ft2 
     
    Material Properties 
     
    Material: FILL - SAND (Af) 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 50 psf 

    Friction Angle: 35 degrees 
    Water Surface: None 
     
    Material: CLAY (Qovf) - PEAK 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 950 psf 
    Friction Angle: 30 degrees 
    Water Surface: None 
     
    Material: FILL (Af) - SAND - PEAK 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 900 psf 
    Friction Angle: 39 degrees 
    Water Surface: None 
     
    Material: BACKFILL 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 120 lb/ft3 
    Cohesion: 200 psf 
    Friction Angle: 34 degrees 
    Water Surface: None 
     
    Material: RF SOIL 
    Strength Type: Infinite strength 
    Unit Weight: 120 lb/ft3 
     
    Global Minimums 
     
    Method: bishop simplified 
    FS: 2.039130 
    Center: 40.478, 343.099 
    Radius: 76.326 
    Left Slip Surface Endpoint: -30.492, 315.013 
    Right Slip Surface Endpoint: 65.492, 270.989 
    Resisting Moment=2.10653e+007 lb-ft 
    Driving Moment=1.03305e+007 lb-ft 
     
    Method: spencer 
    FS: 2.003870 
    Center: 40.478, 345.262 
    Radius: 78.258 
    Left Slip Surface Endpoint: -31.715, 315.055 
    Right Slip Surface Endpoint: 65.359, 271.064 
    Resisting Moment=2.14361e+007 lb-ft 
    Driving Moment=1.06974e+007 lb-ft 
    Resisting Horizontal Force=238392 lb 
    Driving Horizontal Force=118966 lb 
     
    Valid / Invalid Surfaces 
     
    Method: bishop simplified 
    Number of Valid Surfaces: 10166 
    Number of Invalid Surfaces: 18445 
    Error Codes:  



    Error Code -99 reported for 3900 surfaces 
    Error Code -100 reported for 33 surfaces 
    Error Code -103 reported for 74 surfaces 
    Error Code -105 reported for 8 surfaces 
    Error Code -106 reported for 270 surfaces 
    Error Code -109 reported for 8705 surfaces 
    Error Code -112 reported for 3 surfaces 
    Error Code -113 reported for 7 surfaces 
    Error Code -1000 reported for 5445 surfaces 
     
    Method: spencer 
    Number of Valid Surfaces: 8677 
    Number of Invalid Surfaces: 19934 
    Error Codes:  
    Error Code -99 reported for 3900 surfaces 
    Error Code -100 reported for 33 surfaces 
    Error Code -103 reported for 74 surfaces 
    Error Code -105 reported for 8 surfaces 
    Error Code -106 reported for 270 surfaces 
    Error Code -108 reported for 325 surfaces 
    Error Code -109 reported for 8705 surfaces 
    Error Code -111 reported for 1158 surfaces 
    Error Code -112 reported for 9 surfaces 
    Error Code -113 reported for 7 surfaces 
    Error Code -1000 reported for 5445 surfaces 
     
    Error Codes 
     
    The following errors were encountered during the computation: 
     
    -99 = Slip surface intersects an infinite 
    strength material. If infinite strength regions 
    are defined for a model, a large number of 
    potential slip surfaces may show this error code. 
    This is Normal. 
     
    -100 = Both surface / slope intersections 
    are on the same horizontal surface. In general, this 
    will give a very high or infinite factor of safety (zero 
    driving force), if calculated. 
     
    -103 = Two surface / slope intersections, 
    but one or more surface / nonslope external polygon 
    intersections lie between them. This usually occurs 
    when the slip surface extends past the bottom of the 
    soil region, but may also occur on a benched 
    slope model with two sets of Slope Limits. 
     
    -105 = More than two surface / slope 
    intersections with no valid slip surface. 
     
    -106 = Average slice width is less than 
    0.0001 * (maximum horizontal extent of soil region). 
    This limitation is imposed to avoid numerical errors 
    which may result from too many slices, or too 
    small a slip region. 

     
    -108 = Total driving moment 
    or total driving force < 0.1. This is to 
    limit the calculation of extremely high safety 
    factors if the driving force is very small 
    (0.1 is an arbitrary number). 
     
    -109 = Soiltype for slice base not 
    located. This error should occur very rarely, 
    if at all. It may occur if a very low number of 
    slices is combined with certain soil geometries, 
    such that the midpoint of a slice base is 
    actually outside the soil region,even though 
    the slip surface is wholly within the soil region. 
     
    -111 = safety factor equation did not converge 
     
    -112 = The coefficient M-Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) 
    < 0.2 for the final iteration of the safety factor calculation. This screens out 
    some slip surfaces which may not be valid in the context of the analysis, in 
    particular, deep seated slip surfaces with many high negative base angle 
    slices in the passive zone. 
     
    -113 = Surface intersects outside slope limits. 
     
    -1000 = No valid slip surfaces are generated 
    at a grid center. Unable to draw a surface. 
     
     
    List of All Coordinates 
     
    Search Grid 
       4.824 299.842 
       116.242 299.842 
       116.242 407.985 
       4.824 407.985 
     
    Material Boundary 
       -96.713 317.211 
       -94.190 317.090 
       -91.660 316.980 
       -82.640 316.730 
       -81.177 316.696 
     
    Material Boundary 
       -75.057 316.493 
       -74.580 316.470 
       -73.696 316.447 
     
    Material Boundary 
       -11.000 314.333 
       -11.000 300.400 
       -0.010 300.400 
       -0.010 305.400 
     
    Material Boundary 



       -100.000 270.700 
       66.000 270.700 
     
    Material Boundary 
       -14.004 314.440 
       -11.000 300.400 
     
    External Boundary 
       -100.000 317.320 
       -100.000 270.700 
       -100.000 240.000 
       100.000 240.000 
       100.000 282.670 
       93.202 282.888 
       73.550 283.520 
       71.660 281.060 
       71.080 279.620 
       70.630 275.850 
       70.280 270.860 
       66.000 270.700 
       5.000 305.400 
       -0.010 305.400 
       -0.010 332.880 
       -1.010 332.880 
       -1.010 316.880 
       -1.090 316.440 
       -1.490 313.880 
       -2.680 313.940 
       -9.490 314.280 
       -11.000 314.333 
       -11.200 314.340 
       -11.490 314.350 
       -14.004 314.440 
       -14.010 314.440 
       -14.430 314.460 
       -18.140 314.580 
       -18.220 314.583 
       -31.270 315.040 
       -31.483 315.047 
       -73.696 316.447 
       -75.057 316.493 
       -81.177 316.696 
       -96.713 317.211 
     
    Distributed Load 
       -100.000 317.320 
       -96.713 317.211 
       -81.177 316.696 
       -75.057 316.493 
       -73.696 316.447 
       -31.483 315.047 
       -31.270 315.040 
       -18.220 314.583 
       -18.140 314.580 
       -14.430 314.460 
       -14.010 314.440 

       -14.004 314.440 
       -11.490 314.350 
       -11.200 314.340 
       -11.000 314.333 
       -9.490 314.280 
       -2.680 313.940 
       -1.490 313.880 
     
    Distributed Load 
       -1.010 332.880 
       -1.010 316.880 
       -1.090 316.440 
       -1.490 313.880 



1.501.50

240.00 lb/ft2
240.00 lb/ft2

30.00 lb/ft2

1.501.50

Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW614 ST15+50 - STATIC

Analysis Methods
Analysis Methods used: 
Bishop simplified
Janbu corrected
Spencer
Number of slices: 25
Tolerance: 0.005
Maximum number of iterations: 50

Material Properties
Material: CLAY (Qvof)
Strength Type: Mohr-Coulomb
Unit Weight: 130 lb/ft3
Cohesion: 180 psf
Friction Angle: 28 degrees
Material: RF SOIL
Strength Type: Infinite strength
Unit Weight: 120 lb/ft3
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    Slide Analysis Information 
     
    Document Name 
     
    File Name: RW614_ST15+50_Static.sli 
     
    Project Settings 
     
    Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW614 
ST15+50 - STATIC 
    Failure Direction: Left to Right 
    Units of Measurement: Imperial Units 
    Pore Fluid Unit Weight: 62.4 lb/ft3 
    Groundwater Method: Water Surfaces 
    Data Output: Standard 
    Calculate Excess Pore Pressure: Off 
    Allow Ru with Water Surfaces or Grids: Off 
    Random Numbers: Pseudo-random Seed 
    Random Number Seed: 10116 
    Random Number Generation Method: Park and Miller v.3 
     
    Analysis Methods 
     
    Analysis Methods used:  
    Bishop simplified 
    Spencer 
     
    Number of slices: 25 
    Tolerance: 0.005 
    Maximum number of iterations: 50 
     
    Surface Options 
     
    Surface Type: Circular 
    Search Method: Grid Search 
    Radius increment: 10 
    Composite Surfaces: Disabled 
    Reverse Curvature: Create Tension Crack 
    Minimum Elevation: Not Defined 
    Minimum Depth: Not Defined 
     
    Loading 
     
    2 Distributed Loads present: 
    Distributed Load #1 Constant Distribution, Orientation:  Normal to boundary, Magnitude:  240 
lb/ft2 
    Distributed Load #2 Constant Distribution, Orientation:  Normal to boundary, Magnitude:  30 
lb/ft2 
     
    Material Properties 
     
    Material: CLAY (Qvof) 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 

    Cohesion: 180 psf 
    Friction Angle: 28 degrees 
    Water Surface: None 
     
    Material: RF SOIL 
    Strength Type: Infinite strength 
    Unit Weight: 120 lb/ft3 
     
    Global Minimums 
     
    Method: bishop simplified 
    FS: 1.495850 
    Center: 39.674, 369.200 
    Radius: 83.076 
    Left Slip Surface Endpoint: -28.211, 321.311 
    Right Slip Surface Endpoint: 50.343, 286.812 
    Resisting Moment=6.55572e+006 lb-ft 
    Driving Moment=4.38262e+006 lb-ft 
     
    Method: spencer 
    FS: 1.494540 
    Center: 39.674, 369.200 
    Radius: 83.076 
    Left Slip Surface Endpoint: -28.211, 321.311 
    Right Slip Surface Endpoint: 50.343, 286.812 
    Resisting Moment=6.54998e+006 lb-ft 
    Driving Moment=4.38262e+006 lb-ft 
    Resisting Horizontal Force=69749 lb 
    Driving Horizontal Force=46669.4 lb 
     
    Valid / Invalid Surfaces 
     
    Method: bishop simplified 
    Number of Valid Surfaces: 11960 
    Number of Invalid Surfaces: 16651 
    Error Codes:  
    Error Code -99 reported for 5341 surfaces 
    Error Code -100 reported for 48 surfaces 
    Error Code -103 reported for 2050 surfaces 
    Error Code -105 reported for 38 surfaces 
    Error Code -106 reported for 102 surfaces 
    Error Code -109 reported for 9042 surfaces 
    Error Code -113 reported for 30 surfaces 
     
    Method: spencer 
    Number of Valid Surfaces: 11916 
    Number of Invalid Surfaces: 16695 
    Error Codes:  
    Error Code -99 reported for 5341 surfaces 
    Error Code -100 reported for 48 surfaces 
    Error Code -103 reported for 2050 surfaces 
    Error Code -105 reported for 38 surfaces 
    Error Code -106 reported for 102 surfaces 
    Error Code -108 reported for 8 surfaces 
    Error Code -109 reported for 9042 surfaces 
    Error Code -111 reported for 36 surfaces 



    Error Code -113 reported for 30 surfaces 
     
    Error Codes 
     
    The following errors were encountered during the computation: 
     
    -99 = Slip surface intersects an infinite 
    strength material. If infinite strength regions 
    are defined for a model, a large number of 
    potential slip surfaces may show this error code. 
    This is Normal. 
     
    -100 = Both surface / slope intersections 
    are on the same horizontal surface. In general, this 
    will give a very high or infinite factor of safety (zero 
    driving force), if calculated. 
     
    -103 = Two surface / slope intersections, 
    but one or more surface / nonslope external polygon 
    intersections lie between them. This usually occurs 
    when the slip surface extends past the bottom of the 
    soil region, but may also occur on a benched 
    slope model with two sets of Slope Limits. 
     
    -105 = More than two surface / slope 
    intersections with no valid slip surface. 
     
    -106 = Average slice width is less than 
    0.0001 * (maximum horizontal extent of soil region). 
    This limitation is imposed to avoid numerical errors 
    which may result from too many slices, or too 
    small a slip region. 
     
    -108 = Total driving moment 
    or total driving force < 0.1. This is to 
    limit the calculation of extremely high safety 
    factors if the driving force is very small 
    (0.1 is an arbitrary number). 
     
    -109 = Soiltype for slice base not 
    located. This error should occur very rarely, 
    if at all. It may occur if a very low number of 
    slices is combined with certain soil geometries, 
    such that the midpoint of a slice base is 
    actually outside the soil region,even though 
    the slip surface is wholly within the soil region. 
     
    -111 = safety factor equation did not converge 
     
    -113 = Surface intersects outside slope limits. 
     
     
    List of All Coordinates 
     
    Search Grid 
       5.675 314.708 

       82.945 314.708 
       82.945 399.851 
       5.675 399.851 
     
    Material Boundary 
       -13.000 305.250 
       -0.000 305.250 
       -0.020 309.790 
     
    Material Boundary 
       -13.000 305.250 
       -13.000 320.820 
     
    External Boundary 
       100.000 260.000 
       100.000 281.540 
       82.690 281.430 
       70.260 283.870 
       67.490 284.730 
       64.170 284.730 
       59.580 285.310 
       54.590 285.960 
       47.210 287.440 
       38.440 291.840 
       25.890 298.280 
       14.860 304.550 
       11.820 306.340 
       5.000 309.790 
       -0.020 309.790 
       -0.020 339.633 
       -1.490 339.633 
       -1.490 320.300 
       -10.500 320.739 
       -11.000 320.755 
       -12.000 320.787 
       -13.000 320.820 
       -100.000 323.630 
       -100.000 260.000 
     
    Distributed Load 
       -1.490 320.300 
       -10.500 320.739 
       -100.000 323.630 
     
    Distributed Load 
       -1.490 339.633 
       -1.490 320.300 
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Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW614 ST15+50 - PSEUDOSTATIC

Analysis Methods
Analysis Methods used: 
Bishop simplified
Janbu corrected
Spencer
Number of slices: 25
Tolerance: 0.005
Maximum number of iterations: 50

Material Properties
Material: CLAY (Qvof) - PEAK
Strength Type: Mohr-Coulomb
Unit Weight: 120 lb/ft3
Cohesion: 950 psf
Friction Angle: 30 degrees
Material: RF SOIL
Strength Type: Infinite strength
Unit Weight: 120 lb/ft3
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    Slide Analysis Information 
     
    Document Name 
     
    File Name: RW614_ST15+50_Pseudostatic.sli 
     
    Project Settings 
     
    Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW614 
ST15+50 - PSEUDOSTATIC 
    Failure Direction: Left to Right 
    Units of Measurement: Imperial Units 
    Pore Fluid Unit Weight: 62.4 lb/ft3 
    Groundwater Method: Water Surfaces 
    Data Output: Standard 
    Calculate Excess Pore Pressure: Off 
    Allow Ru with Water Surfaces or Grids: Off 
    Random Numbers: Pseudo-random Seed 
    Random Number Seed: 10116 
    Random Number Generation Method: Park and Miller v.3 
     
    Analysis Methods 
     
    Analysis Methods used:  
    Bishop simplified 
    Spencer 
     
    Number of slices: 25 
    Tolerance: 0.005 
    Maximum number of iterations: 50 
     
    Surface Options 
     
    Surface Type: Circular 
    Search Method: Grid Search 
    Radius increment: 10 
    Composite Surfaces: Disabled 
    Reverse Curvature: Create Tension Crack 
    Minimum Elevation: Not Defined 
    Minimum Depth: Not Defined 
     
    Loading 
     
    Seismic Load Coefficient (Horizontal): 0.2 
    2 Distributed Loads present: 
    Distributed Load #1 Constant Distribution, Orientation:  Normal to boundary, Magnitude:  240 
lb/ft2 
    Distributed Load #2 Constant Distribution, Orientation:  Normal to boundary, Magnitude:  30 
lb/ft2 
     
    Material Properties 
     
    Material: CLAY (Qvof) - PEAK 
    Strength Type: Mohr-Coulomb 

    Unit Weight: 120 lb/ft3 
    Cohesion: 950 psf 
    Friction Angle: 30 degrees 
    Water Surface: None 
     
    Material: RF SOIL 
    Strength Type: Infinite strength 
    Unit Weight: 120 lb/ft3 
     
    Global Minimums 
     
    Method: bishop simplified 
    FS: 2.077190 
    Center: 30.401, 357.279 
    Radius: 75.107 
    Left Slip Surface Endpoint: -35.664, 321.552 
    Right Slip Surface Endpoint: 54.193, 286.040 
    Resisting Moment=1.49287e+007 lb-ft 
    Driving Moment=7.18699e+006 lb-ft 
     
    Method: spencer 
    FS: 2.076430 
    Center: 30.401, 357.279 
    Radius: 75.107 
    Left Slip Surface Endpoint: -35.664, 321.552 
    Right Slip Surface Endpoint: 54.193, 286.040 
    Resisting Moment=1.49233e+007 lb-ft 
    Driving Moment=7.18699e+006 lb-ft 
    Resisting Horizontal Force=175852 lb 
    Driving Horizontal Force=84689.4 lb 
     
    Valid / Invalid Surfaces 
     
    Method: bishop simplified 
    Number of Valid Surfaces: 11960 
    Number of Invalid Surfaces: 16651 
    Error Codes:  
    Error Code -99 reported for 5341 surfaces 
    Error Code -100 reported for 48 surfaces 
    Error Code -103 reported for 2050 surfaces 
    Error Code -105 reported for 38 surfaces 
    Error Code -106 reported for 102 surfaces 
    Error Code -109 reported for 9042 surfaces 
    Error Code -113 reported for 30 surfaces 
     
    Method: spencer 
    Number of Valid Surfaces: 11665 
    Number of Invalid Surfaces: 16946 
    Error Codes:  
    Error Code -99 reported for 5341 surfaces 
    Error Code -100 reported for 48 surfaces 
    Error Code -103 reported for 2050 surfaces 
    Error Code -105 reported for 38 surfaces 
    Error Code -106 reported for 102 surfaces 
    Error Code -108 reported for 17 surfaces 
    Error Code -109 reported for 9042 surfaces 



    Error Code -111 reported for 278 surfaces 
    Error Code -113 reported for 30 surfaces 
     
    Error Codes 
     
    The following errors were encountered during the computation: 
     
    -99 = Slip surface intersects an infinite 
    strength material. If infinite strength regions 
    are defined for a model, a large number of 
    potential slip surfaces may show this error code. 
    This is Normal. 
     
    -100 = Both surface / slope intersections 
    are on the same horizontal surface. In general, this 
    will give a very high or infinite factor of safety (zero 
    driving force), if calculated. 
     
    -103 = Two surface / slope intersections, 
    but one or more surface / nonslope external polygon 
    intersections lie between them. This usually occurs 
    when the slip surface extends past the bottom of the 
    soil region, but may also occur on a benched 
    slope model with two sets of Slope Limits. 
     
    -105 = More than two surface / slope 
    intersections with no valid slip surface. 
     
    -106 = Average slice width is less than 
    0.0001 * (maximum horizontal extent of soil region). 
    This limitation is imposed to avoid numerical errors 
    which may result from too many slices, or too 
    small a slip region. 
     
    -108 = Total driving moment 
    or total driving force < 0.1. This is to 
    limit the calculation of extremely high safety 
    factors if the driving force is very small 
    (0.1 is an arbitrary number). 
     
    -109 = Soiltype for slice base not 
    located. This error should occur very rarely, 
    if at all. It may occur if a very low number of 
    slices is combined with certain soil geometries, 
    such that the midpoint of a slice base is 
    actually outside the soil region,even though 
    the slip surface is wholly within the soil region. 
     
    -111 = safety factor equation did not converge 
     
    -113 = Surface intersects outside slope limits. 
     
     
    List of All Coordinates 
     
    Search Grid 

       5.675 314.708 
       82.945 314.708 
       82.945 399.851 
       5.675 399.851 
     
    Material Boundary 
       -13.000 305.250 
       -0.000 305.250 
       -0.020 309.790 
     
    Material Boundary 
       -13.000 305.250 
       -13.000 320.820 
     
    External Boundary 
       100.000 260.000 
       100.000 281.540 
       82.690 281.430 
       70.260 283.870 
       67.490 284.730 
       64.170 284.730 
       59.580 285.310 
       54.590 285.960 
       47.210 287.440 
       38.440 291.840 
       25.890 298.280 
       14.860 304.550 
       11.820 306.340 
       5.000 309.790 
       -0.020 309.790 
       -0.020 339.633 
       -1.490 339.633 
       -1.490 320.300 
       -10.500 320.739 
       -11.000 320.755 
       -12.000 320.787 
       -13.000 320.820 
       -100.000 323.630 
       -100.000 260.000 
     
    Distributed Load 
       -1.490 320.300 
       -10.500 320.739 
       -100.000 323.630 
     
    Distributed Load 
       -1.490 339.633 
       -1.490 320.300 
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Settle3D Analysis Information

Project Settings
Project Title: SR-57 Settlement Analysis
Analysis: RW614 ST13+93.15 to ST17+33.15
Author: RB
Company: CH2M HILL
Date Created: 2/25/2009, 9:40:08 AM
Stress Computation Method: Boussinesq

Stage Settings
NameStage #

Stage 11

Results
Stage: Stage 1

MaximumMinimumData Type

0.1908960Total Settlement [in]

0.1908960Consolidation Settlement [in]

00Immediate Settlement [in]

2.468440Loading Stress [ksf]

7.000160Total Stress [ksf]

0.001730530Total Strain

1000Degree of Consolidation [%]

Loads
Rectangular Load

Length: 20 ft
Width: 6.42 ft
Rotation angle: 0 degrees
Load: 1.904 ksf
Depth: 0 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

0320

0340

6.42340

6.42320

Page 1 of 5
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RW614_ST13+93_ST17+33.s3z CH2M HILL   2/25/2009, 9:40:08 AM

Rectangular Load

Length: 25 ft
Width: 7.06 ft
Rotation angle: 0 degrees
Load: 2.276 ksf
Depth: 2.5 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

8.88178e-016295

8.88178e-016320

7.06320

7.06295

Rectangular Load

Length: 40 ft
Width: 8.62 ft
Rotation angle: 0 degrees
Load: 2.604 ksf
Depth: 5 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

2.66454e-015255

2.66454e-015295

8.62295

8.62255

Rectangular Load

Length: 30 ft
Width: 8.62 ft
Rotation angle: 0 degrees
Load: 2.604 ksf
Depth: 7.5 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

2.44249e-015225

2.44249e-015255

8.62255

8.62225

Rectangular Load

Length: 10 ft
Width: 7.06 ft

Page 2 of 5
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Rotation angle: 0 degrees
Load: 2.276 ksf
Depth: 7.5 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

2.66454e-015215

2.66454e-015225

7.06225

7.06215

Rectangular Load

Length: 50 ft
Width: 8.62 ft
Rotation angle: 0 degrees
Load: 2.604 ksf
Depth: 10 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

2.66454e-015165

2.66454e-015215

8.62215

8.62165

Rectangular Load

Length: 10 ft
Width: 9.1 ft
Rotation angle: 0 degrees
Load: 3.0852 ksf
Depth: 12.5 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

2.66454e-015155

2.66454e-015165

9.1165

9.1155

Rectangular Load

Length: 75 ft
Width: 8.62 ft
Rotation angle: 0 degrees
Load: 2.604 ksf
Depth: 12.5 ft
Installation Stage: Stage 1

Page 3 of 5
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Coordinates

Y [ft]X [ft]

1.77636e-01580

1.77636e-015155

8.62155

8.6280

Rectangular Load

Length: 40 ft
Width: 7.06 ft
Rotation angle: 0 degrees
Load: 2.276 ksf
Depth: 12.5 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

1.77636e-01540

1.77636e-01580

7.0680

7.0640

Rectangular Load

Length: 40 ft
Width: 8.62 ft
Rotation angle: 0 degrees
Load: 2.604 ksf
Depth: 15 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

1.77636e-015-2.84217e-014

1.77636e-01540

8.6240

8.62-2.84217e-014

Soil Layers
Depth [ft]Thickness [ft]TypeLayer #

016CLAY 1 (Qvof)1

1630CLAY 2 (Qvof)2

465CLAY 3 (Qvof)3

Soil Properties

Page 4 of 5
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CLAY 1 (Qvof)

0.13Unit Weight [kips/ft3]

EnabledPrimary Consolidation

Non-LinearMaterial Type

0.025Cce

0.0025Cre

24.5Pc [ksf]

CLAY 2 (Qvof)

0.13Unit Weight [kips/ft3]

EnabledPrimary Consolidation

Non-LinearMaterial Type

0.025Cce

0.0025Cre

15.75Pc [ksf]

CLAY 3 (Qvof)

0.13Unit Weight [kips/ft3]

EnabledPrimary Consolidation

Non-LinearMaterial Type

0.025Cce

0.0025Cre

3.36Pc [ksf]

Query Points
Number of Divisions(X,Y) LocationString #

49264.329, 0.021

Grid
Number of points: 288
Expansion Factor: 2

Grid Coordinates

Y [ft]X [ft]

29.1360

-20360

-20-20

29.1-20

Page 5 of 5
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Retaining Wall RW 622



2.132.13

33.00 lb/ft2

2.132.13

SAND (Qvof)

BACKFILL

Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW614/RW622 ST19+40 - STATIC

Analysis Methods
Analysis Methods used: 
Bishop simplified
Spencer
Number of slices: 25
Tolerance: 0.005
Maximum number of iterations: 50

Material Properties
Material: SAND (Qvof)
Strength Type: Mohr-Coulomb
Unit Weight: 120 lb/ft3
Cohesion: 250 psf
Friction Angle: 35 degrees
Water Surface: None
Material: BACKFILL
Strength Type: Mohr-Coulomb
Unit Weight: 120 lb/ft3
Cohesion: 200 psf
Friction Angle: 34 degrees
Water Surface: None
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    Slide Analysis Information 
     
    Document Name 
     
    File Name: RW614_ST19+40_Static.sli 
     
    Project Settings 
     
    Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - 
RW614/RW622 ST19+40 - STATIC 
    Failure Direction: Left to Right 
    Units of Measurement: Imperial Units 
    Pore Fluid Unit Weight: 62.4 lb/ft3 
    Groundwater Method: Water Surfaces 
    Data Output: Standard 
    Calculate Excess Pore Pressure: Off 
    Allow Ru with Water Surfaces or Grids: Off 
    Random Numbers: Pseudo-random Seed 
    Random Number Seed: 10116 
    Random Number Generation Method: Park and Miller v.3 
     
    Analysis Methods 
     
    Analysis Methods used:  
    Bishop simplified 
    Spencer 
     
    Number of slices: 25 
    Tolerance: 0.005 
    Maximum number of iterations: 50 
     
    Surface Options 
     
    Surface Type: Circular 
    Search Method: Grid Search 
    Radius increment: 10 
    Composite Surfaces: Disabled 
    Reverse Curvature: Create Tension Crack 
    Minimum Elevation: Not Defined 
    Minimum Depth: Not Defined 
     
    Loading 
     
    1 Distributed Load present: 
    Distributed Load Constant Distribution, Orientation:  Horizontal, Magnitude:  33 lb/ft2 
     
    Material Properties 
     
    Material: SAND (Qvof) 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 120 lb/ft3 
    Cohesion: 250 psf 
    Friction Angle: 35 degrees 
    Water Surface: None 

     
    Material: BACKFILL 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 120 lb/ft3 
    Cohesion: 200 psf 
    Friction Angle: 34 degrees 
    Water Surface: None 
     
    Material: CONCRETE 
    Strength Type: Infinite strength 
    Unit Weight: 150 lb/ft3 
     
    Global Minimums 
     
    Method: bishop simplified 
    FS: 2.132300 
    Center: 64.644, 371.080 
    Radius: 51.084 
    Left Slip Surface Endpoint: 20.116, 346.042 
    Right Slip Surface Endpoint: 62.964, 320.024 
    Resisting Moment=1.64419e+006 lb-ft 
    Driving Moment=771087 lb-ft 
     
    Method: spencer 
    FS: 2.129340 
    Center: 64.644, 371.080 
    Radius: 51.084 
    Left Slip Surface Endpoint: 20.116, 346.042 
    Right Slip Surface Endpoint: 62.964, 320.024 
    Resisting Moment=1.64191e+006 lb-ft 
    Driving Moment=771087 lb-ft 
    Resisting Horizontal Force=27288.6 lb 
    Driving Horizontal Force=12815.5 lb 
     
    Valid / Invalid Surfaces 
     
    Method: bishop simplified 
    Number of Valid Surfaces: 14167 
    Number of Invalid Surfaces: 14444 
    Error Codes:  
    Error Code -99 reported for 9142 surfaces 
    Error Code -100 reported for 1 surface 
    Error Code -101 reported for 2 surfaces 
    Error Code -103 reported for 8 surfaces 
    Error Code -105 reported for 111 surfaces 
    Error Code -106 reported for 94 surfaces 
    Error Code -108 reported for 3501 surfaces 
    Error Code -109 reported for 1556 surfaces 
    Error Code -112 reported for 26 surfaces 
    Error Code -113 reported for 3 surfaces 
     
    Method: spencer 
    Number of Valid Surfaces: 14016 
    Number of Invalid Surfaces: 14595 
    Error Codes:  
    Error Code -99 reported for 9142 surfaces 



    Error Code -100 reported for 1 surface 
    Error Code -101 reported for 2 surfaces 
    Error Code -103 reported for 8 surfaces 
    Error Code -105 reported for 111 surfaces 
    Error Code -106 reported for 94 surfaces 
    Error Code -108 reported for 3542 surfaces 
    Error Code -109 reported for 1556 surfaces 
    Error Code -111 reported for 108 surfaces 
    Error Code -112 reported for 28 surfaces 
    Error Code -113 reported for 3 surfaces 
     
    Error Codes 
     
    The following errors were encountered during the computation: 
     
    -99 = Slip surface intersects an infinite 
    strength material. If infinite strength regions 
    are defined for a model, a large number of 
    potential slip surfaces may show this error code. 
    This is Normal. 
     
    -100 = Both surface / slope intersections 
    are on the same horizontal surface. In general, this 
    will give a very high or infinite factor of safety (zero 
    driving force), if calculated. 
     
    -101 = Only one (or zero) 
    surface / slope intersections. 
     
    -103 = Two surface / slope intersections, 
    but one or more surface / nonslope external polygon 
    intersections lie between them. This usually occurs 
    when the slip surface extends past the bottom of the 
    soil region, but may also occur on a benched 
    slope model with two sets of Slope Limits. 
     
    -105 = More than two surface / slope 
    intersections with no valid slip surface. 
     
    -106 = Average slice width is less than 
    0.0001 * (maximum horizontal extent of soil region). 
    This limitation is imposed to avoid numerical errors 
    which may result from too many slices, or too 
    small a slip region. 
     
    -108 = Total driving moment 
    or total driving force < 0.1. This is to 
    limit the calculation of extremely high safety 
    factors if the driving force is very small 
    (0.1 is an arbitrary number). 
     
    -109 = Soiltype for slice base not 
    located. This error should occur very rarely, 
    if at all. It may occur if a very low number of 
    slices is combined with certain soil geometries, 
    such that the midpoint of a slice base is 

    actually outside the soil region,even though 
    the slip surface is wholly within the soil region. 
     
    -111 = safety factor equation did not converge 
     
    -112 = The coefficient M-Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) 
    < 0.2 for the final iteration of the safety factor calculation. This screens out 
    some slip surfaces which may not be valid in the context of the analysis, in 
    particular, deep seated slip surfaces with many high negative base angle 
    slices in the passive zone. 
     
    -113 = Surface intersects outside slope limits. 
     
     
    List of All Coordinates 
     
    Search Grid 
       37.838 340.000 
       85.705 340.000 
       85.705 387.091 
       37.838 387.091 
     
    Material Boundary 
       0.000 334.800 
       0.000 328.080 
       -4.250 328.080 
       -4.250 326.580 
       8.750 326.580 
       8.750 328.080 
       1.250 328.080 
       1.250 344.090 
     
    Material Boundary 
       8.750 338.360 
       12.000 338.360 
       12.000 344.330 
     
    Material Boundary 
       8.750 337.110 
       8.750 338.360 
     
    Material Boundary 
       8.750 337.110 
       18.500 337.110 
       18.500 338.360 
       13.500 338.360 
       13.042 349.360 
     
    Material Boundary 
       8.750 326.580 
       9.750 326.580 
       33.000 340.000 
     
    Material Boundary 
       -10.663 332.000 
       -5.250 326.580 



       -4.250 326.580 
     
    External Boundary 
       0.000 345.650 
       0.000 334.800 
       -0.813 331.800 
       -10.663 332.000 
       -50.000 332.800 
       -50.000 280.000 
       100.000 280.000 
       100.000 320.000 
       63.000 320.000 
       33.000 340.000 
       13.042 349.360 
       13.000 366.360 
       12.000 366.360 
       12.000 344.330 
       1.250 344.090 
       1.250 345.650 
     
    Distributed Load 
       13.042 349.360 
       13.000 366.360 



1.911.91

33.00 lb/ft2

1.911.91

SAND (Qvof)

BACKFILL

Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW614/RW622 ST19+40 - PSEUDOSTATIC

Analysis Methods
Analysis Methods used: 
Bishop simplified
Spencer
Number of slices: 25
Tolerance: 0.005
Maximum number of iterations: 50

Material Properties
Material: SAND (Qvof)
Strength Type: Mohr-Coulomb
Unit Weight: 120 lb/ft3
Cohesion: 250 psf
Friction Angle: 35 degrees
Water Surface: None
Material: BACKFILL
Strength Type: Mohr-Coulomb
Unit Weight: 120 lb/ft3
Cohesion: 200 psf
Friction Angle: 34 degrees
Water Surface: None
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    Slide Analysis Information 
     
    Document Name 
     
    File Name: RW614_ST19+40_Pseudostatic.sli 
     
    Project Settings 
     
    Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - 
RW614/RW622 ST19+40 - PSEUDOSTATIC 
    Failure Direction: Left to Right 
    Units of Measurement: Imperial Units 
    Pore Fluid Unit Weight: 62.4 lb/ft3 
    Groundwater Method: Water Surfaces 
    Data Output: Standard 
    Calculate Excess Pore Pressure: Off 
    Allow Ru with Water Surfaces or Grids: Off 
    Random Numbers: Pseudo-random Seed 
    Random Number Seed: 10116 
    Random Number Generation Method: Park and Miller v.3 
     
    Analysis Methods 
     
    Analysis Methods used:  
    Bishop simplified 
    Spencer 
     
    Number of slices: 25 
    Tolerance: 0.005 
    Maximum number of iterations: 50 
     
    Surface Options 
     
    Surface Type: Circular 
    Search Method: Grid Search 
    Radius increment: 10 
    Composite Surfaces: Disabled 
    Reverse Curvature: Create Tension Crack 
    Minimum Elevation: Not Defined 
    Minimum Depth: Not Defined 
     
    Loading 
     
    Seismic Load Coefficient (Horizontal): 0.2 
    1 Distributed Load present: 
    Distributed Load Constant Distribution, Orientation:  Horizontal, Magnitude:  33 lb/ft2 
     
    Material Properties 
     
    Material: SAND (Qvof) - PEAK 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 120 lb/ft3 
    Cohesion: 450 psf 
    Friction Angle: 38 degrees 

    Water Surface: None 
     
    Material: BACKFILL 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 120 lb/ft3 
    Cohesion: 200 psf 
    Friction Angle: 34 degrees 
    Water Surface: None 
     
    Material: CONCRETE 
    Strength Type: Infinite strength 
    Unit Weight: 150 lb/ft3 
     
    Global Minimums 
     
    Method: bishop simplified 
    FS: 1.913840 
    Center: 50.283, 374.847 
    Radius: 56.132 
    Left Slip Surface Endpoint: 3.298, 344.136 
    Right Slip Surface Endpoint: 62.805, 320.130 
    Resisting Moment=5.15715e+006 lb-ft 
    Driving Moment=2.69465e+006 lb-ft 
     
    Method: spencer 
    FS: 1.933880 
    Center: 50.283, 374.847 
    Radius: 56.132 
    Left Slip Surface Endpoint: 3.298, 344.136 
    Right Slip Surface Endpoint: 62.805, 320.130 
    Resisting Moment=5.21115e+006 lb-ft 
    Driving Moment=2.69465e+006 lb-ft 
    Resisting Horizontal Force=85187.3 lb 
    Driving Horizontal Force=44049.9 lb 
     
    Valid / Invalid Surfaces 
     
    Method: bishop simplified 
    Number of Valid Surfaces: 17691 
    Number of Invalid Surfaces: 10920 
    Error Codes:  
    Error Code -99 reported for 9142 surfaces 
    Error Code -100 reported for 1 surface 
    Error Code -101 reported for 2 surfaces 
    Error Code -103 reported for 8 surfaces 
    Error Code -105 reported for 111 surfaces 
    Error Code -106 reported for 94 surfaces 
    Error Code -109 reported for 1556 surfaces 
    Error Code -112 reported for 3 surfaces 
    Error Code -113 reported for 3 surfaces 
     
    Method: spencer 
    Number of Valid Surfaces: 16248 
    Number of Invalid Surfaces: 12363 
    Error Codes:  
    Error Code -99 reported for 9142 surfaces 



    Error Code -100 reported for 1 surface 
    Error Code -101 reported for 2 surfaces 
    Error Code -103 reported for 8 surfaces 
    Error Code -105 reported for 111 surfaces 
    Error Code -106 reported for 94 surfaces 
    Error Code -108 reported for 247 surfaces 
    Error Code -109 reported for 1556 surfaces 
    Error Code -111 reported for 1196 surfaces 
    Error Code -112 reported for 3 surfaces 
    Error Code -113 reported for 3 surfaces 
     
    Error Codes 
     
    The following errors were encountered during the computation: 
     
    -99 = Slip surface intersects an infinite 
    strength material. If infinite strength regions 
    are defined for a model, a large number of 
    potential slip surfaces may show this error code. 
    This is Normal. 
     
    -100 = Both surface / slope intersections 
    are on the same horizontal surface. In general, this 
    will give a very high or infinite factor of safety (zero 
    driving force), if calculated. 
     
    -101 = Only one (or zero) 
    surface / slope intersections. 
     
    -103 = Two surface / slope intersections, 
    but one or more surface / nonslope external polygon 
    intersections lie between them. This usually occurs 
    when the slip surface extends past the bottom of the 
    soil region, but may also occur on a benched 
    slope model with two sets of Slope Limits. 
     
    -105 = More than two surface / slope 
    intersections with no valid slip surface. 
     
    -106 = Average slice width is less than 
    0.0001 * (maximum horizontal extent of soil region). 
    This limitation is imposed to avoid numerical errors 
    which may result from too many slices, or too 
    small a slip region. 
     
    -108 = Total driving moment 
    or total driving force < 0.1. This is to 
    limit the calculation of extremely high safety 
    factors if the driving force is very small 
    (0.1 is an arbitrary number). 
     
    -109 = Soiltype for slice base not 
    located. This error should occur very rarely, 
    if at all. It may occur if a very low number of 
    slices is combined with certain soil geometries, 
    such that the midpoint of a slice base is 

    actually outside the soil region,even though 
    the slip surface is wholly within the soil region. 
     
    -111 = safety factor equation did not converge 
     
    -112 = The coefficient M-Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) 
    < 0.2 for the final iteration of the safety factor calculation. This screens out 
    some slip surfaces which may not be valid in the context of the analysis, in 
    particular, deep seated slip surfaces with many high negative base angle 
    slices in the passive zone. 
     
    -113 = Surface intersects outside slope limits. 
     
     
    List of All Coordinates 
     
    Search Grid 
       37.838 340.000 
       85.705 340.000 
       85.705 387.091 
       37.838 387.091 
     
    Material Boundary 
       0.000 334.800 
       0.000 328.080 
       -4.250 328.080 
       -4.250 326.580 
       8.750 326.580 
       8.750 328.080 
       1.250 328.080 
       1.250 344.090 
     
    Material Boundary 
       8.750 338.360 
       12.000 338.360 
       12.000 344.330 
     
    Material Boundary 
       8.750 337.110 
       8.750 338.360 
     
    Material Boundary 
       8.750 337.110 
       18.500 337.110 
       18.500 338.360 
       13.500 338.360 
       13.042 349.360 
     
    Material Boundary 
       8.750 326.580 
       9.750 326.580 
       33.000 340.000 
     
    Material Boundary 
       -10.663 332.000 
       -5.250 326.580 



       -4.250 326.580 
     
    External Boundary 
       0.000 345.650 
       0.000 334.800 
       -0.813 331.800 
       -10.663 332.000 
       -50.000 332.800 
       -50.000 280.000 
       100.000 280.000 
       100.000 320.000 
       63.000 320.000 
       33.000 340.000 
       13.042 349.360 
       13.000 366.360 
       12.000 366.360 
       12.000 344.330 
       1.250 344.090 
       1.250 345.650 
     
    Distributed Load 
       13.042 349.360 
       13.000 366.360 
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Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW622 ST14+30 - STATIC

Analysis Methods
Analysis Methods used: 
Bishop simplified
Janbu corrected
Spencer
Number of slices: 25
Tolerance: 0.005
Maximum number of iterations: 50

Material Properties
Material: CLAY (Qvof)
Strength Type: Mohr-Coulomb
Unit Weight: 130 lb/ft3
Cohesion: 180 psf
Friction Angle: 28 degrees
Material: BACKFILL
Strength Type: Mohr-Coulomb
Unit Weight: 120 lb/ft3
Cohesion: 200 psf
Friction Angle: 34 degrees
Material: CLAY (Qlh)
Strength Type: Mohr-Coulomb
Unit Weight: 130 lb/ft3
Cohesion: 300 psf
Friction Angle: 26 degrees
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    Slide Analysis Information 
     
    Document Name 
     
    File Name: RW622_ST14+30_STATIC.sli 
     
    Project Settings 
     
    Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW622 
ST14+30 - STATIC 
    Failure Direction: Left to Right 
    Units of Measurement: Imperial Units 
    Pore Fluid Unit Weight: 62.4 lb/ft3 
    Groundwater Method: Water Surfaces 
    Data Output: Standard 
    Calculate Excess Pore Pressure: Off 
    Allow Ru with Water Surfaces or Grids: Off 
    Random Numbers: Pseudo-random Seed 
    Random Number Seed: 10116 
    Random Number Generation Method: Park and Miller v.3 
     
    Analysis Methods 
     
    Analysis Methods used:  
    Bishop simplified 
    Janbu corrected 
    Spencer 
     
    Number of slices: 25 
    Tolerance: 0.005 
    Maximum number of iterations: 50 
     
    Surface Options 
     
    Surface Type: Circular 
    Search Method: Grid Search 
    Radius increment: 10 
    Composite Surfaces: Disabled 
    Reverse Curvature: Create Tension Crack 
    Minimum Elevation: Not Defined 
    Minimum Depth: Not Defined 
     
    Material Properties 
     
    Material: CLAY (Qvof) 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 180 psf 
    Friction Angle: 28 degrees 
    Water Surface: None 
     
    Material: BACKFILL 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 120 lb/ft3 
    Cohesion: 200 psf 

    Friction Angle: 34 degrees 
    Water Surface: None 
     
    Material: CONCRETE 
    Strength Type: Infinite strength 
    Unit Weight: 150 lb/ft3 
     
    Material: CLAY (Qlh) 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 300 psf 
    Friction Angle: 26 degrees 
    Water Surface: None 
     
    Global Minimums 
     
    Method: bishop simplified 
    FS: 2.034620 
    Center: 48.568, 381.600 
    Radius: 49.620 
    Left Slip Surface Endpoint: 5.219, 357.456 
    Right Slip Surface Endpoint: 55.783, 332.507 
    Resisting Moment=2.04262e+006 lb-ft 
    Driving Moment=1.00393e+006 lb-ft 
     
    Method: janbu corrected 
    FS: 2.007550 
    Center: 45.420, 375.794 
    Radius: 44.653 
    Left Slip Surface Endpoint: 4.725, 357.414 
    Right Slip Surface Endpoint: 56.328, 332.494 
    Resisting Horizontal Force=42772.7 lb 
    Driving Horizontal Force=21305.9 lb 
     
    Method: spencer 
    FS: 2.023220 
    Center: 48.568, 381.600 
    Radius: 49.620 
    Left Slip Surface Endpoint: 5.219, 357.456 
    Right Slip Surface Endpoint: 55.783, 332.507 
    Resisting Moment=2.03118e+006 lb-ft 
    Driving Moment=1.00393e+006 lb-ft 
    Resisting Horizontal Force=35877.1 lb 
    Driving Horizontal Force=17732.6 lb 
     
    Valid / Invalid Surfaces 
     
    Method: bishop simplified 
    Number of Valid Surfaces: 21567 
    Number of Invalid Surfaces: 7044 
    Error Codes:  
    Error Code -99 reported for 6445 surfaces 
    Error Code -101 reported for 4 surfaces 
    Error Code -103 reported for 178 surfaces 
    Error Code -105 reported for 1 surface 
    Error Code -106 reported for 247 surfaces 
    Error Code -109 reported for 70 surfaces 



    Error Code -112 reported for 99 surfaces 
     
    Method: janbu corrected 
    Number of Valid Surfaces: 21551 
    Number of Invalid Surfaces: 7060 
    Error Codes:  
    Error Code -99 reported for 6445 surfaces 
    Error Code -101 reported for 4 surfaces 
    Error Code -103 reported for 178 surfaces 
    Error Code -105 reported for 1 surface 
    Error Code -106 reported for 247 surfaces 
    Error Code -108 reported for 54 surfaces 
    Error Code -109 reported for 70 surfaces 
    Error Code -111 reported for 37 surfaces 
    Error Code -112 reported for 24 surfaces 
     
    Method: spencer 
    Number of Valid Surfaces: 21310 
    Number of Invalid Surfaces: 7301 
    Error Codes:  
    Error Code -99 reported for 6445 surfaces 
    Error Code -101 reported for 4 surfaces 
    Error Code -103 reported for 178 surfaces 
    Error Code -105 reported for 1 surface 
    Error Code -106 reported for 247 surfaces 
    Error Code -108 reported for 57 surfaces 
    Error Code -109 reported for 70 surfaces 
    Error Code -111 reported for 193 surfaces 
    Error Code -112 reported for 106 surfaces 
     
    Error Codes 
     
    The following errors were encountered during the computation: 
     
    -99 = Slip surface intersects an infinite 
    strength material. If infinite strength regions 
    are defined for a model, a large number of 
    potential slip surfaces may show this error code. 
    This is Normal. 
     
    -101 = Only one (or zero) 
    surface / slope intersections. 
     
    -103 = Two surface / slope intersections, 
    but one or more surface / nonslope external polygon 
    intersections lie between them. This usually occurs 
    when the slip surface extends past the bottom of the 
    soil region, but may also occur on a benched 
    slope model with two sets of Slope Limits. 
     
    -105 = More than two surface / slope 
    intersections with no valid slip surface. 
     
    -106 = Average slice width is less than 
    0.0001 * (maximum horizontal extent of soil region). 
    This limitation is imposed to avoid numerical errors 
    which may result from too many slices, or too 

    small a slip region. 
     
    -108 = Total driving moment 
    or total driving force < 0.1. This is to 
    limit the calculation of extremely high safety 
    factors if the driving force is very small 
    (0.1 is an arbitrary number). 
     
    -109 = Soiltype for slice base not 
    located. This error should occur very rarely, 
    if at all. It may occur if a very low number of 
    slices is combined with certain soil geometries, 
    such that the midpoint of a slice base is 
    actually outside the soil region,even though 
    the slip surface is wholly within the soil region. 
     
    -111 = safety factor equation did not converge 
     
    -112 = The coefficient M-Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) 
    < 0.2 for the final iteration of the safety factor calculation. This screens out 
    some slip surfaces which may not be valid in the context of the analysis, in 
    particular, deep seated slip surfaces with many high negative base angle 
    slices in the passive zone. 
     
     
    List of All Coordinates 
     
    Search Grid 
       24.430 350.246 
       76.905 350.246 
       76.905 408.308 
       24.430 408.308 
     
    Material Boundary 
       -36.019 345.740 
       -12.404 345.740 
       -0.010 345.740 
       1.474 345.740 
       16.845 345.740 
       31.367 345.740 
     
    Material Boundary 
       -0.010 350.130 
       -0.010 345.740 
       -0.010 340.100 
       -4.250 340.100 
       -4.250 338.600 
       8.750 338.600 
       8.750 340.100 
     
    Material Boundary 
       1.000 357.100 
       1.474 345.740 
       1.710 340.100 
     
    Material Boundary 
       1.710 340.100 



       8.750 340.100 
     
    Material Boundary 
       8.750 338.600 
       9.750 338.600 
       16.845 345.740 
       22.247 351.177 
     
    Material Boundary 
       -13.299 346.633 
       -12.404 345.740 
       -5.250 338.600 
       -4.250 338.600 
     
    External Boundary 
       -100.000 343.410 
       -100.000 289.240 
       100.000 289.240 
       100.000 331.400 
       55.680 332.510 
       54.990 333.470 
       44.280 338.570 
       43.210 340.170 
       41.470 340.570 
       31.367 345.740 
       28.670 347.120 
       27.950 348.320 
       25.640 349.730 
       24.430 350.246 
       22.247 351.177 
       9.040 356.810 
       7.070 357.580 
       5.390 357.470 
       1.000 357.100 
       0.950 358.100 
       0.000 358.100 
       -0.001 357.015 
       -0.010 350.130 
       -0.350 350.130 
       -0.830 347.130 
       -7.020 346.890 
       -8.830 346.810 
       -10.380 346.750 
       -10.830 346.730 
       -13.299 346.633 
       -16.189 346.519 
       -18.190 346.440 
       -36.019 345.740 
       -43.150 345.460 
       -43.910 345.687 
       -72.331 344.533 
       -81.081 344.178 



3.183.183.183.18

Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW622 ST14+30 - PSEUDOSTATICAnalysis Methods
Analysis Methods used: 
Bishop simplified
Janbu corrected
Spencer
Number of slices: 25
Tolerance: 0.005
Maximum number of iterations: 50

Material Properties
Material: CLAY (Qvof)
Strength Type: Mohr-Coulomb
Unit Weight: 130 lb/ft3
Cohesion: 180 psf
Friction Angle: 28 degrees
Material: BACKFILL
Strength Type: Mohr-Coulomb
Unit Weight: 120 lb/ft3
Cohesion: 200 psf
Friction Angle: 34 degrees
Material: CLAY (Qvof) - PEAK
Strength Type: Mohr-Coulomb
Unit Weight: 130 lb/ft3
Cohesion: 950 psf
Friction Angle: 30 degrees
Material: CLAY (Qlh) - PEAK
Strength Type: Mohr-Coulomb
Unit Weight: 130 lb/ft3
Cohesion: 1500 psf
Friction Angle: 30 degrees
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    Slide Analysis Information 
     
    Document Name 
     
    File Name: RW622_ST14+30_PSEUDOSTATIC.sli 
     
    Project Settings 
     
    Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW622 
ST14+30 - PSEUDOSTATIC 
    Failure Direction: Left to Right 
    Units of Measurement: Imperial Units 
    Pore Fluid Unit Weight: 62.4 lb/ft3 
    Groundwater Method: Water Surfaces 
    Data Output: Standard 
    Calculate Excess Pore Pressure: Off 
    Allow Ru with Water Surfaces or Grids: Off 
    Random Numbers: Pseudo-random Seed 
    Random Number Seed: 10116 
    Random Number Generation Method: Park and Miller v.3 
     
    Analysis Methods 
     
    Analysis Methods used:  
    Bishop simplified 
    Janbu corrected 
    Spencer 
     
    Number of slices: 25 
    Tolerance: 0.005 
    Maximum number of iterations: 50 
     
    Surface Options 
     
    Surface Type: Circular 
    Search Method: Grid Search 
    Radius increment: 10 
    Composite Surfaces: Disabled 
    Reverse Curvature: Create Tension Crack 
    Minimum Elevation: Not Defined 
    Minimum Depth: Not Defined 
     
    Loading 
     
    Seismic Load Coefficient (Horizontal): 0.2 
     
    Material Properties 
     
    Material: BACKFILL 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 120 lb/ft3 
    Cohesion: 200 psf 
    Friction Angle: 34 degrees 
    Water Surface: None 

     
    Material: CLAY (Qvof) - PEAK 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 950 psf 
    Friction Angle: 30 degrees 
    Water Surface: None 
     
    Material: CONCRETE 
    Strength Type: Infinite strength 
    Unit Weight: 150 lb/ft3 
     
    Material: CLAY (Qlh) - PEAK 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 1500 psf 
    Friction Angle: 30 degrees 
    Water Surface: None 
     
    Global Minimums 
     
    Method: bishop simplified 
    FS: 3.183350 
    Center: 41.222, 374.632 
    Radius: 43.323 
    Left Slip Surface Endpoint: 1.583, 357.149 
    Right Slip Surface Endpoint: 54.885, 333.520 
    Resisting Moment=4.84067e+006 lb-ft 
    Driving Moment=1.52062e+006 lb-ft 
     
    Method: janbu corrected 
    FS: 2.853910 
    Center: 37.024, 366.504 
    Radius: 36.840 
    Left Slip Surface Endpoint: 1.395, 357.133 
    Right Slip Surface Endpoint: 54.134, 333.878 
    Resisting Horizontal Force=117862 lb 
    Driving Horizontal Force=41298.4 lb 
     
    Method: spencer 
    FS: 3.154830 
    Center: 41.222, 374.632 
    Radius: 43.323 
    Left Slip Surface Endpoint: 1.583, 357.149 
    Right Slip Surface Endpoint: 54.885, 333.520 
    Resisting Moment=4.79731e+006 lb-ft 
    Driving Moment=1.52062e+006 lb-ft 
    Resisting Horizontal Force=101150 lb 
    Driving Horizontal Force=32061.9 lb 
     
    Valid / Invalid Surfaces 
     
    Method: bishop simplified 
    Number of Valid Surfaces: 21518 
    Number of Invalid Surfaces: 7093 
    Error Codes:  



    Error Code -99 reported for 6445 surfaces 
    Error Code -101 reported for 4 surfaces 
    Error Code -103 reported for 178 surfaces 
    Error Code -105 reported for 1 surface 
    Error Code -106 reported for 247 surfaces 
    Error Code -109 reported for 70 surfaces 
    Error Code -112 reported for 148 surfaces 
     
    Method: janbu corrected 
    Number of Valid Surfaces: 21427 
    Number of Invalid Surfaces: 7184 
    Error Codes:  
    Error Code -99 reported for 6445 surfaces 
    Error Code -101 reported for 4 surfaces 
    Error Code -103 reported for 178 surfaces 
    Error Code -105 reported for 1 surface 
    Error Code -106 reported for 247 surfaces 
    Error Code -108 reported for 145 surfaces 
    Error Code -109 reported for 70 surfaces 
    Error Code -111 reported for 34 surfaces 
    Error Code -112 reported for 60 surfaces 
     
    Method: spencer 
    Number of Valid Surfaces: 20431 
    Number of Invalid Surfaces: 8180 
    Error Codes:  
    Error Code -99 reported for 6445 surfaces 
    Error Code -101 reported for 4 surfaces 
    Error Code -103 reported for 178 surfaces 
    Error Code -105 reported for 1 surface 
    Error Code -106 reported for 247 surfaces 
    Error Code -108 reported for 389 surfaces 
    Error Code -109 reported for 70 surfaces 
    Error Code -111 reported for 690 surfaces 
    Error Code -112 reported for 156 surfaces 
     
    Error Codes 
     
    The following errors were encountered during the computation: 
     
    -99 = Slip surface intersects an infinite 
    strength material. If infinite strength regions 
    are defined for a model, a large number of 
    potential slip surfaces may show this error code. 
    This is Normal. 
     
    -101 = Only one (or zero) 
    surface / slope intersections. 
     
    -103 = Two surface / slope intersections, 
    but one or more surface / nonslope external polygon 
    intersections lie between them. This usually occurs 
    when the slip surface extends past the bottom of the 
    soil region, but may also occur on a benched 
    slope model with two sets of Slope Limits. 
     

    -105 = More than two surface / slope 
    intersections with no valid slip surface. 
     
    -106 = Average slice width is less than 
    0.0001 * (maximum horizontal extent of soil region). 
    This limitation is imposed to avoid numerical errors 
    which may result from too many slices, or too 
    small a slip region. 
     
    -108 = Total driving moment 
    or total driving force < 0.1. This is to 
    limit the calculation of extremely high safety 
    factors if the driving force is very small 
    (0.1 is an arbitrary number). 
     
    -109 = Soiltype for slice base not 
    located. This error should occur very rarely, 
    if at all. It may occur if a very low number of 
    slices is combined with certain soil geometries, 
    such that the midpoint of a slice base is 
    actually outside the soil region,even though 
    the slip surface is wholly within the soil region. 
     
    -111 = safety factor equation did not converge 
     
    -112 = The coefficient M-Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) 
    < 0.2 for the final iteration of the safety factor calculation. This screens out 
    some slip surfaces which may not be valid in the context of the analysis, in 
    particular, deep seated slip surfaces with many high negative base angle 
    slices in the passive zone. 
     
     
    List of All Coordinates 
     
    Search Grid 
       24.430 350.246 
       76.905 350.246 
       76.905 408.308 
       24.430 408.308 
     
    Material Boundary 
       -36.019 345.740 
       -12.404 345.740 
       -0.010 345.740 
       1.474 345.740 
       16.845 345.740 
       31.367 345.740 
     
    Material Boundary 
       -0.010 350.130 
       -0.010 345.740 
       -0.010 340.100 
       -4.250 340.100 
       -4.250 338.600 
       8.750 338.600 
       8.750 340.100 



     
    Material Boundary 
       1.000 357.100 
       1.474 345.740 
       1.710 340.100 
     
    Material Boundary 
       1.710 340.100 
       8.750 340.100 
     
    Material Boundary 
       8.750 338.600 
       9.750 338.600 
       16.845 345.740 
       22.247 351.177 
     
    Material Boundary 
       -13.299 346.633 
       -12.404 345.740 
       -5.250 338.600 
       -4.250 338.600 
     
    External Boundary 
       -100.000 343.410 
       -100.000 289.240 
       100.000 289.240 
       100.000 331.400 
       55.680 332.510 
       54.990 333.470 
       44.280 338.570 
       43.210 340.170 
       41.470 340.570 
       31.367 345.740 
       28.670 347.120 
       27.950 348.320 
       25.640 349.730 
       24.430 350.246 
       22.247 351.177 
       9.040 356.810 
       7.070 357.580 
       5.390 357.470 
       1.000 357.100 
       0.950 358.100 
       0.000 358.100 
       -0.001 357.015 
       -0.010 350.130 
       -0.350 350.130 
       -0.830 347.130 
       -7.020 346.890 
       -8.830 346.810 
       -10.380 346.750 
       -10.830 346.730 
       -13.299 346.633 
       -16.189 346.519 
       -18.190 346.440 
       -36.019 345.740 

       -43.150 345.460 
       -43.910 345.687 
       -72.331 344.533 
       -81.081 344.178 
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Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL SLOPE STABILITY ANALYSIS - RW622 ST14+40 - STATIC

Analysis Methods
Analysis Methods used: 
Bishop simplified
Janbu corrected
Spencer
Number of slices: 25
Tolerance: 0.005
Maximum number of iterations: 50

Material Properties
Material: CLAY (Qvof)
Strength Type: Mohr-Coulomb
Unit Weight: 130 lb/ft3
Cohesion: 180 psf
Friction Angle: 28 degrees
Material: BACKFILL
Strength Type: Mohr-Coulomb
Unit Weight: 120 lb/ft3
Cohesion: 200 psf
Friction Angle: 34 degrees
Material: CONCRETE
Strength Type: Infinite strength
Unit Weight: 150 lb/ft3
Material: CLAY (Qlh)
Strength Type: Mohr-Coulomb
Unit Weight: 130 lb/ft3
Cohesion: 300 psf
Friction Angle: 26 degrees
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    Slide Analysis Information 
     
    Document Name 
     
    File Name: RW622_ST14+40_STATIC.sli 
     
    Project Settings 
     
    Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL SLOPE STABILITY ANALYSIS - 
RW622 ST14+40 - STATIC 
    Failure Direction: Left to Right 
    Units of Measurement: Imperial Units 
    Pore Fluid Unit Weight: 62.4 lb/ft3 
    Groundwater Method: Water Surfaces 
    Data Output: Standard 
    Calculate Excess Pore Pressure: Off 
    Allow Ru with Water Surfaces or Grids: Off 
    Random Numbers: Pseudo-random Seed 
    Random Number Seed: 10116 
    Random Number Generation Method: Park and Miller v.3 
     
    Analysis Methods 
     
    Analysis Methods used:  
    Bishop simplified 
    Spencer 
     
    Number of slices: 25 
    Tolerance: 0.005 
    Maximum number of iterations: 50 
     
    Surface Options 
     
    Surface Type: Circular 
    Search Method: Grid Search 
    Radius increment: 10 
    Composite Surfaces: Disabled 
    Reverse Curvature: Create Tension Crack 
    Minimum Elevation: Not Defined 
    Minimum Depth: Not Defined 
     
    Material Properties 
     
    Material: CLAY (Qvof) 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 180 psf 
    Friction Angle: 28 degrees 
    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Material: BACKFILL 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 120 lb/ft3 
    Cohesion: 200 psf 

    Friction Angle: 34 degrees 
    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Material: CONCRETE 
    Strength Type: Infinite strength 
    Unit Weight: 150 lb/ft3 
     
    Material: CLAY (Qlh) 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 300 psf 
    Friction Angle: 26 degrees 
    Water Surface: None 
     
    Global Minimums 
     
    Method: bishop simplified 
    FS: 1.923150 
    Center: 55.842, 389.267 
    Radius: 56.310 
    Left Slip Surface Endpoint: 7.555, 360.297 
    Right Slip Surface Endpoint: 64.293, 333.594 
    Resisting Moment=2.64602e+006 lb-ft 
    Driving Moment=1.37588e+006 lb-ft 
     
    Method: spencer 
    FS: 1.912640 
    Center: 55.842, 389.267 
    Radius: 56.310 
    Left Slip Surface Endpoint: 7.555, 360.297 
    Right Slip Surface Endpoint: 64.293, 333.594 
    Resisting Moment=2.63156e+006 lb-ft 
    Driving Moment=1.37588e+006 lb-ft 
    Resisting Horizontal Force=41103.5 lb 
    Driving Horizontal Force=21490.4 lb 
     
    Valid / Invalid Surfaces 
     
    Method: bishop simplified 
    Number of Valid Surfaces: 22425 
    Number of Invalid Surfaces: 6186 
    Error Codes:  
    Error Code -99 reported for 5033 surfaces 
    Error Code -101 reported for 4 surfaces 
    Error Code -103 reported for 239 surfaces 
    Error Code -105 reported for 2 surfaces 
    Error Code -106 reported for 123 surfaces 
    Error Code -108 reported for 612 surfaces 
    Error Code -109 reported for 66 surfaces 
    Error Code -112 reported for 107 surfaces 
     
    Method: spencer 
    Number of Valid Surfaces: 21042 
    Number of Invalid Surfaces: 7569 
    Error Codes:  
    Error Code -99 reported for 5033 surfaces 



    Error Code -101 reported for 4 surfaces 
    Error Code -103 reported for 239 surfaces 
    Error Code -105 reported for 2 surfaces 
    Error Code -106 reported for 123 surfaces 
    Error Code -108 reported for 1851 surfaces 
    Error Code -109 reported for 66 surfaces 
    Error Code -111 reported for 139 surfaces 
    Error Code -112 reported for 112 surfaces 
     
    Error Codes 
     
    The following errors were encountered during the computation: 
     
    -99 = Slip surface intersects an infinite 
    strength material. If infinite strength regions 
    are defined for a model, a large number of 
    potential slip surfaces may show this error code. 
    This is Normal. 
     
    -101 = Only one (or zero) 
    surface / slope intersections. 
     
    -103 = Two surface / slope intersections, 
    but one or more surface / nonslope external polygon 
    intersections lie between them. This usually occurs 
    when the slip surface extends past the bottom of the 
    soil region, but may also occur on a benched 
    slope model with two sets of Slope Limits. 
     
    -105 = More than two surface / slope 
    intersections with no valid slip surface. 
     
    -106 = Average slice width is less than 
    0.0001 * (maximum horizontal extent of soil region). 
    This limitation is imposed to avoid numerical errors 
    which may result from too many slices, or too 
    small a slip region. 
     
    -108 = Total driving moment 
    or total driving force < 0.1. This is to 
    limit the calculation of extremely high safety 
    factors if the driving force is very small 
    (0.1 is an arbitrary number). 
     
    -109 = Soiltype for slice base not 
    located. This error should occur very rarely, 
    if at all. It may occur if a very low number of 
    slices is combined with certain soil geometries, 
    such that the midpoint of a slice base is 
    actually outside the soil region,even though 
    the slip surface is wholly within the soil region. 
     
    -111 = safety factor equation did not converge 
     
    -112 = The coefficient M-Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) 
    < 0.2 for the final iteration of the safety factor calculation. This screens out 
    some slip surfaces which may not be valid in the context of the analysis, in 

    particular, deep seated slip surfaces with many high negative base angle 
    slices in the passive zone. 
     
     
    List of All Coordinates 
     
    Search Grid 
       16.155 350.547 
       98.836 350.547 
       98.836 427.986 
       16.155 427.986 
     
    Material Boundary 
       -0.010 350.420 
       -0.010 345.740 
       -0.010 341.370 
       -3.250 341.370 
       -3.250 339.870 
       6.750 339.870 
       6.750 341.370 
       1.750 341.370 
       1.557 345.740 
       1.000 358.380 
     
    Material Boundary 
       -41.955 345.740 
       -10.158 345.740 
       -0.010 345.740 
     
    Material Boundary 
       1.557 345.740 
       13.618 345.740 
       38.780 345.740 
     
    Material Boundary 
       6.750 339.870 
       7.750 339.870 
       13.618 345.740 
       23.385 355.510 
     
    Material Boundary 
       -11.412 346.986 
       -10.158 345.740 
       -4.250 339.870 
       -3.250 339.870 
     
    External Boundary 
       -100.000 343.560 
       -100.000 289.240 
       100.000 289.240 
       100.000 331.880 
       97.900 331.880 
       81.050 331.930 
       63.630 333.660 
       38.780 345.740 
       32.950 350.100 
       31.520 351.260 



       28.820 352.770 
       24.870 354.840 
       23.385 355.510 
       12.370 360.510 
       4.719 360.171 
       1.438 358.888 
       1.000 358.380 
       0.950 359.370 
       0.000 359.370 
       -0.010 350.420 
       -0.350 350.420 
       -0.830 347.420 
       -8.830 347.100 
       -9.210 347.080 
       -10.830 347.010 
       -11.412 346.986 
       -41.955 345.740 
       -45.847 345.740 
       -48.218 345.740 
     
    Water Table 
       -100.000 290.900 
       100.000 290.900 
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Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL SLOPE STABILITY ANALYSIS - RW622 ST14+40 - PSUEDOSTATICAnalysis Methods

Analysis Methods used: 
Bishop simplified
Janbu corrected
Spencer
Number of slices: 25
Tolerance: 0.005
Maximum number of iterations: 50

Material Properties
Material: CLAY (Qvof)
Strength Type: Mohr-Coulomb
Unit Weight: 130 lb/ft3
Cohesion: 180 psf
Friction Angle: 28 degrees
Material: BACKFILL
Strength Type: Mohr-Coulomb
Unit Weight: 120 lb/ft3
Cohesion: 200 psf
Friction Angle: 34 degrees
Material: CLAY (Qvof) - PEAK
Strength Type: Mohr-Coulomb
Unit Weight: 130 lb/ft3
Cohesion: 950 psf
Friction Angle: 30 degrees
Material: CONCRETE
Strength Type: Infinite strength
Unit Weight: 150 lb/ft3
Material: CLAY (Qlh) - PEAK
Strength Type: Mohr-Coulomb
Unit Weight: 130 lb/ft3
Cohesion: 1500 psf
Friction Angle: 30 degrees
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    Slide Analysis Information 
     
    Document Name 
     
    File Name: RW622_ST14+50_PSEUDOSTATIC.sli 
     
    Project Settings 
     
    Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL SLOPE STABILITY ANALYSIS - 
RW622 ST14+50 - PSUEDOSTATIC 
    Failure Direction: Left to Right 
    Units of Measurement: Imperial Units 
    Pore Fluid Unit Weight: 62.4 lb/ft3 
    Groundwater Method: Water Surfaces 
    Data Output: Standard 
    Calculate Excess Pore Pressure: Off 
    Allow Ru with Water Surfaces or Grids: Off 
    Random Numbers: Pseudo-random Seed 
    Random Number Seed: 10116 
    Random Number Generation Method: Park and Miller v.3 
     
    Analysis Methods 
     
    Analysis Methods used:  
    Bishop simplified 
    Janbu corrected 
    Spencer 
     
    Number of slices: 25 
    Tolerance: 0.005 
    Maximum number of iterations: 50 
     
    Surface Options 
     
    Surface Type: Circular 
    Search Method: Grid Search 
    Radius increment: 10 
    Composite Surfaces: Disabled 
    Reverse Curvature: Create Tension Crack 
    Minimum Elevation: Not Defined 
    Minimum Depth: Not Defined 
     
    Loading 
     
    Seismic Load Coefficient (Horizontal): 0.2 
     
    Material Properties 
     
    Material: CLAY (Qvof) 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 180 psf 
    Friction Angle: 28 degrees 
    Water Surface: Water Table 

    Custom Hu value: 1 
     
    Material: BACKFILL 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 120 lb/ft3 
    Cohesion: 200 psf 
    Friction Angle: 34 degrees 
    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Material: CLAY (Qvof) - PEAK 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 950 psf 
    Friction Angle: 30 degrees 
    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Material: CONCRETE 
    Strength Type: Infinite strength 
    Unit Weight: 150 lb/ft3 
     
    Material: CLAY (Qlh) - PEAK 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 1500 psf 
    Friction Angle: 30 degrees 
    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Global Minimums 
     
    Method: bishop simplified 
    FS: 2.533340 
    Center: 26.024, 373.511 
    Radius: 20.863 
    Left Slip Surface Endpoint: 9.827, 360.362 
    Right Slip Surface Endpoint: 28.717, 352.823 
    Resisting Moment=162253 lb-ft 
    Driving Moment=64047 lb-ft 
     
    Method: janbu corrected 
    FS: 2.519360 
    Center: 26.024, 373.511 
    Radius: 20.863 
    Left Slip Surface Endpoint: 9.827, 360.362 
    Right Slip Surface Endpoint: 28.717, 352.823 
    Resisting Horizontal Force=7342.95 lb 
    Driving Horizontal Force=2914.6 lb 
     
    Method: spencer 
    FS: 2.533460 
    Center: 26.024, 373.511 
    Radius: 20.863 
    Left Slip Surface Endpoint: 9.827, 360.362 
    Right Slip Surface Endpoint: 28.717, 352.823 



    Resisting Moment=162260 lb-ft 
    Driving Moment=64047 lb-ft 
    Resisting Horizontal Force=7037.33 lb 
    Driving Horizontal Force=2777.76 lb 
     
    Valid / Invalid Surfaces 
     
    Method: bishop simplified 
    Number of Valid Surfaces: 21015 
    Number of Invalid Surfaces: 7596 
    Error Codes:  
    Error Code -99 reported for 5919 surfaces 
    Error Code -103 reported for 245 surfaces 
    Error Code -105 reported for 2 surfaces 
    Error Code -106 reported for 113 surfaces 
    Error Code -109 reported for 63 surfaces 
    Error Code -112 reported for 132 surfaces 
    Error Code -1000 reported for 1122 surfaces 
     
    Method: janbu corrected 
    Number of Valid Surfaces: 20570 
    Number of Invalid Surfaces: 8041 
    Error Codes:  
    Error Code -99 reported for 5919 surfaces 
    Error Code -103 reported for 245 surfaces 
    Error Code -105 reported for 2 surfaces 
    Error Code -106 reported for 113 surfaces 
    Error Code -108 reported for 501 surfaces 
    Error Code -109 reported for 63 surfaces 
    Error Code -111 reported for 19 surfaces 
    Error Code -112 reported for 57 surfaces 
    Error Code -1000 reported for 1122 surfaces 
     
    Method: spencer 
    Number of Valid Surfaces: 19672 
    Number of Invalid Surfaces: 8939 
    Error Codes:  
    Error Code -99 reported for 5919 surfaces 
    Error Code -103 reported for 245 surfaces 
    Error Code -105 reported for 2 surfaces 
    Error Code -106 reported for 113 surfaces 
    Error Code -108 reported for 700 surfaces 
    Error Code -109 reported for 63 surfaces 
    Error Code -111 reported for 638 surfaces 
    Error Code -112 reported for 137 surfaces 
    Error Code -1000 reported for 1122 surfaces 
     
    Error Codes 
     
    The following errors were encountered during the computation: 
     
    -99 = Slip surface intersects an infinite 
    strength material. If infinite strength regions 
    are defined for a model, a large number of 
    potential slip surfaces may show this error code. 

    This is Normal. 
     
    -103 = Two surface / slope intersections, 
    but one or more surface / nonslope external polygon 
    intersections lie between them. This usually occurs 
    when the slip surface extends past the bottom of the 
    soil region, but may also occur on a benched 
    slope model with two sets of Slope Limits. 
     
    -105 = More than two surface / slope 
    intersections with no valid slip surface. 
     
    -106 = Average slice width is less than 
    0.0001 * (maximum horizontal extent of soil region). 
    This limitation is imposed to avoid numerical errors 
    which may result from too many slices, or too 
    small a slip region. 
     
    -108 = Total driving moment 
    or total driving force < 0.1. This is to 
    limit the calculation of extremely high safety 
    factors if the driving force is very small 
    (0.1 is an arbitrary number). 
     
    -109 = Soiltype for slice base not 
    located. This error should occur very rarely, 
    if at all. It may occur if a very low number of 
    slices is combined with certain soil geometries, 
    such that the midpoint of a slice base is 
    actually outside the soil region,even though 
    the slip surface is wholly within the soil region. 
     
    -111 = safety factor equation did not converge 
     
    -112 = The coefficient M-Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) 
    < 0.2 for the final iteration of the safety factor calculation. This screens out 
    some slip surfaces which may not be valid in the context of the analysis, in 
    particular, deep seated slip surfaces with many high negative base angle 
    slices in the passive zone. 
     
    -1000 = No valid slip surfaces are generated 
    at a grid center. Unable to draw a surface. 
     
     
    List of All Coordinates 
     
    Search Grid 
       15.697 350.255 
       101.758 350.255 
       101.758 427.776 
       15.697 427.776 
     
    Material Boundary 
       -100.000 343.560 
       -96.210 343.700 



       -91.570 343.910 
       -91.184 343.931 
     
    Material Boundary 
       -34.272 346.056 
       -33.080 346.070 
       -32.927 346.109 
     
    Material Boundary 
       -68.821 344.873 
       -66.870 344.930 
       -64.213 345.067 
     
    Material Boundary 
       -48.218 345.740 
       -45.847 345.740 
     
    Material Boundary 
       -41.955 345.740 
       -16.398 345.740 
       -0.006 345.740 
       1.552 345.740 
       21.721 345.740 
       38.780 345.740 
     
    Material Boundary 
       -0.010 350.420 
       -0.006 345.740 
       0.000 337.370 
       -5.000 337.370 
       -5.000 335.370 
       10.250 335.370 
       10.250 337.370 
       1.917 337.370 
       1.552 345.740 
       1.000 358.380 
     
    Material Boundary 
       10.250 335.370 
       11.250 335.370 
       21.721 345.740 
       28.820 352.770 
     
    Material Boundary 
       -17.403 346.742 
       -16.398 345.740 
       -6.000 335.370 
       -5.000 335.370 
     
    External Boundary 
       -100.000 343.560 
       -100.000 289.240 
       100.000 289.240 
       100.000 331.880 
       97.900 331.880 

       81.050 331.930 
       63.630 333.660 
       52.810 338.220 
       46.940 340.900 
       38.780 345.740 
       38.240 346.060 
       32.950 350.100 
       31.520 351.260 
       28.820 352.770 
       25.870 354.300 
       24.870 354.840 
       16.230 358.740 
       12.370 360.510 
       11.110 360.410 
       4.719 360.171 
       1.438 358.888 
       1.000 358.380 
       0.950 359.370 
       0.000 359.370 
       -0.010 350.420 
       -0.350 350.420 
       -0.830 347.420 
       -7.290 347.160 
       -8.830 347.100 
       -9.210 347.080 
       -10.830 347.010 
       -17.403 346.742 
       -32.910 346.110 
       -32.927 346.109 
       -34.272 346.056 
       -36.980 345.950 
       -41.955 345.740 
       -43.140 345.690 
       -45.847 345.740 
       -47.495 345.770 
       -48.218 345.740 
       -64.213 345.067 
       -68.821 344.873 
       -91.184 343.931 
     
    Water Table 
       -100.000 290.900 
       100.000 290.900 



Retaining Wall RW 628



2.372.372.372.37

Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW628 ST12+12 - STATIC
Analysis Methods
Analysis Methods used: 
Bishop simplified
Spencer
Number of slices: 25
Tolerance: 0.005
Maximum number of iterations: 50

Material Properties
Material: CLAY (Qlh)
Strength Type: Mohr-Coulomb
Unit Weight: 130 lb/ft3
Cohesion: 300 psf
Friction Angle: 26 degrees
Material: BACKFILL
Strength Type: Mohr-Coulomb
Unit Weight: 120 lb/ft3
Cohesion: 200 psf
Friction Angle: 34 degrees
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    Slide Analysis Information 
     
    Document Name 
     
    File Name: RW628_ST12+12_Static_1.sli 
     
    Project Settings 
     
    Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW628 
ST12+12 - STATIC 
    Failure Direction: Left to Right 
    Units of Measurement: Imperial Units 
    Pore Fluid Unit Weight: 62.4 lb/ft3 
    Groundwater Method: Water Surfaces 
    Data Output: Standard 
    Calculate Excess Pore Pressure: Off 
    Allow Ru with Water Surfaces or Grids: Off 
    Random Numbers: Pseudo-random Seed 
    Random Number Seed: 10116 
    Random Number Generation Method: Park and Miller v.3 
     
    Analysis Methods 
     
    Analysis Methods used:  
    Bishop simplified 
    Spencer 
     
    Number of slices: 25 
    Tolerance: 0.005 
    Maximum number of iterations: 50 
     
    Surface Options 
     
    Surface Type: Circular 
    Search Method: Grid Search 
    Radius increment: 10 
    Composite Surfaces: Disabled 
    Reverse Curvature: Create Tension Crack 
    Minimum Elevation: Not Defined 
    Minimum Depth: Not Defined 
     
    Material Properties 
     
    Material: CLAY (Qlh) 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 300 psf 
    Friction Angle: 26 degrees 
    Water Surface: None 
     
    Material: BACKFILL 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 120 lb/ft3 
    Cohesion: 200 psf 
    Friction Angle: 34 degrees 

    Water Surface: None 
     
    Material: CONCRETE 
    Strength Type: Infinite strength 
    Unit Weight: 150 lb/ft3 
     
    Global Minimums 
     
    Method: bishop simplified 
    FS: 2.368390 
    Center: 50.577, 379.966 
    Radius: 34.053 
    Left Slip Surface Endpoint: 20.483, 364.030 
    Right Slip Surface Endpoint: 56.294, 346.396 
    Resisting Moment=902346 lb-ft 
    Driving Moment=380996 lb-ft 
     
    Method: spencer 
    FS: 2.363190 
    Center: 50.577, 379.966 
    Radius: 34.053 
    Left Slip Surface Endpoint: 20.483, 364.030 
    Right Slip Surface Endpoint: 56.294, 346.396 
    Resisting Moment=900364 lb-ft 
    Driving Moment=380996 lb-ft 
    Resisting Horizontal Force=23146 lb 
    Driving Horizontal Force=9794.42 lb 
     
    Valid / Invalid Surfaces 
     
    Method: bishop simplified 
    Number of Valid Surfaces: 22558 
    Number of Invalid Surfaces: 6053 
    Error Codes:  
    Error Code -99 reported for 3417 surfaces 
    Error Code -103 reported for 885 surfaces 
    Error Code -105 reported for 5 surfaces 
    Error Code -106 reported for 132 surfaces 
    Error Code -109 reported for 207 surfaces 
    Error Code -112 reported for 1407 surfaces 
     
    Method: spencer 
    Number of Valid Surfaces: 20543 
    Number of Invalid Surfaces: 8068 
    Error Codes:  
    Error Code -99 reported for 3417 surfaces 
    Error Code -103 reported for 885 surfaces 
    Error Code -105 reported for 5 surfaces 
    Error Code -106 reported for 132 surfaces 
    Error Code -108 reported for 1032 surfaces 
    Error Code -109 reported for 207 surfaces 
    Error Code -111 reported for 965 surfaces 
    Error Code -112 reported for 1425 surfaces 
     
    Error Codes 
     



    The following errors were encountered during the computation: 
     
    -99 = Slip surface intersects an infinite 
    strength material. If infinite strength regions 
    are defined for a model, a large number of 
    potential slip surfaces may show this error code. 
    This is Normal. 
     
    -103 = Two surface / slope intersections, 
    but one or more surface / nonslope external polygon 
    intersections lie between them. This usually occurs 
    when the slip surface extends past the bottom of the 
    soil region, but may also occur on a benched 
    slope model with two sets of Slope Limits. 
     
    -105 = More than two surface / slope 
    intersections with no valid slip surface. 
     
    -106 = Average slice width is less than 
    0.0001 * (maximum horizontal extent of soil region). 
    This limitation is imposed to avoid numerical errors 
    which may result from too many slices, or too 
    small a slip region. 
     
    -108 = Total driving moment 
    or total driving force < 0.1. This is to 
    limit the calculation of extremely high safety 
    factors if the driving force is very small 
    (0.1 is an arbitrary number). 
     
    -109 = Soiltype for slice base not 
    located. This error should occur very rarely, 
    if at all. It may occur if a very low number of 
    slices is combined with certain soil geometries, 
    such that the midpoint of a slice base is 
    actually outside the soil region,even though 
    the slip surface is wholly within the soil region. 
     
    -111 = safety factor equation did not converge 
     
    -112 = The coefficient M-Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) 
    < 0.2 for the final iteration of the safety factor calculation. This screens out 
    some slip surfaces which may not be valid in the context of the analysis, in 
    particular, deep seated slip surfaces with many high negative base angle 
    slices in the passive zone. 
     
     
    List of All Coordinates 
     
    Search Grid 
       22.459 345.756 
       78.696 345.756 
       78.696 404.738 
       22.459 404.738 
     
    Material Boundary 

       0.000 345.800 
       -2.917 345.800 
       -2.917 344.300 
       6.083 344.300 
       6.083 345.800 
       1.680 345.800 
       1.010 359.380 
     
    Material Boundary 
       0.000 345.800 
       0.000 351.730 
     
    Material Boundary 
       6.083 344.300 
       7.083 344.300 
       25.630 362.848 
     
    Material Boundary 
       -8.077 348.440 
       -3.917 344.300 
       -2.917 344.300 
     
    External Boundary 
       -100.000 300.000 
       100.000 300.000 
       100.000 345.220 
       57.900 346.280 
       57.130 346.300 
       56.400 346.320 
       56.350 346.320 
       56.330 346.320 
       56.330 346.330 
       54.720 349.250 
       47.660 352.400 
       40.990 355.430 
       29.940 361.240 
       28.225 361.880 
       25.630 362.848 
       22.459 364.030 
       12.480 364.030 
       1.180 359.380 
       1.010 359.380 
       0.960 361.800 
       0.000 361.800 
       0.000 351.730 
       -0.290 351.730 
       -0.340 351.730 
       -0.820 348.730 
       -5.860 348.530 
       -8.077 348.440 
       -8.820 348.410 
       -9.630 348.380 
       -10.820 348.330 
       -11.681 348.299 
       -30.150 347.640 
       -30.750 347.640 



       -31.800 347.610 
       -32.230 347.570 
       -36.290 347.540 
       -43.200 347.460 
       -50.460 347.160 
       -55.310 346.950 
       -59.560 346.800 
       -66.810 346.520 
       -74.160 346.240 
       -77.440 346.150 
       -82.980 345.850 
       -88.750 345.570 
       -89.850 345.590 
       -91.040 345.570 
       -96.890 345.390 
       -100.000 345.290 
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Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW628 ST12+12 - PSEUDOSTATIC
Analysis Methods
Analysis Methods used: 
Bishop simplified
Spencer
Number of slices: 25
Tolerance: 0.005
Maximum number of iterations: 50

Material Properties
Material: CLAY (Qlh) - PEAK
Strength Type: Mohr-Coulomb
Unit Weight: 130 lb/ft3
Cohesion: 1500 psf
Friction Angle: 30 degrees
Material: BACKFILL
Strength Type: Mohr-Coulomb
Unit Weight: 120 lb/ft3
Cohesion: 200 psf
Friction Angle: 34 degrees
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    Slide Analysis Information 
     
    Document Name 
     
    File Name: RW628_ST12+12_Pseudostatic_1.sli 
     
    Project Settings 
     
    Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW628 
ST12+12 - PSEUDOSTATIC 
    Failure Direction: Left to Right 
    Units of Measurement: Imperial Units 
    Pore Fluid Unit Weight: 62.4 lb/ft3 
    Groundwater Method: Water Surfaces 
    Data Output: Standard 
    Calculate Excess Pore Pressure: Off 
    Allow Ru with Water Surfaces or Grids: Off 
    Random Numbers: Pseudo-random Seed 
    Random Number Seed: 10116 
    Random Number Generation Method: Park and Miller v.3 
     
    Analysis Methods 
     
    Analysis Methods used:  
    Bishop simplified 
    Spencer 
     
    Number of slices: 25 
    Tolerance: 0.005 
    Maximum number of iterations: 50 
     
    Surface Options 
     
    Surface Type: Circular 
    Search Method: Grid Search 
    Radius increment: 10 
    Composite Surfaces: Disabled 
    Reverse Curvature: Create Tension Crack 
    Minimum Elevation: Not Defined 
    Minimum Depth: Not Defined 
     
    Loading 
     
    Seismic Load Coefficient (Horizontal): 0.2 
     
    Material Properties 
     
    Material: CLAY (Qlh) - PEAK 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 1500 psf 
    Friction Angle: 30 degrees 
    Water Surface: None 
     

    Material: BACKFILL 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 120 lb/ft3 
    Cohesion: 200 psf 
    Friction Angle: 34 degrees 
    Water Surface: None 
     
    Material: CONCRETE 
    Strength Type: Infinite strength 
    Unit Weight: 150 lb/ft3 
     
    Global Minimums 
     
    Method: bishop simplified 
    FS: 3.793110 
    Center: 43.829, 385.864 
    Radius: 41.402 
    Left Slip Surface Endpoint: 9.455, 362.785 
    Right Slip Surface Endpoint: 56.300, 346.384 
    Resisting Moment=4.08823e+006 lb-ft 
    Driving Moment=1.0778e+006 lb-ft 
     
    Method: spencer 
    FS: 3.777070 
    Center: 43.829, 385.864 
    Radius: 41.402 
    Left Slip Surface Endpoint: 9.455, 362.785 
    Right Slip Surface Endpoint: 56.300, 346.384 
    Resisting Moment=4.07093e+006 lb-ft 
    Driving Moment=1.0778e+006 lb-ft 
    Resisting Horizontal Force=91430.3 lb 
    Driving Horizontal Force=24206.7 lb 
     
    Valid / Invalid Surfaces 
     
    Method: bishop simplified 
    Number of Valid Surfaces: 22310 
    Number of Invalid Surfaces: 6301 
    Error Codes:  
    Error Code -99 reported for 3417 surfaces 
    Error Code -103 reported for 885 surfaces 
    Error Code -105 reported for 5 surfaces 
    Error Code -106 reported for 132 surfaces 
    Error Code -109 reported for 207 surfaces 
    Error Code -112 reported for 1655 surfaces 
     
    Method: spencer 
    Number of Valid Surfaces: 18904 
    Number of Invalid Surfaces: 9707 
    Error Codes:  
    Error Code -99 reported for 3417 surfaces 
    Error Code -103 reported for 885 surfaces 
    Error Code -105 reported for 5 surfaces 
    Error Code -106 reported for 132 surfaces 
    Error Code -108 reported for 1984 surfaces 
    Error Code -109 reported for 207 surfaces 



    Error Code -111 reported for 1417 surfaces 
    Error Code -112 reported for 1660 surfaces 
     
    Error Codes 
     
    The following errors were encountered during the computation: 
     
    -99 = Slip surface intersects an infinite 
    strength material. If infinite strength regions 
    are defined for a model, a large number of 
    potential slip surfaces may show this error code. 
    This is Normal. 
     
    -103 = Two surface / slope intersections, 
    but one or more surface / nonslope external polygon 
    intersections lie between them. This usually occurs 
    when the slip surface extends past the bottom of the 
    soil region, but may also occur on a benched 
    slope model with two sets of Slope Limits. 
     
    -105 = More than two surface / slope 
    intersections with no valid slip surface. 
     
    -106 = Average slice width is less than 
    0.0001 * (maximum horizontal extent of soil region). 
    This limitation is imposed to avoid numerical errors 
    which may result from too many slices, or too 
    small a slip region. 
     
    -108 = Total driving moment 
    or total driving force < 0.1. This is to 
    limit the calculation of extremely high safety 
    factors if the driving force is very small 
    (0.1 is an arbitrary number). 
     
    -109 = Soiltype for slice base not 
    located. This error should occur very rarely, 
    if at all. It may occur if a very low number of 
    slices is combined with certain soil geometries, 
    such that the midpoint of a slice base is 
    actually outside the soil region,even though 
    the slip surface is wholly within the soil region. 
     
    -111 = safety factor equation did not converge 
     
    -112 = The coefficient M-Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) 
    < 0.2 for the final iteration of the safety factor calculation. This screens out 
    some slip surfaces which may not be valid in the context of the analysis, in 
    particular, deep seated slip surfaces with many high negative base angle 
    slices in the passive zone. 
     
     
    List of All Coordinates 
     
    Search Grid 
       22.459 345.756 

       78.696 345.756 
       78.696 404.738 
       22.459 404.738 
     
    Material Boundary 
       0.000 345.800 
       -2.917 345.800 
       -2.917 344.300 
       6.083 344.300 
       6.083 345.800 
       1.680 345.800 
       1.010 359.380 
     
    Material Boundary 
       0.000 345.800 
       0.000 351.730 
     
    Material Boundary 
       6.083 344.300 
       7.083 344.300 
       25.630 362.848 
     
    Material Boundary 
       -8.077 348.440 
       -3.917 344.300 
       -2.917 344.300 
     
    External Boundary 
       -100.000 300.000 
       100.000 300.000 
       100.000 345.220 
       57.900 346.280 
       57.130 346.300 
       56.400 346.320 
       56.350 346.320 
       56.330 346.320 
       56.330 346.330 
       54.720 349.250 
       47.660 352.400 
       40.990 355.430 
       29.940 361.240 
       28.225 361.880 
       25.630 362.848 
       22.459 364.030 
       12.480 364.030 
       1.180 359.380 
       1.010 359.380 
       0.960 361.800 
       0.000 361.800 
       0.000 351.730 
       -0.290 351.730 
       -0.340 351.730 
       -0.820 348.730 
       -5.860 348.530 
       -8.077 348.440 
       -8.820 348.410 



       -9.630 348.380 
       -10.820 348.330 
       -11.681 348.299 
       -30.150 347.640 
       -30.750 347.640 
       -31.800 347.610 
       -32.230 347.570 
       -36.290 347.540 
       -43.200 347.460 
       -50.460 347.160 
       -55.310 346.950 
       -59.560 346.800 
       -66.810 346.520 
       -74.160 346.240 
       -77.440 346.150 
       -82.980 345.850 
       -88.750 345.570 
       -89.850 345.590 
       -91.040 345.570 
       -96.890 345.390 
       -100.000 345.290 
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SR-57 Improvements
AASHTO  DESIGN  METHOD

PROJECT IDENTIFICATION

Title: SR-57 Improvements
Project Number: RW630
Client: OCTA
Designer: RB
Station Number: 15+90

Description:

Company's information:

Name: CH2M HILL
Street: 6 Hutton Center Drive

#700
Santa Ana, CA  92707

Telephone #:
Fax #:
E-Mail:

Original file path and name: \\cheron\Projects\OCTA\370900_SR57NBWideningPSE\Design\.....
.....es\RW630_ST15+90.BEN

Original date and time of creating this file: Thu Jan 08 09:08:00 2009

PROGRAM MODE: ANALYSIS
of a SIMPLE STRUCTURE
using METAL MATS/GRIDS as reinforcing material.
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SOIL DATA

REINFORCED SOIL
Unit weight, γ 120.0 lb/ft ³
Design value of internal angle of friction, φ 34.0 °

RETAINED SOIL
Unit weight, γ 120.0 lb/ft ³
Design value of internal angle of friction, φ 34.0 °

FOUNDATION SOIL (Considered as an equivalent uniform soil)
Equivalent unit weight, γ equiv. 130.0 lb/ft ³
Equivalent internal angle of friction, φequiv. 33.0 °
Equivalent cohesion,  c equiv. 500.0 lb/ft ²

Water table does not affect bearing capacity

LATERAL EARTH PRESSURE COEFFICIENTS

Ka (internal stability) = 0.2827   (if batter is less than 10°, Ka is calculated from eq. 15.  Otherwise, eq. 38 is utilized)
Ka (external stability) = 0.2827   (if batter is less than 10°, Ka is calculated from eq. 16.  Otherwise, eq. 17 is utilized)

BEARING CAPACITY

Bearing capacity coefficients (calculated by MSEW):  Nc = 24.42 N   = 9.31γ

SEISMICITY

Maximum ground acceleration coefficient, A = 0.200
Design acceleration coefficient in Internal Stability:  Kh = 0.250
Design acceleration coefficient in External Stability:  Kh = 0.250

Kae ( Kh > 0 ) = 0.4504 Kae ( Kh = 0 )  = 0.2827 Kae = 0.1677     (see eq. 37 in DEMO 82)Δ
Seismic soil-metal mats friction coefficient, F* is 80.0% of its specified static value.
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INPUT DATA:  Metal mats/grids
(Analysis)

D  A  T  A Metal mats
type #1

Metal mats
type #2

Metal mats
type #3

Metal mats
type #4

Metal mats
type #5

Yield strength of steel, Fy  [kips/in ²]
Gross width of grid, b  [in]
Vertical spacing, Sv [ft]

65.0
6.0
Varies

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

Design cross section area, Ac  [in ²] 0.14 N/A N/A N/A N/A
Thickness of transverse element, t  [in]
Distance between transverse bars, St  [in]

0.4
6.0

N/A
N/A

N/A
N/A

N/A
N/A

N/A
N/A

Friction angle along reinforcement-soil interface, ρ
@ the top
@ 19.7 ft or below

Pullout resistance factor,  F*
@ the top
@ 19.7 ft or below

Scale-effect correction factor, α

51.25
34.00

1.25
0.62
1.00

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

Variation of Lateral Earth Pressure Coefficient With Depth

Z K / Ka
   0 ft 2.50
 3.3 ft 2.30
 6.6 ft 2.05
 9.8 ft 1.85
13.1 ft 1.65
16.4 ft 1.40
19.7 ft 1.20

   0

 6.6

 9.8

16.4

26.2

32.8

Z [ft]

0.0 1.0 2.0 3.0
K / Ka
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INPUT DATA:  Facia and Connection
(Analysis)

FACIA type:   Full height precast concrete panels.
Depth of panel is 0.50 ft.  Horizontal distance to Center of Gravity of panel is 0.25 ft.
Average unit weight of panel is   = 150.00 lb/ft ³γ f

Z / Hd    To-static / Tmax
or   To-seismic / Tmd

Top of wall

0.00
0.25
0.50
0.75
1.00

Z / Hd

1.00 0.90 0.80 0.70 0.60 0.50
To-static / Tmax   or   To-seismic / Tmd

0.00 1.00
0.25 1.00
0.50 1.00
0.75 1.00
1.00 1.00

D  A  T  A  (for connection only) Type #1 Type #2 Type #3 Type #4 Type #5

Product Name Caltrans .. N/A N/A N/A N/A
Strength reduction at the connection,

CRu = Fyc  / Fy 0.90 N/A N/A N/A N/A
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INPUT DATA:  Geometry and Surcharge loads  (of a SIMPLE STRUCTURE)

Design height, Hd 22.50 [ft] { Embedded depth is E = 2.50 ft, and height above top of finished
bottom grade is H = 20.00 ft }

Batter, ω 0.0 [deg]
Backslope, β 0.0 [deg]
Backslope rise 0.0 [ft] Broken back equivalent angle, I = 0.00°  (see Fig. 25 in DEMO 82)

U N I F O R M   S U R C H A R G E
Uniformly distributed dead load is 240.0 [lb/ft ²]

ANALYZED REINFORCEMENT LAYOUT:

SCALE:

0 2 4 6 8 10[ft]
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ANALYSIS: CALCULATED FACTORS (Static conditions)
Bearing capacity, Fs = 5.27, Meyerhof stress = 3754 lb/ft².

Foundation Interface: Direct sliding, Fs = 3.137, Eccentricity, e/L = 0.1084, Fs-overturning = 4.61
M E T A L   M A T S C O N N E C T I O N

# Elevation Length Type
#

Fs-overall
 [pullout
resistance]

Fs-overall
[connection
    break]

Fs-overall
[metal mats
strength]

Metal mats
strength
   Fs

Pullout
resistance
   Fs

Direct
sliding
   Fs

Eccentricity
   e/L

Product
name

[ft] [ft]

1 1.25 16.00 1 N/A 6.93 7.70 7.697 22.394 3.308 0.0974 Caltrans W20
2 3.75 16.00 1 N/A 7.38 8.20 8.197 20.105 3.714 0.0772 Caltrans W20
3 6.25 16.00 1 N/A 7.49 8.32 8.321 17.934 4.234 0.0593 Caltrans W20
4 8.75 16.00 1 N/A 7.72 8.57 8.573 15.501 4.927 0.0436 Caltrans W20
5 11.25 16.00 1 N/A 8.30 9.22 9.224 13.252 5.896 0.0303 Caltrans W20
6 13.75 16.00 1 N/A 9.42 10.47 10.471 13.290 7.357 0.0193 Caltrans W20
7 16.25 16.00 1 N/A 11.33 12.59 12.589 13.264 9.832 0.0107 Caltrans W20
8 18.75 16.00 1 N/A 15.01 16.68 16.681 13.174 15.105 0.0044 Caltrans W20
9 21.25 16.00 1 N/A 24.83 27.59 27.594 13.182 37.810 0.0006 Caltrans W20

ANALYSIS: CALCULATED FACTORS (Seismic conditions)
Bearing capacity, Fs = 2.64, Meyerhof stress = 6325 lb/ft².

Foundation Interface: Direct sliding, Fs = 1.567, Eccentricity, e/L = 0.2676, Fs-overturning = 1.87
M E T A L   M A T S C O N N E C T I O N

# Elevation Length Type
#

Fs-overall
 [pullout
resistance]

Fs-overall
[connection
    break]

Fs-overall
[metal mats
strength]

Metal mats
strength
   Fs

Pullout
resistance
   Fs

Direct
sliding
   Fs

Eccentricity
   e/L

Product
name

[ft] [ft]

1 1.25 16.00 1 N/A 5.66 6.29 6.287 14.635 1.659 0.2387 Caltrans W20
2 3.75 16.00 1 N/A 6.07 6.74 6.745 13.235 1.882 0.1860 Caltrans W20
3 6.25 16.00 1 N/A 6.27 6.96 6.965 12.009 2.174 0.1398 Caltrans W20
4 8.75 16.00 1 N/A 6.56 7.29 7.290 10.545 2.573 0.1001 Caltrans W20
5 11.25 16.00 1 N/A 7.14 7.93 7.932 9.117 3.151 0.0671 Caltrans W20
6 13.75 16.00 1 N/A 7.95 8.84 8.837 8.973 4.064 0.0407 Caltrans W20
7 16.25 16.00 1 N/A 9.27 10.30 10.299 8.681 5.716 0.0208 Caltrans W20
8 18.75 16.00 1 N/A 11.60 12.88 12.884 8.141 9.613 0.0075 Caltrans W20
9 21.25 16.00 1 N/A 16.70 18.55 18.552 7.090 29.512 0.0008 Caltrans W20
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BEARING CAPACITY for GIVEN LAYOUT

SCALE:

0 2 4 6 8 10[ft]

STATIC SEISMIC UNITS
(Water table does not affect bearing capacity)
Ultimate bearing capacity, q-ult 19796 16712 [lb/ft ²]
Meyerhof stress, σV 3753.8 6325 [lb/ft ²]
Eccentricity,  e 1.73 4.28 [ft]
Eccentricity,  e/L 0.108 0.268
Fs calculated 5.27 2.64
Base length 16.00 16.00 [ft]
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DIRECT SLIDING for GIVEN LAYOUT
(for METAL MATS/GRIDS reinforcements)

Along reinforced and foundation soils interface:  Fs-static = 3.137  and  Fs-seismic = 1.567

  # Metal Mats
Elevation
   [ft]

Metal Mats
Length
   [ft]

  Fs
Static

  Fs
Seismic

Metal Mats
Type  # Product name

1 1.25 16.00 3.308 1.659 1 Caltrans W20
2 3.75 16.00 3.714 1.882 1 Caltrans W20
3 6.25 16.00 4.234 2.174 1 Caltrans W20
4 8.75 16.00 4.927 2.573 1 Caltrans W20
5 11.25 16.00 5.896 3.151 1 Caltrans W20
6 13.75 16.00 7.357 4.064 1 Caltrans W20
7 16.25 16.00 9.832 5.716 1 Caltrans W20
8 18.75 16.00 15.105 9.613 1 Caltrans W20
9 21.25 16.00 37.810 29.512 1 Caltrans W20

ECCENTRICITY for GIVEN LAYOUT

At interface with foundation:  e/L static = 0.1084,  e/L seismic = 0.2676; Overturning: Fs-static = 4.61, Fs-seismic = 1.87

  # Metal Mats
Elevation
   [ft]

Metal Mats
Length
   [ft]

 e / L
Static

 e / L
Seismic

Metal Mats
Type  # Product name

1 1.25 16.00 0.0974 0.2387 1 Caltrans W20
2 3.75 16.00 0.0772 0.1860 1 Caltrans W20
3 6.25 16.00 0.0593 0.1398 1 Caltrans W20
4 8.75 16.00 0.0436 0.1001 1 Caltrans W20
5 11.25 16.00 0.0303 0.0671 1 Caltrans W20
6 13.75 16.00 0.0193 0.0407 1 Caltrans W20
7 16.25 16.00 0.0107 0.0208 1 Caltrans W20
8 18.75 16.00 0.0044 0.0075 1 Caltrans W20
9 21.25 16.00 0.0006 0.0008 1 Caltrans W20
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RESULTS for STRENGTH     [ Note: Actual Fs-overall = (Yield stress) / (Actual stress) ]

  # Metal Mats
Elevation
   [ft]

Coverage
  ratio,
Rc=b/Sh

Horizontal
spacing, Sh
   [ft]

Long-term
strength
Fy·Ac·Rc/b
   [lb/ft]

  Tmax
[lb/ft]

Tmd
[lb/ft]

Specified
minimum
Fs-overall
static

Actual
calculated
Fs-overall
static

Specified
minimum
Fs-overall
seismic

Actual
calculated
Fs-overall
seismic

1 1.25 1.000 0.500 18213 2366.32 530.40 N/A 7.697 N/A 6.287
2 3.75 1.000 0.500 18213 2222.03 478.23 N/A 8.197 N/A 6.745
3 6.25 1.000 0.500 18213 2188.91 426.06 N/A 8.321 N/A 6.965
4 8.75 1.000 0.500 18213 2124.39 373.89 N/A 8.573 N/A 7.290
5 11.25 1.000 0.500 18213 1974.51 321.72 N/A 9.224 N/A 7.932
6 13.75 1.000 0.500 18213 1739.39 321.72 N/A 10.471 N/A 8.837
7 16.25 1.000 0.500 18213 1446.71 321.72 N/A 12.589 N/A 10.299
8 18.75 1.000 0.500 18213 1091.87 321.72 N/A 16.681 N/A 12.884
9 21.25 1.000 0.500 18213 660.03 321.72 N/A 27.594 N/A 18.552

RESULTS for PULLOUT

  # Metal Mats
Elevation

[ft]

Coverage
Ratio
Rc=b/Sh

Tmax
[lb/ft]

Tmd
[lb/ft]

Le
[ft]

La
[ft]

Avail.Static
Pullout, Pr

[lb/ft]

Specified
Static

Fs

Actual
Static

Fs

Avail.Seism.
Pullout, Pr

[lb/ft]

Specified
Seismic

Fs

Actual
Seismic

Fs

1 1.25 1.000 2366.3 530.4 15.25 0.75 52992.5 42394.0N/A 22.394 N/A 14.635
2 3.75 1.000 2222.0 478.2 13.75 2.25 44673.6 35738.9N/A 20.105 N/A 13.235
3 6.25 1.000 2188.9 426.1 12.25 3.75 39255.1 31404.1N/A 17.934 N/A 12.009
4 8.75 1.000 2124.4 373.9 10.75 5.25 32929.2 26343.3N/A 15.501 N/A 10.545
5 11.25 1.000 1974.5 321.7 9.25 6.75 26167.0 20933.6N/A 13.252 N/A 9.117
6 13.75 1.000 1739.4 321.7 9.25 6.75 23117.3 18493.8N/A 13.290 N/A 8.973
7 16.25 1.000 1446.7 321.7 9.25 6.75 19189.7 15351.7N/A 13.264 N/A 8.681
8 18.75 1.000 1091.9 321.7 9.25 6.75 14384.2 11507.3N/A 13.174 N/A 8.141
9 21.25 1.000 660.0 321.7 9.25 6.75 8700.8 6960.6N/A 13.182 N/A 7.090
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RESULTS for CONNECTION (static conditions)

  # Metal Mats
Elevation
   [ft]

Coverage
  ratio
Rc=b/Sh

Horizontal
spacing, Sh
   [ft]

Connection
force, To
  [lb/ft]

Reduction
factor for
connection
break,
CRu

Long-term
connection
strength,Tac
(break
criterion)
  [lb/ft]

Metal Mats
long-term
strength,
  [lb/ft]

Fs-overall
connection
break

Specified   Actual

Fs-overall
Metal Mats
strength

Specified   Actual

Product
name

1 1.25 1.000 0.500 2366 0.90 16392 18213 N/A 6.93 N/A 7.70 Caltrans W20
2 3.75 1.000 0.500 2222 0.90 16392 18213 N/A 7.38 N/A 8.20 Caltrans W20
3 6.25 1.000 0.500 2189 0.90 16392 18213 N/A 7.49 N/A 8.32 Caltrans W20
4 8.75 1.000 0.500 2124 0.90 16392 18213 N/A 7.72 N/A 8.57 Caltrans W20
5 11.25 1.000 0.500 1975 0.90 16392 18213 N/A 8.30 N/A 9.22 Caltrans W20
6 13.75 1.000 0.500 1739 0.90 16392 18213 N/A 9.42 N/A 10.47 Caltrans W20
7 16.25 1.000 0.500 1447 0.90 16392 18213 N/A 11.33 N/A 12.59 Caltrans W20
8 18.75 1.000 0.500 1092 0.90 16392 18213 N/A 15.01 N/A 16.68 Caltrans W20
9 21.25 1.000 0.500 660 0.90 16392 18213 N/A 24.83 N/A 27.59 Caltrans W20

RESULTS for CONNECTION (seismic conditions)

  # Metal Mats
Elevation
   [ft]

Coverage
  ratio
Rc=b/Sh

Horizontal
spacing, Sh
   [ft]

Connection
force, To
  [lb/ft]

Reduction
factor for
connection
break,
CRu

Long-term
connection
strength,Tac
(break
criterion)
  [lb/ft]

Metal Mats
long-term
strength,
  [lb/ft]

Fs-overall
connection
break

Specified   Actual

Fs-overall
Metal Mats
strength

Specified   Actual

Product
name

1 1.25 1.000 0.500 2897 0.90 16392 18213 N/A 5.66 N/A 6.29 Caltrans W20
2 3.75 1.000 0.500 2700 0.90 16392 18213 N/A 6.07 N/A 6.74 Caltrans W20
3 6.25 1.000 0.500 2615 0.90 16392 18213 N/A 6.27 N/A 6.96 Caltrans W20
4 8.75 1.000 0.500 2498 0.90 16392 18213 N/A 6.56 N/A 7.29 Caltrans W20
5 11.25 1.000 0.500 2296 0.90 16392 18213 N/A 7.14 N/A 7.93 Caltrans W20
6 13.75 1.000 0.500 2061 0.90 16392 18213 N/A 7.95 N/A 8.84 Caltrans W20
7 16.25 1.000 0.500 1768 0.90 16392 18213 N/A 9.27 N/A 10.30 Caltrans W20
8 18.75 1.000 0.500 1414 0.90 16392 18213 N/A 11.60 N/A 12.88 Caltrans W20
9 21.25 1.000 0.500 982 0.90 16392 18213 N/A 16.70 N/A 18.55 Caltrans W20
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SR-57 Improvements
AASHTO  DESIGN  METHOD

PROJECT IDENTIFICATION

Title: SR-57 Improvements
Project Number: RW630
Client: OCTA
Designer: RB
Station Number: 16+80

Description:

Company's information:

Name: CH2M HILL
Street: 6 Hutton Center Drive

#700
Santa Ana, CA  92707

Telephone #:
Fax #:
E-Mail:

Original file path and name: \\cheron\Projects\OCTA\370900_SR57NBWideningPSE\Design\.....
.....es\RW630_ST16+80.BEN

Original date and time of creating this file: Thu Jan 08 09:08:00 2009

PROGRAM MODE: ANALYSIS
of a SIMPLE STRUCTURE
using METAL MATS/GRIDS as reinforcing material.
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SOIL DATA

REINFORCED SOIL
Unit weight, γ 120.0 lb/ft ³
Design value of internal angle of friction, φ 34.0 °

RETAINED SOIL
Unit weight, γ 120.0 lb/ft ³
Design value of internal angle of friction, φ 34.0 °

FOUNDATION SOIL (Considered as an equivalent uniform soil)
Equivalent unit weight, γ equiv. 130.0 lb/ft ³
Equivalent internal angle of friction, φequiv. 33.0 °
Equivalent cohesion,  c equiv. 500.0 lb/ft ²

Water table does not affect bearing capacity

LATERAL EARTH PRESSURE COEFFICIENTS

Ka (internal stability) = 0.2827   (if batter is less than 10°, Ka is calculated from eq. 15.  Otherwise, eq. 38 is utilized)
Ka (external stability) = 0.2827   (if batter is less than 10°, Ka is calculated from eq. 16.  Otherwise, eq. 17 is utilized)

BEARING CAPACITY

Bearing capacity coefficients (calculated by MSEW):  Nc = 18.35 N   = 9.31γ

SEISMICITY

Maximum ground acceleration coefficient, A = 0.200
Design acceleration coefficient in Internal Stability:  Kh = 0.250
Design acceleration coefficient in External Stability:  Kh = 0.250

Kae ( Kh > 0 ) = 0.4504 Kae ( Kh = 0 )  = 0.2827 Kae = 0.1677     (see eq. 37 in DEMO 82)Δ
Seismic soil-metal mats friction coefficient, F* is 80.0% of its specified static value.
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INPUT DATA:  Metal mats/grids
(Analysis)

D  A  T  A Metal mats
type #1

Metal mats
type #2

Metal mats
type #3

Metal mats
type #4

Metal mats
type #5

Yield strength of steel, Fy  [kips/in ²]
Gross width of grid, b  [in]
Vertical spacing, Sv [ft]

65.0
6.0
Varies

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

Design cross section area, Ac  [in ²] 0.14 N/A N/A N/A N/A
Thickness of transverse element, t  [in]
Distance between transverse bars, St  [in]

0.4
6.0

N/A
N/A

N/A
N/A

N/A
N/A

N/A
N/A

Friction angle along reinforcement-soil interface, ρ
@ the top
@ 19.7 ft or below

Pullout resistance factor,  F*
@ the top
@ 19.7 ft or below

Scale-effect correction factor, α

51.25
34.00

1.25
0.62
1.00

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

Variation of Lateral Earth Pressure Coefficient With Depth

Z K / Ka
   0 ft 2.50
 3.3 ft 2.30
 6.6 ft 2.05
 9.8 ft 1.85
13.1 ft 1.65
16.4 ft 1.40
19.7 ft 1.20

   0

 6.6

 9.8

16.4

26.2

32.8

Z [ft]

0.0 1.0 2.0 3.0
K / Ka
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INPUT DATA:  Facia and Connection
(Analysis)

FACIA type:   Full height precast concrete panels.
Depth of panel is 0.50 ft.  Horizontal distance to Center of Gravity of panel is 0.25 ft.
Average unit weight of panel is   = 150.00 lb/ft ³γ f

Z / Hd    To-static / Tmax
or   To-seismic / Tmd

Top of wall

0.00
0.25
0.50
0.75
1.00

Z / Hd

1.00 0.90 0.80 0.70 0.60 0.50
To-static / Tmax   or   To-seismic / Tmd

0.00 1.00
0.25 1.00
0.50 1.00
0.75 1.00
1.00 1.00

D  A  T  A  (for connection only) Type #1 Type #2 Type #3 Type #4 Type #5

Product Name Caltrans .. N/A N/A N/A N/A
Strength reduction at the connection,

CRu = Fyc  / Fy 0.90 N/A N/A N/A N/A
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INPUT DATA:  Geometry and Surcharge loads  (of a SIMPLE STRUCTURE)

Design height, Hd 20.00 [ft] { Embedded depth is E = 2.50 ft, and height above top of finished
bottom grade is H = 17.50 ft }

Batter, ω 0.0 [deg]
Backslope, β 0.0 [deg]
Backslope rise 0.0 [ft] Broken back equivalent angle, I = 0.00°  (see Fig. 25 in DEMO 82)

U N I F O R M   S U R C H A R G E
Uniformly distributed dead load is 240.0 [lb/ft ²]

ANALYZED REINFORCEMENT LAYOUT:

SCALE:

0 2 4 6 8 10 [ft]
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ANALYSIS: CALCULATED FACTORS (Static conditions)
Bearing capacity, Fs = 4.60, Meyerhof stress = 3417 lb/ft².

Foundation Interface: Direct sliding, Fs = 3.062, Eccentricity, e/L = 0.1136, Fs-overturning = 4.40
M E T A L   M A T S C O N N E C T I O N

# Elevation Length Type
#

Fs-overall
 [pullout
resistance]

Fs-overall
[connection
    break]

Fs-overall
[metal mats
strength]

Metal mats
strength
   Fs

Pullout
resistance
   Fs

Direct
sliding
   Fs

Eccentricity
   e/L

Product
name

[ft] [ft]

1 1.25 14.00 1 N/A 7.38 8.20 8.197 19.370 3.250 0.1008 Caltrans W20
2 3.75 14.00 1 N/A 7.49 8.32 8.321 17.195 3.705 0.0774 Caltrans W20
3 6.25 14.00 1 N/A 7.72 8.57 8.573 14.779 4.311 0.0570 Caltrans W20
4 8.75 14.00 1 N/A 8.30 9.22 9.224 12.532 5.159 0.0396 Caltrans W20
5 11.25 14.00 1 N/A 9.42 10.47 10.471 11.490 6.437 0.0253 Caltrans W20
6 13.75 14.00 1 N/A 11.33 12.59 12.589 11.468 8.603 0.0139 Caltrans W20
7 16.25 14.00 1 N/A 15.01 16.68 16.681 11.390 13.217 0.0057 Caltrans W20
8 18.75 14.00 1 N/A 24.83 27.59 27.594 11.397 33.083 0.0008 Caltrans W20

ANALYSIS: CALCULATED FACTORS (Seismic conditions)
Bearing capacity, Fs = 2.20, Meyerhof stress = 5900 lb/ft².

Foundation Interface: Direct sliding, Fs = 1.543, Eccentricity, e/L = 0.2763, Fs-overturning = 1.81
M E T A L   M A T S C O N N E C T I O N

# Elevation Length Type
#

Fs-overall
 [pullout
resistance]

Fs-overall
[connection
    break]

Fs-overall
[metal mats
strength]

Metal mats
strength
   Fs

Pullout
resistance
   Fs

Direct
sliding
   Fs

Eccentricity
   e/L

Product
name

[ft] [ft]

1 1.25 14.00 1 N/A 6.09 6.76 6.764 12.787 1.647 0.2429 Caltrans W20
2 3.75 14.00 1 N/A 6.29 6.99 6.988 11.553 1.902 0.1825 Caltrans W20
3 6.25 14.00 1 N/A 6.59 7.32 7.319 10.093 2.251 0.1308 Caltrans W20
4 8.75 14.00 1 N/A 7.17 7.97 7.969 8.662 2.757 0.0877 Caltrans W20
5 11.25 14.00 1 N/A 8.10 9.00 9.000 7.901 3.556 0.0531 Caltrans W20
6 13.75 14.00 1 N/A 9.47 10.52 10.522 7.668 5.002 0.0272 Caltrans W20
7 16.25 14.00 1 N/A 11.91 13.24 13.235 7.230 8.411 0.0098 Caltrans W20
8 18.75 14.00 1 N/A 17.36 19.29 19.288 6.373 25.823 0.0011 Caltrans W20
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BEARING CAPACITY for GIVEN LAYOUT

SCALE:

0 2 4 6 8 10 [ft]

STATIC SEISMIC UNITS
(Water table does not affect bearing capacity)
Ultimate bearing capacity, q-ult 15724 12967 [lb/ft ²]
Meyerhof stress, σV 3416.6 5900 [lb/ft ²]
Eccentricity,  e 1.59 3.87 [ft]
Eccentricity,  e/L 0.114 0.276
Fs calculated 4.60 2.20
Base length 14.00 14.00 [ft]
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DIRECT SLIDING for GIVEN LAYOUT
(for METAL MATS/GRIDS reinforcements)

Along reinforced and foundation soils interface:  Fs-static = 3.062  and  Fs-seismic = 1.543

  # Metal Mats
Elevation
   [ft]

Metal Mats
Length
   [ft]

  Fs
Static

  Fs
Seismic

Metal Mats
Type  # Product name

1 1.25 14.00 3.250 1.647 1 Caltrans W20
2 3.75 14.00 3.705 1.902 1 Caltrans W20
3 6.25 14.00 4.311 2.251 1 Caltrans W20
4 8.75 14.00 5.159 2.757 1 Caltrans W20
5 11.25 14.00 6.437 3.556 1 Caltrans W20
6 13.75 14.00 8.603 5.002 1 Caltrans W20
7 16.25 14.00 13.217 8.411 1 Caltrans W20
8 18.75 14.00 33.083 25.823 1 Caltrans W20

ECCENTRICITY for GIVEN LAYOUT

At interface with foundation:  e/L static = 0.1136,  e/L seismic = 0.2763; Overturning: Fs-static = 4.40, Fs-seismic = 1.81

  # Metal Mats
Elevation
   [ft]

Metal Mats
Length
   [ft]

 e / L
Static

 e / L
Seismic

Metal Mats
Type  # Product name

1 1.25 14.00 0.1008 0.2429 1 Caltrans W20
2 3.75 14.00 0.0774 0.1825 1 Caltrans W20
3 6.25 14.00 0.0570 0.1308 1 Caltrans W20
4 8.75 14.00 0.0396 0.0877 1 Caltrans W20
5 11.25 14.00 0.0253 0.0531 1 Caltrans W20
6 13.75 14.00 0.0139 0.0272 1 Caltrans W20
7 16.25 14.00 0.0057 0.0098 1 Caltrans W20
8 18.75 14.00 0.0008 0.0011 1 Caltrans W20
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RESULTS for STRENGTH     [ Note: Actual Fs-overall = (Yield stress) / (Actual stress) ]

  # Metal Mats
Elevation
   [ft]

Coverage
  ratio,
Rc=b/Sh

Horizontal
spacing, Sh
   [ft]

Long-term
strength
Fy·Ac·Rc/b
   [lb/ft]

  Tmax
[lb/ft]

Tmd
[lb/ft]

Specified
minimum
Fs-overall
static

Actual
calculated
Fs-overall
static

Specified
minimum
Fs-overall
seismic

Actual
calculated
Fs-overall
seismic

1 1.25 1.000 0.500 18213 2222.03 470.72 N/A 8.197 N/A 6.764
2 3.75 1.000 0.500 18213 2188.91 417.43 N/A 8.321 N/A 6.988
3 6.25 1.000 0.500 18213 2124.39 364.14 N/A 8.573 N/A 7.319
4 8.75 1.000 0.500 18213 1974.51 310.85 N/A 9.224 N/A 7.969
5 11.25 1.000 0.500 18213 1739.39 284.21 N/A 10.471 N/A 9.000
6 13.75 1.000 0.500 18213 1446.71 284.21 N/A 12.589 N/A 10.522
7 16.25 1.000 0.500 18213 1091.87 284.21 N/A 16.681 N/A 13.235
8 18.75 1.000 0.500 18213 660.03 284.21 N/A 27.594 N/A 19.288

RESULTS for PULLOUT

  # Metal Mats
Elevation

[ft]

Coverage
Ratio
Rc=b/Sh

Tmax
[lb/ft]

Tmd
[lb/ft]

Le
[ft]

La
[ft]

Avail.Static
Pullout, Pr

[lb/ft]

Specified
Static

Fs

Actual
Static

Fs

Avail.Seism.
Pullout, Pr

[lb/ft]

Specified
Seismic

Fs

Actual
Seismic

Fs

1 1.25 1.000 2222.0 470.7 13.25 0.75 43041.1 34432.9N/A 19.370 N/A 12.787
2 3.75 1.000 2188.9 417.4 11.75 2.25 37637.7 30110.1N/A 17.195 N/A 11.553
3 6.25 1.000 2124.4 364.1 10.25 3.75 31396.7 25117.3N/A 14.779 N/A 10.093
4 8.75 1.000 1974.5 310.9 8.75 5.25 24745.4 19796.3N/A 12.532 N/A 8.662
5 11.25 1.000 1739.4 284.2 8.00 6.00 19986.1 15988.9N/A 11.490 N/A 7.901
6 13.75 1.000 1446.7 284.2 8.00 6.00 16590.5 13272.4N/A 11.468 N/A 7.668
7 16.25 1.000 1091.9 284.2 8.00 6.00 12435.9 9948.7N/A 11.390 N/A 7.230
8 18.75 1.000 660.0 284.2 8.00 6.00 7522.3 6017.8N/A 11.397 N/A 6.373
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RESULTS for CONNECTION (static conditions)

  # Metal Mats
Elevation
   [ft]

Coverage
  ratio
Rc=b/Sh

Horizontal
spacing, Sh
   [ft]

Connection
force, To
  [lb/ft]

Reduction
factor for
connection
break,
CRu

Long-term
connection
strength,Tac
(break
criterion)
  [lb/ft]

Metal Mats
long-term
strength,
  [lb/ft]

Fs-overall
connection
break

Specified   Actual

Fs-overall
Metal Mats
strength

Specified   Actual

Product
name

1 1.25 1.000 0.500 2222 0.90 16392 18213 N/A 7.38 N/A 8.20 Caltrans W20
2 3.75 1.000 0.500 2189 0.90 16392 18213 N/A 7.49 N/A 8.32 Caltrans W20
3 6.25 1.000 0.500 2124 0.90 16392 18213 N/A 7.72 N/A 8.57 Caltrans W20
4 8.75 1.000 0.500 1975 0.90 16392 18213 N/A 8.30 N/A 9.22 Caltrans W20
5 11.25 1.000 0.500 1739 0.90 16392 18213 N/A 9.42 N/A 10.47 Caltrans W20
6 13.75 1.000 0.500 1447 0.90 16392 18213 N/A 11.33 N/A 12.59 Caltrans W20
7 16.25 1.000 0.500 1092 0.90 16392 18213 N/A 15.01 N/A 16.68 Caltrans W20
8 18.75 1.000 0.500 660 0.90 16392 18213 N/A 24.83 N/A 27.59 Caltrans W20

RESULTS for CONNECTION (seismic conditions)

  # Metal Mats
Elevation
   [ft]

Coverage
  ratio
Rc=b/Sh

Horizontal
spacing, Sh
   [ft]

Connection
force, To
  [lb/ft]

Reduction
factor for
connection
break,
CRu

Long-term
connection
strength,Tac
(break
criterion)
  [lb/ft]

Metal Mats
long-term
strength,
  [lb/ft]

Fs-overall
connection
break

Specified   Actual

Fs-overall
Metal Mats
strength

Specified   Actual

Product
name

1 1.25 1.000 0.500 2693 0.90 16392 18213 N/A 6.09 N/A 6.76 Caltrans W20
2 3.75 1.000 0.500 2606 0.90 16392 18213 N/A 6.29 N/A 6.99 Caltrans W20
3 6.25 1.000 0.500 2489 0.90 16392 18213 N/A 6.59 N/A 7.32 Caltrans W20
4 8.75 1.000 0.500 2285 0.90 16392 18213 N/A 7.17 N/A 7.97 Caltrans W20
5 11.25 1.000 0.500 2024 0.90 16392 18213 N/A 8.10 N/A 9.00 Caltrans W20
6 13.75 1.000 0.500 1731 0.90 16392 18213 N/A 9.47 N/A 10.52 Caltrans W20
7 16.25 1.000 0.500 1376 0.90 16392 18213 N/A 11.91 N/A 13.24 Caltrans W20
8 18.75 1.000 0.500 944 0.90 16392 18213 N/A 17.36 N/A 19.29 Caltrans W20
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SR-57 Improvements
AASHTO  DESIGN  METHOD

PROJECT IDENTIFICATION

Title: SR-57 Improvements
Project Number: RW630
Client: OCTA
Designer: RB
Station Number: 18+45

Description:

Company's information:

Name: CH2M HILL
Street: 6 Hutton Center Drive

#700
Santa Ana, CA  92707

Telephone #:
Fax #:
E-Mail:

Original file path and name: \\cheron\Projects\OCTA\370900_SR57NBWideningPSE\Design\.....
.....es\RW630_ST18+45.BEN

Original date and time of creating this file: Thu Jan 08 09:08:00 2009

PROGRAM MODE: ANALYSIS
of a SIMPLE STRUCTURE
using METAL MATS/GRIDS as reinforcing material.
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SOIL DATA

REINFORCED SOIL
Unit weight, γ 120.0 lb/ft ³
Design value of internal angle of friction, φ 34.0 °

RETAINED SOIL
Unit weight, γ 120.0 lb/ft ³
Design value of internal angle of friction, φ 34.0 °

FOUNDATION SOIL (Considered as an equivalent uniform soil)
Equivalent unit weight, γ equiv. 130.0 lb/ft ³
Equivalent internal angle of friction, φequiv. 33.0 °
Equivalent cohesion,  c equiv. 500.0 lb/ft ²

Water table does not affect bearing capacity

LATERAL EARTH PRESSURE COEFFICIENTS

Ka (internal stability) = 0.2827   (if batter is less than 10°, Ka is calculated from eq. 15.  Otherwise, eq. 38 is utilized)
Ka (external stability) = 0.2827   (if batter is less than 10°, Ka is calculated from eq. 16.  Otherwise, eq. 17 is utilized)

BEARING CAPACITY

Bearing capacity coefficients (calculated by MSEW):  Nc = 3.70 N   = 9.31γ

SEISMICITY

Maximum ground acceleration coefficient, A = 0.200
Design acceleration coefficient in Internal Stability:  Kh = 0.250
Design acceleration coefficient in External Stability:  Kh = 0.250

Kae ( Kh > 0 ) = 0.4504 Kae ( Kh = 0 )  = 0.2827 Kae = 0.1677     (see eq. 37 in DEMO 82)Δ
Seismic soil-metal mats friction coefficient, F* is 80.0% of its specified static value.
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INPUT DATA:  Metal mats/grids
(Analysis)

D  A  T  A Metal mats
type #1

Metal mats
type #2

Metal mats
type #3

Metal mats
type #4

Metal mats
type #5

Yield strength of steel, Fy  [kips/in ²]
Gross width of grid, b  [in]
Vertical spacing, Sv [ft]

65.0
6.0
Varies

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

Design cross section area, Ac  [in ²] 0.14 N/A N/A N/A N/A
Thickness of transverse element, t  [in]
Distance between transverse bars, St  [in]

0.4
6.0

N/A
N/A

N/A
N/A

N/A
N/A

N/A
N/A

Friction angle along reinforcement-soil interface, ρ
@ the top
@ 19.7 ft or below

Pullout resistance factor,  F*
@ the top
@ 19.7 ft or below

Scale-effect correction factor, α

51.25
34.00

1.25
0.62
1.00

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

Variation of Lateral Earth Pressure Coefficient With Depth

Z K / Ka
   0 ft 2.50
 3.3 ft 2.30
 6.6 ft 2.05
 9.8 ft 1.85
13.1 ft 1.65
16.4 ft 1.40
19.7 ft 1.20

   0

 6.6

 9.8

16.4

26.2

32.8

Z [ft]

0.0 1.0 2.0 3.0
K / Ka
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INPUT DATA:  Facia and Connection
(Analysis)

FACIA type:   Full height precast concrete panels.
Depth of panel is 0.50 ft.  Horizontal distance to Center of Gravity of panel is 0.25 ft.
Average unit weight of panel is   = 150.00 lb/ft ³γ f

Z / Hd    To-static / Tmax
or   To-seismic / Tmd

Top of wall

0.00
0.25
0.50
0.75
1.00

Z / Hd

1.00 0.90 0.80 0.70 0.60 0.50
To-static / Tmax   or   To-seismic / Tmd

0.00 1.00
0.25 1.00
0.50 1.00
0.75 1.00
1.00 1.00

D  A  T  A  (for connection only) Type #1 Type #2 Type #3 Type #4 Type #5

Product Name Caltrans .. N/A N/A N/A N/A
Strength reduction at the connection,

CRu = Fyc  / Fy 0.90 N/A N/A N/A N/A
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INPUT DATA:  Geometry and Surcharge loads  (of a SIMPLE STRUCTURE)

Design height, Hd 25.00 [ft] { Embedded depth is E = 4.00 ft, and height above top of finished
bottom grade is H = 21.00 ft }

Batter, ω 0.0 [deg]
Backslope, β 0.0 [deg]
Backslope rise 0.0 [ft] Broken back equivalent angle, I = 0.00°  (see Fig. 25 in DEMO 82)

U N I F O R M   S U R C H A R G E
Uniformly distributed dead load is 240.0 [lb/ft ²]

ANALYZED REINFORCEMENT LAYOUT:

SCALE:

0 2 4 6 8 10[ft]
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ANALYSIS: CALCULATED FACTORS (Static conditions)
Bearing capacity, Fs = 2.56, Meyerhof stress = 4095 lb/ft².

Foundation Interface: Direct sliding, Fs = 3.199, Eccentricity, e/L = 0.1044, Fs-overturning = 4.79
M E T A L   M A T S C O N N E C T I O N

# Elevation Length Type
#

Fs-overall
 [pullout
resistance]

Fs-overall
[connection
    break]

Fs-overall
[metal mats
strength]

Metal mats
strength
   Fs

Pullout
resistance
   Fs

Direct
sliding
   Fs

Eccentricity
   e/L

Product
name

[ft] [ft]

1 1.25 18.00 1 N/A 6.25 6.95 6.950 25.342 3.356 0.0948 Caltrans W20
2 3.75 18.00 1 N/A 6.93 7.70 7.697 23.138 3.722 0.0770 Caltrans W20
3 6.25 18.00 1 N/A 7.38 8.20 8.197 20.842 4.178 0.0610 Caltrans W20
4 8.75 18.00 1 N/A 7.49 8.32 8.321 18.668 4.763 0.0468 Caltrans W20
5 11.25 18.00 1 N/A 7.72 8.57 8.573 16.231 5.543 0.0345 Caltrans W20
6 13.75 18.00 1 N/A 8.30 9.22 9.224 15.050 6.633 0.0240 Caltrans W20
7 16.25 18.00 1 N/A 9.42 10.47 10.471 15.093 8.276 0.0153 Caltrans W20
8 18.75 18.00 1 N/A 11.33 12.59 12.589 15.063 11.061 0.0084 Caltrans W20
9 21.25 18.00 1 N/A 15.01 16.68 16.681 14.960 16.993 0.0035 Caltrans W20
10 23.75 18.00 1 N/A 24.83 27.59 27.594 14.970 42.536 0.0005 Caltrans W20

ANALYSIS: CALCULATED FACTORS (Seismic conditions)
Bearing capacity, Fs = 1.04, Meyerhof stress = 6776 lb/ft².

Foundation Interface: Direct sliding, Fs = 1.585, Eccentricity, e/L = 0.2609, Fs-overturning = 1.92
M E T A L   M A T S C O N N E C T I O N

# Elevation Length Type
#

Fs-overall
 [pullout
resistance]

Fs-overall
[connection
    break]

Fs-overall
[metal mats
strength]

Metal mats
strength
   Fs

Pullout
resistance
   Fs

Direct
sliding
   Fs

Eccentricity
   e/L

Product
name

[ft] [ft]

1 1.25 18.00 1 N/A 5.11 5.68 5.676 16.558 1.669 0.2355 Caltrans W20
2 3.75 18.00 1 N/A 5.65 6.27 6.273 15.087 1.867 0.1886 Caltrans W20
3 6.25 18.00 1 N/A 6.05 6.73 6.726 13.682 2.117 0.1469 Caltrans W20
4 8.75 18.00 1 N/A 6.25 6.94 6.942 12.460 2.446 0.1104 Caltrans W20
5 11.25 18.00 1 N/A 6.54 7.26 7.262 10.999 2.895 0.0791 Caltrans W20
6 13.75 18.00 1 N/A 7.03 7.81 7.808 10.192 3.545 0.0530 Caltrans W20
7 16.25 18.00 1 N/A 7.82 8.68 8.684 10.014 4.572 0.0321 Caltrans W20
8 18.75 18.00 1 N/A 9.08 10.09 10.092 9.660 6.431 0.0164 Caltrans W20
9 21.25 18.00 1 N/A 11.31 12.56 12.562 9.013 10.814 0.0059 Caltrans W20
10 23.75 18.00 1 N/A 16.10 17.89 17.891 7.765 33.201 0.0007 Caltrans W20
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BEARING CAPACITY for GIVEN LAYOUT

SCALE:

0 2 4 6 8 10[ft]

STATIC SEISMIC UNITS
(Water table does not affect bearing capacity)
Ultimate bearing capacity, q-ult 10472 7060 [lb/ft ²]
Meyerhof stress, σV 4094.6 6776 [lb/ft ²]
Eccentricity,  e 1.88 4.70 [ft]
Eccentricity,  e/L 0.104 0.261
Fs calculated 2.56 1.04
Base length 18.00 18.00 [ft]
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DIRECT SLIDING for GIVEN LAYOUT
(for METAL MATS/GRIDS reinforcements)

Along reinforced and foundation soils interface:  Fs-static = 3.199  and  Fs-seismic = 1.585

  # Metal Mats
Elevation
   [ft]

Metal Mats
Length
   [ft]

  Fs
Static

  Fs
Seismic

Metal Mats
Type  # Product name

1 1.25 18.00 3.356 1.669 1 Caltrans W20
2 3.75 18.00 3.722 1.867 1 Caltrans W20
3 6.25 18.00 4.178 2.117 1 Caltrans W20
4 8.75 18.00 4.763 2.446 1 Caltrans W20
5 11.25 18.00 5.543 2.895 1 Caltrans W20
6 13.75 18.00 6.633 3.545 1 Caltrans W20
7 16.25 18.00 8.276 4.572 1 Caltrans W20
8 18.75 18.00 11.061 6.431 1 Caltrans W20
9 21.25 18.00 16.993 10.814 1 Caltrans W20
10 23.75 18.00 42.536 33.201 1 Caltrans W20

ECCENTRICITY for GIVEN LAYOUT

At interface with foundation:  e/L static = 0.1044,  e/L seismic = 0.2609; Overturning: Fs-static = 4.79, Fs-seismic = 1.92

  # Metal Mats
Elevation
   [ft]

Metal Mats
Length
   [ft]

 e / L
Static

 e / L
Seismic

Metal Mats
Type  # Product name

1 1.25 18.00 0.0948 0.2355 1 Caltrans W20
2 3.75 18.00 0.0770 0.1886 1 Caltrans W20
3 6.25 18.00 0.0610 0.1469 1 Caltrans W20
4 8.75 18.00 0.0468 0.1104 1 Caltrans W20
5 11.25 18.00 0.0345 0.0791 1 Caltrans W20
6 13.75 18.00 0.0240 0.0530 1 Caltrans W20
7 16.25 18.00 0.0153 0.0321 1 Caltrans W20
8 18.75 18.00 0.0084 0.0164 1 Caltrans W20
9 21.25 18.00 0.0035 0.0059 1 Caltrans W20
10 23.75 18.00 0.0005 0.0007 1 Caltrans W20
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RESULTS for STRENGTH     [ Note: Actual Fs-overall = (Yield stress) / (Actual stress) ]

  # Metal Mats
Elevation
   [ft]

Coverage
  ratio,
Rc=b/Sh

Horizontal
spacing, Sh
   [ft]

Long-term
strength
Fy·Ac·Rc/b
   [lb/ft]

  Tmax
[lb/ft]

Tmd
[lb/ft]

Specified
minimum
Fs-overall
static

Actual
calculated
Fs-overall
static

Specified
minimum
Fs-overall
seismic

Actual
calculated
Fs-overall
seismic

1 1.25 1.000 0.500 18213 2620.77 588.07 N/A 6.950 N/A 5.676
2 3.75 1.000 0.500 18213 2366.32 536.93 N/A 7.697 N/A 6.273
3 6.25 1.000 0.500 18213 2222.03 485.79 N/A 8.197 N/A 6.726
4 8.75 1.000 0.500 18213 2188.91 434.66 N/A 8.321 N/A 6.942
5 11.25 1.000 0.500 18213 2124.39 383.52 N/A 8.573 N/A 7.262
6 13.75 1.000 0.500 18213 1974.51 357.95 N/A 9.224 N/A 7.808
7 16.25 1.000 0.500 18213 1739.39 357.95 N/A 10.471 N/A 8.684
8 18.75 1.000 0.500 18213 1446.71 357.95 N/A 12.589 N/A 10.092
9 21.25 1.000 0.500 18213 1091.87 357.95 N/A 16.681 N/A 12.562
10 23.75 1.000 0.500 18213 660.03 357.95 N/A 27.594 N/A 17.891

RESULTS for PULLOUT

  # Metal Mats
Elevation

[ft]

Coverage
Ratio
Rc=b/Sh

Tmax
[lb/ft]

Tmd
[lb/ft]

Le
[ft]

La
[ft]

Avail.Static
Pullout, Pr

[lb/ft]

Specified
Static

Fs

Actual
Static

Fs

Avail.Seism.
Pullout, Pr

[lb/ft]

Specified
Seismic

Fs

Actual
Seismic

Fs

1 1.25 1.000 2620.8 588.1 17.25 0.75 66415.0 53132.0N/A 25.342 N/A 16.558
2 3.75 1.000 2366.3 536.9 15.75 2.25 54752.4 43801.9N/A 23.138 N/A 15.087
3 6.25 1.000 2222.0 485.8 14.25 3.75 46311.3 37049.0N/A 20.842 N/A 13.682
4 8.75 1.000 2188.9 434.7 12.75 5.25 40862.6 32690.1N/A 18.668 N/A 12.460
5 11.25 1.000 2124.4 383.5 11.25 6.75 34480.8 27584.6N/A 16.231 N/A 10.999
6 13.75 1.000 1974.5 358.0 10.50 7.50 29715.7 23772.5N/A 15.050 N/A 10.192
7 16.25 1.000 1739.4 358.0 10.50 7.50 26252.3 21001.9N/A 15.093 N/A 10.014
8 18.75 1.000 1446.7 358.0 10.50 7.50 21792.1 17433.6N/A 15.063 N/A 9.660
9 21.25 1.000 1091.9 358.0 10.50 7.50 16334.9 13067.9N/A 14.960 N/A 9.013
10 23.75 1.000 660.0 358.0 10.50 7.50 9880.8 7904.6N/A 14.970 N/A 7.765
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RESULTS for CONNECTION (static conditions)

  # Metal Mats
Elevation
   [ft]

Coverage
  ratio
Rc=b/Sh

Horizontal
spacing, Sh
   [ft]

Connection
force, To
  [lb/ft]

Reduction
factor for
connection
break,
CRu

Long-term
connection
strength,Tac
(break
criterion)
  [lb/ft]

Metal Mats
long-term
strength,
  [lb/ft]

Fs-overall
connection
break

Specified   Actual

Fs-overall
Metal Mats
strength

Specified   Actual

Product
name

1 1.25 1.000 0.500 2621 0.90 16392 18213 N/A 6.25 N/A 6.95 Caltrans W20
2 3.75 1.000 0.500 2366 0.90 16392 18213 N/A 6.93 N/A 7.70 Caltrans W20
3 6.25 1.000 0.500 2222 0.90 16392 18213 N/A 7.38 N/A 8.20 Caltrans W20
4 8.75 1.000 0.500 2189 0.90 16392 18213 N/A 7.49 N/A 8.32 Caltrans W20
5 11.25 1.000 0.500 2124 0.90 16392 18213 N/A 7.72 N/A 8.57 Caltrans W20
6 13.75 1.000 0.500 1975 0.90 16392 18213 N/A 8.30 N/A 9.22 Caltrans W20
7 16.25 1.000 0.500 1739 0.90 16392 18213 N/A 9.42 N/A 10.47 Caltrans W20
8 18.75 1.000 0.500 1447 0.90 16392 18213 N/A 11.33 N/A 12.59 Caltrans W20
9 21.25 1.000 0.500 1092 0.90 16392 18213 N/A 15.01 N/A 16.68 Caltrans W20
10 23.75 1.000 0.500 660 0.90 16392 18213 N/A 24.83 N/A 27.59 Caltrans W20

RESULTS for CONNECTION (seismic conditions)

  # Metal Mats
Elevation
   [ft]

Coverage
  ratio
Rc=b/Sh

Horizontal
spacing, Sh
   [ft]

Connection
force, To
  [lb/ft]

Reduction
factor for
connection
break,
CRu

Long-term
connection
strength,Tac
(break
criterion)
  [lb/ft]

Metal Mats
long-term
strength,
  [lb/ft]

Fs-overall
connection
break

Specified   Actual

Fs-overall
Metal Mats
strength

Specified   Actual

Product
name

1 1.25 1.000 0.500 3209 0.90 16392 18213 N/A 5.11 N/A 5.68 Caltrans W20
2 3.75 1.000 0.500 2903 0.90 16392 18213 N/A 5.65 N/A 6.27 Caltrans W20
3 6.25 1.000 0.500 2708 0.90 16392 18213 N/A 6.05 N/A 6.73 Caltrans W20
4 8.75 1.000 0.500 2624 0.90 16392 18213 N/A 6.25 N/A 6.94 Caltrans W20
5 11.25 1.000 0.500 2508 0.90 16392 18213 N/A 6.54 N/A 7.26 Caltrans W20
6 13.75 1.000 0.500 2332 0.90 16392 18213 N/A 7.03 N/A 7.81 Caltrans W20
7 16.25 1.000 0.500 2097 0.90 16392 18213 N/A 7.82 N/A 8.68 Caltrans W20
8 18.75 1.000 0.500 1805 0.90 16392 18213 N/A 9.08 N/A 10.09 Caltrans W20
9 21.25 1.000 0.500 1450 0.90 16392 18213 N/A 11.31 N/A 12.56 Caltrans W20
10 23.75 1.000 0.500 1018 0.90 16392 18213 N/A 16.10 N/A 17.89 Caltrans W20
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SR-57 Improvements
AASHTO  DESIGN  METHOD

PROJECT IDENTIFICATION

Title: SR-57 Improvements
Project Number: RW630
Client: OCTA
Designer: RB
Station Number: 18+60

Description:

Company's information:

Name: CH2M HILL
Street: 6 Hutton Center Drive

#700
Santa Ana, CA  92707

Telephone #:
Fax #:
E-Mail:

Original file path and name: \\cheron\Projects\OCTA\370900_SR57NBWideningPSE\Design\.....
.....es\RW630_ST18+60.BEN

Original date and time of creating this file: Thu Jan 08 09:08:00 2009

PROGRAM MODE: ANALYSIS
of a SIMPLE STRUCTURE
using METAL MATS/GRIDS as reinforcing material.
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SOIL DATA

REINFORCED SOIL
Unit weight, γ 120.0 lb/ft ³
Design value of internal angle of friction, φ 34.0 °

RETAINED SOIL
Unit weight, γ 120.0 lb/ft ³
Design value of internal angle of friction, φ 34.0 °

FOUNDATION SOIL (Considered as an equivalent uniform soil)
Equivalent unit weight, γ equiv. 130.0 lb/ft ³
Equivalent internal angle of friction, φequiv. 33.0 °
Equivalent cohesion,  c equiv. 500.0 lb/ft ²

Water table does not affect bearing capacity

LATERAL EARTH PRESSURE COEFFICIENTS

Ka (internal stability) = 0.2827   (if batter is less than 10°, Ka is calculated from eq. 15.  Otherwise, eq. 38 is utilized)
Ka (external stability) = 0.2827   (if batter is less than 10°, Ka is calculated from eq. 16.  Otherwise, eq. 17 is utilized)

BEARING CAPACITY

Bearing capacity coefficients (calculated by MSEW):  Nc = 6.10 N   = 9.31γ

SEISMICITY

Maximum ground acceleration coefficient, A = 0.200
Design acceleration coefficient in Internal Stability:  Kh = 0.250
Design acceleration coefficient in External Stability:  Kh = 0.250

Kae ( Kh > 0 ) = 0.4504 Kae ( Kh = 0 )  = 0.2827 Kae = 0.1677     (see eq. 37 in DEMO 82)Δ
Seismic soil-metal mats friction coefficient, F* is 80.0% of its specified static value.
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INPUT DATA:  Metal mats/grids
(Analysis)

D  A  T  A Metal mats
type #1

Metal mats
type #2

Metal mats
type #3

Metal mats
type #4

Metal mats
type #5

Yield strength of steel, Fy  [kips/in ²]
Gross width of grid, b  [in]
Vertical spacing, Sv [ft]

65.0
6.0
Varies

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

Design cross section area, Ac  [in ²] 0.14 N/A N/A N/A N/A
Thickness of transverse element, t  [in]
Distance between transverse bars, St  [in]

0.4
6.0

N/A
N/A

N/A
N/A

N/A
N/A

N/A
N/A

Friction angle along reinforcement-soil interface, ρ
@ the top
@ 19.7 ft or below

Pullout resistance factor,  F*
@ the top
@ 19.7 ft or below

Scale-effect correction factor, α

51.25
34.00

1.25
0.62
1.00

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

Variation of Lateral Earth Pressure Coefficient With Depth

Z K / Ka
   0 ft 2.50
 3.3 ft 2.30
 6.6 ft 2.05
 9.8 ft 1.85
13.1 ft 1.65
16.4 ft 1.40
19.7 ft 1.20

   0

 6.6

 9.8

16.4

26.2

32.8

Z [ft]

0.0 1.0 2.0 3.0
K / Ka
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INPUT DATA:  Facia and Connection
(Analysis)

FACIA type:   Full height precast concrete panels.
Depth of panel is 0.50 ft.  Horizontal distance to Center of Gravity of panel is 0.25 ft.
Average unit weight of panel is   = 150.00 lb/ft ³γ f

Z / Hd    To-static / Tmax
or   To-seismic / Tmd

Top of wall

0.00
0.25
0.50
0.75
1.00

Z / Hd

1.00 0.90 0.80 0.70 0.60 0.50
To-static / Tmax   or   To-seismic / Tmd

0.00 1.00
0.25 1.00
0.50 1.00
0.75 1.00
1.00 1.00

D  A  T  A  (for connection only) Type #1 Type #2 Type #3 Type #4 Type #5

Product Name Caltrans .. N/A N/A N/A N/A
Strength reduction at the connection,

CRu = Fyc  / Fy 0.90 N/A N/A N/A N/A
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INPUT DATA:  Geometry and Surcharge loads  (of a SIMPLE STRUCTURE)

Design height, Hd 22.44 [ft] { Embedded depth is E = 3.12 ft, and height above top of finished
bottom grade is H = 19.32 ft }

Batter, ω 0.0 [deg]
Backslope, β 0.0 [deg]
Backslope rise 0.0 [ft] Broken back equivalent angle, I = 0.00°  (see Fig. 25 in DEMO 82)

U N I F O R M   S U R C H A R G E
Uniformly distributed dead load is 240.0 [lb/ft ²]

ANALYZED REINFORCEMENT LAYOUT:

SCALE:

0 2 4 6 8 10[ft]

Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 

SR-57 Improvements
Copyright © 1998-2008 ADAMA Engineering, Inc.  License number  MSEW-301754

Page 5 of  10

Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 



Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 

MSEW -- Mechanically Stabilized Earth Walls SR-57 Improvements
Present Date/Time:  Mon Feb 02 15:26:49 2009 \\c.....eotechnical\Reports\Retaining Wall Report\RW630\Appendix C\MSEW Analyses\RW630_ST18+60.BEN

Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 

ANALYSIS: CALCULATED FACTORS (Static conditions)
Bearing capacity, Fs = 2.85, Meyerhof stress = 3739 lb/ft².

Foundation Interface: Direct sliding, Fs = 3.145, Eccentricity, e/L = 0.1079, Fs-overturning = 4.64
M E T A L   M A T S C O N N E C T I O N

# Elevation Length Type
#

Fs-overall
 [pullout
resistance]

Fs-overall
[connection
    break]

Fs-overall
[metal mats
strength]

Metal mats
strength
   Fs

Pullout
resistance
   Fs

Direct
sliding
   Fs

Eccentricity
   e/L

Product
name

[ft] [ft]

1 1.25 16.00 1 N/A 6.95 7.72 7.717 22.397 3.317 0.0969 Caltrans W20
2 3.75 16.00 1 N/A 7.39 8.21 8.209 20.134 3.725 0.0767 Caltrans W20
3 6.25 16.00 1 N/A 7.49 8.32 8.324 17.922 4.249 0.0589 Caltrans W20
4 8.75 16.00 1 N/A 7.73 8.58 8.584 15.496 4.946 0.0433 Caltrans W20
5 11.25 16.00 1 N/A 8.32 9.25 9.247 13.278 5.924 0.0300 Caltrans W20
6 13.75 16.00 1 N/A 9.46 10.51 10.510 13.316 7.401 0.0191 Caltrans W20
7 16.25 16.00 1 N/A 11.39 12.66 12.657 13.288 9.913 0.0105 Caltrans W20
8 18.75 16.00 1 N/A 15.14 16.83 16.826 13.197 15.309 0.0043 Caltrans W20
9 21.25 16.00 1 N/A 25.65 28.50 28.501 13.410 39.433 0.0006 Caltrans W20

ANALYSIS: CALCULATED FACTORS (Seismic conditions)
Bearing capacity, Fs = 1.21, Meyerhof stress = 6271 lb/ft².

Foundation Interface: Direct sliding, Fs = 1.571, Eccentricity, e/L = 0.2662, Fs-overturning = 1.88
M E T A L   M A T S C O N N E C T I O N

# Elevation Length Type
#

Fs-overall
 [pullout
resistance]

Fs-overall
[connection
    break]

Fs-overall
[metal mats
strength]

Metal mats
strength
   Fs

Pullout
resistance
   Fs

Direct
sliding
   Fs

Eccentricity
   e/L

Product
name

[ft] [ft]

1 1.25 16.00 1 N/A 5.68 6.31 6.308 14.646 1.664 0.2374 Caltrans W20
2 3.75 16.00 1 N/A 6.08 6.76 6.761 13.265 1.888 0.1848 Caltrans W20
3 6.25 16.00 1 N/A 6.28 6.97 6.974 12.013 2.182 0.1387 Caltrans W20
4 8.75 16.00 1 N/A 6.57 7.30 7.305 10.549 2.585 0.0993 Caltrans W20
5 11.25 16.00 1 N/A 7.16 7.95 7.953 9.137 3.168 0.0664 Caltrans W20
6 13.75 16.00 1 N/A 7.98 8.87 8.870 8.991 4.092 0.0401 Caltrans W20
7 16.25 16.00 1 N/A 9.32 10.35 10.353 8.695 5.772 0.0204 Caltrans W20
8 18.75 16.00 1 N/A 11.69 12.98 12.984 8.147 9.772 0.0073 Caltrans W20
9 21.25 16.00 1 N/A 17.09 18.98 18.984 7.146 31.032 0.0008 Caltrans W20
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BEARING CAPACITY for GIVEN LAYOUT

SCALE:

0 2 4 6 8 10[ft]

STATIC SEISMIC UNITS
(Water table does not affect bearing capacity)
Ultimate bearing capacity, q-ult 10649 7582 [lb/ft ²]
Meyerhof stress, σV 3739.4 6271 [lb/ft ²]
Eccentricity,  e 1.73 4.26 [ft]
Eccentricity,  e/L 0.108 0.266
Fs calculated 2.85 1.21
Base length 16.00 16.00 [ft]
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DIRECT SLIDING for GIVEN LAYOUT
(for METAL MATS/GRIDS reinforcements)

Along reinforced and foundation soils interface:  Fs-static = 3.145  and  Fs-seismic = 1.571

  # Metal Mats
Elevation
   [ft]

Metal Mats
Length
   [ft]

  Fs
Static

  Fs
Seismic

Metal Mats
Type  # Product name

1 1.25 16.00 3.317 1.664 1 Caltrans W20
2 3.75 16.00 3.725 1.888 1 Caltrans W20
3 6.25 16.00 4.249 2.182 1 Caltrans W20
4 8.75 16.00 4.946 2.585 1 Caltrans W20
5 11.25 16.00 5.924 3.168 1 Caltrans W20
6 13.75 16.00 7.401 4.092 1 Caltrans W20
7 16.25 16.00 9.913 5.772 1 Caltrans W20
8 18.75 16.00 15.309 9.772 1 Caltrans W20
9 21.25 16.00 39.433 31.032 1 Caltrans W20

ECCENTRICITY for GIVEN LAYOUT

At interface with foundation:  e/L static = 0.1079,  e/L seismic = 0.2662; Overturning: Fs-static = 4.64, Fs-seismic = 1.88

  # Metal Mats
Elevation
   [ft]

Metal Mats
Length
   [ft]

 e / L
Static

 e / L
Seismic

Metal Mats
Type  # Product name

1 1.25 16.00 0.0969 0.2374 1 Caltrans W20
2 3.75 16.00 0.0767 0.1848 1 Caltrans W20
3 6.25 16.00 0.0589 0.1387 1 Caltrans W20
4 8.75 16.00 0.0433 0.0993 1 Caltrans W20
5 11.25 16.00 0.0300 0.0664 1 Caltrans W20
6 13.75 16.00 0.0191 0.0401 1 Caltrans W20
7 16.25 16.00 0.0105 0.0204 1 Caltrans W20
8 18.75 16.00 0.0043 0.0073 1 Caltrans W20
9 21.25 16.00 0.0006 0.0008 1 Caltrans W20
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RESULTS for STRENGTH     [ Note: Actual Fs-overall = (Yield stress) / (Actual stress) ]

  # Metal Mats
Elevation
   [ft]

Coverage
  ratio,
Rc=b/Sh

Horizontal
spacing, Sh
   [ft]

Long-term
strength
Fy·Ac·Rc/b
   [lb/ft]

  Tmax
[lb/ft]

Tmd
[lb/ft]

Specified
minimum
Fs-overall
static

Actual
calculated
Fs-overall
static

Specified
minimum
Fs-overall
seismic

Actual
calculated
Fs-overall
seismic

1 1.25 1.000 0.500 18213 2360.22 527.09 N/A 7.717 N/A 6.308
2 3.75 1.000 0.500 18213 2218.60 475.25 N/A 8.209 N/A 6.761
3 6.25 1.000 0.500 18213 2187.98 423.40 N/A 8.324 N/A 6.974
4 8.75 1.000 0.500 18213 2121.78 371.56 N/A 8.584 N/A 7.305
5 11.25 1.000 0.500 18213 1969.63 320.33 N/A 9.247 N/A 7.953
6 13.75 1.000 0.500 18213 1732.95 320.33 N/A 10.510 N/A 8.870
7 16.25 1.000 0.500 18213 1438.93 320.33 N/A 12.657 N/A 10.353
8 18.75 1.000 0.500 18213 1082.41 320.33 N/A 16.826 N/A 12.984
9 21.25 1.000 0.500 18213 639.04 320.33 N/A 28.501 N/A 18.984

RESULTS for PULLOUT

  # Metal Mats
Elevation

[ft]

Coverage
Ratio
Rc=b/Sh

Tmax
[lb/ft]

Tmd
[lb/ft]

Le
[ft]

La
[ft]

Avail.Static
Pullout, Pr

[lb/ft]

Specified
Static

Fs

Actual
Static

Fs

Avail.Seism.
Pullout, Pr

[lb/ft]

Specified
Seismic

Fs

Actual
Seismic

Fs

1 1.25 1.000 2360.2 527.1 15.25 0.75 52860.7 42288.6N/A 22.397 N/A 14.646
2 3.75 1.000 2218.6 475.2 13.75 2.25 44668.9 35735.1N/A 20.134 N/A 13.265
3 6.25 1.000 2188.0 423.4 12.25 3.75 39212.8 31370.3N/A 17.922 N/A 12.013
4 8.75 1.000 2121.8 371.6 10.75 5.25 32878.7 26303.0N/A 15.496 N/A 10.549
5 11.25 1.000 1969.6 320.3 9.27 6.73 26153.3 20922.6N/A 13.278 N/A 9.137
6 13.75 1.000 1733.0 320.3 9.27 6.73 23076.7 18461.4N/A 13.316 N/A 8.991
7 16.25 1.000 1438.9 320.3 9.27 6.73 19120.6 15296.4N/A 13.288 N/A 8.695
8 18.75 1.000 1082.4 320.3 9.27 6.73 14284.9 11427.9N/A 13.197 N/A 8.147
9 21.25 1.000 639.0 320.3 9.27 6.73 8569.7 6855.8N/A 13.410 N/A 7.146
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RESULTS for CONNECTION (static conditions)

  # Metal Mats
Elevation
   [ft]

Coverage
  ratio
Rc=b/Sh

Horizontal
spacing, Sh
   [ft]

Connection
force, To
  [lb/ft]

Reduction
factor for
connection
break,
CRu

Long-term
connection
strength,Tac
(break
criterion)
  [lb/ft]

Metal Mats
long-term
strength,
  [lb/ft]

Fs-overall
connection
break

Specified   Actual

Fs-overall
Metal Mats
strength

Specified   Actual

Product
name

1 1.25 1.000 0.500 2360 0.90 16392 18213 N/A 6.95 N/A 7.72 Caltrans W20
2 3.75 1.000 0.500 2219 0.90 16392 18213 N/A 7.39 N/A 8.21 Caltrans W20
3 6.25 1.000 0.500 2188 0.90 16392 18213 N/A 7.49 N/A 8.32 Caltrans W20
4 8.75 1.000 0.500 2122 0.90 16392 18213 N/A 7.73 N/A 8.58 Caltrans W20
5 11.25 1.000 0.500 1970 0.90 16392 18213 N/A 8.32 N/A 9.25 Caltrans W20
6 13.75 1.000 0.500 1733 0.90 16392 18213 N/A 9.46 N/A 10.51 Caltrans W20
7 16.25 1.000 0.500 1439 0.90 16392 18213 N/A 11.39 N/A 12.66 Caltrans W20
8 18.75 1.000 0.500 1082 0.90 16392 18213 N/A 15.14 N/A 16.83 Caltrans W20
9 21.25 1.000 0.500 639 0.90 16392 18213 N/A 25.65 N/A 28.50 Caltrans W20

RESULTS for CONNECTION (seismic conditions)

  # Metal Mats
Elevation
   [ft]

Coverage
  ratio
Rc=b/Sh

Horizontal
spacing, Sh
   [ft]

Connection
force, To
  [lb/ft]

Reduction
factor for
connection
break,
CRu

Long-term
connection
strength,Tac
(break
criterion)
  [lb/ft]

Metal Mats
long-term
strength,
  [lb/ft]

Fs-overall
connection
break

Specified   Actual

Fs-overall
Metal Mats
strength

Specified   Actual

Product
name

1 1.25 1.000 0.500 2887 0.90 16392 18213 N/A 5.68 N/A 6.31 Caltrans W20
2 3.75 1.000 0.500 2694 0.90 16392 18213 N/A 6.08 N/A 6.76 Caltrans W20
3 6.25 1.000 0.500 2611 0.90 16392 18213 N/A 6.28 N/A 6.97 Caltrans W20
4 8.75 1.000 0.500 2493 0.90 16392 18213 N/A 6.57 N/A 7.30 Caltrans W20
5 11.25 1.000 0.500 2290 0.90 16392 18213 N/A 7.16 N/A 7.95 Caltrans W20
6 13.75 1.000 0.500 2053 0.90 16392 18213 N/A 7.98 N/A 8.87 Caltrans W20
7 16.25 1.000 0.500 1759 0.90 16392 18213 N/A 9.32 N/A 10.35 Caltrans W20
8 18.75 1.000 0.500 1403 0.90 16392 18213 N/A 11.69 N/A 12.98 Caltrans W20
9 21.25 1.000 0.500 959 0.90 16392 18213 N/A 17.09 N/A 18.98 Caltrans W20

Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 

SR-57 Improvements
Copyright © 1998-2008 ADAMA Engineering, Inc.  License number  MSEW-301754

Page 10 of  10

Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 



2.782.78

33.00 lb/ft2

2.782.78

Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW630 ST11+40 - STATIC

Analysis Methods
Analysis Methods used: 
Bishop simplified
Janbu corrected
Spencer
Number of slices: 25
Tolerance: 0.005
Maximum number of iterations: 50

Material Properties
Material: BACKFILL
Strength Type: Mohr-Coulomb
Unit Weight: 120 lb/ft3
Cohesion: 200 psf
Friction Angle: 34 degrees
Water Surface: None
Material: SAND (Qvof)
Strength Type: Mohr-Coulomb
Unit Weight: 120 lb/ft3
Cohesion: 250 psf
Friction Angle: 35 degrees
Water Surface: None
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    Slide Analysis Information 
     
    Document Name 
     
    File Name: RW630_ST11+40_STATIC.sli 
     
    Project Settings 
     
    Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW630 
ST11+40 - STATIC 
    Failure Direction: Left to Right 
    Units of Measurement: Imperial Units 
    Pore Fluid Unit Weight: 62.4 lb/ft3 
    Groundwater Method: Water Surfaces 
    Data Output: Standard 
    Calculate Excess Pore Pressure: Off 
    Allow Ru with Water Surfaces or Grids: Off 
    Random Numbers: Pseudo-random Seed 
    Random Number Seed: 10116 
    Random Number Generation Method: Park and Miller v.3 
     
    Analysis Methods 
     
    Analysis Methods used:  
    Bishop simplified 
    Janbu corrected 
    Spencer 
     
    Number of slices: 25 
    Tolerance: 0.005 
    Maximum number of iterations: 50 
     
    Surface Options 
     
    Surface Type: Circular 
    Search Method: Grid Search 
    Radius increment: 10 
    Composite Surfaces: Disabled 
    Reverse Curvature: Create Tension Crack 
    Minimum Elevation: Not Defined 
    Minimum Depth: Not Defined 
     
    Loading 
     
    1 Distributed Load present: 
    Distributed Load Constant Distribution, Orientation:  Normal to boundary, Magnitude:  33 lb/ft2 
     
    Material Properties 
     
    Material: CONCRETE 
    Strength Type: Infinite strength 
    Unit Weight: 150 lb/ft3 
     
    Material: BACKFILL 

    Strength Type: Mohr-Coulomb 
    Unit Weight: 120 lb/ft3 
    Cohesion: 200 psf 
    Friction Angle: 34 degrees 
    Water Surface: None 
     
    Material: SAND (Qvof) 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 120 lb/ft3 
    Cohesion: 250 psf 
    Friction Angle: 35 degrees 
    Water Surface: None 
     
    Global Minimums 
     
    Method: bishop simplified 
    FS: 2.778930 
    Center: 42.825, 390.378 
    Radius: 46.670 
    Left Slip Surface Endpoint: 6.329, 361.290 
    Right Slip Surface Endpoint: 47.640, 343.957 
    Resisting Moment=1.47907e+006 lb-ft 
    Driving Moment=532242 lb-ft 
     
    Method: janbu corrected 
    FS: 2.766950 
    Center: 38.898, 376.077 
    Radius: 34.319 
    Left Slip Surface Endpoint: 7.928, 361.290 
    Right Slip Surface Endpoint: 51.075, 343.991 
    Resisting Horizontal Force=36846.7 lb 
    Driving Horizontal Force=13316.7 lb 
     
    Method: spencer 
    FS: 2.775650 
    Center: 42.825, 390.378 
    Radius: 46.670 
    Left Slip Surface Endpoint: 6.329, 361.290 
    Right Slip Surface Endpoint: 47.640, 343.957 
    Resisting Moment=1.47732e+006 lb-ft 
    Driving Moment=532242 lb-ft 
    Resisting Horizontal Force=28605.3 lb 
    Driving Horizontal Force=10305.8 lb 
     
    Valid / Invalid Surfaces 
     
    Method: bishop simplified 
    Number of Valid Surfaces: 21165 
    Number of Invalid Surfaces: 7446 
    Error Codes:  
    Error Code -99 reported for 5810 surfaces 
    Error Code -103 reported for 798 surfaces 
    Error Code -105 reported for 20 surfaces 
    Error Code -106 reported for 180 surfaces 
    Error Code -107 reported for 1 surface 
    Error Code -109 reported for 481 surfaces 



    Error Code -112 reported for 156 surfaces 
     
    Method: janbu corrected 
    Number of Valid Surfaces: 20956 
    Number of Invalid Surfaces: 7655 
    Error Codes:  
    Error Code -99 reported for 5810 surfaces 
    Error Code -103 reported for 798 surfaces 
    Error Code -105 reported for 20 surfaces 
    Error Code -106 reported for 180 surfaces 
    Error Code -107 reported for 1 surface 
    Error Code -108 reported for 31 surfaces 
    Error Code -109 reported for 481 surfaces 
    Error Code -111 reported for 229 surfaces 
    Error Code -112 reported for 105 surfaces 
     
    Method: spencer 
    Number of Valid Surfaces: 20853 
    Number of Invalid Surfaces: 7758 
    Error Codes:  
    Error Code -99 reported for 5810 surfaces 
    Error Code -103 reported for 798 surfaces 
    Error Code -105 reported for 20 surfaces 
    Error Code -106 reported for 180 surfaces 
    Error Code -107 reported for 1 surface 
    Error Code -108 reported for 34 surfaces 
    Error Code -109 reported for 481 surfaces 
    Error Code -111 reported for 272 surfaces 
    Error Code -112 reported for 162 surfaces 
     
    Error Codes 
     
    The following errors were encountered during the computation: 
     
    -99 = Slip surface intersects an infinite 
    strength material. If infinite strength regions 
    are defined for a model, a large number of 
    potential slip surfaces may show this error code. 
    This is Normal. 
     
    -103 = Two surface / slope intersections, 
    but one or more surface / nonslope external polygon 
    intersections lie between them. This usually occurs 
    when the slip surface extends past the bottom of the 
    soil region, but may also occur on a benched 
    slope model with two sets of Slope Limits. 
     
    -105 = More than two surface / slope 
    intersections with no valid slip surface. 
     
    -106 = Average slice width is less than 
    0.0001 * (maximum horizontal extent of soil region). 
    This limitation is imposed to avoid numerical errors 
    which may result from too many slices, or too 
    small a slip region. 
     

    -107 = Total driving moment or 
    total driving force is negative. This will occur 
    if the wrong failure direction is specified, 
    or if high external or anchor loads are applied 
    against the failure direction. 
     
    -108 = Total driving moment 
    or total driving force < 0.1. This is to 
    limit the calculation of extremely high safety 
    factors if the driving force is very small 
    (0.1 is an arbitrary number). 
     
    -109 = Soiltype for slice base not 
    located. This error should occur very rarely, 
    if at all. It may occur if a very low number of 
    slices is combined with certain soil geometries, 
    such that the midpoint of a slice base is 
    actually outside the soil region,even though 
    the slip surface is wholly within the soil region. 
     
    -111 = safety factor equation did not converge 
     
    -112 = The coefficient M-Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) 
    < 0.2 for the final iteration of the safety factor calculation. This screens out 
    some slip surfaces which may not be valid in the context of the analysis, in 
    particular, deep seated slip surfaces with many high negative base angle 
    slices in the passive zone. 
     
     
    List of All Coordinates 
     
    Search Grid 
       22.208 351.288 
       71.296 351.288 
       71.296 398.958 
       22.208 398.958 
     
    Material Boundary 
       0.000 350.120 
       0.000 343.250 
       -4.750 343.250 
       -4.750 341.500 
       9.500 341.500 
       9.500 343.250 
       1.843 343.250 
       1.010 361.110 
     
    Material Boundary 
       9.500 341.500 
       10.500 341.500 
       13.540 361.290 
     
    Material Boundary 
       -11.188 346.905 
       -5.750 341.500 
       -4.750 341.500 



     
    External Boundary 
       -100.000 343.420 
       -100.000 300.000 
       100.000 300.000 
       100.000 342.920 
       63.370 343.750 
       56.410 343.890 
       51.710 344.000 
       47.660 343.940 
       46.130 345.210 
       40.540 347.600 
       31.980 353.020 
       17.940 359.640 
       13.540 361.290 
       3.550 361.290 
       1.010 361.110 
       1.010 365.250 
       0.000 365.250 
       0.000 350.120 
       -0.340 350.120 
       -0.430 349.550 
       -0.820 347.120 
       -11.188 346.905 
       -11.862 346.891 
       -39.526 346.318 
       -41.210 345.720 
       -41.760 345.420 
       -42.388 345.452 
     
    Distributed Load 
       1.010 361.110 
       1.010 365.250 



1.841.84

33.00 lb/ft2

1.841.84

Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW630 ST11+40 - PSEUDOSTATIC

Analysis Methods
Analysis Methods used: 
Bishop simplified
Janbu corrected
Spencer
Number of slices: 25
Tolerance: 0.005
Maximum number of iterations: 50

Material Properties
Material: BACKFILL
Strength Type: Mohr-Coulomb
Unit Weight: 120 lb/ft3
Cohesion: 200 psf
Friction Angle: 34 degrees
Material: SAND (Qvof)
Strength Type: Mohr-Coulomb
Unit Weight: 120 lb/ft3
Cohesion: 250 psf
Friction Angle: 35 degrees
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    Slide Analysis Information 
     
    Document Name 
     
    File Name: RW630_ST11+40_PSEUDOSTATIC.sli 
     
    Project Settings 
     
    Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW630 
ST11+40 - PSEUDOSTATIC 
    Failure Direction: Left to Right 
    Units of Measurement: Imperial Units 
    Pore Fluid Unit Weight: 62.4 lb/ft3 
    Groundwater Method: Water Surfaces 
    Data Output: Standard 
    Calculate Excess Pore Pressure: Off 
    Allow Ru with Water Surfaces or Grids: Off 
    Random Numbers: Pseudo-random Seed 
    Random Number Seed: 10116 
    Random Number Generation Method: Park and Miller v.3 
     
    Analysis Methods 
     
    Analysis Methods used:  
    Bishop simplified 
    Janbu corrected 
    Spencer 
     
    Number of slices: 25 
    Tolerance: 0.005 
    Maximum number of iterations: 50 
     
    Surface Options 
     
    Surface Type: Circular 
    Search Method: Grid Search 
    Radius increment: 10 
    Composite Surfaces: Disabled 
    Reverse Curvature: Create Tension Crack 
    Minimum Elevation: Not Defined 
    Minimum Depth: Not Defined 
     
    Loading 
     
    Seismic Load Coefficient (Horizontal): 0.2 
    1 Distributed Load present: 
    Distributed Load Constant Distribution, Orientation:  Normal to boundary, Magnitude:  33 lb/ft2 
     
    Material Properties 
     
    Material: CONCRETE 
    Strength Type: Infinite strength 
    Unit Weight: 150 lb/ft3 
     

    Material: BACKFILL 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 120 lb/ft3 
    Cohesion: 200 psf 
    Friction Angle: 34 degrees 
    Water Surface: None 
     
    Material: SAND (Qvof) 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 120 lb/ft3 
    Cohesion: 250 psf 
    Friction Angle: 35 degrees 
    Water Surface: None 
     
    Global Minimums 
     
    Method: bishop simplified 
    FS: 1.840100 
    Center: 42.825, 390.378 
    Radius: 46.670 
    Left Slip Surface Endpoint: 6.329, 361.290 
    Right Slip Surface Endpoint: 47.640, 343.957 
    Resisting Moment=1.41228e+006 lb-ft 
    Driving Moment=767503 lb-ft 
     
    Method: janbu corrected 
    FS: 1.796390 
    Center: 39.880, 384.657 
    Radius: 41.462 
    Left Slip Surface Endpoint: 5.630, 361.290 
    Right Slip Surface Endpoint: 47.703, 343.941 
    Resisting Horizontal Force=32226.7 lb 
    Driving Horizontal Force=17939.7 lb 
     
    Method: spencer 
    FS: 1.842250 
    Center: 42.825, 390.378 
    Radius: 46.670 
    Left Slip Surface Endpoint: 6.329, 361.290 
    Right Slip Surface Endpoint: 47.640, 343.957 
    Resisting Moment=1.41393e+006 lb-ft 
    Driving Moment=767503 lb-ft 
    Resisting Horizontal Force=27567.8 lb 
    Driving Horizontal Force=14964.2 lb 
     
    Valid / Invalid Surfaces 
     
    Method: bishop simplified 
    Number of Valid Surfaces: 21200 
    Number of Invalid Surfaces: 7411 
    Error Codes:  
    Error Code -99 reported for 5810 surfaces 
    Error Code -103 reported for 798 surfaces 
    Error Code -105 reported for 20 surfaces 
    Error Code -106 reported for 180 surfaces 
    Error Code -109 reported for 482 surfaces 



    Error Code -112 reported for 121 surfaces 
     
    Method: janbu corrected 
    Number of Valid Surfaces: 20643 
    Number of Invalid Surfaces: 7968 
    Error Codes:  
    Error Code -99 reported for 5810 surfaces 
    Error Code -103 reported for 798 surfaces 
    Error Code -105 reported for 20 surfaces 
    Error Code -106 reported for 180 surfaces 
    Error Code -108 reported for 26 surfaces 
    Error Code -109 reported for 482 surfaces 
    Error Code -111 reported for 36 surfaces 
    Error Code -112 reported for 616 surfaces 
     
    Method: spencer 
    Number of Valid Surfaces: 20318 
    Number of Invalid Surfaces: 8293 
    Error Codes:  
    Error Code -99 reported for 5810 surfaces 
    Error Code -103 reported for 798 surfaces 
    Error Code -105 reported for 20 surfaces 
    Error Code -106 reported for 180 surfaces 
    Error Code -108 reported for 40 surfaces 
    Error Code -109 reported for 482 surfaces 
    Error Code -111 reported for 339 surfaces 
    Error Code -112 reported for 624 surfaces 
     
    Error Codes 
     
    The following errors were encountered during the computation: 
     
    -99 = Slip surface intersects an infinite 
    strength material. If infinite strength regions 
    are defined for a model, a large number of 
    potential slip surfaces may show this error code. 
    This is Normal. 
     
    -103 = Two surface / slope intersections, 
    but one or more surface / nonslope external polygon 
    intersections lie between them. This usually occurs 
    when the slip surface extends past the bottom of the 
    soil region, but may also occur on a benched 
    slope model with two sets of Slope Limits. 
     
    -105 = More than two surface / slope 
    intersections with no valid slip surface. 
     
    -106 = Average slice width is less than 
    0.0001 * (maximum horizontal extent of soil region). 
    This limitation is imposed to avoid numerical errors 
    which may result from too many slices, or too 
    small a slip region. 
     
    -108 = Total driving moment 
    or total driving force < 0.1. This is to 

    limit the calculation of extremely high safety 
    factors if the driving force is very small 
    (0.1 is an arbitrary number). 
     
    -109 = Soiltype for slice base not 
    located. This error should occur very rarely, 
    if at all. It may occur if a very low number of 
    slices is combined with certain soil geometries, 
    such that the midpoint of a slice base is 
    actually outside the soil region,even though 
    the slip surface is wholly within the soil region. 
     
    -111 = safety factor equation did not converge 
     
    -112 = The coefficient M-Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) 
    < 0.2 for the final iteration of the safety factor calculation. This screens out 
    some slip surfaces which may not be valid in the context of the analysis, in 
    particular, deep seated slip surfaces with many high negative base angle 
    slices in the passive zone. 
     
     
    List of All Coordinates 
     
    Search Grid 
       22.208 351.288 
       71.296 351.288 
       71.296 398.958 
       22.208 398.958 
     
    Material Boundary 
       0.000 350.120 
       0.000 343.250 
       -4.750 343.250 
       -4.750 341.500 
       9.500 341.500 
       9.500 343.250 
       1.843 343.250 
       1.010 361.110 
     
    Material Boundary 
       9.500 341.500 
       10.500 341.500 
       13.540 361.290 
     
    Material Boundary 
       -11.188 346.905 
       -5.750 341.500 
       -4.750 341.500 
     
    External Boundary 
       -100.000 343.420 
       -100.000 300.000 
       100.000 300.000 
       100.000 342.920 
       63.370 343.750 
       56.410 343.890 



       51.710 344.000 
       47.660 343.940 
       46.130 345.210 
       40.540 347.600 
       31.980 353.020 
       17.940 359.640 
       13.540 361.290 
       3.550 361.290 
       1.010 361.110 
       1.010 365.250 
       0.000 365.250 
       0.000 350.120 
       -0.340 350.120 
       -0.430 349.550 
       -0.820 347.120 
       -11.188 346.905 
       -11.862 346.891 
       -39.526 346.318 
       -41.210 345.720 
       -41.760 345.420 
       -42.388 345.452 
     
    Distributed Load 
       1.010 361.110 
       1.010 365.250 



2.932.93

240.00 lb/ft2

2.932.93

Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW630 ST15+29.81 - STATIC

Analysis Methods
Analysis Methods used: 
Bishop simplified
Janbu corrected
Spencer
Number of slices: 25
Tolerance: 0.005
Maximum number of iterations: 50

Material Properties
Material: FILL (Af)
Strength Type: Mohr-Coulomb
Unit Weight: 130 lb/ft3
Cohesion: 100 psf
Friction Angle: 33 degrees
Material: CLAY (Qvof)
Strength Type: Mohr-Coulomb
Unit Weight: 130 lb/ft3
Cohesion: 180 psf
Friction Angle: 28 degrees
Material: BACKFILL
Strength Type: Mohr-Coulomb
Unit Weight: 120 lb/ft3
Cohesion: 200 psf
Friction Angle: 34 degrees
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    Slide Analysis Information 
     
    Document Name 
     
    File Name: RW630_ST15+30_Static.sli 
     
    Project Settings 
     
    Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW630 
ST15+29.81 - STATIC 
    Failure Direction: Left to Right 
    Units of Measurement: Imperial Units 
    Pore Fluid Unit Weight: 62.4 lb/ft3 
    Groundwater Method: Water Surfaces 
    Data Output: Standard 
    Calculate Excess Pore Pressure: Off 
    Allow Ru with Water Surfaces or Grids: Off 
    Random Numbers: Pseudo-random Seed 
    Random Number Seed: 10116 
    Random Number Generation Method: Park and Miller v.3 
     
    Analysis Methods 
     
    Analysis Methods used:  
    Bishop simplified 
    Spencer 
     
    Number of slices: 25 
    Tolerance: 0.005 
    Maximum number of iterations: 50 
     
    Surface Options 
     
    Surface Type: Circular 
    Search Method: Grid Search 
    Radius increment: 10 
    Composite Surfaces: Disabled 
    Reverse Curvature: Create Tension Crack 
    Minimum Elevation: Not Defined 
    Minimum Depth: Not Defined 
     
    Loading 
     
    1 Distributed Load present: 
    Distributed Load Constant Distribution, Orientation:  Vertical, Magnitude:  240 lb/ft2 
     
    Material Properties 
     
    Material: FILL (Af) 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 100 psf 
    Friction Angle: 33 degrees 
    Water Surface: None 

     
    Material: CLAY (Qvof) 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 180 psf 
    Friction Angle: 28 degrees 
    Water Surface: None 
     
    Material: BACKFILL 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 120 lb/ft3 
    Cohesion: 200 psf 
    Friction Angle: 34 degrees 
    Water Surface: None 
     
    Material: CONCRETE 
    Strength Type: Infinite strength 
    Unit Weight: 150 lb/ft3 
     
    Global Minimums 
     
    Method: bishop simplified 
    FS: 2.934340 
    Center: -2.885, 348.449 
    Radius: 32.469 
    Left Slip Surface Endpoint: -34.012, 339.210 
    Right Slip Surface Endpoint: 23.437, 329.439 
    Resisting Moment=2.23677e+006 lb-ft 
    Driving Moment=762273 lb-ft 
     
    Method: spencer 
    FS: 2.933350 
    Center: -2.885, 348.449 
    Radius: 32.469 
    Left Slip Surface Endpoint: -34.012, 339.210 
    Right Slip Surface Endpoint: 23.437, 329.439 
    Resisting Moment=2.23601e+006 lb-ft 
    Driving Moment=762273 lb-ft 
    Resisting Horizontal Force=59439.5 lb 
    Driving Horizontal Force=20263.4 lb 
     
    Valid / Invalid Surfaces 
     
    Method: bishop simplified 
    Number of Valid Surfaces: 4853 
    Number of Invalid Surfaces: 23758 
    Error Codes:  
    Error Code -99 reported for 9076 surfaces 
    Error Code -103 reported for 10043 surfaces 
    Error Code -105 reported for 66 surfaces 
    Error Code -106 reported for 5 surfaces 
    Error Code -107 reported for 1694 surfaces 
    Error Code -109 reported for 2860 surfaces 
    Error Code -112 reported for 14 surfaces 
     
    Method: spencer 



    Number of Valid Surfaces: 4804 
    Number of Invalid Surfaces: 23807 
    Error Codes:  
    Error Code -99 reported for 9076 surfaces 
    Error Code -103 reported for 10043 surfaces 
    Error Code -105 reported for 66 surfaces 
    Error Code -106 reported for 5 surfaces 
    Error Code -107 reported for 1694 surfaces 
    Error Code -108 reported for 8 surfaces 
    Error Code -109 reported for 2860 surfaces 
    Error Code -111 reported for 40 surfaces 
    Error Code -112 reported for 15 surfaces 
     
    Error Codes 
     
    The following errors were encountered during the computation: 
     
    -99 = Slip surface intersects an infinite 
    strength material. If infinite strength regions 
    are defined for a model, a large number of 
    potential slip surfaces may show this error code. 
    This is Normal. 
     
    -103 = Two surface / slope intersections, 
    but one or more surface / nonslope external polygon 
    intersections lie between them. This usually occurs 
    when the slip surface extends past the bottom of the 
    soil region, but may also occur on a benched 
    slope model with two sets of Slope Limits. 
     
    -105 = More than two surface / slope 
    intersections with no valid slip surface. 
     
    -106 = Average slice width is less than 
    0.0001 * (maximum horizontal extent of soil region). 
    This limitation is imposed to avoid numerical errors 
    which may result from too many slices, or too 
    small a slip region. 
     
    -107 = Total driving moment or 
    total driving force is negative. This will occur 
    if the wrong failure direction is specified, 
    or if high external or anchor loads are applied 
    against the failure direction. 
     
    -108 = Total driving moment 
    or total driving force < 0.1. This is to 
    limit the calculation of extremely high safety 
    factors if the driving force is very small 
    (0.1 is an arbitrary number). 
     
    -109 = Soiltype for slice base not 
    located. This error should occur very rarely, 
    if at all. It may occur if a very low number of 
    slices is combined with certain soil geometries, 
    such that the midpoint of a slice base is 

    actually outside the soil region,even though 
    the slip surface is wholly within the soil region. 
     
    -111 = safety factor equation did not converge 
     
    -112 = The coefficient M-Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) 
    < 0.2 for the final iteration of the safety factor calculation. This screens out 
    some slip surfaces which may not be valid in the context of the analysis, in 
    particular, deep seated slip surfaces with many high negative base angle 
    slices in the passive zone. 
     
     
    List of All Coordinates 
     
    Search Grid 
       -17.996 340.212 
       32.374 340.212 
       32.374 391.691 
       -17.996 391.691 
     
    Material Boundary 
       -0.989 338.550 
       -1.793 319.250 
       -9.500 319.250 
       -9.500 317.250 
       4.750 317.250 
       4.750 319.250 
       0.000 319.250 
       0.000 322.720 
     
    Material Boundary 
       4.750 317.250 
       5.750 317.250 
       12.488 323.964 
     
    Material Boundary 
       -31.118 339.152 
       -15.649 322.720 
       -10.500 317.250 
       -9.500 317.250 
     
    Material Boundary 
       -100.000 322.720 
       -15.649 322.720 
     
    External Boundary 
       100.000 332.720 
       30.000 332.720 
       12.488 323.964 
       10.000 322.720 
       0.000 322.720 
       0.000 355.250 
       -0.989 355.250 
       -0.989 338.550 
       -31.118 339.152 
       -100.000 340.530 



       -100.000 322.720 
       -100.000 300.000 
       100.000 300.000 
     
    Distributed Load 
       -100.000 340.530 
       -31.118 339.152 
       -0.989 338.550 



3.613.61240.00 lb/ft2 3.613.61

Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW630 ST15+29.81 - PSEUDOSTATIC

Analysis Methods
Analysis Methods used: 
Bishop simplified
Janbu corrected
Spencer
Number of slices: 25
Tolerance: 0.005
Maximum number of iterations: 50

Material Properties
Material: BACKFILL
Strength Type: Mohr-Coulomb
Unit Weight: 120 lb/ft3
Cohesion: 200 psf
Friction Angle: 34 degrees
Material: FILL (Af) - PEAK
Strength Type: Mohr-Coulomb
Unit Weight: 130 lb/ft3
Cohesion: 800 psf
Friction Angle: 33 degrees
Material: CLAY (Qvof) - PEAK
Strength Type: Mohr-Coulomb
Unit Weight: 130 lb/ft3
Cohesion: 950 psf
Friction Angle: 30 degrees
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    Slide Analysis Information 
     
    Document Name 
     
    File Name: RW630_ST15+30_Pseudostatic.sli 
     
    Project Settings 
     
    Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW630 
ST15+29.81 - STATIC 
    Failure Direction: Left to Right 
    Units of Measurement: Imperial Units 
    Pore Fluid Unit Weight: 62.4 lb/ft3 
    Groundwater Method: Water Surfaces 
    Data Output: Standard 
    Calculate Excess Pore Pressure: Off 
    Allow Ru with Water Surfaces or Grids: Off 
    Random Numbers: Pseudo-random Seed 
    Random Number Seed: 10116 
    Random Number Generation Method: Park and Miller v.3 
     
    Analysis Methods 
     
    Analysis Methods used:  
    Bishop simplified 
    Spencer 
     
    Number of slices: 25 
    Tolerance: 0.005 
    Maximum number of iterations: 50 
     
    Surface Options 
     
    Surface Type: Circular 
    Search Method: Grid Search 
    Radius increment: 10 
    Composite Surfaces: Disabled 
    Reverse Curvature: Create Tension Crack 
    Minimum Elevation: Not Defined 
    Minimum Depth: Not Defined 
     
    Loading 
     
    Seismic Load Coefficient (Horizontal): 0.2 
    1 Distributed Load present: 
    Distributed Load Constant Distribution, Orientation:  Vertical, Magnitude:  240 lb/ft2 
     
    Material Properties 
     
    Material: BACKFILL 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 120 lb/ft3 
    Cohesion: 200 psf 
    Friction Angle: 34 degrees 

    Water Surface: None 
     
    Material: FILL (Af) - PEAK 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 800 psf 
    Friction Angle: 33 degrees 
    Water Surface: None 
     
    Material: CONCRETE 
    Strength Type: Infinite strength 
    Unit Weight: 150 lb/ft3 
     
    Material: CLAY (Qvof) - PEAK 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 950 psf 
    Friction Angle: 30 degrees 
    Water Surface: None 
     
    Global Minimums 
     
    Method: bishop simplified 
    FS: 3.608050 
    Center: -9.937, 357.715 
    Radius: 43.068 
    Left Slip Surface Endpoint: -48.968, 339.509 
    Right Slip Surface Endpoint: 21.832, 328.636 
    Resisting Moment=6.96839e+006 lb-ft 
    Driving Moment=1.93134e+006 lb-ft 
     
    Method: spencer 
    FS: 3.620770 
    Center: -9.937, 357.715 
    Radius: 43.068 
    Left Slip Surface Endpoint: -48.968, 339.509 
    Right Slip Surface Endpoint: 21.832, 328.636 
    Resisting Moment=6.99295e+006 lb-ft 
    Driving Moment=1.93134e+006 lb-ft 
    Resisting Horizontal Force=142921 lb 
    Driving Horizontal Force=39472.5 lb 
     
    Valid / Invalid Surfaces 
     
    Method: bishop simplified 
    Number of Valid Surfaces: 5090 
    Number of Invalid Surfaces: 23521 
    Error Codes:  
    Error Code -99 reported for 9076 surfaces 
    Error Code -103 reported for 10043 surfaces 
    Error Code -105 reported for 66 surfaces 
    Error Code -106 reported for 5 surfaces 
    Error Code -107 reported for 1126 surfaces 
    Error Code -108 reported for 1 surface 
    Error Code -109 reported for 3197 surfaces 
    Error Code -112 reported for 7 surfaces 



     
    Method: spencer 
    Number of Valid Surfaces: 4896 
    Number of Invalid Surfaces: 23715 
    Error Codes:  
    Error Code -99 reported for 9076 surfaces 
    Error Code -103 reported for 10043 surfaces 
    Error Code -105 reported for 66 surfaces 
    Error Code -106 reported for 5 surfaces 
    Error Code -107 reported for 1126 surfaces 
    Error Code -108 reported for 24 surfaces 
    Error Code -109 reported for 3197 surfaces 
    Error Code -111 reported for 171 surfaces 
    Error Code -112 reported for 7 surfaces 
     
    Error Codes 
     
    The following errors were encountered during the computation: 
     
    -99 = Slip surface intersects an infinite 
    strength material. If infinite strength regions 
    are defined for a model, a large number of 
    potential slip surfaces may show this error code. 
    This is Normal. 
     
    -103 = Two surface / slope intersections, 
    but one or more surface / nonslope external polygon 
    intersections lie between them. This usually occurs 
    when the slip surface extends past the bottom of the 
    soil region, but may also occur on a benched 
    slope model with two sets of Slope Limits. 
     
    -105 = More than two surface / slope 
    intersections with no valid slip surface. 
     
    -106 = Average slice width is less than 
    0.0001 * (maximum horizontal extent of soil region). 
    This limitation is imposed to avoid numerical errors 
    which may result from too many slices, or too 
    small a slip region. 
     
    -107 = Total driving moment or 
    total driving force is negative. This will occur 
    if the wrong failure direction is specified, 
    or if high external or anchor loads are applied 
    against the failure direction. 
     
    -108 = Total driving moment 
    or total driving force < 0.1. This is to 
    limit the calculation of extremely high safety 
    factors if the driving force is very small 
    (0.1 is an arbitrary number). 
     
    -109 = Soiltype for slice base not 
    located. This error should occur very rarely, 
    if at all. It may occur if a very low number of 

    slices is combined with certain soil geometries, 
    such that the midpoint of a slice base is 
    actually outside the soil region,even though 
    the slip surface is wholly within the soil region. 
     
    -111 = safety factor equation did not converge 
     
    -112 = The coefficient M-Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) 
    < 0.2 for the final iteration of the safety factor calculation. This screens out 
    some slip surfaces which may not be valid in the context of the analysis, in 
    particular, deep seated slip surfaces with many high negative base angle 
    slices in the passive zone. 
     
     
    List of All Coordinates 
     
    Search Grid 
       -17.996 340.212 
       32.374 340.212 
       32.374 391.691 
       -17.996 391.691 
     
    Material Boundary 
       -0.989 338.550 
       -1.793 319.250 
       -9.500 319.250 
       -9.500 317.250 
       4.750 317.250 
       4.750 319.250 
       0.000 319.250 
       0.000 322.720 
     
    Material Boundary 
       4.750 317.250 
       5.750 317.250 
       12.488 323.964 
     
    Material Boundary 
       -31.118 339.152 
       -15.649 322.720 
       -10.500 317.250 
       -9.500 317.250 
     
    Material Boundary 
       -100.000 322.720 
       -15.649 322.720 
     
    External Boundary 
       100.000 332.720 
       30.000 332.720 
       12.488 323.964 
       10.000 322.720 
       0.000 322.720 
       0.000 355.250 
       -0.989 355.250 
       -0.989 338.550 



       -31.118 339.152 
       -100.000 340.530 
       -100.000 322.720 
       -100.000 300.000 
       100.000 300.000 
     
    Distributed Load 
       -100.000 340.530 
       -31.118 339.152 
       -0.989 338.550 
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Project Title: SR-57 - RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW630 ST18+60 - STATIC
Analysis Methods
Analysis Methods used: 
Bishop simplified
Janbu corrected
Spencer
Number of slices: 25
Tolerance: 0.005
Maximum number of iterations: 50

Material Properties
Material: CLAY (Af)
Strength Type: Mohr-Coulomb
Unit Weight: 130 lb/ft3
Cohesion: 200 psf
Friction Angle: 31 degrees
Material: BACKFILL
Strength Type: Mohr-Coulomb
Unit Weight: 120 lb/ft3
Cohesion: 200 psf
Friction Angle: 34 degrees
Material: RF SOIL
Strength Type: Infinite strength
Unit Weight: 120 lb/ft3
Material: CLAY (Qyf)
Strength Type: Mohr-Coulomb
Unit Weight: 120 lb/ft3
Cohesion: 900 psf
Friction Angle: 15 degrees
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    Slide Analysis Information 
     
    Document Name 
     
    File Name: RW630_ST18+60_Static.sli 
     
    Project Settings 
     
    Project Title: SR-57 - RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW630 
ST18+60 - STATIC 
    Failure Direction: Left to Right 
    Units of Measurement: Imperial Units 
    Pore Fluid Unit Weight: 62.4 lb/ft3 
    Groundwater Method: Water Surfaces 
    Data Output: Standard 
    Calculate Excess Pore Pressure: Off 
    Allow Ru with Water Surfaces or Grids: Off 
    Random Numbers: Pseudo-random Seed 
    Random Number Seed: 10116 
    Random Number Generation Method: Park and Miller v.3 
     
    Analysis Methods 
     
    Analysis Methods used:  
    Bishop simplified 
    Spencer 
     
    Number of slices: 25 
    Tolerance: 0.005 
    Maximum number of iterations: 50 
     
    Surface Options 
     
    Surface Type: Circular 
    Search Method: Grid Search 
    Radius increment: 10 
    Composite Surfaces: Disabled 
    Reverse Curvature: Create Tension Crack 
    Minimum Elevation: Not Defined 
    Minimum Depth: Not Defined 
     
    Loading 
     
    2 Distributed Loads present: 
    Distributed Load #1 Constant Distribution, Orientation:  Normal to boundary, Magnitude:  240 
lb/ft2 
    Distributed Load #2 Constant Distribution, Orientation:  Normal to boundary, Magnitude:  33 
lb/ft2 
     
    Material Properties 
     
    Material: CLAY (Af) 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 

    Cohesion: 200 psf 
    Friction Angle: 31 degrees 
    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Material: BACKFILL 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 120 lb/ft3 
    Cohesion: 200 psf 
    Friction Angle: 34 degrees 
    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Material: RF SOIL 
    Strength Type: Infinite strength 
    Unit Weight: 120 lb/ft3 
     
    Material: CLAY (Qyf) 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 120 lb/ft3 
    Cohesion: 900 psf 
    Friction Angle: 15 degrees 
    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Global Minimums 
     
    Method: bishop simplified 
    FS: 1.518770 
    Center: 27.425, 365.051 
    Radius: 72.908 
    Left Slip Surface Endpoint: -35.653, 328.490 
    Right Slip Surface Endpoint: 34.403, 292.478 
    Resisting Moment=6.83106e+006 lb-ft 
    Driving Moment=4.49775e+006 lb-ft 
     
    Method: spencer 
    FS: 1.517000 
    Center: 27.425, 365.051 
    Radius: 72.908 
    Left Slip Surface Endpoint: -35.653, 328.490 
    Right Slip Surface Endpoint: 34.403, 292.478 
    Resisting Moment=6.82307e+006 lb-ft 
    Driving Moment=4.49775e+006 lb-ft 
    Resisting Horizontal Force=81537.1 lb 
    Driving Horizontal Force=53749.1 lb 
     
    Valid / Invalid Surfaces 
     
    Method: bishop simplified 
    Number of Valid Surfaces: 7453 
    Number of Invalid Surfaces: 21158 
    Error Codes:  
    Error Code -99 reported for 5913 surfaces 
    Error Code -100 reported for 117 surfaces 
    Error Code -103 reported for 1796 surfaces 



    Error Code -105 reported for 24 surfaces 
    Error Code -106 reported for 103 surfaces 
    Error Code -107 reported for 4586 surfaces 
    Error Code -108 reported for 526 surfaces 
    Error Code -109 reported for 8035 surfaces 
    Error Code -112 reported for 30 surfaces 
    Error Code -113 reported for 28 surfaces 
     
    Method: spencer 
    Number of Valid Surfaces: 7206 
    Number of Invalid Surfaces: 21405 
    Error Codes:  
    Error Code -99 reported for 5913 surfaces 
    Error Code -100 reported for 117 surfaces 
    Error Code -103 reported for 1796 surfaces 
    Error Code -105 reported for 24 surfaces 
    Error Code -106 reported for 103 surfaces 
    Error Code -107 reported for 4586 surfaces 
    Error Code -108 reported for 629 surfaces 
    Error Code -109 reported for 8035 surfaces 
    Error Code -111 reported for 36 surfaces 
    Error Code -112 reported for 138 surfaces 
    Error Code -113 reported for 28 surfaces 
     
    Error Codes 
     
    The following errors were encountered during the computation: 
     
    -99 = Slip surface intersects an infinite 
    strength material. If infinite strength regions 
    are defined for a model, a large number of 
    potential slip surfaces may show this error code. 
    This is Normal. 
     
    -100 = Both surface / slope intersections 
    are on the same horizontal surface. In general, this 
    will give a very high or infinite factor of safety (zero 
    driving force), if calculated. 
     
    -103 = Two surface / slope intersections, 
    but one or more surface / nonslope external polygon 
    intersections lie between them. This usually occurs 
    when the slip surface extends past the bottom of the 
    soil region, but may also occur on a benched 
    slope model with two sets of Slope Limits. 
     
    -105 = More than two surface / slope 
    intersections with no valid slip surface. 
     
    -106 = Average slice width is less than 
    0.0001 * (maximum horizontal extent of soil region). 
    This limitation is imposed to avoid numerical errors 
    which may result from too many slices, or too 
    small a slip region. 
     
    -107 = Total driving moment or 

    total driving force is negative. This will occur 
    if the wrong failure direction is specified, 
    or if high external or anchor loads are applied 
    against the failure direction. 
     
    -108 = Total driving moment 
    or total driving force < 0.1. This is to 
    limit the calculation of extremely high safety 
    factors if the driving force is very small 
    (0.1 is an arbitrary number). 
     
    -109 = Soiltype for slice base not 
    located. This error should occur very rarely, 
    if at all. It may occur if a very low number of 
    slices is combined with certain soil geometries, 
    such that the midpoint of a slice base is 
    actually outside the soil region,even though 
    the slip surface is wholly within the soil region. 
     
    -111 = safety factor equation did not converge 
     
    -112 = The coefficient M-Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) 
    < 0.2 for the final iteration of the safety factor calculation. This screens out 
    some slip surfaces which may not be valid in the context of the analysis, in 
    particular, deep seated slip surfaces with many high negative base angle 
    slices in the passive zone. 
     
    -113 = Surface intersects outside slope limits. 
     
     
    List of All Coordinates 
     
    Search Grid 
       3.144 314.303 
       74.558 314.303 
       74.558 382.881 
       3.144 382.881 
     
    Material Boundary 
       -16.000 328.887 
       -16.000 306.750 
       0.000 306.750 
       0.000 309.870 
     
    Material Boundary 
       -100.000 292.000 
       35.000 292.000 
     
    Material Boundary 
       37.500 292.000 
       100.000 292.000 
     
    Material Boundary 
       -29.997 328.604 
       -16.000 306.750 
     



    External Boundary 
       -100.000 327.190 
       -100.000 292.000 
       -100.000 260.000 
       100.000 260.000 
       100.000 292.000 
       100.000 296.000 
       60.000 296.000 
       37.500 292.000 
       35.000 292.000 
       25.000 300.000 
       5.000 309.870 
       0.000 309.870 
       0.000 345.520 
       -1.000 345.520 
       -1.000 329.190 
       -16.000 328.887 
       -29.997 328.604 
     
    Water Table 
       -100.000 278.200 
       100.000 278.200 
     
    Distributed Load 
       -1.000 329.190 
       -16.000 328.887 
       -100.000 327.190 
     
    Distributed Load 
       -1.000 345.520 
       -1.000 329.190 
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Project Title: SR-57 - RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW630 ST18+60 - STATIC

Analysis Methods
Analysis Methods used: 
Bishop simplified
Janbu corrected
Spencer
Number of slices: 25
Tolerance: 0.005
Maximum number of iterations: 50

Material Properties
Material: BACKFILL
Strength Type: Mohr-Coulomb
Unit Weight: 120 lb/ft3
Cohesion: 200 psf
Friction Angle: 34 degrees
Material: RF SOIL
Strength Type: Infinite strength
Unit Weight: 120 lb/ft3
Material: CLAY (Qyf) - PEAK
Strength Type: Mohr-Coulomb
Unit Weight: 120 lb/ft3
Cohesion: 1400 psf
Friction Angle: 14 degrees
Material: CLAY (Af) - PEAK
Strength Type: Mohr-Coulomb
Unit Weight: 130 lb/ft3
Cohesion: 500 psf
Friction Angle: 33 degrees
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    Slide Analysis Information 
     
    Document Name 
     
    File Name: RW630_ST18+60_Psedostatic.sli 
     
    Project Settings 
     
    Project Title: SR-57 - RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW630 
ST18+60 - PSEUDOSTATIC 
    Failure Direction: Left to Right 
    Units of Measurement: Imperial Units 
    Pore Fluid Unit Weight: 62.4 lb/ft3 
    Groundwater Method: Water Surfaces 
    Data Output: Standard 
    Calculate Excess Pore Pressure: Off 
    Allow Ru with Water Surfaces or Grids: Off 
    Random Numbers: Pseudo-random Seed 
    Random Number Seed: 10116 
    Random Number Generation Method: Park and Miller v.3 
     
    Analysis Methods 
     
    Analysis Methods used:  
    Bishop simplified 
    Spencer 
     
    Number of slices: 25 
    Tolerance: 0.005 
    Maximum number of iterations: 50 
     
    Surface Options 
     
    Surface Type: Circular 
    Search Method: Grid Search 
    Radius increment: 10 
    Composite Surfaces: Disabled 
    Reverse Curvature: Create Tension Crack 
    Minimum Elevation: Not Defined 
    Minimum Depth: Not Defined 
     
    Loading 
     
    Seismic Load Coefficient (Horizontal): 0.2 
    2 Distributed Loads present: 
    Distributed Load #1 Constant Distribution, Orientation:  Normal to boundary, Magnitude:  240 
lb/ft2 
    Distributed Load #2 Constant Distribution, Orientation:  Normal to boundary, Magnitude:  33 
lb/ft2 
     
    Material Properties 
     
    Material: BACKFILL 
    Strength Type: Mohr-Coulomb 

    Unit Weight: 120 lb/ft3 
    Cohesion: 200 psf 
    Friction Angle: 34 degrees 
    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Material: RF SOIL 
    Strength Type: Infinite strength 
    Unit Weight: 120 lb/ft3 
     
    Material: CLAY (Qyf) - PEAK 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 120 lb/ft3 
    Cohesion: 1400 psf 
    Friction Angle: 14 degrees 
    Water Surface: Water Table 
    Custom Hu value: 0 
     
    Material: CLAY (Af) - PEAK 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 500 psf 
    Friction Angle: 33 degrees 
    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Global Minimums 
     
    Method: bishop simplified 
    FS: 1.479600 
    Center: 26.197, 365.185 
    Radius: 73.115 
    Left Slip Surface Endpoint: -37.027, 328.462 
    Right Slip Surface Endpoint: 34.343, 292.525 
    Resisting Moment=9.04046e+006 lb-ft 
    Driving Moment=6.11009e+006 lb-ft 
     
    Method: spencer 
    FS: 1.485320 
    Center: 31.517, 383.357 
    Radius: 91.238 
    Left Slip Surface Endpoint: -41.295, 328.376 
    Right Slip Surface Endpoint: 34.779, 292.177 
    Resisting Moment=1.16406e+007 lb-ft 
    Driving Moment=7.83709e+006 lb-ft 
    Resisting Horizontal Force=113739 lb 
    Driving Horizontal Force=76575.4 lb 
     
    Valid / Invalid Surfaces 
     
    Method: bishop simplified 
    Number of Valid Surfaces: 13485 
    Number of Invalid Surfaces: 15126 
    Error Codes:  
    Error Code -99 reported for 5031 surfaces 
    Error Code -100 reported for 76 surfaces 



    Error Code -103 reported for 1103 surfaces 
    Error Code -105 reported for 12 surfaces 
    Error Code -106 reported for 165 surfaces 
    Error Code -109 reported for 8645 surfaces 
    Error Code -112 reported for 74 surfaces 
    Error Code -113 reported for 20 surfaces 
     
    Method: spencer 
    Number of Valid Surfaces: 13154 
    Number of Invalid Surfaces: 15457 
    Error Codes:  
    Error Code -99 reported for 5031 surfaces 
    Error Code -100 reported for 76 surfaces 
    Error Code -103 reported for 1103 surfaces 
    Error Code -105 reported for 12 surfaces 
    Error Code -106 reported for 165 surfaces 
    Error Code -108 reported for 20 surfaces 
    Error Code -109 reported for 8645 surfaces 
    Error Code -111 reported for 118 surfaces 
    Error Code -112 reported for 267 surfaces 
    Error Code -113 reported for 20 surfaces 
     
    Error Codes 
     
    The following errors were encountered during the computation: 
     
    -99 = Slip surface intersects an infinite 
    strength material. If infinite strength regions 
    are defined for a model, a large number of 
    potential slip surfaces may show this error code. 
    This is Normal. 
     
    -100 = Both surface / slope intersections 
    are on the same horizontal surface. In general, this 
    will give a very high or infinite factor of safety (zero 
    driving force), if calculated. 
     
    -103 = Two surface / slope intersections, 
    but one or more surface / nonslope external polygon 
    intersections lie between them. This usually occurs 
    when the slip surface extends past the bottom of the 
    soil region, but may also occur on a benched 
    slope model with two sets of Slope Limits. 
     
    -105 = More than two surface / slope 
    intersections with no valid slip surface. 
     
    -106 = Average slice width is less than 
    0.0001 * (maximum horizontal extent of soil region). 
    This limitation is imposed to avoid numerical errors 
    which may result from too many slices, or too 
    small a slip region. 
     
    -108 = Total driving moment 
    or total driving force < 0.1. This is to 
    limit the calculation of extremely high safety 

    factors if the driving force is very small 
    (0.1 is an arbitrary number). 
     
    -109 = Soiltype for slice base not 
    located. This error should occur very rarely, 
    if at all. It may occur if a very low number of 
    slices is combined with certain soil geometries, 
    such that the midpoint of a slice base is 
    actually outside the soil region,even though 
    the slip surface is wholly within the soil region. 
     
    -111 = safety factor equation did not converge 
     
    -112 = The coefficient M-Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) 
    < 0.2 for the final iteration of the safety factor calculation. This screens out 
    some slip surfaces which may not be valid in the context of the analysis, in 
    particular, deep seated slip surfaces with many high negative base angle 
    slices in the passive zone. 
     
    -113 = Surface intersects outside slope limits. 
     
     
    List of All Coordinates 
     
    Search Grid 
       3.144 314.303 
       91.809 314.303 
       91.809 405.163 
       3.144 405.163 
     
    Material Boundary 
       -16.000 328.887 
       -16.000 306.750 
       0.000 306.750 
       0.000 309.870 
     
    Material Boundary 
       -100.000 292.000 
       35.000 292.000 
     
    Material Boundary 
       37.500 292.000 
       100.000 292.000 
     
    Material Boundary 
       -29.997 328.604 
       -16.000 306.750 
     
    External Boundary 
       -100.000 327.190 
       -100.000 292.000 
       -100.000 260.000 
       100.000 260.000 
       100.000 292.000 
       100.000 296.000 
       60.000 296.000 



       37.500 292.000 
       35.000 292.000 
       25.000 300.000 
       5.000 309.870 
       0.000 309.870 
       0.000 345.520 
       -1.000 345.520 
       -1.000 329.190 
       -16.000 328.887 
       -29.997 328.604 
     
    Water Table 
       -100.000 278.200 
       100.000 278.200 
     
    Distributed Load 
       -1.000 329.190 
       -16.000 328.887 
       -100.000 327.190 
     
    Distributed Load 
       -1.000 345.520 
       -1.000 329.190 
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Settle3D Analysis Information

Project Settings
Project Title: SR-57 Settlement Analysis
Analysis: RW630 ST13+10 to ST15+29.81
Author: RB
Company: CH2M HILL
Date Created: 2/26/2009, 10:07:04 AM
Stress Computation Method: Boussinesq
Groundwater method: Water Table
Water Unit Weight: 0.0624 kips/ft3
Depth to water table: 57.55 [ft]

Stage Settings
NameStage #

Stage 11

Results
Stage: Stage 1

MaximumMinimumData Type

0.3590910Total Settlement [in]

0.3590910Consolidation Settlement [in]

00Immediate Settlement [in]

2.740520Loading Stress [ksf]

9.268430Effective Stress [ksf]

10.73170Total Stress [ksf]

0.03350540Total Strain

1.463280Pore Water Pressure [ksf]

1000Degree of Consolidation [%]

Loads
Rectangular Load

Length: 36 ft
Width: 8 ft
Rotation angle: 0 degrees
Load: 1.155 ksf
Depth: 0 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

-2.750
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-2.7536

5.2536

5.250

Rectangular Load

Length: 60 ft
Width: 8 ft
Rotation angle: 0 degrees
Load: 1.155 ksf
Depth: 2 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

-2.7536

-2.7596

5.2596

5.2536

Rectangular Load

Length: 32 ft
Width: 8 ft
Rotation angle: 0 degrees
Load: 1.155 ksf
Depth: 4 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

-2.7596

-2.75128

5.25128

5.2596

Rectangular Load

Length: 22 ft
Width: 9.25 ft
Rotation angle: 0 degrees
Load: 1.443 ksf
Depth: 6 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

-3.25128

-3.25150

6150

6128
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Rectangular Load

Length: 13 ft
Width: 11.5 ft
Rotation angle: 0 degrees
Load: 1.495 ksf
Depth: 8 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

-4.125150

-4.125163

7.375163

7.375150

Rectangular Load

Length: 14 ft
Width: 13.75 ft
Rotation angle: 0 degrees
Load: 1.67 ksf
Depth: 10 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

-5163

-5177

8.75177

8.75163

Rectangular Load

Length: 18 ft
Width: 17.5 ft
Rotation angle: 0 degrees
Load: 2.032 ksf
Depth: 12 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

-6.5177

-6.5195

11195

11177

Rectangular Load
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Length: 13 ft
Width: 17.5 ft
Rotation angle: 0 degrees
Load: 2.032 ksf
Depth: 14 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

-6.5195

-6.5208

11208

11195

Rectangular Load

Length: 11.81 ft
Width: 18.25 ft
Rotation angle: 0 degrees
Load: 2.323 ksf
Depth: 18 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

-6.75208

-6.75219.81

11.5219.81

11.5208

Soil Layers
Depth [ft]Thickness [ft]TypeLayer #

010CLAY 1 (Qvof)1

1010CLAY 2 (Qvof)2

207.5FAT CLAY (Qvof)3

27.533.5CLAY 3 (Qvof)4

6120CLAY 4 (Qvof)5

Soil Properties
CLAY 1 (Qvof)

0.13Unit Weight [kips/ft3]

0.13Saturated Unit Weight [kips/ft3]

EnabledPrimary Consolidation

Non-LinearMaterial Type

0.03Cce
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0.003Cre

8.5OCR

CLAY 2 (Qvof)

0.13Unit Weight [kips/ft3]

0.13Saturated Unit Weight [kips/ft3]

EnabledPrimary Consolidation

Non-LinearMaterial Type

0.03Cce

0.003Cre

6OCR

FAT CLAY (Qvof)

0.13Unit Weight [kips/ft3]

0.13Saturated Unit Weight [kips/ft3]

EnabledPrimary Consolidation

Non-LinearMaterial Type

0.05Cce

0.005Cre

2.5OCR

CLAY 3 (Qvof)

0.13Unit Weight [kips/ft3]

0.13Saturated Unit Weight [kips/ft3]

EnabledPrimary Consolidation

Non-LinearMaterial Type

0.03Cce

0.003Cre

5OCR

CLAY 4 (Qvof)

0.13Unit Weight [kips/ft3]

0.13Saturated Unit Weight [kips/ft3]

EnabledPrimary Consolidation

Non-LinearMaterial Type

0.03Cce

0.003Cre

2OCR

Query Points
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Number of Divisions(X,Y) LocationString #

6927.676, -1.4851

71112, 1.252

71186, 2.253

71213.905, 2.3754

Grid
Number of points: 304
Expansion Factor: 2

Grid Coordinates

Y [ft]X [ft]

29.5237.81

-24.75237.81

-24.75-18

29.5-18
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max (stage): 2.99 in
max (all):   2.99 in

Analysis Description RW630 ST15+29.81 to ST18+04.81
Company CH2M HILLDrawn By RB
File Name RW630_ST15+30toST18+05.s3zDate 2/11/2009, 9:34:28 AM

Project

SR-57 Settlement Analysis
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Reference Stage: None

Query Point 1 (Stage Stage 1)
Query Point 2 (Stage Stage 1)
Query Point 3 (Stage Stage 1)
Query Point 4 (Stage Stage 1)
Query Point 5 (Stage Stage 1)

Analysis Description RW630 ST15+29.81 to ST18+04.81
Company CH2M HILLDrawn By RB
File Name RW630_ST15+30toST18+05.s3zDate 2/11/2009, 9:34:28 AM

Project

SR-57 Settlement Analysis

SETTLE3D 1.011



Settle3D Analysis Information

Project Settings
Project Title: SR-57 Settlement Analysis
Analysis: RW630 ST15+29.81 to ST18+04.81
Author: RB
Company: CH2M HILL
Date Created: 2/11/2009, 9:34:28 AM
Stress Computation Method: Boussinesq
Groundwater method: Water Table
Water Unit Weight: 0.0624 kips/ft3
Depth to water table: 41 [ft]

Stage Settings
NameStage #

Stage 11

Results
Stage: Stage 1

MaximumMinimumData Type

2.988130Total Settlement [in]

2.988130Consolidation Settlement [in]

00Immediate Settlement [in]

3.825120Loading Stress [ksf]

7.184220Effective Stress [ksf]

8.432220Total Stress [ksf]

0.1094060Total Strain

1.2480Pore Water Pressure [ksf]

1000Degree of Consolidation [%]

Loads
Rectangular Load

Length: 35 ft
Width: 10.82 ft
Rotation angle: 0 degrees
Load: 3.42 ksf
Depth: 7.5 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

-3.55271e-015235
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-3.55271e-015270

10.82270

10.82235

Rectangular Load

Length: 55 ft
Width: 12.54 ft
Rotation angle: 0 degrees
Load: 3.75 ksf
Depth: 7.5 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

-3.55271e-015180

-3.55271e-015235

12.54235

12.54180

Rectangular Load

Length: 35 ft
Width: 10.82 ft
Rotation angle: 0 degrees
Load: 3.42 ksf
Depth: 5 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

-1.24345e-014145

-1.24345e-014180

10.82180

10.82145

Rectangular Load

Length: 65 ft
Width: 12.54 ft
Rotation angle: 0 degrees
Load: 3.75 ksf
Depth: 5 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

-1.42109e-01480

-1.42109e-014145

12.54145

12.5480
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Rectangular Load

Length: 20 ft
Width: 10.82 ft
Rotation angle: 0 degrees
Load: 3.42 ksf
Depth: 2.5 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

-1.24345e-01460

-1.24345e-01480

10.8280

10.8260

Rectangular Load

Length: 45 ft
Width: 12.54 ft
Rotation angle: 0 degrees
Load: 3.75 ksf
Depth: 2.5 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

-1.24345e-01415

-1.24345e-01460

12.5460

12.5415

Rectangular Load

Length: 20 ft
Width: 10.82 ft
Rotation angle: 0 degrees
Load: 3.42 ksf
Depth: 0 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

-1.33227e-014-5

-1.33227e-01415

10.8215

10.82-5

Soil Layers
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Depth [ft]Thickness [ft]TypeLayer #

07.5FAT CLAY (Qvof)1

7.533.5CLAY 1 (Qvof)2

4120CLAY 2 (Qvof)3

Soil Properties
FAT CLAY (Qvof)

0.13Unit Weight [kips/ft3]

0.13Saturated Unit Weight [kips/ft3]

EnabledPrimary Consolidation

Non-LinearMaterial Type

0.05Cce

0.005Cre

2.5OCR

CLAY 1 (Qvof)

0.13Unit Weight [kips/ft3]

0.13Saturated Unit Weight [kips/ft3]

EnabledPrimary Consolidation

Non-LinearMaterial Type

0.03Cce

0.003Cre

5OCR

CLAY 2 (Qvof)

0.13Unit Weight [kips/ft3]

0.13Saturated Unit Weight [kips/ft3]

EnabledPrimary Consolidation

Non-LinearMaterial Type

0.05Cce

0.005Cre

2OCR

Query Points
Number of Divisions(X,Y) LocationString #

475, 5.411

4937.5, 6.272

4970, 5.413

49112.5, 6.274
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47252.5, 5.415

Grid
Number of points: 308
Expansion Factor: 2

Grid Coordinates

Y [ft]X [ft]

30.04287.5

-17.5287.5

-17.5-22.5

30.04-22.5
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max (stage): 1.54 in

max (all):   1.54 in

Analysis Description

CompanyDrawn By

File Name
RW630_ST18+25_ST19+25.s3z

Date
2/25/2009, 2:08:23 PM

Project

SETTLE3D 1.011
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Query Point 1 (Stage Stage 1)
Reference Stage: None

Analysis Description

CompanyDrawn By

File Name
RW630_ST18+25_ST19+25.s3z

Date
2/25/2009, 2:08:23 PM

Project

SETTLE3D 1.011



Settle3D Analysis Information

Project Settings
Date Created: 2/25/2009, 2:08:23 PM
Stress Computation Method: Boussinesq
Groundwater method: Water Table
Water Unit Weight: 0.0624 kips/ft3
Depth to water table: 28.55 [ft]

Stage Settings
NameStage #

Stage 11

Results
Stage: Stage 1

MaximumMinimumData Type

1.538530Total Settlement [in]

1.538530Consolidation Settlement [in]

00Immediate Settlement [in]

4.160120Loading Stress [ksf]

6.02930Effective Stress [ksf]

8.054180Total Stress [ksf]

0.01003190Total Strain

2.024880Pore Water Pressure [ksf]

1000Degree of Consolidation [%]

Loads
Rectangular Load

Length: 35 ft
Width: 13.64 ft
Rotation angle: 0 degrees
Load: 4.16 ksf
Depth: 0 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

-6.82-1.77636e-015

-6.8235

6.8235

6.82-1.77636e-015
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Rectangular Load

Length: 65 ft
Width: 12.54 ft
Rotation angle: 0 degrees
Load: 3.754 ksf
Depth: 0 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

-6.8235

-6.82100

5.72100

5.7235

Soil Layers
Depth [ft]Thickness [ft]TypeLayer #

014.5FILL (Af)1

14.530CLAY (Qyf)2

44.516.5CLAY (Qvof)3

Soil Properties
FILL (Af)

0.13Unit Weight [kips/ft3]

0.13Saturated Unit Weight [kips/ft3]

EnabledPrimary Consolidation

Non-LinearMaterial Type

0.03Cce

0.003Cre

8.53125Pc [ksf]

CLAY (Qyf)

0.12Unit Weight [kips/ft3]

0.12Saturated Unit Weight [kips/ft3]

EnabledPrimary Consolidation

Non-LinearMaterial Type

0.05Cce

0.005Cre

3.9375Pc [ksf]

CLAY (Qvof)
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0.13Unit Weight [kips/ft3]

0.13Saturated Unit Weight [kips/ft3]

EnabledPrimary Consolidation

Non-LinearMaterial Type

0.04Cce

0.004Cre

22.3125Pc [ksf]

Query Points
Number of Divisions(X,Y) LocationString #

7329.819, -0.291

Grid
Number of points: 300
Expansion Factor: 2

Grid Coordinates

Y [ft]X [ft]

39.32132.5

-39.32132.5

-39.32-32.5

39.32-32.5
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SR57 MSE ANALYSES
AASHTO  DESIGN  METHOD

PROJECT IDENTIFICATION

Title: SR57 MSE ANALYSES
Project Number: RW642
Client: OCTA
Designer: RB
Station Number: ST10+20

Description:

Company's information:

Name: CH2M HILL
Street: 6 Hutton Center Drive, #800

Santa Ana, CA  92707
Telephone #: 714-424-2900
Fax #:
E-Mail:

Original file path and name: \\cheron\Projects\OCTA\370900_SR57NBWideningPSE\Design\.....
.....es\RW642_ST10+20.BEN

Original date and time of creating this file: Wed Dec 17 16:36:11 2008

PROGRAM MODE: ANALYSIS
of a SIMPLE STRUCTURE
using METAL MATS/GRIDS as reinforcing material.

Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 

SR57 MSE ANALYSES
Copyright © 1998-2008 ADAMA Engineering, Inc.  License number  MSEW-301754
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SOIL DATA

REINFORCED SOIL
Unit weight, γ 120.0 lb/ft ³
Design value of internal angle of friction, φ 34.0 °

RETAINED SOIL
Unit weight, γ 120.0 lb/ft ³
Design value of internal angle of friction, φ 34.0 °

FOUNDATION SOIL (Considered as an equivalent uniform soil)
Equivalent unit weight, γ equiv. 130.0 lb/ft ³
Equivalent internal angle of friction, φequiv. 33.0 °
Equivalent cohesion,  c equiv. 800.0 lb/ft ²

Water table does not affect bearing capacity

LATERAL EARTH PRESSURE COEFFICIENTS

Ka (internal stability) = 0.2827   (eq. 17 is utilized to calculate Ka for all batters)
( For internal stability user specified δ = 0.00° )
Ka (external stability) = 0.2827   (if batter is less than 10°, Ka is calculated from eq. 16.  Otherwise, eq. 17 is utilized)

BEARING CAPACITY

Bearing capacity coefficients (calculated by MSEW):  Nc = 38.64 N   = 35.19γ

SEISMICITY

Maximum ground acceleration coefficient, A = 0.200
Design acceleration coefficient in Internal Stability:  Kh = 0.250
Design acceleration coefficient in External Stability:  Kh = 0.250

Kae ( Kh > 0 ) = 0.4504 Kae ( Kh = 0 )  = 0.2827 Kae = 0.1677     (see eq. 37 in DEMO 82)Δ
Seismic soil-metal mats friction coefficient, F* is 80.0% of its specified static value.
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INPUT DATA:  Metal mats/grids
(Analysis)

D  A  T  A Metal mats
type #1

Metal mats
type #2

Metal mats
type #3

Metal mats
type #4

Metal mats
type #5

Yield strength of steel, Fy  [kips/in ²]
Gross width of grid, b  [in]
Vertical spacing, Sv [ft]

65.0
12.0
Varies

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

Design cross section area, Ac  [in ²] 0.14 N/A N/A N/A N/A
Thickness of transverse element, t  [in]
Distance between transverse bars, St  [in]

0.4
6.0

N/A
N/A

N/A
N/A

N/A
N/A

N/A
N/A

Friction angle along reinforcement-soil interface, ρ
@ the top
@ 19.7 ft or below

Pullout resistance factor,  F*
@ the top
@ 19.7 ft or below

Scale-effect correction factor, α

51.25
34.00

1.25
0.62
1.00

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

Variation of Lateral Earth Pressure Coefficient With Depth

Z K / Ka
   0 ft 2.50
 3.3 ft 2.30
 6.6 ft 2.05
 9.8 ft 1.85
13.1 ft 1.65
16.4 ft 1.40
19.7 ft 1.20

   0

 6.6

 9.8

16.4

26.2

32.8

Z [ft]

0.0 1.0 2.0 3.0
K / Ka
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INPUT DATA:  Facia and Connection
(Analysis)

FACIA type:   Full height precast concrete panels.
Depth of panel is 0.50 ft.  Horizontal distance to Center of Gravity of panel is 0.25 ft.
Average unit weight of panel is   = 150.00 lb/ft ³γ f

Z / Hd    To-static / Tmax
or   To-seismic / Tmd

Top of wall

0.00
0.25
0.50
0.75
1.00

Z / Hd

1.00 0.90 0.80 0.70 0.60 0.50
To-static / Tmax   or   To-seismic / Tmd

0.00 1.00
0.25 1.00
0.50 1.00
0.75 1.00
1.00 1.00

D  A  T  A  (for connection only) Type #1 Type #2 Type #3 Type #4 Type #5

Product Name CALTRANS N/A N/A N/A N/A
Strength reduction at the connection,

CRu = Fyc  / Fy 0.90 N/A N/A N/A N/A
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INPUT DATA:  Geometry and Surcharge loads  (of a SIMPLE STRUCTURE)

Design height, Hd 21.91 [ft] { Embedded depth is E = 3.67 ft, and height above top of finished
bottom grade is H = 18.24 ft }

Batter, ω 0.0 [deg]
Backslope, β 0.0 [deg]
Backslope rise 0.0 [ft] Broken back equivalent angle, I = 0.00°  (see Fig. 25 in DEMO 82)

U N I F O R M   S U R C H A R G E
Uniformly distributed dead load is 240.0 [lb/ft ²]

ANALYZED REINFORCEMENT LAYOUT:

SCALE:

0 2 4 6 8 10[ft]
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ANALYSIS: CALCULATED FACTORS (Static conditions)
Bearing capacity, Fs = 16.59, Meyerhof stress = 3615 lb/ft².

Foundation Interface: Direct sliding, Fs = 3.216, Eccentricity, e/L = 0.1031, Fs-overturning = 4.85
M E T A L   M A T S C O N N E C T I O N

# Elevation Length Type
#

Fs-overall
 [pullout
resistance]

Fs-overall
[connection
    break]

Fs-overall
[metal mats
strength]

Metal mats
strength
   Fs

Pullout
resistance
   Fs

Direct
sliding
   Fs

Eccentricity
   e/L

Product
name

[ft] [ft]

1 1.25 16.00 1 N/A 7.07 7.85 7.850 44.508 3.396 0.0924 CALTRANS
2 3.75 16.00 1 N/A 7.45 8.27 8.274 40.544 3.825 0.0727 CALTRANS
3 6.25 16.00 1 N/A 7.53 8.37 8.368 35.774 4.379 0.0554 CALTRANS
4 8.75 16.00 1 N/A 7.82 8.69 8.691 30.943 5.125 0.0403 CALTRANS
5 11.25 16.00 1 N/A 8.52 9.47 9.468 27.026 6.185 0.0275 CALTRANS
6 13.75 16.00 1 N/A 9.80 10.88 10.884 27.103 7.817 0.0171 CALTRANS
7 16.25 16.00 1 N/A 11.99 13.32 13.318 27.007 10.696 0.0090 CALTRANS
8 18.75 16.00 1 N/A 16.45 18.28 18.279 26.821 17.412 0.0033 CALTRANS
9 21.25 16.00 1 N/A 35.35 39.28 39.282 31.764 66.030 0.0002 CALTRANS

ANALYSIS: CALCULATED FACTORS (Seismic conditions)
Bearing capacity, Fs = 8.40, Meyerhof stress = 5826 lb/ft².

Foundation Interface: Direct sliding, Fs = 1.609, Eccentricity, e/L = 0.2538, Fs-overturning = 1.97
M E T A L   M A T S C O N N E C T I O N

# Elevation Length Type
#

Fs-overall
 [pullout
resistance]

Fs-overall
[connection
    break]

Fs-overall
[metal mats
strength]

Metal mats
strength
   Fs

Pullout
resistance
   Fs

Direct
sliding
   Fs

Eccentricity
   e/L

Product
name

[ft] [ft]

1 1.25 16.00 1 N/A 5.82 6.46 6.463 29.312 1.707 0.2257 CALTRANS
2 3.75 16.00 1 N/A 6.18 6.87 6.872 26.939 1.944 0.1745 CALTRANS
3 6.25 16.00 1 N/A 6.36 7.07 7.068 24.175 2.257 0.1298 CALTRANS
4 8.75 16.00 1 N/A 6.70 7.44 7.444 21.202 2.690 0.0918 CALTRANS
5 11.25 16.00 1 N/A 7.35 8.16 8.162 18.637 3.328 0.0603 CALTRANS
6 13.75 16.00 1 N/A 8.27 9.19 9.192 18.312 4.361 0.0354 CALTRANS
7 16.25 16.00 1 N/A 9.78 10.87 10.871 17.635 6.322 0.0171 CALTRANS
8 18.75 16.00 1 N/A 12.57 13.96 13.963 16.391 11.446 0.0054 CALTRANS
9 21.25 16.00 1 N/A 21.24 23.60 23.605 15.270 56.569 0.0002 CALTRANS
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BEARING CAPACITY for GIVEN LAYOUT

SCALE:

0 2 4 6 8 10[ft]

STATIC SEISMIC UNITS
(Water table does not affect bearing capacity)
Ultimate bearing capacity, q-ult 59957 48933 [lb/ft ²]
Meyerhof stress, σV 3614.9 5826 [lb/ft ²]
Eccentricity,  e 1.65 4.06 [ft]
Eccentricity,  e/L 0.103 0.254
Fs calculated 16.59 8.40
Base length 16.00 16.00 [ft]
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DIRECT SLIDING for GIVEN LAYOUT
(for METAL MATS/GRIDS reinforcements)

Along reinforced and foundation soils interface:  Fs-static = 3.216  and  Fs-seismic = 1.609

  # Metal Mats
Elevation
   [ft]

Metal Mats
Length
   [ft]

  Fs
Static

  Fs
Seismic

Metal Mats
Type  # Product name

1 1.25 16.00 3.396 1.707 1 CALTRANS
2 3.75 16.00 3.825 1.944 1 CALTRANS
3 6.25 16.00 4.379 2.257 1 CALTRANS
4 8.75 16.00 5.125 2.690 1 CALTRANS
5 11.25 16.00 6.185 3.328 1 CALTRANS
6 13.75 16.00 7.817 4.361 1 CALTRANS
7 16.25 16.00 10.696 6.322 1 CALTRANS
8 18.75 16.00 17.412 11.446 1 CALTRANS
9 21.25 16.00 66.030 56.569 1 CALTRANS

ECCENTRICITY for GIVEN LAYOUT

At interface with foundation:  e/L static = 0.1031,  e/L seismic = 0.2538; Overturning: Fs-static = 4.85, Fs-seismic = 1.97

  # Metal Mats
Elevation
   [ft]

Metal Mats
Length
   [ft]

 e / L
Static

 e / L
Seismic

Metal Mats
Type  # Product name

1 1.25 16.00 0.0924 0.2257 1 CALTRANS
2 3.75 16.00 0.0727 0.1745 1 CALTRANS
3 6.25 16.00 0.0554 0.1298 1 CALTRANS
4 8.75 16.00 0.0403 0.0918 1 CALTRANS
5 11.25 16.00 0.0275 0.0603 1 CALTRANS
6 13.75 16.00 0.0171 0.0354 1 CALTRANS
7 16.25 16.00 0.0090 0.0171 1 CALTRANS
8 18.75 16.00 0.0033 0.0054 1 CALTRANS
9 21.25 16.00 0.0002 0.0002 1 CALTRANS
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RESULTS for STRENGTH     [ Note: Actual Fs-overall = (Yield stress) / (Actual stress) ]

  # Metal Mats
Elevation
   [ft]

Coverage
  ratio,
Rc=b/Sh

Horizontal
spacing, Sh
   [ft]

Long-term
strength
Fy·Ac·Rc/b
   [lb/ft]

  Tmax
[lb/ft]

Tmd
[lb/ft]

Specified
minimum
Fs-overall
static

Actual
calculated
Fs-overall
static

Specified
minimum
Fs-overall
seismic

Actual
calculated
Fs-overall
seismic

1 1.25 2.000 0.500 18225 2321.50 498.46 N/A 7.850 N/A 6.463
2 3.75 2.000 0.500 18225 2202.71 449.43 N/A 8.274 N/A 6.872
3 6.25 2.000 0.500 18225 2177.97 400.40 N/A 8.368 N/A 7.068
4 8.75 2.000 0.500 18225 2096.95 351.37 N/A 8.691 N/A 7.444
5 11.25 2.000 0.500 18225 1924.85 308.13 N/A 9.468 N/A 8.162
6 13.75 2.000 0.500 18225 1674.48 308.13 N/A 10.884 N/A 9.192
7 16.25 2.000 0.500 18225 1368.39 308.13 N/A 13.318 N/A 10.871
8 18.75 2.000 0.500 18225 997.04 308.13 N/A 18.279 N/A 13.963
9 21.25 2.000 0.500 18225 463.95 308.13 N/A 39.282 N/A 23.605

RESULTS for PULLOUT

  # Metal Mats
Elevation

[ft]

Coverage
Ratio
Rc=b/Sh

Tmax
[lb/ft]

Tmd
[lb/ft]

Le
[ft]

La
[ft]

Avail.Static
Pullout, Pr

[lb/ft]

Specified
Static

Fs

Actual
Static

Fs

Avail.Seism.
Pullout, Pr

[lb/ft]

Specified
Seismic

Fs

Actual
Seismic

Fs

1 1.25 2.000 2321.5 498.5 15.25 0.75 103324.3 82659.4N/A 44.508 N/A 29.312
2 3.75 2.000 2202.7 449.4 13.75 2.25 89306.4 71445.1N/A 40.544 N/A 26.939
3 6.25 2.000 2178.0 400.4 12.25 3.75 77914.8 62331.9N/A 35.774 N/A 24.175
4 8.75 2.000 2097.0 351.4 10.75 5.25 64886.3 51909.1N/A 30.943 N/A 21.202
5 11.25 2.000 1924.9 308.1 9.43 6.57 52020.3 41616.2N/A 27.026 N/A 18.637
6 13.75 2.000 1674.5 308.1 9.43 6.57 45383.0 36306.4N/A 27.103 N/A 18.312
7 16.25 2.000 1368.4 308.1 9.43 6.57 36956.7 29565.3N/A 27.007 N/A 17.635
8 18.75 2.000 997.0 308.1 9.43 6.57 26741.4 21393.1N/A 26.821 N/A 16.391
9 21.25 2.000 463.9 308.1 9.43 6.57 14737.0 11789.6N/A 31.764 N/A 15.270
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RESULTS for CONNECTION (static conditions)

  # Metal Mats
Elevation
   [ft]

Coverage
  ratio
Rc=b/Sh

Horizontal
spacing, Sh
   [ft]

Connection
force, To
  [lb/ft]

Reduction
factor for
connection
break,
CRu

Long-term
connection
strength,Tac
(break
criterion)
  [lb/ft]

Metal Mats
long-term
strength,
  [lb/ft]

Fs-overall
connection
break

Specified   Actual

Fs-overall
Metal Mats
strength

Specified   Actual

Product
name

1 1.25 2.000 0.500 2321 0.90 16402 18225 N/A 7.07 N/A 7.85 CALTRANS
2 3.75 2.000 0.500 2203 0.90 16402 18225 N/A 7.45 N/A 8.27 CALTRANS
3 6.25 2.000 0.500 2178 0.90 16402 18225 N/A 7.53 N/A 8.37 CALTRANS
4 8.75 2.000 0.500 2097 0.90 16402 18225 N/A 7.82 N/A 8.69 CALTRANS
5 11.25 2.000 0.500 1925 0.90 16402 18225 N/A 8.52 N/A 9.47 CALTRANS
6 13.75 2.000 0.500 1674 0.90 16402 18225 N/A 9.80 N/A 10.88 CALTRANS
7 16.25 2.000 0.500 1368 0.90 16402 18225 N/A 11.99 N/A 13.32 CALTRANS
8 18.75 2.000 0.500 997 0.90 16402 18225 N/A 16.45 N/A 18.28 CALTRANS
9 21.25 2.000 0.500 464 0.90 16402 18225 N/A 35.35 N/A 39.28 CALTRANS

RESULTS for CONNECTION (seismic conditions)

  # Metal Mats
Elevation
   [ft]

Coverage
  ratio
Rc=b/Sh

Horizontal
spacing, Sh
   [ft]

Connection
force, To
  [lb/ft]

Reduction
factor for
connection
break,
CRu

Long-term
connection
strength,Tac
(break
criterion)
  [lb/ft]

Metal Mats
long-term
strength,
  [lb/ft]

Fs-overall
connection
break

Specified   Actual

Fs-overall
Metal Mats
strength

Specified   Actual

Product
name

1 1.25 2.000 0.500 2820 0.90 16402 18225 N/A 5.82 N/A 6.46 CALTRANS
2 3.75 2.000 0.500 2652 0.90 16402 18225 N/A 6.18 N/A 6.87 CALTRANS
3 6.25 2.000 0.500 2578 0.90 16402 18225 N/A 6.36 N/A 7.07 CALTRANS
4 8.75 2.000 0.500 2448 0.90 16402 18225 N/A 6.70 N/A 7.44 CALTRANS
5 11.25 2.000 0.500 2233 0.90 16402 18225 N/A 7.35 N/A 8.16 CALTRANS
6 13.75 2.000 0.500 1983 0.90 16402 18225 N/A 8.27 N/A 9.19 CALTRANS
7 16.25 2.000 0.500 1677 0.90 16402 18225 N/A 9.78 N/A 10.87 CALTRANS
8 18.75 2.000 0.500 1305 0.90 16402 18225 N/A 12.57 N/A 13.96 CALTRANS
9 21.25 2.000 0.500 772 0.90 16402 18225 N/A 21.24 N/A 23.60 CALTRANS

Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 

SR57 MSE ANALYSES
Copyright © 1998-2008 ADAMA Engineering, Inc.  License number  MSEW-301754

Page 10 of  10

Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 



Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 

MSEW -- Mechanically Stabilized Earth Walls SR57 MSE ANALYSES
Present Date/Time:  Mon Feb 23 11:34:21 2009 \\c.....Geotechnical\Reports\Retaining Wall Report\RW642\Appendix C\MSE Analyses\RW642_ST10+70.BEN

Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 

SR57 MSE ANALYSES
AASHTO  DESIGN  METHOD

PROJECT IDENTIFICATION

Title: SR57 MSE ANALYSES
Project Number: RW642
Client: OCTA
Designer: RB
Station Number: ST10+70

Description:

Company's information:

Name: CH2M HILL
Street: 6 Hutton Center Drive, #800

Santa Ana, CA  92707
Telephone #: 714-424-2900
Fax #:
E-Mail:

Original file path and name: \\cheron\Projects\OCTA\370900_SR57NBWideningPSE\Design\.....
.....es\RW642_ST10+70.BEN

Original date and time of creating this file: Wed Dec 17 16:36:11 2008

PROGRAM MODE: ANALYSIS
of a SIMPLE STRUCTURE
using METAL MATS/GRIDS as reinforcing material.
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SOIL DATA

REINFORCED SOIL
Unit weight, γ 120.0 lb/ft ³
Design value of internal angle of friction, φ 34.0 °

RETAINED SOIL
Unit weight, γ 120.0 lb/ft ³
Design value of internal angle of friction, φ 34.0 °

FOUNDATION SOIL (Considered as an equivalent uniform soil)
Equivalent unit weight, γ equiv. 130.0 lb/ft ³
Equivalent internal angle of friction, φequiv. 33.0 °
Equivalent cohesion,  c equiv. 800.0 lb/ft ²

Water table does not affect bearing capacity

LATERAL EARTH PRESSURE COEFFICIENTS

Ka (internal stability) = 0.2827   (eq. 17 is utilized to calculate Ka for all batters)
( For internal stability user specified δ = 0.00° )
Ka (external stability) = 0.2827   (if batter is less than 10°, Ka is calculated from eq. 16.  Otherwise, eq. 17 is utilized)

BEARING CAPACITY

Bearing capacity coefficients (calculated by MSEW):  Nc = 38.64 N   = 35.19γ

SEISMICITY

Maximum ground acceleration coefficient, A = 0.200
Design acceleration coefficient in Internal Stability:  Kh = 0.250
Design acceleration coefficient in External Stability:  Kh = 0.250

Kae ( Kh > 0 ) = 0.4504 Kae ( Kh = 0 )  = 0.2827 Kae = 0.1677     (see eq. 37 in DEMO 82)Δ
Seismic soil-metal mats friction coefficient, F* is 80.0% of its specified static value.
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INPUT DATA:  Metal mats/grids
(Analysis)

D  A  T  A Metal mats
type #1

Metal mats
type #2

Metal mats
type #3

Metal mats
type #4

Metal mats
type #5

Yield strength of steel, Fy  [kips/in ²]
Gross width of grid, b  [in]
Vertical spacing, Sv [ft]

65.0
12.0
Varies

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

Design cross section area, Ac  [in ²] 0.14 N/A N/A N/A N/A
Thickness of transverse element, t  [in]
Distance between transverse bars, St  [in]

0.4
6.0

N/A
N/A

N/A
N/A

N/A
N/A

N/A
N/A

Friction angle along reinforcement-soil interface, ρ
@ the top
@ 19.7 ft or below

Pullout resistance factor,  F*
@ the top
@ 19.7 ft or below

Scale-effect correction factor, α

51.25
34.00

1.25
0.62
1.00

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

Variation of Lateral Earth Pressure Coefficient With Depth

Z K / Ka
   0 ft 2.50
 3.3 ft 2.30
 6.6 ft 2.05
 9.8 ft 1.85
13.1 ft 1.65
16.4 ft 1.40
19.7 ft 1.20

   0

 6.6

 9.8

16.4

26.2

32.8

Z [ft]

0.0 1.0 2.0 3.0
K / Ka
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INPUT DATA:  Facia and Connection
(Analysis)

FACIA type:   Full height precast concrete panels.
Depth of panel is 0.50 ft.  Horizontal distance to Center of Gravity of panel is 0.25 ft.
Average unit weight of panel is   = 150.00 lb/ft ³γ f

Z / Hd    To-static / Tmax
or   To-seismic / Tmd

Top of wall

0.00
0.25
0.50
0.75
1.00

Z / Hd

1.00 0.90 0.80 0.70 0.60 0.50
To-static / Tmax   or   To-seismic / Tmd

0.00 1.00
0.25 1.00
0.50 1.00
0.75 1.00
1.00 1.00

D  A  T  A  (for connection only) Type #1 Type #2 Type #3 Type #4 Type #5

Product Name CALTRANS N/A N/A N/A N/A
Strength reduction at the connection,

CRu = Fyc  / Fy 0.90 N/A N/A N/A N/A
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INPUT DATA:  Geometry and Surcharge loads  (of a SIMPLE STRUCTURE)

Design height, Hd 19.99 [ft] { Embedded depth is E = 3.47 ft, and height above top of finished
bottom grade is H = 16.52 ft }

Batter, ω 0.0 [deg]
Backslope, β 0.0 [deg]
Backslope rise 0.0 [ft] Broken back equivalent angle, I = 0.00°  (see Fig. 25 in DEMO 82)

U N I F O R M   S U R C H A R G E
Uniformly distributed dead load is 240.0 [lb/ft ²]

ANALYZED REINFORCEMENT LAYOUT:

SCALE:

0 2 4 6 8 10 [ft]
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ANALYSIS: CALCULATED FACTORS (Static conditions)
Bearing capacity, Fs = 16.30, Meyerhof stress = 3414 lb/ft².

Foundation Interface: Direct sliding, Fs = 3.063, Eccentricity, e/L = 0.1135, Fs-overturning = 4.40
M E T A L   M A T S C O N N E C T I O N

# Elevation Length Type
#

Fs-overall
 [pullout
resistance]

Fs-overall
[connection
    break]

Fs-overall
[metal mats
strength]

Metal mats
strength
   Fs

Pullout
resistance
   Fs

Direct
sliding
   Fs

Eccentricity
   e/L

Product
name

[ft] [ft]

1 1.25 14.00 1 N/A 7.38 8.20 8.204 38.768 3.251 0.1007 CALTRANS
2 3.75 14.00 1 N/A 7.49 8.33 8.327 34.389 3.707 0.0773 CALTRANS
3 6.25 14.00 1 N/A 7.72 8.58 8.581 29.560 4.314 0.0569 CALTRANS
4 8.75 14.00 1 N/A 8.31 9.23 9.234 25.070 5.163 0.0395 CALTRANS
5 11.25 14.00 1 N/A 9.44 10.48 10.484 23.005 6.443 0.0252 CALTRANS
6 13.75 14.00 1 N/A 11.35 12.61 12.609 22.960 8.615 0.0139 CALTRANS
7 16.25 14.00 1 N/A 15.04 16.72 16.715 22.803 13.246 0.0057 CALTRANS
8 18.75 14.00 1 N/A 24.98 27.76 27.760 22.876 33.311 0.0008 CALTRANS

ANALYSIS: CALCULATED FACTORS (Seismic conditions)
Bearing capacity, Fs = 7.68, Meyerhof stress = 5890 lb/ft².

Foundation Interface: Direct sliding, Fs = 1.544, Eccentricity, e/L = 0.2760, Fs-overturning = 1.81
M E T A L   M A T S C O N N E C T I O N

# Elevation Length Type
#

Fs-overall
 [pullout
resistance]

Fs-overall
[connection
    break]

Fs-overall
[metal mats
strength]

Metal mats
strength
   Fs

Pullout
resistance
   Fs

Direct
sliding
   Fs

Eccentricity
   e/L

Product
name

[ft] [ft]

1 1.25 14.00 1 N/A 6.09 6.77 6.771 25.597 1.648 0.2426 CALTRANS
2 3.75 14.00 1 N/A 6.29 6.99 6.994 23.109 1.904 0.1823 CALTRANS
3 6.25 14.00 1 N/A 6.59 7.33 7.326 20.191 2.253 0.1306 CALTRANS
4 8.75 14.00 1 N/A 7.18 7.98 7.979 17.330 2.760 0.0875 CALTRANS
5 11.25 14.00 1 N/A 8.11 9.01 9.012 15.820 3.560 0.0530 CALTRANS
6 13.75 14.00 1 N/A 9.48 10.54 10.538 15.351 5.010 0.0271 CALTRANS
7 16.25 14.00 1 N/A 11.94 13.26 13.261 14.473 8.434 0.0098 CALTRANS
8 18.75 14.00 1 N/A 17.44 19.38 19.378 12.775 26.036 0.0011 CALTRANS
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BEARING CAPACITY for GIVEN LAYOUT

SCALE:

0 2 4 6 8 10 [ft]

STATIC SEISMIC UNITS
(Water table does not affect bearing capacity)
Ultimate bearing capacity, q-ult 55660 45257 [lb/ft ²]
Meyerhof stress, σV 3414.1 5890 [lb/ft ²]
Eccentricity,  e 1.59 3.86 [ft]
Eccentricity,  e/L 0.114 0.276
Fs calculated 16.30 7.68
Base length 14.00 14.00 [ft]
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DIRECT SLIDING for GIVEN LAYOUT
(for METAL MATS/GRIDS reinforcements)

Along reinforced and foundation soils interface:  Fs-static = 3.063  and  Fs-seismic = 1.544

  # Metal Mats
Elevation
   [ft]

Metal Mats
Length
   [ft]

  Fs
Static

  Fs
Seismic

Metal Mats
Type  # Product name

1 1.25 14.00 3.251 1.648 1 CALTRANS
2 3.75 14.00 3.707 1.904 1 CALTRANS
3 6.25 14.00 4.314 2.253 1 CALTRANS
4 8.75 14.00 5.163 2.760 1 CALTRANS
5 11.25 14.00 6.443 3.560 1 CALTRANS
6 13.75 14.00 8.615 5.010 1 CALTRANS
7 16.25 14.00 13.246 8.434 1 CALTRANS
8 18.75 14.00 33.311 26.036 1 CALTRANS

ECCENTRICITY for GIVEN LAYOUT

At interface with foundation:  e/L static = 0.1135,  e/L seismic = 0.2760; Overturning: Fs-static = 4.40, Fs-seismic = 1.81

  # Metal Mats
Elevation
   [ft]

Metal Mats
Length
   [ft]

 e / L
Static

 e / L
Seismic

Metal Mats
Type  # Product name

1 1.25 14.00 0.1007 0.2426 1 CALTRANS
2 3.75 14.00 0.0773 0.1823 1 CALTRANS
3 6.25 14.00 0.0569 0.1306 1 CALTRANS
4 8.75 14.00 0.0395 0.0875 1 CALTRANS
5 11.25 14.00 0.0252 0.0530 1 CALTRANS
6 13.75 14.00 0.0139 0.0271 1 CALTRANS
7 16.25 14.00 0.0057 0.0098 1 CALTRANS
8 18.75 14.00 0.0008 0.0011 1 CALTRANS
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RESULTS for STRENGTH     [ Note: Actual Fs-overall = (Yield stress) / (Actual stress) ]

  # Metal Mats
Elevation
   [ft]

Coverage
  ratio,
Rc=b/Sh

Horizontal
spacing, Sh
   [ft]

Long-term
strength
Fy·Ac·Rc/b
   [lb/ft]

  Tmax
[lb/ft]

Tmd
[lb/ft]

Specified
minimum
Fs-overall
static

Actual
calculated
Fs-overall
static

Specified
minimum
Fs-overall
seismic

Actual
calculated
Fs-overall
seismic

1 1.25 2.000 0.500 18225 2221.46 470.18 N/A 8.204 N/A 6.771
2 3.75 2.000 0.500 18225 2188.76 416.95 N/A 8.327 N/A 6.994
3 6.25 2.000 0.500 18225 2123.96 363.72 N/A 8.581 N/A 7.326
4 8.75 2.000 0.500 18225 1973.70 310.49 N/A 9.234 N/A 7.979
5 11.25 2.000 0.500 18225 1738.32 283.99 N/A 10.484 N/A 9.012
6 13.75 2.000 0.500 18225 1445.41 283.99 N/A 12.609 N/A 10.538
7 16.25 2.000 0.500 18225 1090.29 283.99 N/A 16.715 N/A 13.261
8 18.75 2.000 0.500 18225 656.52 283.99 N/A 27.760 N/A 19.378

RESULTS for PULLOUT

  # Metal Mats
Elevation

[ft]

Coverage
Ratio
Rc=b/Sh

Tmax
[lb/ft]

Tmd
[lb/ft]

Le
[ft]

La
[ft]

Avail.Static
Pullout, Pr

[lb/ft]

Specified
Static

Fs

Actual
Static

Fs

Avail.Seism.
Pullout, Pr

[lb/ft]

Specified
Seismic

Fs

Actual
Seismic

Fs

1 1.25 2.000 2221.5 470.2 13.25 0.75 86120.5 68896.4N/A 38.768 N/A 25.597
2 3.75 2.000 2188.8 416.9 11.75 2.25 75269.0 60215.2N/A 34.389 N/A 23.109
3 6.25 2.000 2124.0 363.7 10.25 3.75 62784.9 50227.9N/A 29.560 N/A 20.191
4 8.75 2.000 1973.7 310.5 8.75 5.25 49481.6 39585.3N/A 25.070 N/A 17.330
5 11.25 2.000 1738.3 284.0 8.00 6.00 39990.6 31992.5N/A 23.005 N/A 15.820
6 13.75 2.000 1445.4 284.0 8.00 6.00 33186.0 26548.8N/A 22.960 N/A 15.351
7 16.25 2.000 1090.3 284.0 8.00 6.00 24861.9 19889.5N/A 22.803 N/A 14.473
8 18.75 2.000 656.5 284.0 8.00 6.00 15018.2 12014.6N/A 22.876 N/A 12.775

Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 

SR57 MSE ANALYSES
Copyright © 1998-2008 ADAMA Engineering, Inc.  License number  MSEW-301754

Page 9 of  10

Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 



Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 

MSEW -- Mechanically Stabilized Earth Walls SR57 MSE ANALYSES
Present Date/Time:  Mon Feb 23 11:34:21 2009 \\c.....Geotechnical\Reports\Retaining Wall Report\RW642\Appendix C\MSE Analyses\RW642_ST10+70.BEN

Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 

RESULTS for CONNECTION (static conditions)

  # Metal Mats
Elevation
   [ft]

Coverage
  ratio
Rc=b/Sh

Horizontal
spacing, Sh
   [ft]

Connection
force, To
  [lb/ft]

Reduction
factor for
connection
break,
CRu

Long-term
connection
strength,Tac
(break
criterion)
  [lb/ft]

Metal Mats
long-term
strength,
  [lb/ft]

Fs-overall
connection
break

Specified   Actual

Fs-overall
Metal Mats
strength

Specified   Actual

Product
name

1 1.25 2.000 0.500 2221 0.90 16402 18225 N/A 7.38 N/A 8.20 CALTRANS
2 3.75 2.000 0.500 2189 0.90 16402 18225 N/A 7.49 N/A 8.33 CALTRANS
3 6.25 2.000 0.500 2124 0.90 16402 18225 N/A 7.72 N/A 8.58 CALTRANS
4 8.75 2.000 0.500 1974 0.90 16402 18225 N/A 8.31 N/A 9.23 CALTRANS
5 11.25 2.000 0.500 1738 0.90 16402 18225 N/A 9.44 N/A 10.48 CALTRANS
6 13.75 2.000 0.500 1445 0.90 16402 18225 N/A 11.35 N/A 12.61 CALTRANS
7 16.25 2.000 0.500 1090 0.90 16402 18225 N/A 15.04 N/A 16.72 CALTRANS
8 18.75 2.000 0.500 657 0.90 16402 18225 N/A 24.98 N/A 27.76 CALTRANS

RESULTS for CONNECTION (seismic conditions)

  # Metal Mats
Elevation
   [ft]

Coverage
  ratio
Rc=b/Sh

Horizontal
spacing, Sh
   [ft]

Connection
force, To
  [lb/ft]

Reduction
factor for
connection
break,
CRu

Long-term
connection
strength,Tac
(break
criterion)
  [lb/ft]

Metal Mats
long-term
strength,
  [lb/ft]

Fs-overall
connection
break

Specified   Actual

Fs-overall
Metal Mats
strength

Specified   Actual

Product
name

1 1.25 2.000 0.500 2692 0.90 16402 18225 N/A 6.09 N/A 6.77 CALTRANS
2 3.75 2.000 0.500 2606 0.90 16402 18225 N/A 6.29 N/A 6.99 CALTRANS
3 6.25 2.000 0.500 2488 0.90 16402 18225 N/A 6.59 N/A 7.33 CALTRANS
4 8.75 2.000 0.500 2284 0.90 16402 18225 N/A 7.18 N/A 7.98 CALTRANS
5 11.25 2.000 0.500 2022 0.90 16402 18225 N/A 8.11 N/A 9.01 CALTRANS
6 13.75 2.000 0.500 1729 0.90 16402 18225 N/A 9.48 N/A 10.54 CALTRANS
7 16.25 2.000 0.500 1374 0.90 16402 18225 N/A 11.94 N/A 13.26 CALTRANS
8 18.75 2.000 0.500 941 0.90 16402 18225 N/A 17.44 N/A 19.38 CALTRANS
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W

33.00 lb/ft2

33.00 lb/ft2

240.00 lb/ft2 240.00 lb/ft2 240.00 lb/ft2240.00 lb/ft2 240.00 lb/ft2

2.082.08

Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW642 ST10+00 - STATIC

Analysis Methods
Analysis Methods used: 
Bishop simplified
Janbu corrected
Spencer
Number of slices: 25
Tolerance: 0.005
Maximum number of iterations: 50

Material Properties
Material: FILL (Af)
Strength Type: Mohr-Coulomb
Unit Weight: 130 lb/ft3
Cohesion: 100 psf
Friction Angle: 30 degrees
Material: CLAY (Qvof)
Strength Type: Mohr-Coulomb
Unit Weight: 130 lb/ft3
Cohesion: 180 psf
Friction Angle: 28 degrees
Material: BACKFILL
Strength Type: Mohr-Coulomb
Unit Weight: 120 lb/ft3
Cohesion: 200 psf
Friction Angle: 34 degrees
Material: CLAY (Qyf)
Strength Type: Mohr-Coulomb
Unit Weight: 120 lb/ft3
Cohesion: 590 psf
Friction Angle: 23 degrees
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    Slide Analysis Information 
     
    Document Name 
     
    File Name: RW642_ST10+00_STATIC.sli 
     
    Project Settings 
     
    Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW642 
ST10+00 - STATIC 
    Failure Direction: Left to Right 
    Units of Measurement: Imperial Units 
    Pore Fluid Unit Weight: 62.4 lb/ft3 
    Groundwater Method: Water Surfaces 
    Data Output: Standard 
    Calculate Excess Pore Pressure: Off 
    Allow Ru with Water Surfaces or Grids: Off 
    Random Numbers: Pseudo-random Seed 
    Random Number Seed: 10116 
    Random Number Generation Method: Park and Miller v.3 
     
    Analysis Methods 
     
    Analysis Methods used:  
    Bishop simplified 
    Spencer 
     
    Number of slices: 25 
    Tolerance: 0.005 
    Maximum number of iterations: 50 
     
    Surface Options 
     
    Surface Type: Circular 
    Search Method: Grid Search 
    Radius increment: 10 
    Composite Surfaces: Disabled 
    Reverse Curvature: Create Tension Crack 
    Minimum Elevation: Not Defined 
    Minimum Depth: Not Defined 
     
    Loading 
     
    2 Distributed Loads present: 
    Distributed Load #1 Constant Distribution, Orientation:  Horizontal, Magnitude:  33 lb/ft2 
    Distributed Load #2 Constant Distribution, Orientation:  Vertical, Magnitude:  240 lb/ft2 
     
    Material Properties 
     
    Material: FILL (Af) 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 100 psf 
    Friction Angle: 30 degrees 

    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Material: CLAY (Qvof) 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 180 psf 
    Friction Angle: 28 degrees 
    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Material: CONCRETE 
    Strength Type: Infinite strength 
    Unit Weight: 150 lb/ft3 
     
    Material: BACKFILL 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 120 lb/ft3 
    Cohesion: 200 psf 
    Friction Angle: 34 degrees 
    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Material: CLAY (Qyf) 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 120 lb/ft3 
    Cohesion: 590 psf 
    Friction Angle: 23 degrees 
    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Global Minimums 
     
    Method: bishop simplified 
    FS: 2.084190 
    Center: 2.812, 329.943 
    Radius: 34.065 
    Left Slip Surface Endpoint: -30.280, 321.859 
    Right Slip Surface Endpoint: 24.040, 303.302 
    Resisting Moment=2.26251e+006 lb-ft 
    Driving Moment=1.08556e+006 lb-ft 
     
    Method: spencer 
    FS: 2.084720 
    Center: 2.812, 329.943 
    Radius: 34.065 
    Left Slip Surface Endpoint: -30.280, 321.859 
    Right Slip Surface Endpoint: 24.040, 303.302 
    Resisting Moment=2.26308e+006 lb-ft 
    Driving Moment=1.08556e+006 lb-ft 
    Resisting Horizontal Force=57511.9 lb 
    Driving Horizontal Force=27587.4 lb 
     
    Valid / Invalid Surfaces 
     
    Method: bishop simplified 



    Number of Valid Surfaces: 8711 
    Number of Invalid Surfaces: 19900 
    Error Codes:  
    Error Code -99 reported for 7644 surfaces 
    Error Code -100 reported for 26 surfaces 
    Error Code -103 reported for 613 surfaces 
    Error Code -105 reported for 13 surfaces 
    Error Code -106 reported for 73 surfaces 
    Error Code -107 reported for 7145 surfaces 
    Error Code -108 reported for 1 surface 
    Error Code -109 reported for 3096 surfaces 
    Error Code -112 reported for 1288 surfaces 
    Error Code -113 reported for 1 surface 
     
    Method: spencer 
    Number of Valid Surfaces: 7326 
    Number of Invalid Surfaces: 21285 
    Error Codes:  
    Error Code -99 reported for 7644 surfaces 
    Error Code -100 reported for 26 surfaces 
    Error Code -103 reported for 613 surfaces 
    Error Code -105 reported for 13 surfaces 
    Error Code -106 reported for 73 surfaces 
    Error Code -107 reported for 7145 surfaces 
    Error Code -108 reported for 849 surfaces 
    Error Code -109 reported for 3096 surfaces 
    Error Code -111 reported for 399 surfaces 
    Error Code -112 reported for 1426 surfaces 
    Error Code -113 reported for 1 surface 
     
    Error Codes 
     
    The following errors were encountered during the computation: 
     
    -99 = Slip surface intersects an infinite 
    strength material. If infinite strength regions 
    are defined for a model, a large number of 
    potential slip surfaces may show this error code. 
    This is Normal. 
     
    -100 = Both surface / slope intersections 
    are on the same horizontal surface. In general, this 
    will give a very high or infinite factor of safety (zero 
    driving force), if calculated. 
     
    -103 = Two surface / slope intersections, 
    but one or more surface / nonslope external polygon 
    intersections lie between them. This usually occurs 
    when the slip surface extends past the bottom of the 
    soil region, but may also occur on a benched 
    slope model with two sets of Slope Limits. 
     
    -105 = More than two surface / slope 
    intersections with no valid slip surface. 
     
    -106 = Average slice width is less than 

    0.0001 * (maximum horizontal extent of soil region). 
    This limitation is imposed to avoid numerical errors 
    which may result from too many slices, or too 
    small a slip region. 
     
    -107 = Total driving moment or 
    total driving force is negative. This will occur 
    if the wrong failure direction is specified, 
    or if high external or anchor loads are applied 
    against the failure direction. 
     
    -108 = Total driving moment 
    or total driving force < 0.1. This is to 
    limit the calculation of extremely high safety 
    factors if the driving force is very small 
    (0.1 is an arbitrary number). 
     
    -109 = Soiltype for slice base not 
    located. This error should occur very rarely, 
    if at all. It may occur if a very low number of 
    slices is combined with certain soil geometries, 
    such that the midpoint of a slice base is 
    actually outside the soil region,even though 
    the slip surface is wholly within the soil region. 
     
    -111 = safety factor equation did not converge 
     
    -112 = The coefficient M-Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) 
    < 0.2 for the final iteration of the safety factor calculation. This screens out 
    some slip surfaces which may not be valid in the context of the analysis, in 
    particular, deep seated slip surfaces with many high negative base angle 
    slices in the passive zone. 
     
    -113 = Surface intersects outside slope limits. 
     
     
    List of All Coordinates 
     
    Search Grid 
       -0.010 303.820 
       70.529 303.820 
       70.529 372.564 
       -0.010 372.564 
     
    Material Boundary 
       -1.500 323.010 
       -1.877 300.170 
       -8.167 300.170 
       -8.167 298.500 
       3.917 298.500 
       3.917 300.170 
       -0.010 300.170 
       -0.010 303.820 
     
    Material Boundary 
       3.917 298.500 



       4.917 298.500 
       9.741 303.402 
     
    Material Boundary 
       -37.850 322.200 
       -9.167 298.500 
       -8.167 298.500 
     
    Material Boundary 
       -100.000 291.970 
       100.000 291.970 
     
    Material Boundary 
       -100.000 261.970 
       100.000 261.970 
     
    External Boundary 
       100.000 304.530 
       93.040 304.180 
       86.800 303.890 
       83.480 303.750 
       76.350 303.490 
       74.450 303.480 
       70.040 303.350 
       69.130 303.320 
       63.890 303.200 
       59.740 303.090 
       57.640 303.080 
       54.040 303.060 
       52.820 303.040 
       45.710 303.140 
       41.675 303.178 
       37.238 303.219 
       31.840 303.270 
       21.980 303.310 
       9.741 303.402 
       -0.010 303.820 
       -0.010 337.510 
       -1.160 337.510 
       -1.160 325.140 
       -1.500 323.010 
       -4.390 322.890 
       -11.500 322.610 
       -18.450 322.330 
       -33.537 321.729 
       -35.500 321.650 
       -37.850 322.200 
       -44.860 322.020 
       -58.270 321.330 
       -65.940 320.880 
       -70.730 320.630 
       -79.360 320.180 
       -82.610 320.030 
       -100.000 319.420 
       -100.000 291.970 
       -100.000 261.970 

       -100.000 240.000 
       100.000 240.000 
       100.000 261.970 
       100.000 291.970 
     
    Water Table 
       -100.000 284.000 
       100.000 284.000 
     
    Distributed Load 
       -1.160 337.510 
       -1.160 325.140 
       -1.500 323.010 
     
    Distributed Load 
       -100.000 319.420 
       -82.610 320.030 
       -79.360 320.180 
       -70.730 320.630 
       -65.940 320.880 
       -58.270 321.330 
       -44.860 322.020 
       -37.850 322.200 
       -35.500 321.650 
       -33.537 321.729 
       -18.450 322.330 
       -11.500 322.610 
       -4.390 322.890 
       -1.500 323.010 
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W
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Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW642 ST10+00 - PSEUDOSTATIC

Analysis Methods
Analysis Methods used: 
Bishop simplified
Janbu corrected
Spencer
Number of slices: 25
Tolerance: 0.005
Maximum number of iterations: 50

Material Properties
Material: FILL (Af) - PEAK
Strength Type: Mohr-Coulomb
Unit Weight: 130 lb/ft3
Cohesion: 800 psf
Friction Angle: 33 degrees
Material: CLAY (Qvof) - PEAK
Strength Type: Mohr-Coulomb
Unit Weight: 130 lb/ft3
Cohesion: 950 psf
Friction Angle: 30 degrees
Material: BACKFILL
Strength Type: Mohr-Coulomb
Unit Weight: 120 lb/ft3
Cohesion: 200 psf
Friction Angle: 34 degrees
Material: CLAY (Qyf) - PEAK
Strength Type: Mohr-Coulomb
Unit Weight: 120 lb/ft3
Cohesion: 900 psf
Friction Angle: 26 degrees
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    Slide Analysis Information 
     
    Document Name 
     
    File Name: RW642_ST10+00_PSEUDOSTATIC.sli 
     
    Project Settings 
     
    Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW642 
ST10+00 - PSEUDOSTATIC 
    Failure Direction: Left to Right 
    Units of Measurement: Imperial Units 
    Pore Fluid Unit Weight: 62.4 lb/ft3 
    Groundwater Method: Water Surfaces 
    Data Output: Standard 
    Calculate Excess Pore Pressure: Off 
    Allow Ru with Water Surfaces or Grids: Off 
    Random Numbers: Pseudo-random Seed 
    Random Number Seed: 10116 
    Random Number Generation Method: Park and Miller v.3 
     
    Analysis Methods 
     
    Analysis Methods used:  
    Bishop simplified 
    Spencer 
     
    Number of slices: 25 
    Tolerance: 0.005 
    Maximum number of iterations: 50 
     
    Surface Options 
     
    Surface Type: Circular 
    Search Method: Grid Search 
    Radius increment: 10 
    Composite Surfaces: Disabled 
    Reverse Curvature: Create Tension Crack 
    Minimum Elevation: Not Defined 
    Minimum Depth: Not Defined 
     
    Loading 
     
    Seismic Load Coefficient (Horizontal): 0.2 
    2 Distributed Loads present: 
    Distributed Load #1 Constant Distribution, Orientation:  Horizontal, Magnitude:  33 lb/ft2 
    Distributed Load #2 Constant Distribution, Orientation:  Vertical, Magnitude:  240 lb/ft2 
     
    Material Properties 
     
    Material: CONCRETE 
    Strength Type: Infinite strength 
    Unit Weight: 150 lb/ft3 
     

    Material: FILL (Af) - PEAK 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 800 psf 
    Friction Angle: 33 degrees 
    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Material: CLAY (Qvof) - PEAK 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 950 psf 
    Friction Angle: 30 degrees 
    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Material: BACKFILL 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 120 lb/ft3 
    Cohesion: 200 psf 
    Friction Angle: 34 degrees 
    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Material: CLAY (Qyf) - PEAK 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 120 lb/ft3 
    Cohesion: 900 psf 
    Friction Angle: 26 degrees 
    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Global Minimums 
     
    Method: bishop simplified 
    FS: 2.652200 
    Center: 11.276, 329.943 
    Radius: 37.208 
    Left Slip Surface Endpoint: -25.088, 322.066 
    Right Slip Surface Endpoint: 37.167, 303.220 
    Resisting Moment=4.55368e+006 lb-ft 
    Driving Moment=1.71695e+006 lb-ft 
     
    Method: spencer 
    FS: 2.668940 
    Center: 5.633, 342.317 
    Radius: 46.050 
    Left Slip Surface Endpoint: -35.522, 321.655 
    Right Slip Surface Endpoint: 30.058, 303.277 
    Resisting Moment=5.94468e+006 lb-ft 
    Driving Moment=2.22735e+006 lb-ft 
    Resisting Horizontal Force=115049 lb 
    Driving Horizontal Force=43106.4 lb 
     
    Valid / Invalid Surfaces 
     



    Method: bishop simplified 
    Number of Valid Surfaces: 15199 
    Number of Invalid Surfaces: 13412 
    Error Codes:  
    Error Code -99 reported for 7644 surfaces 
    Error Code -100 reported for 26 surfaces 
    Error Code -103 reported for 613 surfaces 
    Error Code -105 reported for 13 surfaces 
    Error Code -106 reported for 73 surfaces 
    Error Code -109 reported for 3096 surfaces 
    Error Code -112 reported for 1946 surfaces 
    Error Code -113 reported for 1 surface 
     
    Method: spencer 
    Number of Valid Surfaces: 13333 
    Number of Invalid Surfaces: 15278 
    Error Codes:  
    Error Code -99 reported for 7644 surfaces 
    Error Code -100 reported for 26 surfaces 
    Error Code -103 reported for 613 surfaces 
    Error Code -105 reported for 13 surfaces 
    Error Code -106 reported for 73 surfaces 
    Error Code -108 reported for 620 surfaces 
    Error Code -109 reported for 3096 surfaces 
    Error Code -111 reported for 1017 surfaces 
    Error Code -112 reported for 2175 surfaces 
    Error Code -113 reported for 1 surface 
     
    Error Codes 
     
    The following errors were encountered during the computation: 
     
    -99 = Slip surface intersects an infinite 
    strength material. If infinite strength regions 
    are defined for a model, a large number of 
    potential slip surfaces may show this error code. 
    This is Normal. 
     
    -100 = Both surface / slope intersections 
    are on the same horizontal surface. In general, this 
    will give a very high or infinite factor of safety (zero 
    driving force), if calculated. 
     
    -103 = Two surface / slope intersections, 
    but one or more surface / nonslope external polygon 
    intersections lie between them. This usually occurs 
    when the slip surface extends past the bottom of the 
    soil region, but may also occur on a benched 
    slope model with two sets of Slope Limits. 
     
    -105 = More than two surface / slope 
    intersections with no valid slip surface. 
     
    -106 = Average slice width is less than 
    0.0001 * (maximum horizontal extent of soil region). 
    This limitation is imposed to avoid numerical errors 

    which may result from too many slices, or too 
    small a slip region. 
     
    -108 = Total driving moment 
    or total driving force < 0.1. This is to 
    limit the calculation of extremely high safety 
    factors if the driving force is very small 
    (0.1 is an arbitrary number). 
     
    -109 = Soiltype for slice base not 
    located. This error should occur very rarely, 
    if at all. It may occur if a very low number of 
    slices is combined with certain soil geometries, 
    such that the midpoint of a slice base is 
    actually outside the soil region,even though 
    the slip surface is wholly within the soil region. 
     
    -111 = safety factor equation did not converge 
     
    -112 = The coefficient M-Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) 
    < 0.2 for the final iteration of the safety factor calculation. This screens out 
    some slip surfaces which may not be valid in the context of the analysis, in 
    particular, deep seated slip surfaces with many high negative base angle 
    slices in the passive zone. 
     
    -113 = Surface intersects outside slope limits. 
     
     
    List of All Coordinates 
     
    Search Grid 
       -0.010 303.820 
       70.529 303.820 
       70.529 372.564 
       -0.010 372.564 
     
    Material Boundary 
       -1.500 323.010 
       -1.877 300.170 
       -8.167 300.170 
       -8.167 298.500 
       3.917 298.500 
       3.917 300.170 
       -0.010 300.170 
       -0.010 303.820 
     
    Material Boundary 
       3.917 298.500 
       4.917 298.500 
       9.741 303.402 
     
    Material Boundary 
       -37.850 322.200 
       -9.167 298.500 
       -8.167 298.500 
     



    Material Boundary 
       -100.000 291.970 
       100.000 291.970 
     
    Material Boundary 
       -100.000 261.970 
       100.000 261.970 
     
    External Boundary 
       100.000 304.530 
       93.040 304.180 
       86.800 303.890 
       83.480 303.750 
       76.350 303.490 
       74.450 303.480 
       70.040 303.350 
       69.130 303.320 
       63.890 303.200 
       59.740 303.090 
       57.640 303.080 
       54.040 303.060 
       52.820 303.040 
       45.710 303.140 
       41.675 303.178 
       37.238 303.219 
       31.840 303.270 
       21.980 303.310 
       9.741 303.402 
       -0.010 303.820 
       -0.010 337.510 
       -1.160 337.510 
       -1.160 325.140 
       -1.500 323.010 
       -4.390 322.890 
       -11.500 322.610 
       -18.450 322.330 
       -33.537 321.729 
       -35.500 321.650 
       -37.850 322.200 
       -44.860 322.020 
       -58.270 321.330 
       -65.940 320.880 
       -70.730 320.630 
       -79.360 320.180 
       -82.610 320.030 
       -100.000 319.420 
       -100.000 291.970 
       -100.000 261.970 
       -100.000 240.000 
       100.000 240.000 
       100.000 261.970 
       100.000 291.970 
     
    Water Table 
       -100.000 284.000 
       100.000 284.000 

     
    Distributed Load 
       -1.160 337.510 
       -1.160 325.140 
       -1.500 323.010 
     
    Distributed Load 
       -100.000 319.420 
       -82.610 320.030 
       -79.360 320.180 
       -70.730 320.630 
       -65.940 320.880 
       -58.270 321.330 
       -44.860 322.020 
       -37.850 322.200 
       -35.500 321.650 
       -33.537 321.729 
       -18.450 322.330 
       -11.500 322.610 
       -4.390 322.890 
       -1.500 323.010 
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Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW642 ST10+30 - STATIC
Analysis Methods
Analysis Methods used: 
Bishop simplified
Janbu corrected
Spencer
Number of slices: 25
Tolerance: 0.005
Maximum number of iterations: 50

Material Properties
Material: FILL (Af)
Strength Type: Mohr-Coulomb
Unit Weight: 130 lb/ft3
Cohesion: 100 psf
Friction Angle: 30 degrees
Material: CLAY (Qvof)
Strength Type: Mohr-Coulomb
Unit Weight: 130 lb/ft3
Cohesion: 180 psf
Friction Angle: 28 degrees
Material: RF SOIL
Strength Type: Infinite strength
Unit Weight: 120 lb/ft3
Material: BACKFILL
Strength Type: Mohr-Coulomb
Unit Weight: 120 lb/ft3
Cohesion: 200 psf
Friction Angle: 34 degrees
Material: CLAY (Qyf)
Strength Type: Mohr-Coulomb
Unit Weight: 120 lb/ft3
Cohesion: 590 psf
Friction Angle: 23 degrees
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    Slide Analysis Information 
     
    Document Name 
     
    File Name: RW642+ST10+20_Static.sli 
     
    Project Settings 
     
    Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW642 
ST10+20 - STATIC 
    Failure Direction: Left to Right 
    Units of Measurement: Imperial Units 
    Pore Fluid Unit Weight: 62.4 lb/ft3 
    Groundwater Method: Water Surfaces 
    Data Output: Standard 
    Calculate Excess Pore Pressure: Off 
    Allow Ru with Water Surfaces or Grids: Off 
    Random Numbers: Pseudo-random Seed 
    Random Number Seed: 10116 
    Random Number Generation Method: Park and Miller v.3 
     
    Analysis Methods 
     
    Analysis Methods used:  
    Bishop simplified 
    Spencer 
     
    Number of slices: 25 
    Tolerance: 0.005 
    Maximum number of iterations: 50 
     
    Surface Options 
     
    Surface Type: Circular 
    Search Method: Grid Search 
    Radius increment: 10 
    Composite Surfaces: Disabled 
    Reverse Curvature: Create Tension Crack 
    Minimum Elevation: Not Defined 
    Minimum Depth: Not Defined 
     
    Loading 
     
    2 Distributed Loads present: 
    Distributed Load #1 Constant Distribution, Orientation:  Horizontal, Magnitude:  33 lb/ft2 
    Distributed Load #2 Constant Distribution, Orientation:  Vertical, Magnitude:  240 lb/ft2 
     
    Material Properties 
     
    Material: FILL (Af) 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 100 psf 
    Friction Angle: 30 degrees 

    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Material: CLAY (Qvof) 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 180 psf 
    Friction Angle: 28 degrees 
    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Material: RF SOIL 
    Strength Type: Infinite strength 
    Unit Weight: 120 lb/ft3 
     
    Material: BACKFILL 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 120 lb/ft3 
    Cohesion: 200 psf 
    Friction Angle: 34 degrees 
    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Material: CLAY (Qyf) 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 120 lb/ft3 
    Cohesion: 590 psf 
    Friction Angle: 23 degrees 
    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Global Minimums 
     
    Method: bishop simplified 
    FS: 2.304570 
    Center: 2.316, 342.542 
    Radius: 45.892 
    Left Slip Surface Endpoint: -38.153, 320.901 
    Right Slip Surface Endpoint: 27.104, 303.921 
    Resisting Moment=3.34578e+006 lb-ft 
    Driving Moment=1.4518e+006 lb-ft 
     
    Method: spencer 
    FS: 2.305670 
    Center: 2.316, 342.542 
    Radius: 45.892 
    Left Slip Surface Endpoint: -38.153, 320.901 
    Right Slip Surface Endpoint: 27.104, 303.921 
    Resisting Moment=3.34737e+006 lb-ft 
    Driving Moment=1.4518e+006 lb-ft 
    Resisting Horizontal Force=66045.9 lb 
    Driving Horizontal Force=28645 lb 
     
    Valid / Invalid Surfaces 
     
    Method: bishop simplified 



    Number of Valid Surfaces: 12683 
    Number of Invalid Surfaces: 15928 
    Error Codes:  
    Error Code -99 reported for 6378 surfaces 
    Error Code -100 reported for 140 surfaces 
    Error Code -103 reported for 1739 surfaces 
    Error Code -105 reported for 24 surfaces 
    Error Code -106 reported for 64 surfaces 
    Error Code -107 reported for 38 surfaces 
    Error Code -109 reported for 6826 surfaces 
    Error Code -112 reported for 708 surfaces 
    Error Code -113 reported for 11 surfaces 
     
    Method: spencer 
    Number of Valid Surfaces: 11849 
    Number of Invalid Surfaces: 16762 
    Error Codes:  
    Error Code -99 reported for 6378 surfaces 
    Error Code -100 reported for 140 surfaces 
    Error Code -103 reported for 1739 surfaces 
    Error Code -105 reported for 24 surfaces 
    Error Code -106 reported for 64 surfaces 
    Error Code -107 reported for 38 surfaces 
    Error Code -108 reported for 200 surfaces 
    Error Code -109 reported for 6826 surfaces 
    Error Code -111 reported for 511 surfaces 
    Error Code -112 reported for 831 surfaces 
    Error Code -113 reported for 11 surfaces 
     
    Error Codes 
     
    The following errors were encountered during the computation: 
     
    -99 = Slip surface intersects an infinite 
    strength material. If infinite strength regions 
    are defined for a model, a large number of 
    potential slip surfaces may show this error code. 
    This is Normal. 
     
    -100 = Both surface / slope intersections 
    are on the same horizontal surface. In general, this 
    will give a very high or infinite factor of safety (zero 
    driving force), if calculated. 
     
    -103 = Two surface / slope intersections, 
    but one or more surface / nonslope external polygon 
    intersections lie between them. This usually occurs 
    when the slip surface extends past the bottom of the 
    soil region, but may also occur on a benched 
    slope model with two sets of Slope Limits. 
     
    -105 = More than two surface / slope 
    intersections with no valid slip surface. 
     
    -106 = Average slice width is less than 
    0.0001 * (maximum horizontal extent of soil region). 

    This limitation is imposed to avoid numerical errors 
    which may result from too many slices, or too 
    small a slip region. 
     
    -107 = Total driving moment or 
    total driving force is negative. This will occur 
    if the wrong failure direction is specified, 
    or if high external or anchor loads are applied 
    against the failure direction. 
     
    -108 = Total driving moment 
    or total driving force < 0.1. This is to 
    limit the calculation of extremely high safety 
    factors if the driving force is very small 
    (0.1 is an arbitrary number). 
     
    -109 = Soiltype for slice base not 
    located. This error should occur very rarely, 
    if at all. It may occur if a very low number of 
    slices is combined with certain soil geometries, 
    such that the midpoint of a slice base is 
    actually outside the soil region,even though 
    the slip surface is wholly within the soil region. 
     
    -111 = safety factor equation did not converge 
     
    -112 = The coefficient M-Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) 
    < 0.2 for the final iteration of the safety factor calculation. This screens out 
    some slip surfaces which may not be valid in the context of the analysis, in 
    particular, deep seated slip surfaces with many high negative base angle 
    slices in the passive zone. 
     
    -113 = Surface intersects outside slope limits. 
     
     
    List of All Coordinates 
     
    Search Grid 
       -3.884 306.956 
       58.114 306.956 
       58.114 368.312 
       -3.884 368.312 
     
    Material Boundary 
       -16.000 321.692 
       -16.000 300.500 
       0.000 300.500 
       0.000 304.170 
     
    Material Boundary 
       -33.185 320.840 
       -16.000 300.500 
     
    Material Boundary 
       -100.000 291.970 
       100.000 291.970 



     
    Material Boundary 
       -100.000 261.970 
       100.000 261.970 
     
    External Boundary 
       -100.000 318.610 
       -100.000 291.970 
       -100.000 261.970 
       -100.000 250.000 
       100.000 250.000 
       100.000 261.970 
       100.000 291.970 
       100.000 303.250 
       0.000 304.170 
       0.000 338.380 
       -1.130 338.380 
       -1.130 324.390 
       -1.500 322.410 
       -16.000 321.692 
       -33.185 320.840 
       -35.500 320.760 
       -42.958 321.157 
     
    Water Table 
       -100.000 284.000 
       100.000 284.000 
     
    Distributed Load 
       -1.130 338.380 
       -1.130 324.390 
       -1.500 322.410 
     
    Distributed Load 
       -1.500 322.410 
       -16.000 321.692 
       -33.185 320.840 
       -35.500 320.760 
       -42.958 321.157 
       -100.000 318.610 
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Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW642 ST10+20 - PSEUDOSTATIC

Analysis Methods
Analysis Methods used: 
Bishop simplified
Janbu corrected
Spencer
Number of slices: 25
Tolerance: 0.005
Maximum number of iterations: 50

Material Properties
Material: RF SOIL
Strength Type: Infinite strength
Unit Weight: 120 lb/ft3
Material: FILL (Af) - PEAK
Strength Type: Mohr-Coulomb
Unit Weight: 130 lb/ft3
Cohesion: 800 psf
Friction Angle: 33 degrees
Material: CLAY (Qvof) - PEAK
Strength Type: Mohr-Coulomb
Unit Weight: 130 lb/ft3
Cohesion: 950 psf
Friction Angle: 30 degrees
Material: BACKFILL
Strength Type: Mohr-Coulomb
Unit Weight: 120 lb/ft3
Cohesion: 200 psf
Friction Angle: 34 degrees
Material: CLAY (Qyf) - PEAK
Strength Type: Mohr-Coulomb
Unit Weight: 120 lb/ft3
Cohesion: 900 psf
Friction Angle: 26 degrees
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    Slide Analysis Information 
     
    Document Name 
     
    File Name: RW642+ST10+20_Pseudostatic.sli 
     
    Project Settings 
     
    Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW642 
ST10+20 - PSEUDOSTATIC 
    Failure Direction: Left to Right 
    Units of Measurement: Imperial Units 
    Pore Fluid Unit Weight: 62.4 lb/ft3 
    Groundwater Method: Water Surfaces 
    Data Output: Standard 
    Calculate Excess Pore Pressure: Off 
    Allow Ru with Water Surfaces or Grids: Off 
    Random Numbers: Pseudo-random Seed 
    Random Number Seed: 10116 
    Random Number Generation Method: Park and Miller v.3 
     
    Analysis Methods 
     
    Analysis Methods used:  
    Bishop simplified 
    Spencer 
     
    Number of slices: 25 
    Tolerance: 0.005 
    Maximum number of iterations: 50 
     
    Surface Options 
     
    Surface Type: Circular 
    Search Method: Grid Search 
    Radius increment: 10 
    Composite Surfaces: Disabled 
    Reverse Curvature: Create Tension Crack 
    Minimum Elevation: Not Defined 
    Minimum Depth: Not Defined 
     
    Loading 
     
    Seismic Load Coefficient (Horizontal): 0.2 
    2 Distributed Loads present: 
    Distributed Load #1 Constant Distribution, Orientation:  Horizontal, Magnitude:  33 lb/ft2 
    Distributed Load #2 Constant Distribution, Orientation:  Vertical, Magnitude:  240 lb/ft2 
     
    Material Properties 
     
    Material: RF SOIL 
    Strength Type: Infinite strength 
    Unit Weight: 120 lb/ft3 
     

    Material: FILL (Af) - PEAK 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 800 psf 
    Friction Angle: 33 degrees 
    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Material: CLAY (Qvof) - PEAK 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 950 psf 
    Friction Angle: 30 degrees 
    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Material: BACKFILL 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 120 lb/ft3 
    Cohesion: 200 psf 
    Friction Angle: 34 degrees 
    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Material: CLAY (Qyf) - PEAK 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 120 lb/ft3 
    Cohesion: 900 psf 
    Friction Angle: 26 degrees 
    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Global Minimums 
     
    Method: bishop simplified 
    FS: 2.717150 
    Center: 6.615, 394.121 
    Radius: 126.592 
    Left Slip Surface Endpoint: -95.150, 318.827 
    Right Slip Surface Endpoint: 94.801, 303.298 
    Resisting Moment=6.99226e+007 lb-ft 
    Driving Moment=2.57338e+007 lb-ft 
     
    Method: spencer 
    FS: 2.729880 
    Center: 6.615, 394.121 
    Radius: 126.592 
    Left Slip Surface Endpoint: -95.150, 318.827 
    Right Slip Surface Endpoint: 94.801, 303.298 
    Resisting Moment=7.02501e+007 lb-ft 
    Driving Moment=2.57338e+007 lb-ft 
    Resisting Horizontal Force=502307 lb 
    Driving Horizontal Force=184003 lb 
     
    Valid / Invalid Surfaces 
     



    Method: bishop simplified 
    Number of Valid Surfaces: 8238 
    Number of Invalid Surfaces: 20373 
    Error Codes:  
    Error Code -99 reported for 7130 surfaces 
    Error Code -103 reported for 104 surfaces 
    Error Code -106 reported for 56 surfaces 
    Error Code -107 reported for 6 surfaces 
    Error Code -109 reported for 13077 surfaces 
     
    Method: spencer 
    Number of Valid Surfaces: 8238 
    Number of Invalid Surfaces: 20373 
    Error Codes:  
    Error Code -99 reported for 7130 surfaces 
    Error Code -103 reported for 104 surfaces 
    Error Code -106 reported for 56 surfaces 
    Error Code -107 reported for 6 surfaces 
    Error Code -109 reported for 13077 surfaces 
     
    Error Codes 
     
    The following errors were encountered during the computation: 
     
    -99 = Slip surface intersects an infinite 
    strength material. If infinite strength regions 
    are defined for a model, a large number of 
    potential slip surfaces may show this error code. 
    This is Normal. 
     
    -103 = Two surface / slope intersections, 
    but one or more surface / nonslope external polygon 
    intersections lie between them. This usually occurs 
    when the slip surface extends past the bottom of the 
    soil region, but may also occur on a benched 
    slope model with two sets of Slope Limits. 
     
    -106 = Average slice width is less than 
    0.0001 * (maximum horizontal extent of soil region). 
    This limitation is imposed to avoid numerical errors 
    which may result from too many slices, or too 
    small a slip region. 
     
    -107 = Total driving moment or 
    total driving force is negative. This will occur 
    if the wrong failure direction is specified, 
    or if high external or anchor loads are applied 
    against the failure direction. 
     
    -109 = Soiltype for slice base not 
    located. This error should occur very rarely, 
    if at all. It may occur if a very low number of 
    slices is combined with certain soil geometries, 
    such that the midpoint of a slice base is 
    actually outside the soil region,even though 
    the slip surface is wholly within the soil region. 

     
     
    List of All Coordinates 
     
    Search Grid 
       -4.544 340.127 
       57.454 340.127 
       57.454 401.483 
       -4.544 401.483 
     
    Material Boundary 
       -16.000 321.692 
       -16.000 300.500 
       0.000 300.500 
       0.000 304.170 
     
    Material Boundary 
       -33.185 320.840 
       -16.000 300.500 
     
    Material Boundary 
       -100.000 291.970 
       100.000 291.970 
     
    Material Boundary 
       -100.000 261.970 
       100.000 261.970 
     
    External Boundary 
       -100.000 318.610 
       -100.000 291.970 
       -100.000 261.970 
       -100.000 250.000 
       100.000 250.000 
       100.000 261.970 
       100.000 291.970 
       100.000 303.250 
       0.000 304.170 
       0.000 338.380 
       -1.130 338.380 
       -1.130 324.390 
       -1.500 322.410 
       -16.000 321.692 
       -33.185 320.840 
       -35.500 320.760 
       -42.958 321.157 
     
    Water Table 
       -100.000 284.000 
       100.000 284.000 
     
    Distributed Load 
       -1.130 338.380 
       -1.130 324.390 
       -1.500 322.410 
     



    Distributed Load 
       -1.500 322.410 
       -16.000 321.692 
       -33.185 320.840 
       -35.500 320.760 
       -42.958 321.157 
       -100.000 318.610 
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Analysis Description RW642 ST10+20 to ST11+70
Company CH2M HILLDrawn By RB
File Name RW642_ST10+20toST11+70.s3zDate 2/24/2009, 9:44:35 AM

Project

SR-57 Settlement Analysis

SETTLE3D 1.011
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Reference Stage: None

Query Point 1 (Stage Stage 1)
Query Point 2 (Stage Stage 1)
Query Point 3 (Stage Stage 1)
Query Point 4 (Stage Stage 1)

Analysis Description
RW642 ST10+20 to ST11+70

Company
CH2M HILL

Drawn By
RB

File Name
RW642_ST10+20toST11+70.s3z

Date
2/24/2009, 9:44:35 AM

Project

SR-57 Settlement Analysis

SETTLE3D 1.011



Settle3D Analysis Information

Project Settings
Project Title: SR-57 Settlement Analysis
Analysis: RW642 ST10+20 to ST11+70
Author: RB
Company: CH2M HILL
Date Created: 2/24/2009, 9:44:35 AM
Stress Computation Method: Boussinesq
Groundwater method: Water Table
Water Unit Weight: 0.0624 kips/ft3
Depth to water table: 16.5 [ft]

Stage Settings
NameStage #

Stage 11

Results
Stage: Stage 1

MaximumMinimumData Type

1.525480Total Settlement [in]

1.525480Consolidation Settlement [in]

00Immediate Settlement [in]

3.754210Loading Stress [ksf]

5.056220Effective Stress [ksf]

7.645820Total Stress [ksf]

0.01388181.26839e-010Total Strain

2.58960Pore Water Pressure [ksf]

1000Degree of Consolidation [%]

Loads
Rectangular Load

Length: 50 ft
Width: 12.54 ft
Rotation angle: 0 degrees
Load: 3.754 ksf
Depth: 0 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

0-1.77636e-014

Page 1 of 4
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050

12.5450

12.54-1.77636e-014

Rectangular Load

Length: 60 ft
Width: 10.82 ft
Rotation angle: 0 degrees
Load: 3.4166 ksf
Depth: 0 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

4.44089e-01650

4.44089e-016110

10.82110

10.8250

Rectangular Load

Length: 25 ft
Width: 9.1 ft
Rotation angle: 0 degrees
Load: 3.085 ksf
Depth: 0 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

8.88178e-016110

8.88178e-016135

9.1135

9.1110

Rectangular Load

Length: 15 ft
Width: 10.82 ft
Rotation angle: 0 degrees
Load: 3.4166 ksf
Depth: 2.5 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

0135

0150

10.82150

10.82135
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Soil Layers
Depth [ft]Thickness [ft]TypeLayer #

08FILL (Af)1

830CLAY (Qyf)2

3820CLAY (Qvof)3

Soil Properties
FILL (Af)

0.13Unit Weight [kips/ft3]

0.13Saturated Unit Weight [kips/ft3]

EnabledPrimary Consolidation

Non-LinearMaterial Type

0.025Cce

0.0025Cre

1.75Pc [ksf]

CLAY (Qyf)

0.12Unit Weight [kips/ft3]

0.12Saturated Unit Weight [kips/ft3]

EnabledPrimary Consolidation

Non-LinearMaterial Type

0.06Cce

0.006Cre

8.17Pc [ksf]

CLAY (Qvof)

0.13Unit Weight [kips/ft3]

0.13Saturated Unit Weight [kips/ft3]

EnabledPrimary Consolidation

Non-LinearMaterial Type

0.06Cce

0.006Cre

12.8Pc [ksf]

Query Points
Number of Divisions(X,Y) LocationString #

59142.5, 5.411

57122.5, 4.552

Page 3 of 4
SETTLE3D 1.011

RW642_ST10+20toST11+70.s3z CH2M HILL   2/24/2009, 9:44:35 AM

5780, 5.413

5725, 6.274

Grid
Number of points: 310
Expansion Factor: 2

Grid Coordinates

Y [ft]X [ft]

37.54175

-25175

-25-25

37.54-25
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max (stage): 1.14 in
max (all):   1.14 in

Analysis Description RW642 ST10+20 to ST11+70
Company CH2M HILLDrawn By RB
File Name RW642_ST11+90toST13+02.s3zDate 2/24/2009, 9:44:35 AM

Project

SR-57 Settlement Analysis

SETTLE3D 1.011
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Reference Stage: None

Query Point 1 (Stage Stage 1)
Query Point 2 (Stage Stage 1)
Query Point 3 (Stage Stage 1)
Query Point 4 (Stage Stage 1)

Analysis Description
RW642 ST10+20 to ST11+70

Company
CH2M HILL

Drawn By
RB

File Name
RW642_ST11+90toST13+02.s3z

Date
2/24/2009, 9:44:35 AM

Project

SR-57 Settlement Analysis

SETTLE3D 1.011



Settle3D Analysis Information

Project Settings
Project Title: SR-57 Settlement Analysis
Analysis: RW642 ST10+20 to ST11+70
Author: RB
Company: CH2M HILL
Date Created: 2/24/2009, 9:44:35 AM
Stress Computation Method: Boussinesq
Groundwater method: Water Table
Water Unit Weight: 0.0624 kips/ft3
Depth to water table: 11.5 [ft]

Stage Settings
NameStage #

Stage 11

Results
Stage: Stage 1

MaximumMinimumData Type

1.138970Total Settlement [in]

1.138970Consolidation Settlement [in]

00Immediate Settlement [in]

3.756490Loading Stress [ksf]

4.398740Effective Stress [ksf]

7.019540Total Stress [ksf]

0.01205050Total Strain

2.62080Pore Water Pressure [ksf]

1000Degree of Consolidation [%]

Loads
Rectangular Load

Length: 11.68 ft
Width: 12.54 ft
Rotation angle: 0 degrees
Load: 3.754 ksf
Depth: 2.5 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

0100
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0111.68

12.54111.68

12.54100

Rectangular Load

Length: 60 ft
Width: 10.82 ft
Rotation angle: 0 degrees
Load: 3.4166 ksf
Depth: 0 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

0-1.77636e-014

060

10.8260

10.82-1.77636e-014

Rectangular Load

Length: 30 ft
Width: 9.1 ft
Rotation angle: 0 degrees
Load: 3.085 ksf
Depth: 0 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

060

090

9.190

9.160

Rectangular Load

Length: 10 ft
Width: 10.82 ft
Rotation angle: 0 degrees
Load: 3.4166 ksf
Depth: 2.5 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

090

0100

10.82100

10.8290
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Soil Layers
Depth [ft]Thickness [ft]TypeLayer #

03.5FILL (Af)1

3.530CLAY (Qyf)2

33.520CLAY (Qvof)3

Soil Properties
FILL (Af)

0.13Unit Weight [kips/ft3]

0.13Saturated Unit Weight [kips/ft3]

EnabledPrimary Consolidation

Non-LinearMaterial Type

0.025Cce

0.0025Cre

1.75Pc [ksf]

CLAY (Qyf)

0.12Unit Weight [kips/ft3]

0.12Saturated Unit Weight [kips/ft3]

EnabledPrimary Consolidation

Non-LinearMaterial Type

0.06Cce

0.006Cre

8.17Pc [ksf]

CLAY (Qvof)

0.13Unit Weight [kips/ft3]

0.13Saturated Unit Weight [kips/ft3]

EnabledPrimary Consolidation

Non-LinearMaterial Type

0.06Cce

0.006Cre

12.8Pc [ksf]

Query Points
Number of Divisions(X,Y) LocationString #

5330, 5.411

5375, 4.552
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5995, 5.413

59105.84, 6.274

Grid
Number of points: 297
Expansion Factor: 2

Grid Coordinates

Y [ft]X [ft]

42.54141.68

-30141.68

-30-30

42.54-30
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SR57 MSE ANALYSES
AASHTO  DESIGN  METHOD

PROJECT IDENTIFICATION

Title: SR57 MSE ANALYSES
Project Number: RW646
Client: OCTA
Designer: RB
Station Number: ST11+50

Description:

Company's information:

Name: CH2M HILL
Street: 6 Hutton Center Drive, #800

Santa Ana, CA  92707
Telephone #: 714-424-2900
Fax #:
E-Mail:

Original file path and name: \\cheron\Projects\OCTA\370900_SR57NBWideningPSE\Design\.....
.....is\RW646_ST11+50.BEN

Original date and time of creating this file: Wed Dec 17 16:36:11 2008

PROGRAM MODE: ANALYSIS
of a SIMPLE STRUCTURE
using METAL MATS/GRIDS as reinforcing material.
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SR57 MSE ANALYSES
Copyright © 1998-2008 ADAMA Engineering, Inc.  License number  MSEW-301754
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SOIL DATA

REINFORCED SOIL
Unit weight, γ 120.0 lb/ft ³
Design value of internal angle of friction, φ 34.0 °

RETAINED SOIL
Unit weight, γ 120.0 lb/ft ³
Design value of internal angle of friction, φ 34.0 °

FOUNDATION SOIL (Considered as an equivalent uniform soil)
Equivalent unit weight, γ equiv. 130.0 lb/ft ³
Equivalent internal angle of friction, φequiv. 30.0 °
Equivalent cohesion,  c equiv. 950.0 lb/ft ²

Water table does not affect bearing capacity

LATERAL EARTH PRESSURE COEFFICIENTS

Ka (internal stability) = 0.2827   (eq. 17 is utilized to calculate Ka for all batters)
( For internal stability user specified δ = 0.00° )
Ka (external stability) = 0.2871   (if batter is less than 10°, Ka is calculated from eq. 16.  Otherwise, eq. 17 is utilized)

BEARING CAPACITY

Bearing capacity coefficients (calculated by MSEW):  Nc = 30.14 N   = 22.40γ

SEISMICITY

Maximum ground acceleration coefficient, A = 0.200
Design acceleration coefficient in Internal Stability:  Kh = 0.250
Design acceleration coefficient in External Stability:  Kh = 0.250

Kae ( Kh > 0 ) = 0.4913 Kae ( Kh = 0 )  = 0.2871 Kae = 0.2042     (see eq. 37 in DEMO 82)Δ
Seismic soil-metal mats friction coefficient, F* is 80.0% of its specified static value.
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INPUT DATA:  Metal mats/grids
(Analysis)

D  A  T  A Metal mats
type #1

Metal mats
type #2

Metal mats
type #3

Metal mats
type #4

Metal mats
type #5

Yield strength of steel, Fy  [kips/in ²]
Gross width of grid, b  [in]
Vertical spacing, Sv [ft]

65.0
12.0
Varies

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

Design cross section area, Ac  [in ²] 0.14 N/A N/A N/A N/A
Thickness of transverse element, t  [in]
Distance between transverse bars, St  [in]

0.4
6.0

N/A
N/A

N/A
N/A

N/A
N/A

N/A
N/A

Friction angle along reinforcement-soil interface, ρ
@ the top
@ 19.7 ft or below

Pullout resistance factor,  F*
@ the top
@ 19.7 ft or below

Scale-effect correction factor, α

51.25
34.00

1.25
0.62
1.00

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

Variation of Lateral Earth Pressure Coefficient With Depth

Z K / Ka
   0 ft 2.50
 3.3 ft 2.30
 6.6 ft 2.05
 9.8 ft 1.85
13.1 ft 1.65
16.4 ft 1.40
19.7 ft 1.20

   0

 6.6

 9.8

16.4

26.2

32.8

Z [ft]

0.0 1.0 2.0 3.0
K / Ka
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INPUT DATA:  Facia and Connection
(Analysis)

FACIA type:   Full height precast concrete panels.
Depth of panel is 0.50 ft.  Horizontal distance to Center of Gravity of panel is 0.25 ft.
Average unit weight of panel is   = 150.00 lb/ft ³γ f

Z / Hd    To-static / Tmax
or   To-seismic / Tmd

Top of wall

0.00
0.25
0.50
0.75
1.00

Z / Hd

1.00 0.90 0.80 0.70 0.60 0.50
To-static / Tmax   or   To-seismic / Tmd

0.00 1.00
0.25 1.00
0.50 1.00
0.75 1.00
1.00 1.00

D  A  T  A  (for connection only) Type #1 Type #2 Type #3 Type #4 Type #5

Product Name CALTRANS N/A N/A N/A N/A
Strength reduction at the connection,

CRu = Fyc  / Fy 0.90 N/A N/A N/A N/A
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INPUT DATA:  Geometry and Surcharge loads  (of a SIMPLE STRUCTURE)

Design height, Hd 10.49 [ft] { Embedded depth is E = 3.13 ft, and height above top of finished
bottom grade is H = 7.36 ft }

Batter, ω 0.0 [deg]
Backslope, β 6.2 [deg]
Backslope rise 5.6 [ft] Broken back equivalent angle, I = 6.22°  (see Fig. 25 in DEMO 82)

U N I F O R M   S U R C H A R G E
Uniformly distributed dead load is 240.0 [lb/ft ²]

ANALYZED REINFORCEMENT LAYOUT:

SCALE:

0 2 4 6 [ft]
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ANALYSIS: CALCULATED FACTORS (Static conditions)
Bearing capacity, Fs = 20.64, Meyerhof stress = 1916 lb/ft².

Foundation Interface: Direct sliding, Fs = 3.185, Eccentricity, e/L = 0.0839, Fs-overturning = 5.10
M E T A L   M A T S C O N N E C T I O N

# Elevation Length Type
#

Fs-overall
 [pullout
resistance]

Fs-overall
[connection
    break]

Fs-overall
[metal mats
strength]

Metal mats
strength
   Fs

Pullout
resistance
   Fs

Direct
sliding
   Fs

Eccentricity
   e/L

Product
name

[ft] [ft]

1 1.25 9.00 1 N/A 8.84 9.83 9.827 23.961 3.507 0.0657 CALTRANS
2 3.75 9.00 1 N/A 10.39 11.55 11.548 19.829 4.413 0.0341 CALTRANS
3 6.25 9.00 1 N/A 13.20 14.66 14.661 17.042 6.021 0.0083 CALTRANS
4 8.75 9.00 1 N/A 17.49 19.43 19.430 15.437 9.915 -0.0140 CALTRANS

ANALYSIS: CALCULATED FACTORS (Seismic conditions)
Bearing capacity, Fs = 13.82, Meyerhof stress = 2646 lb/ft².

Foundation Interface: Direct sliding, Fs = 1.743, Eccentricity, e/L = 0.1958, Fs-overturning = 2.42
M E T A L   M A T S C O N N E C T I O N

# Elevation Length Type
#

Fs-overall
 [pullout
resistance]

Fs-overall
[connection
    break]

Fs-overall
[metal mats
strength]

Metal mats
strength
   Fs

Pullout
resistance
   Fs

Direct
sliding
   Fs

Eccentricity
   e/L

Product
name

[ft] [ft]

1 1.25 9.00 1 N/A 7.80 8.67 8.671 16.914 1.965 0.1510 CALTRANS
2 3.75 9.00 1 N/A 9.21 10.24 10.236 14.061 2.638 0.0769 CALTRANS
3 6.25 9.00 1 N/A 11.59 12.88 12.878 11.975 4.009 0.0233 CALTRANS
4 8.75 9.00 1 N/A 14.77 16.42 16.416 10.434 8.107 -0.0122 CALTRANS
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BEARING CAPACITY for GIVEN LAYOUT

SCALE:

0 2 4 6 [ft]

STATIC SEISMIC UNITS
(Water table does not affect bearing capacity)
Ultimate bearing capacity, q-ult 39539 36574 [lb/ft ²]
Meyerhof stress, σV 1916.0 2646 [lb/ft ²]
Eccentricity,  e 0.76 1.77 [ft]
Eccentricity,  e/L 0.084 0.197
Fs calculated 20.64 13.82
Base length 9.00 9.00 [ft]
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DIRECT SLIDING for GIVEN LAYOUT
(for METAL MATS/GRIDS reinforcements)

Along reinforced and foundation soils interface:  Fs-static = 3.185  and  Fs-seismic = 1.743

  # Metal Mats
Elevation
   [ft]

Metal Mats
Length
   [ft]

  Fs
Static

  Fs
Seismic

Metal Mats
Type  # Product name

1 1.25 9.00 3.507 1.965 1 CALTRANS
2 3.75 9.00 4.413 2.638 1 CALTRANS
3 6.25 9.00 6.021 4.009 1 CALTRANS
4 8.75 9.00 9.915 8.107 1 CALTRANS

ECCENTRICITY for GIVEN LAYOUT

At interface with foundation:  e/L static = 0.0839,  e/L seismic = 0.1958; Overturning: Fs-static = 5.10, Fs-seismic = 2.42

  # Metal Mats
Elevation
   [ft]

Metal Mats
Length
   [ft]

 e / L
Static

 e / L
Seismic

Metal Mats
Type  # Product name

1 1.25 9.00 0.0657 0.1510 1 CALTRANS
2 3.75 9.00 0.0341 0.0769 1 CALTRANS
3 6.25 9.00 0.0083 0.0233 1 CALTRANS
4 8.75 9.00 -0.0140 -0.0122 1 CALTRANS
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RESULTS for STRENGTH     [ Note: Actual Fs-overall = (Yield stress) / (Actual stress) ]

  # Metal Mats
Elevation
   [ft]

Coverage
  ratio,
Rc=b/Sh

Horizontal
spacing, Sh
   [ft]

Long-term
strength
Fy·Ac·Rc/b
   [lb/ft]

  Tmax
[lb/ft]

Tmd
[lb/ft]

Specified
minimum
Fs-overall
static

Actual
calculated
Fs-overall
static

Specified
minimum
Fs-overall
seismic

Actual
calculated
Fs-overall
seismic

1 1.25 2.000 0.500 18225 1854.60 247.20 N/A 9.827 N/A 8.671
2 3.75 2.000 0.500 18225 1578.15 202.25 N/A 11.548 N/A 10.236
3 6.25 2.000 0.500 18225 1243.04 172.19 N/A 14.661 N/A 12.878
4 8.75 2.000 0.500 18225 937.96 172.19 N/A 19.430 N/A 16.416

RESULTS for PULLOUT

  # Metal Mats
Elevation

[ft]

Coverage
Ratio
Rc=b/Sh

Tmax
[lb/ft]

Tmd
[lb/ft]

Le
[ft]

La
[ft]

Avail.Static
Pullout, Pr

[lb/ft]

Specified
Static

Fs

Actual
Static

Fs

Avail.Seism.
Pullout, Pr

[lb/ft]

Specified
Seismic

Fs

Actual
Seismic

Fs

1 1.25 2.000 1854.6 247.2 8.25 0.75 44437.6 35550.1N/A 23.961 N/A 16.914
2 3.75 2.000 1578.2 202.3 6.75 2.25 31292.9 25034.4N/A 19.829 N/A 14.061
3 6.25 2.000 1243.0 172.2 5.75 3.25 21184.4 16947.5N/A 17.042 N/A 11.975
4 8.75 2.000 938.0 172.2 5.75 3.25 14479.4 11583.5N/A 15.437 N/A 10.434
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RESULTS for CONNECTION (static conditions)

  # Metal Mats
Elevation
   [ft]

Coverage
  ratio
Rc=b/Sh

Horizontal
spacing, Sh
   [ft]

Connection
force, To
  [lb/ft]

Reduction
factor for
connection
break,
CRu

Long-term
connection
strength,Tac
(break
criterion)
  [lb/ft]

Metal Mats
long-term
strength,
  [lb/ft]

Fs-overall
connection
break

Specified   Actual

Fs-overall
Metal Mats
strength

Specified   Actual

Product
name

1 1.25 2.000 0.500 1855 0.90 16402 18225 N/A 8.84 N/A 9.83 CALTRANS
2 3.75 2.000 0.500 1578 0.90 16402 18225 N/A 10.39 N/A 11.55 CALTRANS
3 6.25 2.000 0.500 1243 0.90 16402 18225 N/A 13.20 N/A 14.66 CALTRANS
4 8.75 2.000 0.500 938 0.90 16402 18225 N/A 17.49 N/A 19.43 CALTRANS

RESULTS for CONNECTION (seismic conditions)

  # Metal Mats
Elevation
   [ft]

Coverage
  ratio
Rc=b/Sh

Horizontal
spacing, Sh
   [ft]

Connection
force, To
  [lb/ft]

Reduction
factor for
connection
break,
CRu

Long-term
connection
strength,Tac
(break
criterion)
  [lb/ft]

Metal Mats
long-term
strength,
  [lb/ft]

Fs-overall
connection
break

Specified   Actual

Fs-overall
Metal Mats
strength

Specified   Actual

Product
name

1 1.25 2.000 0.500 2102 0.90 16402 18225 N/A 7.80 N/A 8.67 CALTRANS
2 3.75 2.000 0.500 1780 0.90 16402 18225 N/A 9.21 N/A 10.24 CALTRANS
3 6.25 2.000 0.500 1415 0.90 16402 18225 N/A 11.59 N/A 12.88 CALTRANS
4 8.75 2.000 0.500 1110 0.90 16402 18225 N/A 14.77 N/A 16.42 CALTRANS
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2.032.03

W

240.00 lb/ft2
240.00 lb/ft2

2.032.03

Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW646 ST10+00 - STATICAnalysis Methods
Analysis Methods used: 
Bishop simplified
Janbu corrected
Spencer
Number of slices: 25
Tolerance: 0.005
Maximum number of iterations: 50

Material Properties
Material: FILL (Af)
Strength Type: Mohr-Coulomb
Unit Weight: 130 lb/ft3
Cohesion: 100 psf
Friction Angle: 30 degrees
Material: CLAY (Qvof)
Strength Type: Mohr-Coulomb
Unit Weight: 130 lb/ft3
Cohesion: 180 psf
Friction Angle: 28 degrees
Material: BACKFILL
Strength Type: Mohr-Coulomb
Unit Weight: 120 lb/ft3
Cohesion: 200 psf
Friction Angle: 34 degrees
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    Slide Analysis Information 
     
    Document Name 
     
    File Name: RW646_ST10+00_STATIC.sli 
     
    Project Settings 
     
    Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW646 
ST10+00 - STATIC 
    Failure Direction: Left to Right 
    Units of Measurement: Imperial Units 
    Pore Fluid Unit Weight: 62.4 lb/ft3 
    Groundwater Method: Water Surfaces 
    Data Output: Standard 
    Calculate Excess Pore Pressure: Off 
    Allow Ru with Water Surfaces or Grids: Off 
    Random Numbers: Pseudo-random Seed 
    Random Number Seed: 10116 
    Random Number Generation Method: Park and Miller v.3 
     
    Analysis Methods 
     
    Analysis Methods used:  
    Bishop simplified 
    Spencer 
     
    Number of slices: 25 
    Tolerance: 0.005 
    Maximum number of iterations: 50 
     
    Surface Options 
     
    Surface Type: Circular 
    Search Method: Grid Search 
    Radius increment: 10 
    Composite Surfaces: Disabled 
    Reverse Curvature: Create Tension Crack 
    Minimum Elevation: Not Defined 
    Minimum Depth: Not Defined 
     
    Loading 
     
    1 Distributed Load present: 
    Distributed Load Constant Distribution, Orientation:  Normal to boundary, Magnitude:  240 lb/ft2 
     
    Material Properties 
     
    Material: FILL (Af) 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 100 psf 
    Friction Angle: 30 degrees 
    Water Surface: Water Table 

    Custom Hu value: 1 
     
    Material: CLAY (Qvof) 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 180 psf 
    Friction Angle: 28 degrees 
    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Material: CONCRETE 
    Strength Type: Infinite strength 
    Unit Weight: 150 lb/ft3 
     
    Material: BACKFILL 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 120 lb/ft3 
    Cohesion: 200 psf 
    Friction Angle: 34 degrees 
    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Global Minimums 
     
    Method: bishop simplified 
    FS: 2.027010 
    Center: 0.542, 313.165 
    Radius: 24.363 
    Left Slip Surface Endpoint: -23.764, 311.493 
    Right Slip Surface Endpoint: 15.054, 293.595 
    Resisting Moment=1.04511e+006 lb-ft 
    Driving Moment=515593 lb-ft 
     
    Method: spencer 
    FS: 2.014320 
    Center: 1.603, 313.165 
    Radius: 24.699 
    Left Slip Surface Endpoint: -23.032, 311.400 
    Right Slip Surface Endpoint: 16.645, 293.575 
    Resisting Moment=1.0637e+006 lb-ft 
    Driving Moment=528066 lb-ft 
    Resisting Horizontal Force=35700.1 lb 
    Driving Horizontal Force=17723.1 lb 
     
    Valid / Invalid Surfaces 
     
    Method: bishop simplified 
    Number of Valid Surfaces: 8392 
    Number of Invalid Surfaces: 20219 
    Error Codes:  
    Error Code -99 reported for 8184 surfaces 
    Error Code -100 reported for 4 surfaces 
    Error Code -103 reported for 4800 surfaces 
    Error Code -105 reported for 2 surfaces 
    Error Code -107 reported for 6184 surfaces 
    Error Code -112 reported for 1045 surfaces 



     
    Method: spencer 
    Number of Valid Surfaces: 7259 
    Number of Invalid Surfaces: 21352 
    Error Codes:  
    Error Code -99 reported for 8184 surfaces 
    Error Code -100 reported for 4 surfaces 
    Error Code -103 reported for 4800 surfaces 
    Error Code -105 reported for 2 surfaces 
    Error Code -107 reported for 6184 surfaces 
    Error Code -108 reported for 488 surfaces 
    Error Code -111 reported for 589 surfaces 
    Error Code -112 reported for 1101 surfaces 
     
    Error Codes 
     
    The following errors were encountered during the computation: 
     
    -99 = Slip surface intersects an infinite 
    strength material. If infinite strength regions 
    are defined for a model, a large number of 
    potential slip surfaces may show this error code. 
    This is Normal. 
     
    -100 = Both surface / slope intersections 
    are on the same horizontal surface. In general, this 
    will give a very high or infinite factor of safety (zero 
    driving force), if calculated. 
     
    -103 = Two surface / slope intersections, 
    but one or more surface / nonslope external polygon 
    intersections lie between them. This usually occurs 
    when the slip surface extends past the bottom of the 
    soil region, but may also occur on a benched 
    slope model with two sets of Slope Limits. 
     
    -105 = More than two surface / slope 
    intersections with no valid slip surface. 
     
    -107 = Total driving moment or 
    total driving force is negative. This will occur 
    if the wrong failure direction is specified, 
    or if high external or anchor loads are applied 
    against the failure direction. 
     
    -108 = Total driving moment 
    or total driving force < 0.1. This is to 
    limit the calculation of extremely high safety 
    factors if the driving force is very small 
    (0.1 is an arbitrary number). 
     
    -111 = safety factor equation did not converge 
     
    -112 = The coefficient M-Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) 
    < 0.2 for the final iteration of the safety factor calculation. This screens out 
    some slip surfaces which may not be valid in the context of the analysis, in 

    particular, deep seated slip surfaces with many high negative base angle 
    slices in the passive zone. 
     
     
    List of All Coordinates 
     
    Search Grid 
       0.542 293.790 
       53.609 293.790 
       53.609 344.777 
       0.542 344.777 
     
    Material Boundary 
       -40.480 312.890 
       -39.167 313.200 
       -38.490 313.360 
       -38.489 313.361 
     
    Material Boundary 
       28.590 293.420 
       42.940 293.600 
     
    Material Boundary 
       -2.164 308.797 
       -1.690 308.740 
       -1.470 308.720 
       -1.000 311.640 
       -0.990 311.720 
     
    Material Boundary 
       99.637 294.315 
       100.000 294.310 
     
    Material Boundary 
       -47.032 311.256 
       -38.030 309.860 
       -36.560 309.640 
       -36.352 309.620 
       -36.090 309.600 
       -35.518 309.556 
       -7.750 290.100 
       -6.750 290.100 
     
    Material Boundary 
       0.022 293.790 
       0.022 293.790 
     
    Material Boundary 
       -1.470 308.720 
       -1.710 291.600 
       -6.750 291.600 
       -6.750 290.100 
       3.250 290.100 
       3.250 291.600 
       0.022 291.600 
       0.022 293.790 



     
    Material Boundary 
       3.250 290.100 
       4.250 290.100 
       7.929 293.688 
     
    External Boundary 
       100.000 294.320 
       99.637 294.315 
       43.044 293.602 
       28.590 293.420 
       7.929 293.688 
       0.022 293.790 
       0.010 311.720 
       0.000 311.720 
       -0.020 311.720 
       -0.990 311.720 
       -1.470 308.720 
       -2.164 308.797 
       -10.487 309.796 
       -13.978 310.243 
       -38.450 313.370 
       -38.489 313.361 
       -39.167 313.200 
       -40.480 312.890 
       -47.032 311.256 
       -71.720 305.100 
       -76.720 305.100 
       -100.000 306.360 
       -100.000 298.000 
       -100.000 250.000 
       100.000 250.000 
       100.000 294.310 
     
    Water Table 
       -100.000 284.000 
       100.000 284.000 
     
    Distributed Load 
       -1.470 308.720 
       -2.164 308.797 
       -10.487 309.796 
       -38.450 313.370 



2.672.67

W

240.00 lb/ft2
240.00 lb/ft2

2.672.67

17.0

Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW646 ST10+00 - PSEUDOSTATIC

Analysis Methods
Analysis Methods used: 
Bishop simplified
Janbu corrected
Spencer
Number of slices: 25
Tolerance: 0.005
Maximum number of iterations: 50

Material Properties
Material: FILL (Af)
Strength Type: Mohr-Coulomb
Unit Weight: 130 lb/ft3
Cohesion: 100 psf
Friction Angle: 30 degrees
Material: CLAY (Qvof) - PEAK
Strength Type: Mohr-Coulomb
Unit Weight: 130 lb/ft3
Cohesion: 950 psf
Friction Angle: 30 degrees
Material: BACKFILL
Strength Type: Mohr-Coulomb
Unit Weight: 120 lb/ft3
Cohesion: 200 psf
Friction Angle: 34 degrees
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    Slide Analysis Information 
     
    Document Name 
     
    File Name: RW646_ST10+00_PSEUDOSTATIC.sli 
     
    Project Settings 
     
    Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW646 
ST10+00 - PSEUDOSTATIC 
    Failure Direction: Left to Right 
    Units of Measurement: Imperial Units 
    Pore Fluid Unit Weight: 62.4 lb/ft3 
    Groundwater Method: Water Surfaces 
    Data Output: Standard 
    Calculate Excess Pore Pressure: Off 
    Allow Ru with Water Surfaces or Grids: Off 
    Random Numbers: Pseudo-random Seed 
    Random Number Seed: 10116 
    Random Number Generation Method: Park and Miller v.3 
     
    Analysis Methods 
     
    Analysis Methods used:  
    Bishop simplified 
    Spencer 
     
    Number of slices: 25 
    Tolerance: 0.005 
    Maximum number of iterations: 50 
     
    Surface Options 
     
    Surface Type: Circular 
    Search Method: Grid Search 
    Radius increment: 10 
    Composite Surfaces: Disabled 
    Reverse Curvature: Create Tension Crack 
    Minimum Elevation: Not Defined 
    Minimum Depth: Not Defined 
     
    Loading 
     
    Seismic Load Coefficient (Horizontal): 0.2 
    1 Distributed Load present: 
    Distributed Load Constant Distribution, Orientation:  Normal to boundary, Magnitude:  240 lb/ft2 
     
    Material Properties 
     
    Material: FILL (Af) 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 100 psf 
    Friction Angle: 30 degrees 

    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Material: CLAY (Qvof) 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 180 psf 
    Friction Angle: 28 degrees 
    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Material: CONCRETE 
    Strength Type: Infinite strength 
    Unit Weight: 150 lb/ft3 
     
    Material: BACKFILL 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 120 lb/ft3 
    Cohesion: 200 psf 
    Friction Angle: 34 degrees 
    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Global Minimums 
     
    Method: bishop simplified 
    FS: 1.448200 
    Center: 6.949, 345.921 
    Radius: 57.778 
    Left Slip Surface Endpoint: -40.460, 312.895 
    Right Slip Surface Endpoint: 31.145, 293.452 
    Resisting Moment=3.68702e+006 lb-ft 
    Driving Moment=2.54594e+006 lb-ft 
     
    Method: spencer 
    FS: 1.457780 
    Center: 6.949, 345.921 
    Radius: 57.778 
    Left Slip Surface Endpoint: -40.460, 312.895 
    Right Slip Surface Endpoint: 31.145, 293.452 
    Resisting Moment=3.71141e+006 lb-ft 
    Driving Moment=2.54594e+006 lb-ft 
    Resisting Horizontal Force=58678.4 lb 
    Driving Horizontal Force=40252 lb 
     
    Valid / Invalid Surfaces 
     
    Method: bishop simplified 
    Number of Valid Surfaces: 13958 
    Number of Invalid Surfaces: 14653 
    Error Codes:  
    Error Code -99 reported for 9632 surfaces 
    Error Code -100 reported for 3 surfaces 
    Error Code -103 reported for 4453 surfaces 
    Error Code -112 reported for 565 surfaces 
     



    Method: spencer 
    Number of Valid Surfaces: 12821 
    Number of Invalid Surfaces: 15790 
    Error Codes:  
    Error Code -99 reported for 9632 surfaces 
    Error Code -100 reported for 3 surfaces 
    Error Code -103 reported for 4453 surfaces 
    Error Code -108 reported for 8 surfaces 
    Error Code -111 reported for 190 surfaces 
    Error Code -112 reported for 1504 surfaces 
     
    Error Codes 
     
    The following errors were encountered during the computation: 
     
    -99 = Slip surface intersects an infinite 
    strength material. If infinite strength regions 
    are defined for a model, a large number of 
    potential slip surfaces may show this error code. 
    This is Normal. 
     
    -100 = Both surface / slope intersections 
    are on the same horizontal surface. In general, this 
    will give a very high or infinite factor of safety (zero 
    driving force), if calculated. 
     
    -103 = Two surface / slope intersections, 
    but one or more surface / nonslope external polygon 
    intersections lie between them. This usually occurs 
    when the slip surface extends past the bottom of the 
    soil region, but may also occur on a benched 
    slope model with two sets of Slope Limits. 
     
    -108 = Total driving moment 
    or total driving force < 0.1. This is to 
    limit the calculation of extremely high safety 
    factors if the driving force is very small 
    (0.1 is an arbitrary number). 
     
    -111 = safety factor equation did not converge 
     
    -112 = The coefficient M-Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) 
    < 0.2 for the final iteration of the safety factor calculation. This screens out 
    some slip surfaces which may not be valid in the context of the analysis, in 
    particular, deep seated slip surfaces with many high negative base angle 
    slices in the passive zone. 
     
     
    List of All Coordinates 
     
    Search Grid 
       -11.093 304.111 
       41.974 304.111 
       41.974 355.098 
       -11.093 355.098 
     

    Material Boundary 
       -40.480 312.890 
       -39.167 313.200 
       -38.490 313.360 
       -38.489 313.361 
     
    Material Boundary 
       28.590 293.420 
       42.940 293.600 
     
    Material Boundary 
       -2.164 308.797 
       -1.690 308.740 
       -1.470 308.720 
       -1.000 311.640 
       -0.990 311.720 
     
    Material Boundary 
       99.637 294.315 
       100.000 294.310 
     
    Material Boundary 
       -47.032 311.256 
       -38.030 309.860 
       -36.560 309.640 
       -36.352 309.620 
       -36.090 309.600 
       -35.518 309.556 
       -7.750 290.100 
       -6.750 290.100 
     
    Material Boundary 
       0.022 293.790 
       0.022 293.790 
     
    Material Boundary 
       -1.470 308.720 
       -1.710 291.600 
       -6.750 291.600 
       -6.750 290.100 
       3.250 290.100 
       3.250 291.600 
       0.022 291.600 
       0.022 293.790 
     
    Material Boundary 
       3.250 290.100 
       4.250 290.100 
       7.929 293.688 
     
    External Boundary 
       100.000 294.320 
       99.637 294.315 
       43.044 293.602 
       28.590 293.420 
       7.929 293.688 



       0.022 293.790 
       0.010 311.720 
       0.000 311.720 
       -0.020 311.720 
       -0.990 311.720 
       -1.470 308.720 
       -2.164 308.797 
       -10.487 309.796 
       -13.978 310.243 
       -38.450 313.370 
       -38.489 313.361 
       -39.167 313.200 
       -40.480 312.890 
       -47.032 311.256 
       -71.720 305.100 
       -76.720 305.100 
       -100.000 306.360 
       -100.000 298.000 
       -100.000 250.000 
       100.000 250.000 
       100.000 294.310 
     
    Water Table 
       -100.000 284.000 
       100.000 284.000 
     
    Distributed Load 
       -1.470 308.720 
       -2.164 308.797 
       -10.487 309.796 
       -38.450 313.370 
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Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW646 ST11+50 - STATIC
Analysis Methods
Analysis Methods used: 
Bishop simplified
Janbu corrected
Spencer
Number of slices: 25
Tolerance: 0.005
Maximum number of iterations: 50

Material Properties
Material: CLAY (Qvof)
Strength Type: Mohr-Coulomb
Unit Weight: 130 lb/ft3
Cohesion: 180 psf
Friction Angle: 28 degrees
Material: RF SOIL
Strength Type: Infinite strength
Unit Weight: 120 lb/ft3
Material: BACKFILL
Strength Type: Mohr-Coulomb
Unit Weight: 120 lb/ft3
Cohesion: 200 psf
Friction Angle: 34 degrees
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    Slide Analysis Information 
     
    Document Name 
     
    File Name: RW646_ST11+50_Static.sli 
     
    Project Settings 
     
    Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW646 
ST11+50 - STATIC 
    Failure Direction: Left to Right 
    Units of Measurement: Imperial Units 
    Pore Fluid Unit Weight: 62.4 lb/ft3 
    Groundwater Method: Water Surfaces 
    Data Output: Standard 
    Calculate Excess Pore Pressure: Off 
    Allow Ru with Water Surfaces or Grids: Off 
    Random Numbers: Pseudo-random Seed 
    Random Number Seed: 10116 
    Random Number Generation Method: Park and Miller v.3 
     
    Analysis Methods 
     
    Analysis Methods used:  
    Bishop simplified 
    Spencer 
     
    Number of slices: 25 
    Tolerance: 0.005 
    Maximum number of iterations: 50 
     
    Surface Options 
     
    Surface Type: Circular 
    Search Method: Grid Search 
    Radius increment: 10 
    Composite Surfaces: Disabled 
    Reverse Curvature: Create Tension Crack 
    Minimum Elevation: Not Defined 
    Minimum Depth: Not Defined 
     
    Loading 
     
    1 Distributed Load present: 
    Distributed Load Constant Distribution, Orientation:  Vertical, Magnitude:  240 lb/ft2 
     
    Material Properties 
     
    Material: FILL (Af) 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 100 psf 
    Friction Angle: 30 degrees 
    Water Surface: Water Table 

    Custom Hu value: 1 
     
    Material: CLAY (Qvof) 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 180 psf 
    Friction Angle: 28 degrees 
    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Material: RF SOIL 
    Strength Type: Infinite strength 
    Unit Weight: 120 lb/ft3 
     
    Material: BACKFILL 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 120 lb/ft3 
    Cohesion: 200 psf 
    Friction Angle: 34 degrees 
    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Global Minimums 
     
    Method: bishop simplified 
    FS: 2.911410 
    Center: -2.596, 312.789 
    Radius: 15.013 
    Left Slip Surface Endpoint: -17.532, 311.269 
    Right Slip Surface Endpoint: 8.120, 302.274 
    Resisting Moment=337788 lb-ft 
    Driving Moment=116022 lb-ft 
     
    Method: spencer 
    FS: 2.898250 
    Center: -2.596, 312.789 
    Radius: 15.013 
    Left Slip Surface Endpoint: -17.532, 311.269 
    Right Slip Surface Endpoint: 8.120, 302.274 
    Resisting Moment=336261 lb-ft 
    Driving Moment=116022 lb-ft 
    Resisting Horizontal Force=18852.7 lb 
    Driving Horizontal Force=6504.84 lb 
     
    Valid / Invalid Surfaces 
     
    Method: bishop simplified 
    Number of Valid Surfaces: 14723 
    Number of Invalid Surfaces: 13888 
    Error Codes:  
    Error Code -99 reported for 4916 surfaces 
    Error Code -100 reported for 4 surfaces 
    Error Code -103 reported for 6557 surfaces 
    Error Code -106 reported for 61 surfaces 
    Error Code -109 reported for 2246 surfaces 
    Error Code -112 reported for 104 surfaces 



     
    Method: spencer 
    Number of Valid Surfaces: 14216 
    Number of Invalid Surfaces: 14395 
    Error Codes:  
    Error Code -99 reported for 4916 surfaces 
    Error Code -100 reported for 4 surfaces 
    Error Code -103 reported for 6557 surfaces 
    Error Code -106 reported for 61 surfaces 
    Error Code -108 reported for 47 surfaces 
    Error Code -109 reported for 2246 surfaces 
    Error Code -111 reported for 450 surfaces 
    Error Code -112 reported for 114 surfaces 
     
    Error Codes 
     
    The following errors were encountered during the computation: 
     
    -99 = Slip surface intersects an infinite 
    strength material. If infinite strength regions 
    are defined for a model, a large number of 
    potential slip surfaces may show this error code. 
    This is Normal. 
     
    -100 = Both surface / slope intersections 
    are on the same horizontal surface. In general, this 
    will give a very high or infinite factor of safety (zero 
    driving force), if calculated. 
     
    -103 = Two surface / slope intersections, 
    but one or more surface / nonslope external polygon 
    intersections lie between them. This usually occurs 
    when the slip surface extends past the bottom of the 
    soil region, but may also occur on a benched 
    slope model with two sets of Slope Limits. 
     
    -106 = Average slice width is less than 
    0.0001 * (maximum horizontal extent of soil region). 
    This limitation is imposed to avoid numerical errors 
    which may result from too many slices, or too 
    small a slip region. 
     
    -108 = Total driving moment 
    or total driving force < 0.1. This is to 
    limit the calculation of extremely high safety 
    factors if the driving force is very small 
    (0.1 is an arbitrary number). 
     
    -109 = Soiltype for slice base not 
    located. This error should occur very rarely, 
    if at all. It may occur if a very low number of 
    slices is combined with certain soil geometries, 
    such that the midpoint of a slice base is 
    actually outside the soil region,even though 
    the slip surface is wholly within the soil region. 
     

    -111 = safety factor equation did not converge 
     
    -112 = The coefficient M-Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) 
    < 0.2 for the final iteration of the safety factor calculation. This screens out 
    some slip surfaces which may not be valid in the context of the analysis, in 
    particular, deep seated slip surfaces with many high negative base angle 
    slices in the passive zone. 
     
     
    List of All Coordinates 
     
    Search Grid 
       -14.277 307.533 
       38.819 307.533 
       38.819 360.091 
       -14.277 360.091 
     
    Material Boundary 
       -52.640 315.318 
       -44.890 314.430 
       -41.915 314.084 
     
    Material Boundary 
       4.997 302.380 
       8.810 302.250 
     
    Material Boundary 
       -9.000 310.503 
       -9.000 299.250 
       0.000 299.250 
       0.000 302.380 
     
    Material Boundary 
       -16.664 311.280 
       -9.000 299.250 
     
    External Boundary 
       -100.000 260.000 
       100.000 260.000 
       100.000 303.600 
       87.870 303.210 
       82.470 301.460 
       77.750 299.940 
       75.740 299.770 
       73.140 299.750 
       67.790 299.760 
       66.280 299.800 
       60.650 299.840 
       54.960 300.060 
       51.650 300.270 
       34.880 300.870 
       30.100 300.970 
       25.450 301.170 
       23.200 301.290 
       10.540 302.150 
       8.810 302.250 



       5.000 302.380 
       4.997 302.380 
       0.000 302.380 
       0.000 312.740 
       -1.000 312.740 
       -1.480 309.740 
       -9.000 310.503 
       -16.664 311.280 
       -18.170 311.260 
       -41.915 314.084 
       -52.470 315.340 
       -52.630 315.320 
       -52.640 315.318 
       -58.920 314.320 
       -60.170 314.140 
       -73.240 312.100 
       -74.420 311.940 
       -77.097 311.533 
       -77.250 311.510 
       -88.160 309.811 
       -88.360 309.780 
       -100.000 308.190 
     
    Water Table 
       -100.000 284.000 
       100.000 284.000 
     
    Distributed Load 
       -52.470 315.340 
       -41.915 314.084 
       -18.170 311.260 
       -16.664 311.280 
       -9.000 310.503 
       -1.480 309.740 
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Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW646 ST11+50 - PSEUDOSTATIC

Analysis Methods
Analysis Methods used: 
Bishop simplified
Janbu corrected
Spencer
Number of slices: 25
Tolerance: 0.005
Maximum number of iterations: 50

Material Properties
Material: RF SOIL
Strength Type: Infinite strength
Unit Weight: 120 lb/ft3
Material: CLAY (Qvof) - PEAK
Strength Type: Mohr-Coulomb
Unit Weight: 130 lb/ft3
Cohesion: 950 psf
Friction Angle: 30 degrees
Material: BACKFILL
Strength Type: Mohr-Coulomb
Unit Weight: 120 lb/ft3
Cohesion: 200 psf
Friction Angle: 34 degrees
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    Slide Analysis Information 
     
    Document Name 
     
    File Name: RW646_ST11+50_Pseudostatic.sli 
     
    Project Settings 
     
    Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW646 
ST11+50 - PSEUDOSTATIC 
    Failure Direction: Left to Right 
    Units of Measurement: Imperial Units 
    Pore Fluid Unit Weight: 62.4 lb/ft3 
    Groundwater Method: Water Surfaces 
    Data Output: Standard 
    Calculate Excess Pore Pressure: Off 
    Allow Ru with Water Surfaces or Grids: Off 
    Random Numbers: Pseudo-random Seed 
    Random Number Seed: 10116 
    Random Number Generation Method: Park and Miller v.3 
     
    Analysis Methods 
     
    Analysis Methods used:  
    Bishop simplified 
    Spencer 
     
    Number of slices: 25 
    Tolerance: 0.005 
    Maximum number of iterations: 50 
     
    Surface Options 
     
    Surface Type: Circular 
    Search Method: Grid Search 
    Radius increment: 10 
    Composite Surfaces: Disabled 
    Reverse Curvature: Create Tension Crack 
    Minimum Elevation: Not Defined 
    Minimum Depth: Not Defined 
     
    Loading 
     
    Seismic Load Coefficient (Horizontal): 0.2 
    1 Distributed Load present: 
    Distributed Load Constant Distribution, Orientation:  Vertical, Magnitude:  240 lb/ft2 
     
    Material Properties 
     
    Material: FILL (Af) 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 100 psf 
    Friction Angle: 30 degrees 

    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Material: RF SOIL 
    Strength Type: Infinite strength 
    Unit Weight: 120 lb/ft3 
     
    Material: CLAY (Qvof) - PEAK 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 950 psf 
    Friction Angle: 30 degrees 
    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Material: BACKFILL 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 120 lb/ft3 
    Cohesion: 200 psf 
    Friction Angle: 34 degrees 
    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Global Minimums 
     
    Method: bishop simplified 
    FS: 3.378280 
    Center: 7.828, 374.113 
    Radius: 103.589 
    Left Slip Surface Endpoint: -74.966, 311.857 
    Right Slip Surface Endpoint: 81.292, 301.081 
    Resisting Moment=4.66878e+007 lb-ft 
    Driving Moment=1.382e+007 lb-ft 
     
    Method: spencer 
    FS: 3.391300 
    Center: 7.828, 379.369 
    Radius: 107.304 
    Left Slip Surface Endpoint: -75.509, 311.774 
    Right Slip Surface Endpoint: 81.170, 301.041 
    Resisting Moment=4.72834e+007 lb-ft 
    Driving Moment=1.39426e+007 lb-ft 
    Resisting Horizontal Force=402692 lb 
    Driving Horizontal Force=118743 lb 
     
    Valid / Invalid Surfaces 
     
    Method: bishop simplified 
    Number of Valid Surfaces: 15461 
    Number of Invalid Surfaces: 13150 
    Error Codes:  
    Error Code -99 reported for 7344 surfaces 
    Error Code -103 reported for 1557 surfaces 
    Error Code -106 reported for 65 surfaces 
    Error Code -109 reported for 4184 surfaces 
     



    Method: spencer 
    Number of Valid Surfaces: 15461 
    Number of Invalid Surfaces: 13150 
    Error Codes:  
    Error Code -99 reported for 7344 surfaces 
    Error Code -103 reported for 1557 surfaces 
    Error Code -106 reported for 65 surfaces 
    Error Code -109 reported for 4184 surfaces 
     
    Error Codes 
     
    The following errors were encountered during the computation: 
     
    -99 = Slip surface intersects an infinite 
    strength material. If infinite strength regions 
    are defined for a model, a large number of 
    potential slip surfaces may show this error code. 
    This is Normal. 
     
    -103 = Two surface / slope intersections, 
    but one or more surface / nonslope external polygon 
    intersections lie between them. This usually occurs 
    when the slip surface extends past the bottom of the 
    soil region, but may also occur on a benched 
    slope model with two sets of Slope Limits. 
     
    -106 = Average slice width is less than 
    0.0001 * (maximum horizontal extent of soil region). 
    This limitation is imposed to avoid numerical errors 
    which may result from too many slices, or too 
    small a slip region. 
     
    -109 = Soiltype for slice base not 
    located. This error should occur very rarely, 
    if at all. It may occur if a very low number of 
    slices is combined with certain soil geometries, 
    such that the midpoint of a slice base is 
    actually outside the soil region,even though 
    the slip surface is wholly within the soil region. 
     
     
    List of All Coordinates 
     
    Search Grid 
       -8.100 338.374 
       44.996 338.374 
       44.996 390.932 
       -8.100 390.932 
     
    Material Boundary 
       -52.640 315.318 
       -44.890 314.430 
       -41.915 314.084 
     
    Material Boundary 
       4.997 302.380 

       8.810 302.250 
     
    Material Boundary 
       -9.000 310.503 
       -9.000 299.250 
       0.000 299.250 
       0.000 302.380 
     
    Material Boundary 
       -16.664 311.280 
       -9.000 299.250 
     
    External Boundary 
       -100.000 260.000 
       100.000 260.000 
       100.000 303.600 
       87.870 303.210 
       82.470 301.460 
       77.750 299.940 
       75.740 299.770 
       73.140 299.750 
       67.790 299.760 
       66.280 299.800 
       60.650 299.840 
       54.960 300.060 
       51.650 300.270 
       34.880 300.870 
       30.100 300.970 
       25.450 301.170 
       23.200 301.290 
       10.540 302.150 
       8.810 302.250 
       5.000 302.380 
       4.997 302.380 
       0.000 302.380 
       0.000 312.740 
       -1.000 312.740 
       -1.480 309.740 
       -9.000 310.503 
       -16.664 311.280 
       -18.170 311.260 
       -41.915 314.084 
       -52.470 315.340 
       -52.630 315.320 
       -52.640 315.318 
       -58.920 314.320 
       -60.170 314.140 
       -73.240 312.100 
       -74.420 311.940 
       -77.097 311.533 
       -77.250 311.510 
       -88.160 309.811 
       -88.360 309.780 
       -100.000 308.190 
     
    Water Table 



       -100.000 284.000 
       100.000 284.000 
     
    Distributed Load 
       -52.470 315.340 
       -41.915 314.084 
       -18.170 311.260 
       -16.664 311.280 
       -9.000 310.503 
       -1.480 309.740 
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SR-57 Improvements
AASHTO  DESIGN  METHOD

PROJECT IDENTIFICATION

Title: SR-57 Improvements
Project Number: RW670
Client: OCTA
Designer: RB
Station Number: 17+60

Description:

Company's information:

Name: CH2M HILL
Street: 6 Hutton Center Drive

#700
Santa Ana, CA  92707

Telephone #:
Fax #:
E-Mail:

Original file path and name: \\cheron\Projects\OCTA\370900_SR57NBWideningPSE\Design\.....
.....is\RW670_ST17+60.BEN

Original date and time of creating this file: Thu Jan 08 09:08:00 2009

PROGRAM MODE: ANALYSIS
of a SIMPLE STRUCTURE
using METAL MATS/GRIDS as reinforcing material.
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SOIL DATA

REINFORCED SOIL
Unit weight, γ 120.0 lb/ft ³
Design value of internal angle of friction, φ 34.0 °

RETAINED SOIL
Unit weight, γ 120.0 lb/ft ³
Design value of internal angle of friction, φ 34.0 °

FOUNDATION SOIL (Considered as an equivalent uniform soil)
Equivalent unit weight, γ equiv. 130.0 lb/ft ³
Equivalent internal angle of friction, φequiv. 34.0 °
Equivalent cohesion,  c equiv. 250.0 lb/ft ²

Water table does not affect bearing capacity

LATERAL EARTH PRESSURE COEFFICIENTS

Ka (internal stability) = 0.2827   (if batter is less than 10°, Ka is calculated from eq. 15.  Otherwise, eq. 38 is utilized)
Ka (external stability) = 0.2827   (if batter is less than 10°, Ka is calculated from eq. 16.  Otherwise, eq. 17 is utilized)

BEARING CAPACITY

Bearing capacity coefficients (calculated by MSEW):  Nc = 4.04 N   = 11.49γ

SEISMICITY

Maximum ground acceleration coefficient, A = 0.200
Design acceleration coefficient in Internal Stability:  Kh = 0.250
Design acceleration coefficient in External Stability:  Kh = 0.250

Kae ( Kh > 0 ) = 0.4504 Kae ( Kh = 0 )  = 0.2827 Kae = 0.1677     (see eq. 37 in DEMO 82)Δ
Seismic soil-metal mats friction coefficient, F* is 80.0% of its specified static value.
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INPUT DATA:  Metal mats/grids
(Analysis)

D  A  T  A Metal mats
type #1

Metal mats
type #2

Metal mats
type #3

Metal mats
type #4

Metal mats
type #5

Yield strength of steel, Fy  [kips/in ²]
Gross width of grid, b  [in]
Vertical spacing, Sv [ft]

65.0
6.0
Varies

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

Design cross section area, Ac  [in ²] 0.14 N/A N/A N/A N/A
Thickness of transverse element, t  [in]
Distance between transverse bars, St  [in]

0.4
6.0

N/A
N/A

N/A
N/A

N/A
N/A

N/A
N/A

Friction angle along reinforcement-soil interface, ρ
@ the top
@ 19.7 ft or below

Pullout resistance factor,  F*
@ the top
@ 19.7 ft or below

Scale-effect correction factor, α

51.25
34.00

1.25
0.62
1.00

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

Variation of Lateral Earth Pressure Coefficient With Depth

Z K / Ka
   0 ft 2.50
 3.3 ft 2.30
 6.6 ft 2.05
 9.8 ft 1.85
13.1 ft 1.65
16.4 ft 1.40
19.7 ft 1.20

   0

 6.6

 9.8

16.4

26.2

32.8

Z [ft]

0.0 1.0 2.0 3.0
K / Ka
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INPUT DATA:  Facia and Connection
(Analysis)

FACIA type:   Full height precast concrete panels.
Depth of panel is 0.50 ft.  Horizontal distance to Center of Gravity of panel is 0.25 ft.
Average unit weight of panel is   = 150.00 lb/ft ³γ f

Z / Hd    To-static / Tmax
or   To-seismic / Tmd

Top of wall

0.00
0.25
0.50
0.75
1.00

Z / Hd

1.00 0.90 0.80 0.70 0.60 0.50
To-static / Tmax   or   To-seismic / Tmd

0.00 1.00
0.25 1.00
0.50 1.00
0.75 1.00
1.00 1.00

D  A  T  A  (for connection only) Type #1 Type #2 Type #3 Type #4 Type #5

Product Name Caltrans .. N/A N/A N/A N/A
Strength reduction at the connection,

CRu = Fyc  / Fy 0.90 N/A N/A N/A N/A
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INPUT DATA:  Geometry and Surcharge loads  (of a SIMPLE STRUCTURE)

Design height, Hd 17.19 [ft] { Embedded depth is E = 3.19 ft, and height above top of finished
bottom grade is H = 14.00 ft }

Batter, ω 0.0 [deg]
Backslope, β 0.0 [deg]
Backslope rise 0.0 [ft] Broken back equivalent angle, I = 0.00°  (see Fig. 25 in DEMO 82)

U N I F O R M   S U R C H A R G E
Uniformly distributed dead load is 240.0 [lb/ft ²]

ANALYZED REINFORCEMENT LAYOUT:

SCALE:

0 2 4 6 8 10 [ft]
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ANALYSIS: CALCULATED FACTORS (Static conditions)
Bearing capacity, Fs = 2.62, Meyerhof stress = 3005 lb/ft².

Foundation Interface: Direct sliding, Fs = 3.017, Eccentricity, e/L = 0.1168, Fs-overturning = 4.28
M E T A L   M A T S C O N N E C T I O N

# Elevation Length Type
#

Fs-overall
 [pullout
resistance]

Fs-overall
[connection
    break]

Fs-overall
[metal mats
strength]

Metal mats
strength
   Fs

Pullout
resistance
   Fs

Direct
sliding
   Fs

Eccentricity
   e/L

Product
name

[ft] [ft]

1 1.25 12.00 1 N/A 7.51 8.34 8.341 16.447 3.232 0.1017 Caltrans W20
2 3.75 12.00 1 N/A 7.77 8.63 8.630 14.049 3.772 0.0744 Caltrans W20
3 6.25 12.00 1 N/A 8.41 9.35 9.345 11.823 4.533 0.0513 Caltrans W20
4 8.75 12.00 1 N/A 9.61 10.68 10.678 9.833 5.694 0.0322 Caltrans W20
5 11.25 12.00 1 N/A 11.66 12.95 12.953 9.806 7.700 0.0174 Caltrans W20
6 13.75 12.00 1 N/A 15.72 17.47 17.470 9.738 12.171 0.0067 Caltrans W20
7 16.25 12.00 1 N/A 29.58 32.87 32.870 10.591 36.253 0.0007 Caltrans W20

ANALYSIS: CALCULATED FACTORS (Seismic conditions)
Bearing capacity, Fs = 0.96, Meyerhof stress = 5186 lb/ft².

Foundation Interface: Direct sliding, Fs = 1.541, Eccentricity, e/L = 0.2780, Fs-overturning = 1.80
M E T A L   M A T S C O N N E C T I O N

# Elevation Length Type
#

Fs-overall
 [pullout
resistance]

Fs-overall
[connection
    break]

Fs-overall
[metal mats
strength]

Metal mats
strength
   Fs

Pullout
resistance
   Fs

Direct
sliding
   Fs

Eccentricity
   e/L

Product
name

[ft] [ft]

1 1.25 12.00 1 N/A 6.35 7.06 7.059 11.136 1.663 0.2391 Caltrans W20
2 3.75 12.00 1 N/A 6.68 7.42 7.422 9.666 1.975 0.1701 Caltrans W20
3 6.25 12.00 1 N/A 7.32 8.13 8.133 8.231 2.431 0.1129 Caltrans W20
4 8.75 12.00 1 N/A 8.42 9.36 9.355 6.892 3.161 0.0673 Caltrans W20
5 11.25 12.00 1 N/A 9.95 11.06 11.058 6.696 4.514 0.0334 Caltrans W20
6 13.75 12.00 1 N/A 12.77 14.19 14.189 6.328 7.873 0.0113 Caltrans W20
7 16.25 12.00 1 N/A 20.61 22.91 22.905 5.904 29.602 0.0009 Caltrans W20
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BEARING CAPACITY for GIVEN LAYOUT

SCALE:

0 2 4 6 8 10 [ft]

STATIC SEISMIC UNITS
(Water table does not affect bearing capacity)
Ultimate bearing capacity, q-ult 7874 4987 [lb/ft ²]
Meyerhof stress, σV 3005.1 5186 [lb/ft ²]
Eccentricity,  e 1.40 3.34 [ft]
Eccentricity,  e/L 0.117 0.278
Fs calculated 2.62 0.96
Base length 12.00 12.00 [ft]
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DIRECT SLIDING for GIVEN LAYOUT
(for METAL MATS/GRIDS reinforcements)

Along reinforced and foundation soils interface:  Fs-static = 3.017  and  Fs-seismic = 1.541

  # Metal Mats
Elevation
   [ft]

Metal Mats
Length
   [ft]

  Fs
Static

  Fs
Seismic

Metal Mats
Type  # Product name

1 1.25 12.00 3.232 1.663 1 Caltrans W20
2 3.75 12.00 3.772 1.975 1 Caltrans W20
3 6.25 12.00 4.533 2.431 1 Caltrans W20
4 8.75 12.00 5.694 3.161 1 Caltrans W20
5 11.25 12.00 7.700 4.514 1 Caltrans W20
6 13.75 12.00 12.171 7.873 1 Caltrans W20
7 16.25 12.00 36.253 29.602 1 Caltrans W20

ECCENTRICITY for GIVEN LAYOUT

At interface with foundation:  e/L static = 0.1168,  e/L seismic = 0.2780; Overturning: Fs-static = 4.28, Fs-seismic = 1.80

  # Metal Mats
Elevation
   [ft]

Metal Mats
Length
   [ft]

 e / L
Static

 e / L
Seismic

Metal Mats
Type  # Product name

1 1.25 12.00 0.1017 0.2391 1 Caltrans W20
2 3.75 12.00 0.0744 0.1701 1 Caltrans W20
3 6.25 12.00 0.0513 0.1129 1 Caltrans W20
4 8.75 12.00 0.0322 0.0673 1 Caltrans W20
5 11.25 12.00 0.0174 0.0334 1 Caltrans W20
6 13.75 12.00 0.0067 0.0113 1 Caltrans W20
7 16.25 12.00 0.0007 0.0009 1 Caltrans W20
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RESULTS for STRENGTH     [ Note: Actual Fs-overall = (Yield stress) / (Actual stress) ]

  # Metal Mats
Elevation
   [ft]

Coverage
  ratio,
Rc=b/Sh

Horizontal
spacing, Sh
   [ft]

Long-term
strength
Fy·Ac·Rc/b
   [lb/ft]

  Tmax
[lb/ft]

Tmd
[lb/ft]

Specified
minimum
Fs-overall
static

Actual
calculated
Fs-overall
static

Specified
minimum
Fs-overall
seismic

Actual
calculated
Fs-overall
seismic

1 1.25 1.000 0.500 18213 2183.67 396.30 N/A 8.341 N/A 7.059
2 3.75 1.000 0.500 18213 2110.48 343.46 N/A 8.630 N/A 7.422
3 6.25 1.000 0.500 18213 1948.87 290.62 N/A 9.345 N/A 8.133
4 8.75 1.000 0.500 18213 1705.73 241.05 N/A 10.678 N/A 9.355
5 11.25 1.000 0.500 18213 1406.06 241.05 N/A 12.953 N/A 11.058
6 13.75 1.000 0.500 18213 1042.55 241.05 N/A 17.470 N/A 14.189
7 16.25 1.000 0.500 18213 554.10 241.05 N/A 32.870 N/A 22.905

RESULTS for PULLOUT

  # Metal Mats
Elevation

[ft]

Coverage
Ratio
Rc=b/Sh

Tmax
[lb/ft]

Tmd
[lb/ft]

Le
[ft]

La
[ft]

Avail.Static
Pullout, Pr

[lb/ft]

Specified
Static

Fs

Actual
Static

Fs

Avail.Seism.
Pullout, Pr

[lb/ft]

Specified
Seismic

Fs

Actual
Seismic

Fs

1 1.25 1.000 2183.7 396.3 11.25 0.75 35913.9 28731.1N/A 16.447 N/A 11.136
2 3.75 1.000 2110.5 343.5 9.75 2.25 29649.5 23719.6N/A 14.049 N/A 9.666
3 6.25 1.000 1948.9 290.6 8.25 3.75 23041.5 18433.2N/A 11.823 N/A 8.231
4 8.75 1.000 1705.7 241.1 6.84 5.16 16772.6 13418.1N/A 9.833 N/A 6.892
5 11.25 1.000 1406.1 241.1 6.84 5.16 13787.2 11029.8N/A 9.806 N/A 6.696
6 13.75 1.000 1042.6 241.1 6.84 5.16 10152.5 8122.0N/A 9.738 N/A 6.328
7 16.25 1.000 554.1 241.1 6.84 5.16 5868.6 4694.9N/A 10.591 N/A 5.904
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RESULTS for CONNECTION (static conditions)

  # Metal Mats
Elevation
   [ft]

Coverage
  ratio
Rc=b/Sh

Horizontal
spacing, Sh
   [ft]

Connection
force, To
  [lb/ft]

Reduction
factor for
connection
break,
CRu

Long-term
connection
strength,Tac
(break
criterion)
  [lb/ft]

Metal Mats
long-term
strength,
  [lb/ft]

Fs-overall
connection
break

Specified   Actual

Fs-overall
Metal Mats
strength

Specified   Actual

Product
name

1 1.25 1.000 0.500 2184 0.90 16392 18213 N/A 7.51 N/A 8.34 Caltrans W20
2 3.75 1.000 0.500 2110 0.90 16392 18213 N/A 7.77 N/A 8.63 Caltrans W20
3 6.25 1.000 0.500 1949 0.90 16392 18213 N/A 8.41 N/A 9.35 Caltrans W20
4 8.75 1.000 0.500 1706 0.90 16392 18213 N/A 9.61 N/A 10.68 Caltrans W20
5 11.25 1.000 0.500 1406 0.90 16392 18213 N/A 11.66 N/A 12.95 Caltrans W20
6 13.75 1.000 0.500 1043 0.90 16392 18213 N/A 15.72 N/A 17.47 Caltrans W20
7 16.25 1.000 0.500 554 0.90 16392 18213 N/A 29.58 N/A 32.87 Caltrans W20

RESULTS for CONNECTION (seismic conditions)

  # Metal Mats
Elevation
   [ft]

Coverage
  ratio
Rc=b/Sh

Horizontal
spacing, Sh
   [ft]

Connection
force, To
  [lb/ft]

Reduction
factor for
connection
break,
CRu

Long-term
connection
strength,Tac
(break
criterion)
  [lb/ft]

Metal Mats
long-term
strength,
  [lb/ft]

Fs-overall
connection
break

Specified   Actual

Fs-overall
Metal Mats
strength

Specified   Actual

Product
name

1 1.25 1.000 0.500 2580 0.90 16392 18213 N/A 6.35 N/A 7.06 Caltrans W20
2 3.75 1.000 0.500 2454 0.90 16392 18213 N/A 6.68 N/A 7.42 Caltrans W20
3 6.25 1.000 0.500 2239 0.90 16392 18213 N/A 7.32 N/A 8.13 Caltrans W20
4 8.75 1.000 0.500 1947 0.90 16392 18213 N/A 8.42 N/A 9.36 Caltrans W20
5 11.25 1.000 0.500 1647 0.90 16392 18213 N/A 9.95 N/A 11.06 Caltrans W20
6 13.75 1.000 0.500 1284 0.90 16392 18213 N/A 12.77 N/A 14.19 Caltrans W20
7 16.25 1.000 0.500 795 0.90 16392 18213 N/A 20.61 N/A 22.91 Caltrans W20
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SR-57 Improvements
AASHTO  DESIGN  METHOD

PROJECT IDENTIFICATION

Title: SR-57 Improvements
Project Number: RW670
Client: OCTA
Designer: RB
Station Number: 19+30

Description:

Company's information:

Name: CH2M HILL
Street: 6 Hutton Center Drive

#700
Santa Ana, CA  92707

Telephone #:
Fax #:
E-Mail:

Original file path and name: \\cheron\Projects\OCTA\370900_SR57NBWideningPSE\Design\.....
.....is\RW670_ST19+30.BEN

Original date and time of creating this file: Thu Jan 08 09:08:00 2009

PROGRAM MODE: ANALYSIS
of a SIMPLE STRUCTURE
using METAL MATS/GRIDS as reinforcing material.
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SOIL DATA

REINFORCED SOIL
Unit weight, γ 120.0 lb/ft ³
Design value of internal angle of friction, φ 34.0 °

RETAINED SOIL
Unit weight, γ 120.0 lb/ft ³
Design value of internal angle of friction, φ 34.0 °

FOUNDATION SOIL (Considered as an equivalent uniform soil)
Equivalent unit weight, γ equiv. 130.0 lb/ft ³
Equivalent internal angle of friction, φequiv. 34.0 °
Equivalent cohesion,  c equiv. 250.0 lb/ft ²

Water table does not affect bearing capacity

LATERAL EARTH PRESSURE COEFFICIENTS

Ka (internal stability) = 0.2827   (if batter is less than 10°, Ka is calculated from eq. 15.  Otherwise, eq. 38 is utilized)
Ka (external stability) = 0.2827   (if batter is less than 10°, Ka is calculated from eq. 16.  Otherwise, eq. 17 is utilized)

BEARING CAPACITY

Bearing capacity coefficients (calculated by MSEW):  Nc = 4.04 N   = 11.49γ

SEISMICITY

Maximum ground acceleration coefficient, A = 0.200
Design acceleration coefficient in Internal Stability:  Kh = 0.250
Design acceleration coefficient in External Stability:  Kh = 0.250

Kae ( Kh > 0 ) = 0.4504 Kae ( Kh = 0 )  = 0.2827 Kae = 0.1677     (see eq. 37 in DEMO 82)Δ
Seismic soil-metal mats friction coefficient, F* is 80.0% of its specified static value.
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INPUT DATA:  Metal mats/grids
(Analysis)

D  A  T  A Metal mats
type #1

Metal mats
type #2

Metal mats
type #3

Metal mats
type #4

Metal mats
type #5

Yield strength of steel, Fy  [kips/in ²]
Gross width of grid, b  [in]
Vertical spacing, Sv [ft]

65.0
6.0
Varies

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

Design cross section area, Ac  [in ²] 0.14 N/A N/A N/A N/A
Thickness of transverse element, t  [in]
Distance between transverse bars, St  [in]

0.4
6.0

N/A
N/A

N/A
N/A

N/A
N/A

N/A
N/A

Friction angle along reinforcement-soil interface, ρ
@ the top
@ 19.7 ft or below

Pullout resistance factor,  F*
@ the top
@ 19.7 ft or below

Scale-effect correction factor, α

51.25
34.00

1.25
0.62
1.00

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

Variation of Lateral Earth Pressure Coefficient With Depth

Z K / Ka
   0 ft 2.50
 3.3 ft 2.30
 6.6 ft 2.05
 9.8 ft 1.85
13.1 ft 1.65
16.4 ft 1.40
19.7 ft 1.20

   0

 6.6

 9.8

16.4

26.2

32.8

Z [ft]

0.0 1.0 2.0 3.0
K / Ka
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INPUT DATA:  Facia and Connection
(Analysis)

FACIA type:   Full height precast concrete panels.
Depth of panel is 0.50 ft.  Horizontal distance to Center of Gravity of panel is 0.25 ft.
Average unit weight of panel is   = 150.00 lb/ft ³γ f

Z / Hd    To-static / Tmax
or   To-seismic / Tmd

Top of wall

0.00
0.25
0.50
0.75
1.00

Z / Hd

1.00 0.90 0.80 0.70 0.60 0.50
To-static / Tmax   or   To-seismic / Tmd

0.00 1.00
0.25 1.00
0.50 1.00
0.75 1.00
1.00 1.00

D  A  T  A  (for connection only) Type #1 Type #2 Type #3 Type #4 Type #5

Product Name Caltrans .. N/A N/A N/A N/A
Strength reduction at the connection,

CRu = Fyc  / Fy 0.90 N/A N/A N/A N/A
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INPUT DATA:  Geometry and Surcharge loads  (of a SIMPLE STRUCTURE)

Design height, Hd 21.00 [ft] { Embedded depth is E = 2.50 ft, and height above top of finished
bottom grade is H = 18.50 ft }

Batter, ω 0.0 [deg]
Backslope, β 0.0 [deg]
Backslope rise 0.0 [ft] Broken back equivalent angle, I = 0.00°  (see Fig. 25 in DEMO 82)

U N I F O R M   S U R C H A R G E
Uniformly distributed dead load is 240.0 [lb/ft ²]

ANALYZED REINFORCEMENT LAYOUT:

SCALE:

0 2 4 6 8 10 [ft]
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ANALYSIS: CALCULATED FACTORS (Static conditions)
Bearing capacity, Fs = 2.59, Meyerhof stress = 3594 lb/ft².

Foundation Interface: Direct sliding, Fs = 3.031, Eccentricity, e/L = 0.1160, Fs-overturning = 4.31
M E T A L   M A T S C O N N E C T I O N

# Elevation Length Type
#

Fs-overall
 [pullout
resistance]

Fs-overall
[connection
    break]

Fs-overall
[metal mats
strength]

Metal mats
strength
   Fs

Pullout
resistance
   Fs

Direct
sliding
   Fs

Eccentricity
   e/L

Product
name

[ft] [ft]

1 1.25 14.50 1 N/A 7.20 8.00 8.001 19.641 3.208 0.1035 Caltrans W20
2 3.75 14.50 1 N/A 7.46 8.29 8.285 18.018 3.633 0.0805 Caltrans W20
3 6.25 14.50 1 N/A 7.60 8.44 8.440 15.604 4.190 0.0604 Caltrans W20
4 8.75 14.50 1 N/A 8.01 8.90 8.899 13.262 4.953 0.0431 Caltrans W20
5 11.25 14.50 1 N/A 8.90 9.89 9.892 11.768 6.064 0.0286 Caltrans W20
6 13.75 14.50 1 N/A 10.44 11.60 11.599 11.780 7.847 0.0169 Caltrans W20
7 16.25 14.50 1 N/A 13.19 14.66 14.658 11.709 11.237 0.0081 Caltrans W20
8 18.75 14.50 1 N/A 15.72 17.47 17.472 9.422 20.910 0.0022 Caltrans W20

ANALYSIS: CALCULATED FACTORS (Seismic conditions)
Bearing capacity, Fs = 0.89, Meyerhof stress = 6385 lb/ft².

Foundation Interface: Direct sliding, Fs = 1.522, Eccentricity, e/L = 0.2839, Fs-overturning = 1.76
M E T A L   M A T S C O N N E C T I O N

# Elevation Length Type
#

Fs-overall
 [pullout
resistance]

Fs-overall
[connection
    break]

Fs-overall
[metal mats
strength]

Metal mats
strength
   Fs

Pullout
resistance
   Fs

Direct
sliding
   Fs

Eccentricity
   e/L

Product
name

[ft] [ft]

1 1.25 14.50 1 N/A 5.86 6.51 6.514 12.793 1.619 0.2512 Caltrans W20
2 3.75 14.50 1 N/A 6.16 6.84 6.845 11.907 1.855 0.1917 Caltrans W20
3 6.25 14.50 1 N/A 6.39 7.10 7.103 10.506 2.172 0.1403 Caltrans W20
4 8.75 14.50 1 N/A 6.84 7.60 7.601 9.062 2.620 0.0969 Caltrans W20
5 11.25 14.50 1 N/A 7.62 8.47 8.467 8.059 3.301 0.0614 Caltrans W20
6 13.75 14.50 1 N/A 8.72 9.69 9.688 7.871 4.456 0.0340 Caltrans W20
7 16.25 14.50 1 N/A 10.56 11.73 11.733 7.498 6.847 0.0147 Caltrans W20
8 18.75 14.50 1 N/A 12.12 13.47 13.469 5.811 14.673 0.0033 Caltrans W20
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BEARING CAPACITY for GIVEN LAYOUT

SCALE:

0 2 4 6 8 10 [ft]

STATIC SEISMIC UNITS
(Water table does not affect bearing capacity)
Ultimate bearing capacity, q-ult 9322 5688 [lb/ft ²]
Meyerhof stress, σV 3593.9 6385 [lb/ft ²]
Eccentricity,  e 1.68 4.12 [ft]
Eccentricity,  e/L 0.116 0.284
Fs calculated 2.59 0.89
Base length 14.50 14.50 [ft]
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DIRECT SLIDING for GIVEN LAYOUT
(for METAL MATS/GRIDS reinforcements)

Along reinforced and foundation soils interface:  Fs-static = 3.031  and  Fs-seismic = 1.522

  # Metal Mats
Elevation
   [ft]

Metal Mats
Length
   [ft]

  Fs
Static

  Fs
Seismic

Metal Mats
Type  # Product name

1 1.25 14.50 3.208 1.619 1 Caltrans W20
2 3.75 14.50 3.633 1.855 1 Caltrans W20
3 6.25 14.50 4.190 2.172 1 Caltrans W20
4 8.75 14.50 4.953 2.620 1 Caltrans W20
5 11.25 14.50 6.064 3.301 1 Caltrans W20
6 13.75 14.50 7.847 4.456 1 Caltrans W20
7 16.25 14.50 11.237 6.847 1 Caltrans W20
8 18.75 14.50 20.910 14.673 1 Caltrans W20

ECCENTRICITY for GIVEN LAYOUT

At interface with foundation:  e/L static = 0.1160,  e/L seismic = 0.2839; Overturning: Fs-static = 4.31, Fs-seismic = 1.76

  # Metal Mats
Elevation
   [ft]

Metal Mats
Length
   [ft]

 e / L
Static

 e / L
Seismic

Metal Mats
Type  # Product name

1 1.25 14.50 0.1035 0.2512 1 Caltrans W20
2 3.75 14.50 0.0805 0.1917 1 Caltrans W20
3 6.25 14.50 0.0604 0.1403 1 Caltrans W20
4 8.75 14.50 0.0431 0.0969 1 Caltrans W20
5 11.25 14.50 0.0286 0.0614 1 Caltrans W20
6 13.75 14.50 0.0169 0.0340 1 Caltrans W20
7 16.25 14.50 0.0081 0.0147 1 Caltrans W20
8 18.75 14.50 0.0022 0.0033 1 Caltrans W20
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RESULTS for STRENGTH     [ Note: Actual Fs-overall = (Yield stress) / (Actual stress) ]

  # Metal Mats
Elevation
   [ft]

Coverage
  ratio,
Rc=b/Sh

Horizontal
spacing, Sh
   [ft]

Long-term
strength
Fy·Ac·Rc/b
   [lb/ft]

  Tmax
[lb/ft]

Tmd
[lb/ft]

Specified
minimum
Fs-overall
static

Actual
calculated
Fs-overall
static

Specified
minimum
Fs-overall
seismic

Actual
calculated
Fs-overall
seismic

1 1.25 1.000 0.500 18213 2276.46 519.42 N/A 8.001 N/A 6.514
2 3.75 1.000 0.500 18213 2198.19 462.75 N/A 8.285 N/A 6.845
3 6.25 1.000 0.500 18213 2157.87 406.09 N/A 8.440 N/A 7.103
4 8.75 1.000 0.500 18213 2046.69 349.43 N/A 8.899 N/A 7.601
5 11.25 1.000 0.500 18213 1841.20 309.76 N/A 9.892 N/A 8.467
6 13.75 1.000 0.500 18213 1570.20 309.76 N/A 11.599 N/A 9.688
7 16.25 1.000 0.500 18213 1242.56 309.76 N/A 14.658 N/A 11.733
8 18.75 1.000 0.500 18213 1042.43 309.76 N/A 17.472 N/A 13.469

RESULTS for PULLOUT

  # Metal Mats
Elevation

[ft]

Coverage
Ratio
Rc=b/Sh

Tmax
[lb/ft]

Tmd
[lb/ft]

Le
[ft]

La
[ft]

Avail.Static
Pullout, Pr

[lb/ft]

Specified
Static

Fs

Actual
Static

Fs

Avail.Seism.
Pullout, Pr

[lb/ft]

Specified
Seismic

Fs

Actual
Seismic

Fs

1 1.25 1.000 2276.5 519.4 13.75 0.75 44710.8 35768.6N/A 19.641 N/A 12.793
2 3.75 1.000 2198.2 462.8 12.25 2.25 39606.1 31684.9N/A 18.018 N/A 11.907
3 6.25 1.000 2157.9 406.1 10.75 3.75 33670.6 26936.5N/A 15.604 N/A 10.506
4 8.75 1.000 2046.7 349.4 9.25 5.25 27142.5 21714.0N/A 13.262 N/A 9.062
5 11.25 1.000 1841.2 309.8 8.20 6.30 21668.0 17334.4N/A 11.768 N/A 8.059
6 13.75 1.000 1570.2 309.8 8.20 6.30 18497.5 14798.0N/A 11.780 N/A 7.871
7 16.25 1.000 1242.6 309.8 8.20 6.30 14548.8 11639.0N/A 11.709 N/A 7.498
8 18.75 1.000 1042.4 309.8 8.20 6.30 9821.8 7857.5N/A 9.422 N/A 5.811
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RESULTS for CONNECTION (static conditions)

  # Metal Mats
Elevation
   [ft]

Coverage
  ratio
Rc=b/Sh

Horizontal
spacing, Sh
   [ft]

Connection
force, To
  [lb/ft]

Reduction
factor for
connection
break,
CRu

Long-term
connection
strength,Tac
(break
criterion)
  [lb/ft]

Metal Mats
long-term
strength,
  [lb/ft]

Fs-overall
connection
break

Specified   Actual

Fs-overall
Metal Mats
strength

Specified   Actual

Product
name

1 1.25 1.000 0.500 2276 0.90 16392 18213 N/A 7.20 N/A 8.00 Caltrans W20
2 3.75 1.000 0.500 2198 0.90 16392 18213 N/A 7.46 N/A 8.29 Caltrans W20
3 6.25 1.000 0.500 2158 0.90 16392 18213 N/A 7.60 N/A 8.44 Caltrans W20
4 8.75 1.000 0.500 2047 0.90 16392 18213 N/A 8.01 N/A 8.90 Caltrans W20
5 11.25 1.000 0.500 1841 0.90 16392 18213 N/A 8.90 N/A 9.89 Caltrans W20
6 13.75 1.000 0.500 1570 0.90 16392 18213 N/A 10.44 N/A 11.60 Caltrans W20
7 16.25 1.000 0.500 1243 0.90 16392 18213 N/A 13.19 N/A 14.66 Caltrans W20
8 18.75 1.000 0.500 1042 0.90 16392 18213 N/A 15.72 N/A 17.47 Caltrans W20

RESULTS for CONNECTION (seismic conditions)

  # Metal Mats
Elevation
   [ft]

Coverage
  ratio
Rc=b/Sh

Horizontal
spacing, Sh
   [ft]

Connection
force, To
  [lb/ft]

Reduction
factor for
connection
break,
CRu

Long-term
connection
strength,Tac
(break
criterion)
  [lb/ft]

Metal Mats
long-term
strength,
  [lb/ft]

Fs-overall
connection
break

Specified   Actual

Fs-overall
Metal Mats
strength

Specified   Actual

Product
name

1 1.25 1.000 0.500 2796 0.90 16392 18213 N/A 5.86 N/A 6.51 Caltrans W20
2 3.75 1.000 0.500 2661 0.90 16392 18213 N/A 6.16 N/A 6.84 Caltrans W20
3 6.25 1.000 0.500 2564 0.90 16392 18213 N/A 6.39 N/A 7.10 Caltrans W20
4 8.75 1.000 0.500 2396 0.90 16392 18213 N/A 6.84 N/A 7.60 Caltrans W20
5 11.25 1.000 0.500 2151 0.90 16392 18213 N/A 7.62 N/A 8.47 Caltrans W20
6 13.75 1.000 0.500 1880 0.90 16392 18213 N/A 8.72 N/A 9.69 Caltrans W20
7 16.25 1.000 0.500 1552 0.90 16392 18213 N/A 10.56 N/A 11.73 Caltrans W20
8 18.75 1.000 0.500 1352 0.90 16392 18213 N/A 12.12 N/A 13.47 Caltrans W20
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Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW670 ST19+30 - STATIC

Analysis Methods
Analysis Methods used: 
Bishop simplified
Spencer
Number of slices: 25
Tolerance: 0.005
Maximum number of iterations: 50

Material Properties
Material: FILL (Af)
Strength Type: Mohr-Coulomb
Unit Weight: 130 lb/ft3
Cohesion: 100 psf
Friction Angle: 34 degrees
Material: SAND (Qvof)
Strength Type: Mohr-Coulomb
Unit Weight: 120 lb/ft3
Cohesion: 250 psf
Friction Angle: 35 degrees
Material: CLAY (Qvof)
Strength Type: Mohr-Coulomb
Unit Weight: 130 lb/ft3
Cohesion: 180 psf
Friction Angle: 28 degrees
Material: RF SOIL
Strength Type: Infinite strength
Unit Weight: 120 lb/ft3
Material: BACKFILL
Strength Type: Mohr-Coulomb
Unit Weight: 120 lb/ft3
Cohesion: 200 psf
Friction Angle: 34 degrees
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    Slide Analysis Information 
     
    Document Name 
     
    File Name: RW670_ST19+30_Static.sli 
     
    Project Settings 
     
    Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW670 
ST19+30 - STATIC 
    Failure Direction: Left to Right 
    Units of Measurement: Imperial Units 
    Pore Fluid Unit Weight: 62.4 lb/ft3 
    Groundwater Method: Water Surfaces 
    Data Output: Standard 
    Calculate Excess Pore Pressure: Off 
    Allow Ru with Water Surfaces or Grids: Off 
    Random Numbers: Pseudo-random Seed 
    Random Number Seed: 10116 
    Random Number Generation Method: Park and Miller v.3 
     
    Analysis Methods 
     
    Analysis Methods used:  
    Bishop simplified 
    Spencer 
     
    Number of slices: 25 
    Tolerance: 0.005 
    Maximum number of iterations: 50 
     
    Surface Options 
     
    Surface Type: Circular 
    Search Method: Grid Search 
    Radius increment: 10 
    Composite Surfaces: Disabled 
    Reverse Curvature: Create Tension Crack 
    Minimum Elevation: Not Defined 
    Minimum Depth: Not Defined 
     
    Loading 
     
    2 Distributed Loads present: 
    Distributed Load #1 Constant Distribution, Orientation:  Normal to boundary, Magnitude:  240 
lb/ft2 
    Distributed Load #2 Constant Distribution, Orientation:  Horizontal, Magnitude:  33 lb/ft2 
     
    Material Properties 
     
    Material: FILL (Af) 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 100 psf 

    Friction Angle: 34 degrees 
    Water Surface: None 
     
    Material: SAND (Qvof) 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 120 lb/ft3 
    Cohesion: 250 psf 
    Friction Angle: 35 degrees 
    Water Surface: None 
     
    Material: CLAY (Qvof) 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 180 psf 
    Friction Angle: 28 degrees 
    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Material: RF SOIL 
    Strength Type: Infinite strength 
    Unit Weight: 120 lb/ft3 
     
    Material: BACKFILL 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 120 lb/ft3 
    Cohesion: 200 psf 
    Friction Angle: 34 degrees 
    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Global Minimums 
     
    Method: bishop simplified 
    FS: 1.985890 
    Center: 13.876, 405.711 
    Radius: 50.642 
    Left Slip Surface Endpoint: -32.113, 384.507 
    Right Slip Surface Endpoint: 30.587, 357.905 
    Resisting Moment=4.33031e+006 lb-ft 
    Driving Moment=2.18054e+006 lb-ft 
     
    Method: spencer 
    FS: 1.991260 
    Center: 13.876, 405.711 
    Radius: 50.642 
    Left Slip Surface Endpoint: -32.113, 384.507 
    Right Slip Surface Endpoint: 30.587, 357.905 
    Resisting Moment=4.34203e+006 lb-ft 
    Driving Moment=2.18054e+006 lb-ft 
    Resisting Horizontal Force=75583 lb 
    Driving Horizontal Force=37957.4 lb 
     
    Valid / Invalid Surfaces 
     
    Method: bishop simplified 
    Number of Valid Surfaces: 11209 



    Number of Invalid Surfaces: 17402 
    Error Codes:  
    Error Code -99 reported for 11961 surfaces 
    Error Code -100 reported for 29 surfaces 
    Error Code -103 reported for 544 surfaces 
    Error Code -105 reported for 87 surfaces 
    Error Code -107 reported for 38 surfaces 
    Error Code -108 reported for 1 surface 
    Error Code -109 reported for 4673 surfaces 
    Error Code -112 reported for 51 surfaces 
    Error Code -113 reported for 18 surfaces 
     
    Method: spencer 
    Number of Valid Surfaces: 10377 
    Number of Invalid Surfaces: 18234 
    Error Codes:  
    Error Code -99 reported for 11961 surfaces 
    Error Code -100 reported for 29 surfaces 
    Error Code -103 reported for 544 surfaces 
    Error Code -105 reported for 87 surfaces 
    Error Code -107 reported for 38 surfaces 
    Error Code -108 reported for 114 surfaces 
    Error Code -109 reported for 4673 surfaces 
    Error Code -111 reported for 696 surfaces 
    Error Code -112 reported for 74 surfaces 
    Error Code -113 reported for 18 surfaces 
     
    Error Codes 
     
    The following errors were encountered during the computation: 
     
    -99 = Slip surface intersects an infinite 
    strength material. If infinite strength regions 
    are defined for a model, a large number of 
    potential slip surfaces may show this error code. 
    This is Normal. 
     
    -100 = Both surface / slope intersections 
    are on the same horizontal surface. In general, this 
    will give a very high or infinite factor of safety (zero 
    driving force), if calculated. 
     
    -103 = Two surface / slope intersections, 
    but one or more surface / nonslope external polygon 
    intersections lie between them. This usually occurs 
    when the slip surface extends past the bottom of the 
    soil region, but may also occur on a benched 
    slope model with two sets of Slope Limits. 
     
    -105 = More than two surface / slope 
    intersections with no valid slip surface. 
     
    -107 = Total driving moment or 
    total driving force is negative. This will occur 
    if the wrong failure direction is specified, 
    or if high external or anchor loads are applied 

    against the failure direction. 
     
    -108 = Total driving moment 
    or total driving force < 0.1. This is to 
    limit the calculation of extremely high safety 
    factors if the driving force is very small 
    (0.1 is an arbitrary number). 
     
    -109 = Soiltype for slice base not 
    located. This error should occur very rarely, 
    if at all. It may occur if a very low number of 
    slices is combined with certain soil geometries, 
    such that the midpoint of a slice base is 
    actually outside the soil region,even though 
    the slip surface is wholly within the soil region. 
     
    -111 = safety factor equation did not converge 
     
    -112 = The coefficient M-Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) 
    < 0.2 for the final iteration of the safety factor calculation. This screens out 
    some slip surfaces which may not be valid in the context of the analysis, in 
    particular, deep seated slip surfaces with many high negative base angle 
    slices in the passive zone. 
     
    -113 = Surface intersects outside slope limits. 
     
     
    List of All Coordinates 
     
    Search Grid 
       4.202 369.952 
       57.948 369.952 
       57.948 422.539 
       4.202 422.539 
     
    Material Boundary 
       -43.760 370.541 
       -43.760 384.280 
     
    Material Boundary 
       -14.700 384.839 
       -14.700 372.754 
       -14.700 364.000 
       -0.270 364.000 
       -0.270 366.780 
     
    Material Boundary 
       -43.760 370.541 
       -31.490 373.820 
       -28.490 375.130 
       -26.360 375.440 
       -26.060 375.490 
       -22.820 374.640 
       -21.940 374.610 
       -20.750 374.400 
       -15.530 372.930 



       -14.700 372.754 
     
    Material Boundary 
       -43.760 360.000 
       23.162 360.000 
     
    Material Boundary 
       -43.760 335.000 
       100.000 335.000 
     
    External Boundary 
       -43.760 316.373 
       100.000 316.373 
       100.000 335.000 
       100.000 355.550 
       91.560 355.600 
       81.130 356.040 
       79.110 356.140 
       72.822 356.058 
       65.230 355.960 
       57.080 356.010 
       54.190 355.980 
       50.250 356.360 
       48.940 357.550 
       48.380 357.660 
       38.900 357.750 
       32.970 357.260 
       28.020 358.600 
       23.162 360.000 
       17.610 361.600 
       12.720 363.920 
       5.000 366.780 
       -0.270 366.780 
       -0.280 403.920 
       -1.110 403.920 
       -1.110 387.590 
       -1.500 385.100 
       -14.700 384.839 
       -38.230 384.390 
       -43.760 384.280 
       -43.780 384.290 
       -43.760 370.541 
       -43.760 360.000 
       -43.760 335.000 
     
    Water Table 
       -43.760 350.000 
       100.000 350.000 
     
    Distributed Load 
       -1.500 385.100 
       -14.700 384.839 
       -38.230 384.390 
       -43.760 384.280 
     
    Distributed Load 

       -1.110 403.920 
       -1.110 387.590 
       -1.500 385.100 
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Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW670 ST19+30 - STATIC

Analysis Methods
Analysis Methods used: 
Bishop simplified
Spencer
Number of slices: 25
Tolerance: 0.005
Maximum number of iterations: 50

Material Properties
Material: FILL (Af)
Strength Type: Mohr-Coulomb
Unit Weight: 130 lb/ft3
Cohesion: 100 psf
Friction Angle: 34 degrees
Material: RF SOIL
Strength Type: Infinite strength
Unit Weight: 120 lb/ft3
Material: FILL (Af) - PEAK
Strength Type: Mohr-Coulomb
Unit Weight: 130 lb/ft3
Cohesion: 250 psf
Friction Angle: 34 degrees
Material: SAND (Qvof) - PEAK
Strength Type: Mohr-Coulomb
Unit Weight: 120 lb/ft3
Cohesion: 450 psf
Friction Angle: 38 degrees
Material: CLAY (Qvof) - PEAK
Strength Type: Mohr-Coulomb
Unit Weight: 130 lb/ft3
Cohesion: 950 psf
Friction Angle: 30 degrees
Material: BACKFILL
Strength Type: Mohr-Coulomb
Unit Weight: 120 lb/ft3
Cohesion: 200 psf
Friction Angle: 34 degrees
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    Slide Analysis Information 
     
    Document Name 
     
    File Name: RW670_ST19+30_Pseudostatic.sli 
     
    Project Settings 
     
    Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW670 
ST19+30 - STATIC 
    Failure Direction: Left to Right 
    Units of Measurement: Imperial Units 
    Pore Fluid Unit Weight: 62.4 lb/ft3 
    Groundwater Method: Water Surfaces 
    Data Output: Standard 
    Calculate Excess Pore Pressure: Off 
    Allow Ru with Water Surfaces or Grids: Off 
    Random Numbers: Pseudo-random Seed 
    Random Number Seed: 10116 
    Random Number Generation Method: Park and Miller v.3 
     
    Analysis Methods 
     
    Analysis Methods used:  
    Bishop simplified 
    Spencer 
     
    Number of slices: 25 
    Tolerance: 0.005 
    Maximum number of iterations: 50 
     
    Surface Options 
     
    Surface Type: Circular 
    Search Method: Grid Search 
    Radius increment: 10 
    Composite Surfaces: Disabled 
    Reverse Curvature: Create Tension Crack 
    Minimum Elevation: Not Defined 
    Minimum Depth: Not Defined 
     
    Loading 
     
    Seismic Load Coefficient (Horizontal): 0.2 
    2 Distributed Loads present: 
    Distributed Load #1 Constant Distribution, Orientation:  Normal to boundary, Magnitude:  240 
lb/ft2 
    Distributed Load #2 Constant Distribution, Orientation:  Horizontal, Magnitude:  33 lb/ft2 
     
    Material Properties 
     
    Material: FILL (Af) 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 

    Cohesion: 100 psf 
    Friction Angle: 34 degrees 
    Water Surface: None 
     
    Material: RF SOIL 
    Strength Type: Infinite strength 
    Unit Weight: 120 lb/ft3 
     
    Material: FILL (Af) - PEAK 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 250 psf 
    Friction Angle: 34 degrees 
    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Material: SAND (Qvof) - PEAK 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 120 lb/ft3 
    Cohesion: 450 psf 
    Friction Angle: 38 degrees 
    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Material: CLAY (Qvof) - PEAK 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 950 psf 
    Friction Angle: 30 degrees 
    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Material: BACKFILL 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 120 lb/ft3 
    Cohesion: 200 psf 
    Friction Angle: 34 degrees 
    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Global Minimums 
     
    Method: bishop simplified 
    FS: 1.630480 
    Center: 6.352, 418.332 
    Radius: 58.361 
    Left Slip Surface Endpoint: -41.083, 384.333 
    Right Slip Surface Endpoint: 18.687, 361.290 
    Resisting Moment=4.76877e+006 lb-ft 
    Driving Moment=2.92476e+006 lb-ft 
     
    Method: spencer 
    FS: 1.651440 
    Center: 6.352, 418.332 
    Radius: 58.361 
    Left Slip Surface Endpoint: -41.083, 384.333 



    Right Slip Surface Endpoint: 18.687, 361.290 
    Resisting Moment=4.83006e+006 lb-ft 
    Driving Moment=2.92476e+006 lb-ft 
    Resisting Horizontal Force=76281.7 lb 
    Driving Horizontal Force=46191 lb 
     
    Valid / Invalid Surfaces 
     
    Method: bishop simplified 
    Number of Valid Surfaces: 10998 
    Number of Invalid Surfaces: 17613 
    Error Codes:  
    Error Code -99 reported for 11961 surfaces 
    Error Code -100 reported for 29 surfaces 
    Error Code -103 reported for 544 surfaces 
    Error Code -105 reported for 87 surfaces 
    Error Code -109 reported for 4673 surfaces 
    Error Code -112 reported for 301 surfaces 
    Error Code -113 reported for 18 surfaces 
     
    Method: spencer 
    Number of Valid Surfaces: 9835 
    Number of Invalid Surfaces: 18776 
    Error Codes:  
    Error Code -99 reported for 11961 surfaces 
    Error Code -100 reported for 29 surfaces 
    Error Code -103 reported for 544 surfaces 
    Error Code -105 reported for 87 surfaces 
    Error Code -108 reported for 22 surfaces 
    Error Code -109 reported for 4673 surfaces 
    Error Code -111 reported for 365 surfaces 
    Error Code -112 reported for 1077 surfaces 
    Error Code -113 reported for 18 surfaces 
     
    Error Codes 
     
    The following errors were encountered during the computation: 
     
    -99 = Slip surface intersects an infinite 
    strength material. If infinite strength regions 
    are defined for a model, a large number of 
    potential slip surfaces may show this error code. 
    This is Normal. 
     
    -100 = Both surface / slope intersections 
    are on the same horizontal surface. In general, this 
    will give a very high or infinite factor of safety (zero 
    driving force), if calculated. 
     
    -103 = Two surface / slope intersections, 
    but one or more surface / nonslope external polygon 
    intersections lie between them. This usually occurs 
    when the slip surface extends past the bottom of the 
    soil region, but may also occur on a benched 
    slope model with two sets of Slope Limits. 

     
    -105 = More than two surface / slope 
    intersections with no valid slip surface. 
     
    -108 = Total driving moment 
    or total driving force < 0.1. This is to 
    limit the calculation of extremely high safety 
    factors if the driving force is very small 
    (0.1 is an arbitrary number). 
     
    -109 = Soiltype for slice base not 
    located. This error should occur very rarely, 
    if at all. It may occur if a very low number of 
    slices is combined with certain soil geometries, 
    such that the midpoint of a slice base is 
    actually outside the soil region,even though 
    the slip surface is wholly within the soil region. 
     
    -111 = safety factor equation did not converge 
     
    -112 = The coefficient M-Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) 
    < 0.2 for the final iteration of the safety factor calculation. This screens out 
    some slip surfaces which may not be valid in the context of the analysis, in 
    particular, deep seated slip surfaces with many high negative base angle 
    slices in the passive zone. 
     
    -113 = Surface intersects outside slope limits. 
     
     
    List of All Coordinates 
     
    Search Grid 
       4.202 369.952 
       57.948 369.952 
       57.948 422.539 
       4.202 422.539 
     
    Material Boundary 
       -43.760 370.541 
       -43.760 384.280 
     
    Material Boundary 
       -14.700 384.839 
       -14.700 372.754 
       -14.700 364.000 
       -0.270 364.000 
       -0.270 366.780 
     
    Material Boundary 
       -43.760 370.541 
       -31.490 373.820 
       -28.490 375.130 
       -26.360 375.440 
       -26.060 375.490 
       -22.820 374.640 



       -21.940 374.610 
       -20.750 374.400 
       -15.530 372.930 
       -14.700 372.754 
     
    Material Boundary 
       -43.760 360.000 
       23.162 360.000 
     
    Material Boundary 
       -43.760 335.000 
       100.000 335.000 
     
    External Boundary 
       -43.760 316.373 
       100.000 316.373 
       100.000 335.000 
       100.000 355.550 
       91.560 355.600 
       81.130 356.040 
       79.110 356.140 
       72.822 356.058 
       65.230 355.960 
       57.080 356.010 
       54.190 355.980 
       50.250 356.360 
       48.940 357.550 
       48.380 357.660 
       38.900 357.750 
       32.970 357.260 
       28.020 358.600 
       23.162 360.000 
       17.610 361.600 
       12.720 363.920 
       5.000 366.780 
       -0.270 366.780 
       -0.280 403.920 
       -1.110 403.920 
       -1.110 387.590 
       -1.500 385.100 
       -14.700 384.839 
       -38.230 384.390 
       -43.760 384.280 
       -43.780 384.290 
       -43.760 370.541 
       -43.760 360.000 
       -43.760 335.000 
     
    Water Table 
       -43.760 350.000 
       100.000 350.000 
     
    Distributed Load 
       -1.500 385.100 
       -14.700 384.839 

       -38.230 384.390 
       -43.760 384.280 
     
    Distributed Load 
       -1.110 403.920 
       -1.110 387.590 
       -1.500 385.100 
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Analysis Description RW670 ST15+35 to ST19+30
Company CH2M HILLDrawn By RB
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SR-57 Settlement Analysis
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Reference Stage: None

Analysis Description
RW670 ST15+35 to ST19+30

Company
CH2M HILL

Drawn By
RB

File Name
RW670_ST15+35toST19+30_profile 1.s3z

Date
2/11/2009, 1:54:44 PM

Project

SR-57 Settlement Analysis

SETTLE3D 1.011



Settle3D Analysis Information

Project Settings
Project Title: SR-57 Settlement Analysis
Analysis: RW670 ST15+35 to ST19+30
Author: RB
Company: CH2M HILL
Date Created: 2/11/2009, 1:54:44 PM
Stress Computation Method: Boussinesq
Groundwater method: Water Table
Water Unit Weight: 0.0624 kips/ft3
Depth to water table: 0 [ft]

Stage Settings
NameStage #

Stage 11

Results
Stage: Stage 1

MaximumMinimumData Type

0.9354310Total Settlement [in]

0.5137810Consolidation Settlement [in]

0.421650Immediate Settlement [in]

3.420010Loading Stress [ksf]

4.125790Effective Stress [ksf]

8.025790Total Stress [ksf]

0.003599550Total Strain

3.90Pore Water Pressure [ksf]

1000Degree of Consolidation [%]

Loads
Rectangular Load

Length: 80 ft
Width: 10.82 ft
Rotation angle: 0 degrees
Load: 3.42 ksf
Depth: 0 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

0325

Page 1 of 3
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0405

10.82405

10.82325

Rectangular Load

Length: 145 ft
Width: 9.1 ft
Rotation angle: 0 degrees
Load: 3.085 ksf
Depth: 0 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

0180

0325

9.1325

9.1180

Rectangular Load

Length: 100 ft
Width: 9.1 ft
Rotation angle: 0 degrees
Load: 3.085 ksf
Depth: 2.5 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

080

0180

9.1180

9.180

Rectangular Load

Length: 80 ft
Width: 9.1 ft
Rotation angle: 0 degrees
Load: 3.085 ksf
Depth: 5 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

0-5.68434e-014

080

9.180

9.1-5.68434e-014
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Soil Layers
Depth [ft]Thickness [ft]TypeLayer #

027.5SAND (Qvof)1

27.520CLAY 3 (Qvof)2

47.515SAND (Qvof)3

Soil Properties
CLAY 3 (Qvof)

0.13Unit Weight [kips/ft3]

0.13Saturated Unit Weight [kips/ft3]

EnabledPrimary Consolidation

Non-LinearMaterial Type

0.02Cce

0.002Cre

1OCR

SAND (Qvof)

0.12Unit Weight [kips/ft3]

0.12Saturated Unit Weight [kips/ft3]

EnabledImmediate Settlement

1600Es [ksf]

1600Eur [ksf]

Query Points
Number of Divisions(X,Y) LocationString #

55365, 5.411

Grid
Number of points: 280
Expansion Factor: 2

Grid Coordinates

Y [ft]X [ft]

50.82445

-40445

-40-40

50.82-40
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Analysis Description
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File Name
RW670_ST15+35toST19+30_profile 2.s3z

Date
2/11/2009, 1:54:44 PM

Project

SR-57 Settlement Analysis

SETTLE3D 1.011



0

10

20

30

40

50

60

70

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4

D
e
p
th

 (
ft
)

Total Settlement (in)

Total Settlement vs. Depth

Query Point 1 (Stage Stage 1)
Reference Stage: None

Analysis Description
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Company
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Drawn By
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File Name
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Settle3D Analysis Information

Project Settings
Project Title: SR-57 Settlement Analysis
Analysis: RW670 ST15+35 to ST19+30
Author: RB
Company: CH2M HILL
Date Created: 2/11/2009, 1:54:44 PM
Stress Computation Method: Boussinesq
Groundwater method: Water Table
Water Unit Weight: 0.0624 kips/ft3
Depth to water table: 0 [ft]

Stage Settings
NameStage #

Stage 11

Results
Stage: Stage 1

MaximumMinimumData Type

2.421270Total Settlement [in]

2.380970Consolidation Settlement [in]

0.04078040Immediate Settlement [in]

3.420020Loading Stress [ksf]

4.554650Effective Stress [ksf]

8.610650Total Stress [ksf]

0.06197420Total Strain

4.0560Pore Water Pressure [ksf]

1000Degree of Consolidation [%]

Loads
Rectangular Load

Length: 80 ft
Width: 10.82 ft
Rotation angle: 0 degrees
Load: 3.42 ksf
Depth: 0 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

0325

Page 1 of 4
SETTLE3D 1.011

RW670_ST15+35toST19+30_profile 2.s3z CH2M HILL   2/11/2009, 1:54:44 PM

0405

10.82405

10.82325

Rectangular Load

Length: 145 ft
Width: 9.1 ft
Rotation angle: 0 degrees
Load: 3.085 ksf
Depth: 0 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

0180

0325

9.1325

9.1180

Rectangular Load

Length: 100 ft
Width: 9.1 ft
Rotation angle: 0 degrees
Load: 3.085 ksf
Depth: 2.5 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

080

0180

9.1180

9.180

Rectangular Load

Length: 80 ft
Width: 9.1 ft
Rotation angle: 0 degrees
Load: 3.085 ksf
Depth: 5 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

0-5.68434e-014

080

9.180

9.1-5.68434e-014

Page 2 of 4
SETTLE3D 1.011

RW670_ST15+35toST19+30_profile 2.s3z CH2M HILL   2/11/2009, 1:54:44 PM



Soil Layers
Depth [ft]Thickness [ft]TypeLayer #

015CLAY 1 (Qvof)1

1515CLAY 2 (Qvof)2

3020CLAY 3 (Qvof)3

5015SAND (Qvof)4

Soil Properties
CLAY 1 (Qvof)

0.13Unit Weight [kips/ft3]

0.13Saturated Unit Weight [kips/ft3]

EnabledPrimary Consolidation

Non-LinearMaterial Type

0.02Cce

0.002Cre

3OCR

CLAY 2 (Qvof)

0.13Unit Weight [kips/ft3]

0.13Saturated Unit Weight [kips/ft3]

EnabledPrimary Consolidation

Non-LinearMaterial Type

0.02Cce

0.002Cre

1.5OCR

CLAY 3 (Qvof)

0.13Unit Weight [kips/ft3]

0.13Saturated Unit Weight [kips/ft3]

EnabledPrimary Consolidation

Non-LinearMaterial Type

0.02Cce

0.002Cre

1OCR

SAND (Qvof)

0.12Unit Weight [kips/ft3]

0.12Saturated Unit Weight [kips/ft3]
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EnabledImmediate Settlement

1600Es [ksf]

1600Eur [ksf]

Query Points
Number of Divisions(X,Y) LocationString #

7140, 4.551

Grid
Number of points: 280
Expansion Factor: 2

Grid Coordinates

Y [ft]X [ft]

50.82445

-40445

-40-40

50.82-40

Page 4 of 4
SETTLE3D 1.011

RW670_ST15+35toST19+30_profile 2.s3z CH2M HILL   2/11/2009, 1:54:44 PM



Retaining Wall RW 684



Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 

MSEW -- Mechanically Stabilized Earth Walls SR-57 MSE WALL DESIGN
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SR-57 MSE WALL DESIGN
AASHTO  DESIGN  METHOD

PROJECT IDENTIFICATION

Title: SR-57 MSE WALL DESIGN
Project Number: RW684
Client: OCTA
Designer: RB
Station Number: ST10+10

Description:

Company's information:

Name: CH2M HILL
Street: 6 Hutton Center Drive, #800

Santa Ana, CA  92707
Telephone #: 714-424-2900
Fax #:
E-Mail:

Original file path and name: \\cheron\Projects\OCTA\370900_SR57NBWideningPSE\Design\.....
.....684_ST16+70_h=18.BEN

Original date and time of creating this file: Fri Jan 02 13:26:08 2009

PROGRAM MODE: ANALYSIS
of a SIMPLE STRUCTURE
using METAL MATS/GRIDS as reinforcing material.

Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 

SR-57 MSE WALL DESIGN
Copyright © 1998-2008 ADAMA Engineering, Inc.  License number  MSEW-301754
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SOIL DATA

REINFORCED SOIL
Unit weight, γ 120.0 lb/ft ³
Design value of internal angle of friction, φ 34.0 °

RETAINED SOIL
Unit weight, γ 120.0 lb/ft ³
Design value of internal angle of friction, φ 34.0 °

FOUNDATION SOIL (Considered as an equivalent uniform soil)
Equivalent unit weight, γ equiv. 130.0 lb/ft ³
Equivalent internal angle of friction, φequiv. 33.0 °
Equivalent cohesion,  c equiv. 800.0 lb/ft ²

Water table does not affect bearing capacity

LATERAL EARTH PRESSURE COEFFICIENTS

Ka (internal stability) = 0.2827   (if batter is less than 10°, Ka is calculated from eq. 15.  Otherwise, eq. 38 is utilized)
Ka (external stability) = 0.2827   (if batter is less than 10°, Ka is calculated from eq. 16.  Otherwise, eq. 17 is utilized)

BEARING CAPACITY

Bearing capacity coefficients (calculated by MSEW):  Nc = 12.01 N   = 9.31γ

SEISMICITY

Maximum ground acceleration coefficient, A = 0.200
Design acceleration coefficient in Internal Stability:  Kh = 0.250
Design acceleration coefficient in External Stability:  Kh = 0.250

Kae ( Kh > 0 ) = 0.4504 Kae ( Kh = 0 )  = 0.2827 Kae = 0.1677     (see eq. 37 in DEMO 82)Δ
Seismic soil-metal mats friction coefficient, F* is 80.0% of its specified static value.
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INPUT DATA:  Metal mats/grids
(Analysis)

D  A  T  A Metal mats
type #1

Metal mats
type #2

Metal mats
type #3

Metal mats
type #4

Metal mats
type #5

Yield strength of steel, Fy  [kips/in ²]
Gross width of grid, b  [in]
Vertical spacing, Sv [ft]

65.0
12.5
Varies

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

Design cross section area, Ac  [in ²] 0.14 N/A N/A N/A N/A
Thickness of transverse element, t  [in]
Distance between transverse bars, St  [in]

0.4
6.0

N/A
N/A

N/A
N/A

N/A
N/A

N/A
N/A

Friction angle along reinforcement-soil interface, ρ
@ the top
@ 19.7 ft or below

Pullout resistance factor,  F*
@ the top
@ 19.7 ft or below

Scale-effect correction factor, α

51.25
34.00

1.25
0.62
1.00

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

Variation of Lateral Earth Pressure Coefficient With Depth

Z K / Ka
   0 ft 2.50
 3.3 ft 2.30
 6.6 ft 2.05
 9.8 ft 1.85
13.1 ft 1.65
16.4 ft 1.40
19.7 ft 1.20

   0

 6.6

 9.8

16.4

26.2

32.8

Z [ft]

0.0 1.0 2.0 3.0
K / Ka
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INPUT DATA:  Facia and Connection
(Analysis)

FACIA type:   Full height precast concrete panels.
Depth of panel is 0.50 ft.  Horizontal distance to Center of Gravity of panel is 0.25 ft.
Average unit weight of panel is   = 150.00 lb/ft ³γ f

Z / Hd    To-static / Tmax
or   To-seismic / Tmd

Top of wall

0.00
0.25
0.50
0.75
1.00

Z / Hd

1.00 0.90 0.80 0.70 0.60 0.50
To-static / Tmax   or   To-seismic / Tmd

0.00 1.00
0.25 1.00
0.50 1.00
0.75 1.00
1.00 1.00

D  A  T  A  (for connection only) Type #1 Type #2 Type #3 Type #4 Type #5

Product Name CALTRANS N/A N/A N/A N/A
Strength reduction at the connection,

CRu = Fyc  / Fy 0.90 N/A N/A N/A N/A
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INPUT DATA:  Geometry and Surcharge loads  (of a SIMPLE STRUCTURE)

Design height, Hd 17.50 [ft] { Embedded depth is E = 4.00 ft, and height above top of finished
bottom grade is H = 13.50 ft }

Batter, ω 0.0 [deg]
Backslope, β 0.0 [deg]
Backslope rise 0.0 [ft] Broken back equivalent angle, I = 0.00°  (see Fig. 25 in DEMO 82)

U N I F O R M   S U R C H A R G E
Uniformly distributed dead load is 240.0 [lb/ft ²]

ANALYZED REINFORCEMENT LAYOUT:

SCALE:

0 2 4 6 8 10 [ft]
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ANALYSIS: CALCULATED FACTORS (Static conditions)
Bearing capacity, Fs = 4.90, Meyerhof stress = 3085 lb/ft².

Foundation Interface: Direct sliding, Fs = 2.968, Eccentricity, e/L = 0.1208, Fs-overturning = 4.14
M E T A L   M A T S C O N N E C T I O N

# Elevation Length Type
#

Fs-overall
 [pullout
resistance]

Fs-overall
[connection
    break]

Fs-overall
[metal mats
strength]

Metal mats
strength
   Fs

Pullout
resistance
   Fs

Direct
sliding
   Fs

Eccentricity
   e/L

Product
name

[ft] [ft]

1 1.25 12.00 1 N/A 7.49 8.33 8.327 34.328 3.176 0.1053 CALTRANS
2 3.75 12.00 1 N/A 7.72 8.58 8.579 29.303 3.695 0.0776 CALTRANS
3 6.25 12.00 1 N/A 8.31 9.23 9.231 24.635 4.422 0.0539 CALTRANS
4 8.75 12.00 1 N/A 9.43 10.48 10.478 20.217 5.517 0.0344 CALTRANS
5 11.25 12.00 1 N/A 11.34 12.60 12.598 20.177 7.374 0.0190 CALTRANS
6 13.75 12.00 1 N/A 15.02 16.69 16.693 20.040 11.329 0.0078 CALTRANS
7 16.25 12.00 1 N/A 24.85 27.61 27.614 20.053 28.357 0.0011 CALTRANS

ANALYSIS: CALCULATED FACTORS (Seismic conditions)
Bearing capacity, Fs = 2.30, Meyerhof stress = 5520 lb/ft².

Foundation Interface: Direct sliding, Fs = 1.513, Eccentricity, e/L = 0.2881, Fs-overturning = 1.74
M E T A L   M A T S C O N N E C T I O N

# Elevation Length Type
#

Fs-overall
 [pullout
resistance]

Fs-overall
[connection
    break]

Fs-overall
[metal mats
strength]

Metal mats
strength
   Fs

Pullout
resistance
   Fs

Direct
sliding
   Fs

Eccentricity
   e/L

Product
name

[ft] [ft]

1 1.25 12.00 1 N/A 6.30 7.00 7.004 23.099 1.631 0.2485 CALTRANS
2 3.75 12.00 1 N/A 6.61 7.34 7.341 20.059 1.930 0.1780 CALTRANS
3 6.25 12.00 1 N/A 7.20 8.00 8.002 17.085 2.363 0.1193 CALTRANS
4 8.75 12.00 1 N/A 8.25 9.17 9.171 14.155 3.048 0.0723 CALTRANS
5 11.25 12.00 1 N/A 9.68 10.75 10.754 13.779 4.287 0.0370 CALTRANS
6 13.75 12.00 1 N/A 12.24 13.60 13.602 13.064 7.210 0.0134 CALTRANS
7 16.25 12.00 1 N/A 18.06 20.07 20.071 11.660 22.134 0.0015 CALTRANS

Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 

SR-57 MSE WALL DESIGN
Copyright © 1998-2008 ADAMA Engineering, Inc.  License number  MSEW-301754

Page 6 of  10

Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 



Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 

MSEW -- Mechanically Stabilized Earth Walls SR-57 MSE WALL DESIGN
Present Date/Time:  Fri Feb 20 15:24:50 2009 \\c.....al\Reports\Retaining Wall Report\RW684\Appendix C\MSE Wall Analysis\RW684_ST16+70_h=18.BEN

Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 

BEARING CAPACITY for GIVEN LAYOUT

SCALE:

0 2 4 6 8 10 [ft]

STATIC SEISMIC UNITS
(Water table does not affect bearing capacity)
Ultimate bearing capacity, q-ult 15118 12687 [lb/ft ²]
Meyerhof stress, σV 3085.2 5520 [lb/ft ²]
Eccentricity,  e 1.45 3.46 [ft]
Eccentricity,  e/L 0.121 0.288
Fs calculated 4.90 2.30
Base length 12.00 12.00 [ft]
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DIRECT SLIDING for GIVEN LAYOUT
(for METAL MATS/GRIDS reinforcements)

Along reinforced and foundation soils interface:  Fs-static = 2.968  and  Fs-seismic = 1.513

  # Metal Mats
Elevation
   [ft]

Metal Mats
Length
   [ft]

  Fs
Static

  Fs
Seismic

Metal Mats
Type  # Product name

1 1.25 12.00 3.176 1.631 1 CALTRANS
2 3.75 12.00 3.695 1.930 1 CALTRANS
3 6.25 12.00 4.422 2.363 1 CALTRANS
4 8.75 12.00 5.517 3.048 1 CALTRANS
5 11.25 12.00 7.374 4.287 1 CALTRANS
6 13.75 12.00 11.329 7.210 1 CALTRANS
7 16.25 12.00 28.357 22.134 1 CALTRANS

ECCENTRICITY for GIVEN LAYOUT

At interface with foundation:  e/L static = 0.1208,  e/L seismic = 0.2881; Overturning: Fs-static = 4.14, Fs-seismic = 1.74

  # Metal Mats
Elevation
   [ft]

Metal Mats
Length
   [ft]

 e / L
Static

 e / L
Seismic

Metal Mats
Type  # Product name

1 1.25 12.00 0.1053 0.2485 1 CALTRANS
2 3.75 12.00 0.0776 0.1780 1 CALTRANS
3 6.25 12.00 0.0539 0.1193 1 CALTRANS
4 8.75 12.00 0.0344 0.0723 1 CALTRANS
5 11.25 12.00 0.0190 0.0370 1 CALTRANS
6 13.75 12.00 0.0078 0.0134 1 CALTRANS
7 16.25 12.00 0.0011 0.0015 1 CALTRANS
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RESULTS for STRENGTH     [ Note: Actual Fs-overall = (Yield stress) / (Actual stress) ]

  # Metal Mats
Elevation
   [ft]

Coverage
  ratio,
Rc=b/Sh

Horizontal
spacing, Sh
   [ft]

Long-term
strength
Fy·Ac·Rc/b
   [lb/ft]

  Tmax
[lb/ft]

Tmd
[lb/ft]

Specified
minimum
Fs-overall
static

Actual
calculated
Fs-overall
static

Specified
minimum
Fs-overall
seismic

Actual
calculated
Fs-overall
seismic

1 1.25 2.084 0.500 18226 2188.91 413.43 N/A 8.327 N/A 7.004
2 3.75 2.084 0.500 18226 2124.39 358.31 N/A 8.579 N/A 7.341
3 6.25 2.084 0.500 18226 1974.51 303.19 N/A 9.231 N/A 8.002
4 8.75 2.084 0.500 18226 1739.39 248.06 N/A 10.478 N/A 9.171
5 11.25 2.084 0.500 18226 1446.71 248.06 N/A 12.598 N/A 10.754
6 13.75 2.084 0.500 18226 1091.87 248.06 N/A 16.693 N/A 13.602
7 16.25 2.084 0.500 18226 660.03 248.06 N/A 27.614 N/A 20.071

RESULTS for PULLOUT

  # Metal Mats
Elevation

[ft]

Coverage
Ratio
Rc=b/Sh

Tmax
[lb/ft]

Tmd
[lb/ft]

Le
[ft]

La
[ft]

Avail.Static
Pullout, Pr

[lb/ft]

Specified
Static

Fs

Actual
Static

Fs

Avail.Seism.
Pullout, Pr

[lb/ft]

Specified
Seismic

Fs

Actual
Seismic

Fs

1 1.25 2.084 2188.9 413.4 11.25 0.75 75139.9 60111.9N/A 34.328 N/A 23.099
2 3.75 2.084 2124.4 358.3 9.75 2.25 62251.9 49801.5N/A 29.303 N/A 20.059
3 6.25 2.084 1974.5 303.2 8.25 3.75 48642.7 38914.2N/A 24.635 N/A 17.085
4 8.75 2.084 1739.4 248.1 6.75 5.25 35165.3 28132.2N/A 20.217 N/A 14.155
5 11.25 2.084 1446.7 248.1 6.75 5.25 29190.7 23352.6N/A 20.177 N/A 13.779
6 13.75 2.084 1091.9 248.1 6.75 5.25 21880.7 17504.6N/A 20.040 N/A 13.064
7 16.25 2.084 660.0 248.1 6.75 5.25 13235.4 10588.3N/A 20.053 N/A 11.660
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RESULTS for CONNECTION (static conditions)

  # Metal Mats
Elevation
   [ft]

Coverage
  ratio
Rc=b/Sh

Horizontal
spacing, Sh
   [ft]

Connection
force, To
  [lb/ft]

Reduction
factor for
connection
break,
CRu

Long-term
connection
strength,Tac
(break
criterion)
  [lb/ft]

Metal Mats
long-term
strength,
  [lb/ft]

Fs-overall
connection
break

Specified   Actual

Fs-overall
Metal Mats
strength

Specified   Actual

Product
name

1 1.25 2.084 0.500 2189 0.90 16403 18226 N/A 7.49 N/A 8.33 CALTRANS
2 3.75 2.084 0.500 2124 0.90 16403 18226 N/A 7.72 N/A 8.58 CALTRANS
3 6.25 2.084 0.500 1975 0.90 16403 18226 N/A 8.31 N/A 9.23 CALTRANS
4 8.75 2.084 0.500 1739 0.90 16403 18226 N/A 9.43 N/A 10.48 CALTRANS
5 11.25 2.084 0.500 1447 0.90 16403 18226 N/A 11.34 N/A 12.60 CALTRANS
6 13.75 2.084 0.500 1092 0.90 16403 18226 N/A 15.02 N/A 16.69 CALTRANS
7 16.25 2.084 0.500 660 0.90 16403 18226 N/A 24.85 N/A 27.61 CALTRANS

RESULTS for CONNECTION (seismic conditions)

  # Metal Mats
Elevation
   [ft]

Coverage
  ratio
Rc=b/Sh

Horizontal
spacing, Sh
   [ft]

Connection
force, To
  [lb/ft]

Reduction
factor for
connection
break,
CRu

Long-term
connection
strength,Tac
(break
criterion)
  [lb/ft]

Metal Mats
long-term
strength,
  [lb/ft]

Fs-overall
connection
break

Specified   Actual

Fs-overall
Metal Mats
strength

Specified   Actual

Product
name

1 1.25 2.084 0.500 2602 0.90 16403 18226 N/A 6.30 N/A 7.00 CALTRANS
2 3.75 2.084 0.500 2483 0.90 16403 18226 N/A 6.61 N/A 7.34 CALTRANS
3 6.25 2.084 0.500 2278 0.90 16403 18226 N/A 7.20 N/A 8.00 CALTRANS
4 8.75 2.084 0.500 1987 0.90 16403 18226 N/A 8.25 N/A 9.17 CALTRANS
5 11.25 2.084 0.500 1695 0.90 16403 18226 N/A 9.68 N/A 10.75 CALTRANS
6 13.75 2.084 0.500 1340 0.90 16403 18226 N/A 12.24 N/A 13.60 CALTRANS
7 16.25 2.084 0.500 908 0.90 16403 18226 N/A 18.06 N/A 20.07 CALTRANS
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SR-57 MSE WALL DESIGN
AASHTO  DESIGN  METHOD

PROJECT IDENTIFICATION

Title: SR-57 MSE WALL DESIGN
Project Number: RW684
Client: OCTA
Designer: RB
Station Number: ST16+70

Description:

Company's information:

Name: CH2M HILL
Street: 6 Hutton Center Drive, #800

Santa Ana, CA  92707
Telephone #: 714-424-2900
Fax #:
E-Mail:

Original file path and name: \\cheron\Projects\OCTA\370900_SR57NBWideningPSE\Design\.....
.....684_ST16+70_h=18.BEN

Original date and time of creating this file: Fri Jan 02 13:26:08 2009

PROGRAM MODE: ANALYSIS
of a SIMPLE STRUCTURE
using METAL MATS/GRIDS as reinforcing material.
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SOIL DATA

REINFORCED SOIL
Unit weight, γ 120.0 lb/ft ³
Design value of internal angle of friction, φ 34.0 °

RETAINED SOIL
Unit weight, γ 120.0 lb/ft ³
Design value of internal angle of friction, φ 34.0 °

FOUNDATION SOIL (Considered as an equivalent uniform soil)
Equivalent unit weight, γ equiv. 130.0 lb/ft ³
Equivalent internal angle of friction, φequiv. 33.0 °
Equivalent cohesion,  c equiv. 800.0 lb/ft ²

Water table does not affect bearing capacity

LATERAL EARTH PRESSURE COEFFICIENTS

Ka (internal stability) = 0.2827   (if batter is less than 10°, Ka is calculated from eq. 15.  Otherwise, eq. 38 is utilized)
Ka (external stability) = 0.2827   (if batter is less than 10°, Ka is calculated from eq. 16.  Otherwise, eq. 17 is utilized)

BEARING CAPACITY

Bearing capacity coefficients (calculated by MSEW):  Nc = 2.20 N   = 9.31γ

SEISMICITY

Maximum ground acceleration coefficient, A = 0.200
Design acceleration coefficient in Internal Stability:  Kh = 0.250
Design acceleration coefficient in External Stability:  Kh = 0.250

Kae ( Kh > 0 ) = 0.4504 Kae ( Kh = 0 )  = 0.2827 Kae = 0.1677     (see eq. 37 in DEMO 82)Δ
Seismic soil-metal mats friction coefficient, F* is 80.0% of its specified static value.
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INPUT DATA:  Metal mats/grids
(Analysis)

D  A  T  A Metal mats
type #1

Metal mats
type #2

Metal mats
type #3

Metal mats
type #4

Metal mats
type #5

Yield strength of steel, Fy  [kips/in ²]
Gross width of grid, b  [in]
Vertical spacing, Sv [ft]

65.0
12.5
Varies

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

Design cross section area, Ac  [in ²] 0.14 N/A N/A N/A N/A
Thickness of transverse element, t  [in]
Distance between transverse bars, St  [in]

0.4
6.0

N/A
N/A

N/A
N/A

N/A
N/A

N/A
N/A

Friction angle along reinforcement-soil interface, ρ
@ the top
@ 19.7 ft or below

Pullout resistance factor,  F*
@ the top
@ 19.7 ft or below

Scale-effect correction factor, α

51.25
34.00

1.25
0.62
1.00

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

Variation of Lateral Earth Pressure Coefficient With Depth

Z K / Ka
   0 ft 2.50
 3.3 ft 2.30
 6.6 ft 2.05
 9.8 ft 1.85
13.1 ft 1.65
16.4 ft 1.40
19.7 ft 1.20

   0

 6.6

 9.8

16.4

26.2

32.8

Z [ft]

0.0 1.0 2.0 3.0
K / Ka
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INPUT DATA:  Facia and Connection
(Analysis)

FACIA type:   Full height precast concrete panels.
Depth of panel is 0.50 ft.  Horizontal distance to Center of Gravity of panel is 0.25 ft.
Average unit weight of panel is   = 150.00 lb/ft ³γ f

Z / Hd    To-static / Tmax
or   To-seismic / Tmd

Top of wall

0.00
0.25
0.50
0.75
1.00

Z / Hd

1.00 0.90 0.80 0.70 0.60 0.50
To-static / Tmax   or   To-seismic / Tmd

0.00 1.00
0.25 1.00
0.50 1.00
0.75 1.00
1.00 1.00

D  A  T  A  (for connection only) Type #1 Type #2 Type #3 Type #4 Type #5

Product Name CALTRANS N/A N/A N/A N/A
Strength reduction at the connection,

CRu = Fyc  / Fy 0.90 N/A N/A N/A N/A
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INPUT DATA:  Geometry and Surcharge loads  (of a SIMPLE STRUCTURE)

Design height, Hd 18.03 [ft] { Embedded depth is E = 4.70 ft, and height above top of finished
bottom grade is H = 13.33 ft }

Batter, ω 0.0 [deg]
Backslope, β 0.0 [deg]
Backslope rise 0.0 [ft] Broken back equivalent angle, I = 0.00°  (see Fig. 25 in DEMO 82)

U N I F O R M   S U R C H A R G E
Uniformly distributed dead load is 240.0 [lb/ft ²]

ANALYZED REINFORCEMENT LAYOUT:

SCALE:

0 2 4 6 8 10 [ft]
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ANALYSIS: CALCULATED FACTORS (Static conditions)
Bearing capacity, Fs = 2.58, Meyerhof stress = 3072 lb/ft².

Foundation Interface: Direct sliding, Fs = 3.128, Eccentricity, e/L = 0.1087, Fs-overturning = 4.60
M E T A L   M A T S C O N N E C T I O N

# Elevation Length Type
#

Fs-overall
 [pullout
resistance]

Fs-overall
[connection
    break]

Fs-overall
[metal mats
strength]

Metal mats
strength
   Fs

Pullout
resistance
   Fs

Direct
sliding
   Fs

Eccentricity
   e/L

Product
name

[ft] [ft]

1 1.25 13.00 1 N/A 7.47 8.30 8.302 37.474 3.341 0.0952 CALTRANS
2 3.75 13.00 1 N/A 7.65 8.49 8.495 32.382 3.869 0.0708 CALTRANS
3 6.25 13.00 1 N/A 8.14 9.04 9.040 27.603 4.598 0.0499 CALTRANS
4 8.75 13.00 1 N/A 9.14 10.16 10.156 23.195 5.678 0.0325 CALTRANS
5 11.25 13.00 1 N/A 10.84 12.04 12.041 22.713 7.452 0.0187 CALTRANS
6 13.75 13.00 1 N/A 13.98 15.53 15.530 22.560 10.993 0.0084 CALTRANS
7 16.25 13.00 1 N/A 19.17 21.30 21.303 19.954 22.791 0.0018 CALTRANS

ANALYSIS: CALCULATED FACTORS (Seismic conditions)
Bearing capacity, Fs = 1.10, Meyerhof stress = 5018 lb/ft².

Foundation Interface: Direct sliding, Fs = 1.591, Eccentricity, e/L = 0.2605, Fs-overturning = 1.92
M E T A L   M A T S C O N N E C T I O N

# Elevation Length Type
#

Fs-overall
 [pullout
resistance]

Fs-overall
[connection
    break]

Fs-overall
[metal mats
strength]

Metal mats
strength
   Fs

Pullout
resistance
   Fs

Direct
sliding
   Fs

Eccentricity
   e/L

Product
name

[ft] [ft]

1 1.25 13.00 1 N/A 6.25 6.95 6.947 25.086 1.710 0.2257 CALTRANS
2 3.75 13.00 1 N/A 6.51 7.23 7.229 22.045 2.012 0.1636 CALTRANS
3 6.25 13.00 1 N/A 7.01 7.79 7.791 19.030 2.444 0.1114 CALTRANS
4 8.75 13.00 1 N/A 7.94 8.82 8.824 16.123 3.111 0.0693 CALTRANS
5 11.25 13.00 1 N/A 9.22 10.25 10.245 15.460 4.276 0.0371 CALTRANS
6 13.75 13.00 1 N/A 11.40 12.67 12.666 14.720 6.826 0.0148 CALTRANS
7 16.25 13.00 1 N/A 14.63 16.26 16.260 12.184 16.713 0.0026 CALTRANS
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BEARING CAPACITY for GIVEN LAYOUT

SCALE:

0 2 4 6 8 10 [ft]

STATIC SEISMIC UNITS
(Water table does not affect bearing capacity)
Ultimate bearing capacity, q-ult 7916 5527 [lb/ft ²]
Meyerhof stress, σV 3071.6 5018 [lb/ft ²]
Eccentricity,  e 1.41 3.39 [ft]
Eccentricity,  e/L 0.109 0.261
Fs calculated 2.58 1.10
Base length 13.00 13.00 [ft]
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DIRECT SLIDING for GIVEN LAYOUT
(for METAL MATS/GRIDS reinforcements)

Along reinforced and foundation soils interface:  Fs-static = 3.128  and  Fs-seismic = 1.591

  # Metal Mats
Elevation
   [ft]

Metal Mats
Length
   [ft]

  Fs
Static

  Fs
Seismic

Metal Mats
Type  # Product name

1 1.25 13.00 3.341 1.710 1 CALTRANS
2 3.75 13.00 3.869 2.012 1 CALTRANS
3 6.25 13.00 4.598 2.444 1 CALTRANS
4 8.75 13.00 5.678 3.111 1 CALTRANS
5 11.25 13.00 7.452 4.276 1 CALTRANS
6 13.75 13.00 10.993 6.826 1 CALTRANS
7 16.25 13.00 22.791 16.713 1 CALTRANS

ECCENTRICITY for GIVEN LAYOUT

At interface with foundation:  e/L static = 0.1087,  e/L seismic = 0.2605; Overturning: Fs-static = 4.60, Fs-seismic = 1.92

  # Metal Mats
Elevation
   [ft]

Metal Mats
Length
   [ft]

 e / L
Static

 e / L
Seismic

Metal Mats
Type  # Product name

1 1.25 13.00 0.0952 0.2257 1 CALTRANS
2 3.75 13.00 0.0708 0.1636 1 CALTRANS
3 6.25 13.00 0.0499 0.1114 1 CALTRANS
4 8.75 13.00 0.0325 0.0693 1 CALTRANS
5 11.25 13.00 0.0187 0.0371 1 CALTRANS
6 13.75 13.00 0.0084 0.0148 1 CALTRANS
7 16.25 13.00 0.0018 0.0026 1 CALTRANS
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RESULTS for STRENGTH     [ Note: Actual Fs-overall = (Yield stress) / (Actual stress) ]

  # Metal Mats
Elevation
   [ft]

Coverage
  ratio,
Rc=b/Sh

Horizontal
spacing, Sh
   [ft]

Long-term
strength
Fy·Ac·Rc/b
   [lb/ft]

  Tmax
[lb/ft]

Tmd
[lb/ft]

Specified
minimum
Fs-overall
static

Actual
calculated
Fs-overall
static

Specified
minimum
Fs-overall
seismic

Actual
calculated
Fs-overall
seismic

1 1.25 2.084 0.500 18226 2195.28 428.21 N/A 8.302 N/A 6.947
2 3.75 2.084 0.500 18226 2145.58 375.78 N/A 8.495 N/A 7.229
3 6.25 2.084 0.500 18226 2016.06 323.34 N/A 9.040 N/A 7.791
4 8.75 2.084 0.500 18226 1794.64 270.91 N/A 10.156 N/A 8.824
5 11.25 2.084 0.500 18226 1513.61 265.35 N/A 12.041 N/A 10.245
6 13.75 2.084 0.500 18226 1173.59 265.35 N/A 15.530 N/A 12.666
7 16.25 2.084 0.500 18226 855.56 265.35 N/A 21.303 N/A 16.260

RESULTS for PULLOUT

  # Metal Mats
Elevation

[ft]

Coverage
Ratio
Rc=b/Sh

Tmax
[lb/ft]

Tmd
[lb/ft]

Le
[ft]

La
[ft]

Avail.Static
Pullout, Pr

[lb/ft]

Specified
Static

Fs

Actual
Static

Fs

Avail.Seism.
Pullout, Pr

[lb/ft]

Specified
Seismic

Fs

Actual
Seismic

Fs

1 1.25 2.084 2195.3 428.2 12.25 0.75 82264.9 65811.9N/A 37.474 N/A 25.086
2 3.75 2.084 2145.6 375.8 10.75 2.25 69478.3 55582.6N/A 32.382 N/A 22.045
3 6.25 2.084 2016.1 323.3 9.25 3.75 55648.4 44518.7N/A 27.603 N/A 19.030
4 8.75 2.084 1794.6 270.9 7.75 5.25 41627.2 33301.7N/A 23.195 N/A 16.123
5 11.25 2.084 1513.6 265.3 7.59 5.41 34378.7 27503.0N/A 22.713 N/A 15.460
6 13.75 2.084 1173.6 265.3 7.59 5.41 26476.1 21180.9N/A 22.560 N/A 14.720
7 16.25 2.084 855.6 265.3 7.59 5.41 17071.6 13657.3N/A 19.954 N/A 12.184

Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 

SR-57 MSE WALL DESIGN
Copyright © 1998-2008 ADAMA Engineering, Inc.  License number  MSEW-301754

Page 9 of  10

Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 



Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 

MSEW -- Mechanically Stabilized Earth Walls SR-57 MSE WALL DESIGN
Present Date/Time:  Tue Feb 24 18:38:18 2009 \\c.....al\Reports\Retaining Wall Report\RW684\Appendix C\MSE Wall Analysis\RW684_ST16+70_h=18.BEN

Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 

RESULTS for CONNECTION (static conditions)

  # Metal Mats
Elevation
   [ft]

Coverage
  ratio
Rc=b/Sh

Horizontal
spacing, Sh
   [ft]

Connection
force, To
  [lb/ft]

Reduction
factor for
connection
break,
CRu

Long-term
connection
strength,Tac
(break
criterion)
  [lb/ft]

Metal Mats
long-term
strength,
  [lb/ft]

Fs-overall
connection
break

Specified   Actual

Fs-overall
Metal Mats
strength

Specified   Actual

Product
name

1 1.25 2.084 0.500 2195 0.90 16403 18226 N/A 7.47 N/A 8.30 CALTRANS
2 3.75 2.084 0.500 2146 0.90 16403 18226 N/A 7.65 N/A 8.49 CALTRANS
3 6.25 2.084 0.500 2016 0.90 16403 18226 N/A 8.14 N/A 9.04 CALTRANS
4 8.75 2.084 0.500 1795 0.90 16403 18226 N/A 9.14 N/A 10.16 CALTRANS
5 11.25 2.084 0.500 1514 0.90 16403 18226 N/A 10.84 N/A 12.04 CALTRANS
6 13.75 2.084 0.500 1174 0.90 16403 18226 N/A 13.98 N/A 15.53 CALTRANS
7 16.25 2.084 0.500 856 0.90 16403 18226 N/A 19.17 N/A 21.30 CALTRANS

RESULTS for CONNECTION (seismic conditions)

  # Metal Mats
Elevation
   [ft]

Coverage
  ratio
Rc=b/Sh

Horizontal
spacing, Sh
   [ft]

Connection
force, To
  [lb/ft]

Reduction
factor for
connection
break,
CRu

Long-term
connection
strength,Tac
(break
criterion)
  [lb/ft]

Metal Mats
long-term
strength,
  [lb/ft]

Fs-overall
connection
break

Specified   Actual

Fs-overall
Metal Mats
strength

Specified   Actual

Product
name

1 1.25 2.084 0.500 2623 0.90 16403 18226 N/A 6.25 N/A 6.95 CALTRANS
2 3.75 2.084 0.500 2521 0.90 16403 18226 N/A 6.51 N/A 7.23 CALTRANS
3 6.25 2.084 0.500 2339 0.90 16403 18226 N/A 7.01 N/A 7.79 CALTRANS
4 8.75 2.084 0.500 2066 0.90 16403 18226 N/A 7.94 N/A 8.82 CALTRANS
5 11.25 2.084 0.500 1779 0.90 16403 18226 N/A 9.22 N/A 10.25 CALTRANS
6 13.75 2.084 0.500 1439 0.90 16403 18226 N/A 11.40 N/A 12.67 CALTRANS
7 16.25 2.084 0.500 1121 0.90 16403 18226 N/A 14.63 N/A 16.26 CALTRANS
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SR-57 MSE WALL DESIGN
AASHTO  DESIGN  METHOD

PROJECT IDENTIFICATION

Title: SR-57 MSE WALL DESIGN
Project Number: RW684
Client: OCTA
Designer: RB
Station Number: ST19+45

Description:

Company's information:

Name: CH2M HILL
Street: 6 Hutton Center Drive, #800

Santa Ana, CA  92707
Telephone #: 714-424-2900
Fax #:
E-Mail:

Original file path and name: \\cheron\Projects\OCTA\370900_SR57NBWideningPSE\Design\.....
.....4_ST19+45_h=17.5.BEN

Original date and time of creating this file: Fri Jan 02 13:26:08 2009

PROGRAM MODE: ANALYSIS
of a SIMPLE STRUCTURE
using METAL MATS/GRIDS as reinforcing material.
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SOIL DATA

REINFORCED SOIL
Unit weight, γ 120.0 lb/ft ³
Design value of internal angle of friction, φ 34.0 °

RETAINED SOIL
Unit weight, γ 120.0 lb/ft ³
Design value of internal angle of friction, φ 34.0 °

FOUNDATION SOIL (Considered as an equivalent uniform soil)
Equivalent unit weight, γ equiv. 130.0 lb/ft ³
Equivalent internal angle of friction, φequiv. 33.0 °
Equivalent cohesion,  c equiv. 800.0 lb/ft ²

Water table does not affect bearing capacity

LATERAL EARTH PRESSURE COEFFICIENTS

Ka (internal stability) = 0.2827   (if batter is less than 10°, Ka is calculated from eq. 15.  Otherwise, eq. 38 is utilized)
Ka (external stability) = 0.2827   (if batter is less than 10°, Ka is calculated from eq. 16.  Otherwise, eq. 17 is utilized)

BEARING CAPACITY

Bearing capacity coefficients (calculated by MSEW):  Nc = 2.20 N   = 9.31γ

SEISMICITY

Maximum ground acceleration coefficient, A = 0.200
Design acceleration coefficient in Internal Stability:  Kh = 0.250
Design acceleration coefficient in External Stability:  Kh = 0.250

Kae ( Kh > 0 ) = 0.4504 Kae ( Kh = 0 )  = 0.2827 Kae = 0.1677     (see eq. 37 in DEMO 82)Δ
Seismic soil-metal mats friction coefficient, F* is 80.0% of its specified static value.
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INPUT DATA:  Metal mats/grids
(Analysis)

D  A  T  A Metal mats
type #1

Metal mats
type #2

Metal mats
type #3

Metal mats
type #4

Metal mats
type #5

Yield strength of steel, Fy  [kips/in ²]
Gross width of grid, b  [in]
Vertical spacing, Sv [ft]

65.0
12.5
Varies

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

Design cross section area, Ac  [in ²] 0.14 N/A N/A N/A N/A
Thickness of transverse element, t  [in]
Distance between transverse bars, St  [in]

0.4
6.0

N/A
N/A

N/A
N/A

N/A
N/A

N/A
N/A

Friction angle along reinforcement-soil interface, ρ
@ the top
@ 19.7 ft or below

Pullout resistance factor,  F*
@ the top
@ 19.7 ft or below

Scale-effect correction factor, α

51.25
34.00

1.25
0.62
1.00

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

Variation of Lateral Earth Pressure Coefficient With Depth

Z K / Ka
   0 ft 2.50
 3.3 ft 2.30
 6.6 ft 2.05
 9.8 ft 1.85
13.1 ft 1.65
16.4 ft 1.40
19.7 ft 1.20

   0

 6.6

 9.8

16.4

26.2

32.8

Z [ft]

0.0 1.0 2.0 3.0
K / Ka

Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 

SR-57 MSE WALL DESIGN
Copyright © 1998-2008 ADAMA Engineering, Inc.  License number  MSEW-301754

Page 3 of  10

Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 



Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 

MSEW -- Mechanically Stabilized Earth Walls SR-57 MSE WALL DESIGN
Present Date/Time:  Mon Feb 23 11:16:06 2009 \\c.....\Reports\Retaining Wall Report\RW684\Appendix C\MSE Wall Analysis\RW684_ST19+45_h=17.5.BEN

Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 

INPUT DATA:  Facia and Connection
(Analysis)

FACIA type:   Full height precast concrete panels.
Depth of panel is 0.50 ft.  Horizontal distance to Center of Gravity of panel is 0.25 ft.
Average unit weight of panel is   = 150.00 lb/ft ³γ f

Z / Hd    To-static / Tmax
or   To-seismic / Tmd

Top of wall

0.00
0.25
0.50
0.75
1.00

Z / Hd

1.00 0.90 0.80 0.70 0.60 0.50
To-static / Tmax   or   To-seismic / Tmd

0.00 1.00
0.25 1.00
0.50 1.00
0.75 1.00
1.00 1.00

D  A  T  A  (for connection only) Type #1 Type #2 Type #3 Type #4 Type #5

Product Name CALTRANS N/A N/A N/A N/A
Strength reduction at the connection,

CRu = Fyc  / Fy 0.90 N/A N/A N/A N/A
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INPUT DATA:  Geometry and Surcharge loads  (of a SIMPLE STRUCTURE)

Design height, Hd 17.73 [ft] { Embedded depth is E = 5.73 ft, and height above top of finished
bottom grade is H = 12.00 ft }

Batter, ω 0.0 [deg]
Backslope, β 0.0 [deg]
Backslope rise 0.0 [ft] Broken back equivalent angle, I = 0.00°  (see Fig. 25 in DEMO 82)

U N I F O R M   S U R C H A R G E
Uniformly distributed dead load is 240.0 [lb/ft ²]

ANALYZED REINFORCEMENT LAYOUT:

SCALE:

0 2 4 6 8 10 [ft]
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ANALYSIS: CALCULATED FACTORS (Static conditions)
Bearing capacity, Fs = 2.48, Meyerhof stress = 3067 lb/ft².

Foundation Interface: Direct sliding, Fs = 3.054, Eccentricity, e/L = 0.1140, Fs-overturning = 4.39
M E T A L   M A T S C O N N E C T I O N

# Elevation Length Type
#

Fs-overall
 [pullout
resistance]

Fs-overall
[connection
    break]

Fs-overall
[metal mats
strength]

Metal mats
strength
   Fs

Pullout
resistance
   Fs

Direct
sliding
   Fs

Eccentricity
   e/L

Product
name

[ft] [ft]

1 1.25 12.50 1 N/A 7.48 8.31 8.315 35.883 3.266 0.0996 CALTRANS
2 3.75 12.50 1 N/A 7.69 8.54 8.541 30.835 3.792 0.0737 CALTRANS
3 6.25 12.50 1 N/A 8.23 9.15 9.145 26.127 4.524 0.0515 CALTRANS
4 8.75 12.50 1 N/A 9.30 10.33 10.334 21.705 5.619 0.0332 CALTRANS
5 11.25 12.50 1 N/A 11.11 12.35 12.347 21.478 7.448 0.0186 CALTRANS
6 13.75 12.50 1 N/A 14.55 16.16 16.162 21.332 11.230 0.0080 CALTRANS
7 16.25 12.50 1 N/A 22.09 24.54 24.541 20.182 25.593 0.0014 CALTRANS

ANALYSIS: CALCULATED FACTORS (Seismic conditions)
Bearing capacity, Fs = 1.00, Meyerhof stress = 5203 lb/ft².

Foundation Interface: Direct sliding, Fs = 1.556, Eccentricity, e/L = 0.2725, Fs-overturning = 1.83
M E T A L   M A T S C O N N E C T I O N

# Elevation Length Type
#

Fs-overall
 [pullout
resistance]

Fs-overall
[connection
    break]

Fs-overall
[metal mats
strength]

Metal mats
strength
   Fs

Pullout
resistance
   Fs

Direct
sliding
   Fs

Eccentricity
   e/L

Product
name

[ft] [ft]

1 1.25 12.50 1 N/A 6.28 6.98 6.981 24.102 1.675 0.2355 CALTRANS
2 3.75 12.50 1 N/A 6.56 7.29 7.293 21.063 1.977 0.1696 CALTRANS
3 6.25 12.50 1 N/A 7.12 7.91 7.908 18.074 2.412 0.1145 CALTRANS
4 8.75 12.50 1 N/A 8.11 9.01 9.013 15.146 3.092 0.0702 CALTRANS
5 11.25 12.50 1 N/A 9.47 10.52 10.523 14.644 4.305 0.0366 CALTRANS
6 13.75 12.50 1 N/A 11.86 13.17 13.173 13.909 7.068 0.0139 CALTRANS
7 16.25 12.50 1 N/A 16.43 18.25 18.252 12.008 19.404 0.0019 CALTRANS
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BEARING CAPACITY for GIVEN LAYOUT

SCALE:

0 2 4 6 8 10 [ft]

STATIC SEISMIC UNITS
(Water table does not affect bearing capacity)
Ultimate bearing capacity, q-ult 7599 5200 [lb/ft ²]
Meyerhof stress, σV 3067.0 5203 [lb/ft ²]
Eccentricity,  e 1.43 3.41 [ft]
Eccentricity,  e/L 0.114 0.272
Fs calculated 2.48 1.00
Base length 12.50 12.50 [ft]
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DIRECT SLIDING for GIVEN LAYOUT
(for METAL MATS/GRIDS reinforcements)

Along reinforced and foundation soils interface:  Fs-static = 3.054  and  Fs-seismic = 1.556

  # Metal Mats
Elevation
   [ft]

Metal Mats
Length
   [ft]

  Fs
Static

  Fs
Seismic

Metal Mats
Type  # Product name

1 1.25 12.50 3.266 1.675 1 CALTRANS
2 3.75 12.50 3.792 1.977 1 CALTRANS
3 6.25 12.50 4.524 2.412 1 CALTRANS
4 8.75 12.50 5.619 3.092 1 CALTRANS
5 11.25 12.50 7.448 4.305 1 CALTRANS
6 13.75 12.50 11.230 7.068 1 CALTRANS
7 16.25 12.50 25.593 19.404 1 CALTRANS

ECCENTRICITY for GIVEN LAYOUT

At interface with foundation:  e/L static = 0.1140,  e/L seismic = 0.2725; Overturning: Fs-static = 4.39, Fs-seismic = 1.83

  # Metal Mats
Elevation
   [ft]

Metal Mats
Length
   [ft]

 e / L
Static

 e / L
Seismic

Metal Mats
Type  # Product name

1 1.25 12.50 0.0996 0.2355 1 CALTRANS
2 3.75 12.50 0.0737 0.1696 1 CALTRANS
3 6.25 12.50 0.0515 0.1145 1 CALTRANS
4 8.75 12.50 0.0332 0.0702 1 CALTRANS
5 11.25 12.50 0.0186 0.0366 1 CALTRANS
6 13.75 12.50 0.0080 0.0139 1 CALTRANS
7 16.25 12.50 0.0014 0.0019 1 CALTRANS
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RESULTS for STRENGTH     [ Note: Actual Fs-overall = (Yield stress) / (Actual stress) ]

  # Metal Mats
Elevation
   [ft]

Coverage
  ratio,
Rc=b/Sh

Horizontal
spacing, Sh
   [ft]

Long-term
strength
Fy·Ac·Rc/b
   [lb/ft]

  Tmax
[lb/ft]

Tmd
[lb/ft]

Specified
minimum
Fs-overall
static

Actual
calculated
Fs-overall
static

Specified
minimum
Fs-overall
seismic

Actual
calculated
Fs-overall
seismic

1 1.25 2.084 0.500 18226 2192.07 418.72 N/A 8.315 N/A 6.981
2 3.75 2.084 0.500 18226 2133.99 365.27 N/A 8.541 N/A 7.293
3 6.25 2.084 0.500 18226 1992.90 311.81 N/A 9.145 N/A 7.908
4 8.75 2.084 0.500 18226 1763.72 258.36 N/A 10.334 N/A 9.013
5 11.25 2.084 0.500 18226 1476.14 255.90 N/A 12.347 N/A 10.523
6 13.75 2.084 0.500 18226 1127.73 255.90 N/A 16.162 N/A 13.173
7 16.25 2.084 0.500 18226 742.69 255.90 N/A 24.541 N/A 18.252

RESULTS for PULLOUT

  # Metal Mats
Elevation

[ft]

Coverage
Ratio
Rc=b/Sh

Tmax
[lb/ft]

Tmd
[lb/ft]

Le
[ft]

La
[ft]

Avail.Static
Pullout, Pr

[lb/ft]

Specified
Static

Fs

Actual
Static

Fs

Avail.Seism.
Pullout, Pr

[lb/ft]

Specified
Seismic

Fs

Actual
Seismic

Fs

1 1.25 2.084 2192.1 418.7 11.75 0.75 78657.5 62926.0N/A 35.883 N/A 24.102
2 3.75 2.084 2134.0 365.3 10.25 2.25 65801.0 52640.8N/A 30.835 N/A 21.063
3 6.25 2.084 1992.9 311.8 8.75 3.75 52068.7 41654.9N/A 26.127 N/A 18.074
4 8.75 2.084 1763.7 258.4 7.25 5.25 38282.2 30625.7N/A 21.705 N/A 15.146
5 11.25 2.084 1476.1 255.9 7.18 5.32 31704.5 25363.6N/A 21.478 N/A 14.644
6 13.75 2.084 1127.7 255.9 7.18 5.32 24057.1 19245.6N/A 21.332 N/A 13.909
7 16.25 2.084 742.7 255.9 7.18 5.32 14988.7 11991.0N/A 20.182 N/A 12.008
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RESULTS for CONNECTION (static conditions)

  # Metal Mats
Elevation
   [ft]

Coverage
  ratio
Rc=b/Sh

Horizontal
spacing, Sh
   [ft]

Connection
force, To
  [lb/ft]

Reduction
factor for
connection
break,
CRu

Long-term
connection
strength,Tac
(break
criterion)
  [lb/ft]

Metal Mats
long-term
strength,
  [lb/ft]

Fs-overall
connection
break

Specified   Actual

Fs-overall
Metal Mats
strength

Specified   Actual

Product
name

1 1.25 2.084 0.500 2192 0.90 16403 18226 N/A 7.48 N/A 8.31 CALTRANS
2 3.75 2.084 0.500 2134 0.90 16403 18226 N/A 7.69 N/A 8.54 CALTRANS
3 6.25 2.084 0.500 1993 0.90 16403 18226 N/A 8.23 N/A 9.15 CALTRANS
4 8.75 2.084 0.500 1764 0.90 16403 18226 N/A 9.30 N/A 10.33 CALTRANS
5 11.25 2.084 0.500 1476 0.90 16403 18226 N/A 11.11 N/A 12.35 CALTRANS
6 13.75 2.084 0.500 1128 0.90 16403 18226 N/A 14.55 N/A 16.16 CALTRANS
7 16.25 2.084 0.500 743 0.90 16403 18226 N/A 22.09 N/A 24.54 CALTRANS

RESULTS for CONNECTION (seismic conditions)

  # Metal Mats
Elevation
   [ft]

Coverage
  ratio
Rc=b/Sh

Horizontal
spacing, Sh
   [ft]

Connection
force, To
  [lb/ft]

Reduction
factor for
connection
break,
CRu

Long-term
connection
strength,Tac
(break
criterion)
  [lb/ft]

Metal Mats
long-term
strength,
  [lb/ft]

Fs-overall
connection
break

Specified   Actual

Fs-overall
Metal Mats
strength

Specified   Actual

Product
name

1 1.25 2.084 0.500 2611 0.90 16403 18226 N/A 6.28 N/A 6.98 CALTRANS
2 3.75 2.084 0.500 2499 0.90 16403 18226 N/A 6.56 N/A 7.29 CALTRANS
3 6.25 2.084 0.500 2305 0.90 16403 18226 N/A 7.12 N/A 7.91 CALTRANS
4 8.75 2.084 0.500 2022 0.90 16403 18226 N/A 8.11 N/A 9.01 CALTRANS
5 11.25 2.084 0.500 1732 0.90 16403 18226 N/A 9.47 N/A 10.52 CALTRANS
6 13.75 2.084 0.500 1384 0.90 16403 18226 N/A 11.86 N/A 13.17 CALTRANS
7 16.25 2.084 0.500 999 0.90 16403 18226 N/A 16.43 N/A 18.25 CALTRANS

Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 

SR-57 MSE WALL DESIGN
Copyright © 1998-2008 ADAMA Engineering, Inc.  License number  MSEW-301754

Page 10 of  10

Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 



1.661.66
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FILL (Af)

CLAY (Qvof)

Project Title:
SR-57 RETAINING WALL DESIGN
GLOBAL STABILITY ANALYSIS
RW684 ST16+70
STATIC

Analysis Methods
Analysis Methods used: 
Bishop simplified
Spencer
Number of slices: 25
Tolerance: 0.005
Maximum number of iterations: 50

Material Properties
Material: FILL (Af)
Strength Type: Mohr-Coulomb
Unit Weight: 130 lb/ft3
Cohesion: 200 psf
Friction Angle: 31 degrees
Material: CLAY (Qvof)
Strength Type: Mohr-Coulomb
Unit Weight: 130 lb/ft3
Cohesion: 180 psf
Friction Angle: 28 degrees
Material: BACKFILL
Strength Type: Mohr-Coulomb
Unit Weight: 120 lb/ft3
Cohesion: 200 psf
Friction Angle: 34 degrees
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    Slide Analysis Information 
     
    Document Name 
     
    File Name: RW684_ST16+70_Static.sli 
     
    Project Settings 
     
    Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW684 
ST16+70 - STATIC 
    Failure Direction: Left to Right 
    Units of Measurement: Imperial Units 
    Pore Fluid Unit Weight: 62.4 lb/ft3 
    Groundwater Method: Water Surfaces 
    Data Output: Standard 
    Calculate Excess Pore Pressure: Off 
    Allow Ru with Water Surfaces or Grids: Off 
    Random Numbers: Pseudo-random Seed 
    Random Number Seed: 10116 
    Random Number Generation Method: Park and Miller v.3 
     
    Analysis Methods 
     
    Analysis Methods used:  
    Bishop simplified 
    Spencer 
     
    Number of slices: 25 
    Tolerance: 0.005 
    Maximum number of iterations: 50 
     
    Surface Options 
     
    Surface Type: Circular 
    Search Method: Grid Search 
    Radius increment: 10 
    Composite Surfaces: Disabled 
    Reverse Curvature: Create Tension Crack 
    Minimum Elevation: Not Defined 
    Minimum Depth: Not Defined 
     
    Loading 
     
    1 Distributed Load present: 
    Distributed Load Constant Distribution, Orientation:  Normal to boundary, Magnitude:  240 lb/ft2 
     
    Material Properties 
     
    Material: FILL (Af) 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 200 psf 
    Friction Angle: 31 degrees 
    Water Surface: Water Table 

    Custom Hu value: 1 
     
    Material: CLAY (Qvof) 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 180 psf 
    Friction Angle: 28 degrees 
    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Material: RF SOIL 
    Strength Type: Infinite strength 
    Unit Weight: 120 lb/ft3 
     
    Material: BACKFILL 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 120 lb/ft3 
    Cohesion: 200 psf 
    Friction Angle: 34 degrees 
    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Global Minimums 
     
    Method: bishop simplified 
    FS: 1.659080 
    Center: 66.929, 474.266 
    Radius: 117.670 
    Left Slip Surface Endpoint: -28.615, 405.582 
    Right Slip Surface Endpoint: 86.053, 358.161 
    Resisting Moment=1.64836e+007 lb-ft 
    Driving Moment=9.93538e+006 lb-ft 
     
    Method: spencer 
    FS: 1.650570 
    Center: 65.340, 468.070 
    Radius: 112.196 
    Left Slip Surface Endpoint: -27.848, 405.587 
    Right Slip Surface Endpoint: 87.428, 358.070 
    Resisting Moment=1.61696e+007 lb-ft 
    Driving Moment=9.79636e+006 lb-ft 
    Resisting Horizontal Force=127114 lb 
    Driving Horizontal Force=77012.1 lb 
     
    Valid / Invalid Surfaces 
     
    Method: bishop simplified 
    Number of Valid Surfaces: 14117 
    Number of Invalid Surfaces: 14494 
    Error Codes:  
    Error Code -99 reported for 10062 surfaces 
    Error Code -103 reported for 1400 surfaces 
    Error Code -105 reported for 1 surface 
    Error Code -109 reported for 3031 surfaces 
     
    Method: spencer 



    Number of Valid Surfaces: 14104 
    Number of Invalid Surfaces: 14507 
    Error Codes:  
    Error Code -99 reported for 10062 surfaces 
    Error Code -103 reported for 1400 surfaces 
    Error Code -105 reported for 1 surface 
    Error Code -108 reported for 4 surfaces 
    Error Code -109 reported for 3031 surfaces 
    Error Code -111 reported for 9 surfaces 
     
    Error Codes 
     
    The following errors were encountered during the computation: 
     
    -99 = Slip surface intersects an infinite 
    strength material. If infinite strength regions 
    are defined for a model, a large number of 
    potential slip surfaces may show this error code. 
    This is Normal. 
     
    -103 = Two surface / slope intersections, 
    but one or more surface / nonslope external polygon 
    intersections lie between them. This usually occurs 
    when the slip surface extends past the bottom of the 
    soil region, but may also occur on a benched 
    slope model with two sets of Slope Limits. 
     
    -105 = More than two surface / slope 
    intersections with no valid slip surface. 
     
    -108 = Total driving moment 
    or total driving force < 0.1. This is to 
    limit the calculation of extremely high safety 
    factors if the driving force is very small 
    (0.1 is an arbitrary number). 
     
    -109 = Soiltype for slice base not 
    located. This error should occur very rarely, 
    if at all. It may occur if a very low number of 
    slices is combined with certain soil geometries, 
    such that the midpoint of a slice base is 
    actually outside the soil region,even though 
    the slip surface is wholly within the soil region. 
     
    -111 = safety factor equation did not converge 
     
     
    List of All Coordinates 
     
    Search Grid 
       12.895 407.658 
       92.356 407.658 
       92.356 485.109 
       12.895 485.109 
     
    Material Boundary 

       -100.000 358.330 
       83.490 358.330 
     
    Material Boundary 
       81.580 359.440 
       82.050 359.110 
       83.490 358.330 
     
    Material Boundary 
       -13.000 405.781 
       -13.000 388.000 
       0.000 388.000 
       0.000 392.700 
     
    Material Boundary 
       -19.380 405.643 
       -13.000 388.000 
     
    External Boundary 
       -100.000 405.110 
       -100.000 403.950 
       -100.000 358.330 
       -100.000 340.000 
       100.000 340.000 
       100.000 357.240 
       83.490 358.330 
       81.580 359.440 
       75.860 360.150 
       72.880 360.590 
       70.100 361.050 
       63.300 364.440 
       5.427 392.700 
       -0.000 392.700 
       -0.010 409.030 
       -1.010 409.030 
       -1.490 406.030 
       -13.000 405.781 
       -19.380 405.643 
     
    Water Table 
       -100.000 355.000 
       100.000 355.000 
     
    Distributed Load 
       -1.490 406.030 
       -13.000 405.781 
       -19.380 405.643 
       -100.000 405.110 
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SR-57 RETAINING WALL DESIGN
GLOBAL STABILITY ANALYSIS
RW684 ST16+70
PSEUDOSTATIC

Analysis Methods
Analysis Methods used: 
Bishop simplified
Spencer
Number of slices: 25
Tolerance: 0.005
Maximum number of iterations: 50

Material Properties
Material: FILL (Af)
Strength Type: Mohr-Coulomb
Unit Weight: 130 lb/ft3
Cohesion: 200 psf
Friction Angle: 31 degrees
Material: FILL (Af) - PEAK
Strength Type: Mohr-Coulomb
Unit Weight: 130 lb/ft3
Cohesion: 800 psf
Friction Angle: 33 degrees
Material: CLAY (Qvof) - PEAK
Strength Type: Mohr-Coulomb
Unit Weight: 130 lb/ft3
Cohesion: 950 psf
Friction Angle: 30 degrees
Material: BACKFILL
Strength Type: Mohr-Coulomb
Unit Weight: 120 lb/ft3
Cohesion: 200 psf
Friction Angle: 34 degrees
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    Slide Analysis Information 
     
    Document Name 
     
    File Name: RW684_ST16+70_Pseudostatic.sli 
     
    Project Settings 
     
    Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW684 
ST16+70 - PSEUDOSTATIC 
    Failure Direction: Left to Right 
    Units of Measurement: Imperial Units 
    Pore Fluid Unit Weight: 62.4 lb/ft3 
    Groundwater Method: Water Surfaces 
    Data Output: Standard 
    Calculate Excess Pore Pressure: Off 
    Allow Ru with Water Surfaces or Grids: Off 
    Random Numbers: Pseudo-random Seed 
    Random Number Seed: 10116 
    Random Number Generation Method: Park and Miller v.3 
     
    Analysis Methods 
     
    Analysis Methods used:  
    Bishop simplified 
    Spencer 
     
    Number of slices: 25 
    Tolerance: 0.005 
    Maximum number of iterations: 50 
     
    Surface Options 
     
    Surface Type: Circular 
    Search Method: Grid Search 
    Radius increment: 10 
    Composite Surfaces: Disabled 
    Reverse Curvature: Create Tension Crack 
    Minimum Elevation: Not Defined 
    Minimum Depth: Not Defined 
     
    Loading 
     
    Seismic Load Coefficient (Horizontal): 0.2 
    1 Distributed Load present: 
    Distributed Load Constant Distribution, Orientation:  Normal to boundary, Magnitude:  240 lb/ft2 
     
    Material Properties 
     
    Material: FILL (Af) 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 200 psf 
    Friction Angle: 31 degrees 

    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Material: RF SOIL 
    Strength Type: Infinite strength 
    Unit Weight: 120 lb/ft3 
     
    Material: FILL (Af) - PEAK 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 800 psf 
    Friction Angle: 33 degrees 
    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Material: CLAY (Qvof) - PEAK 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 950 psf 
    Friction Angle: 30 degrees 
    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Material: BACKFILL 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 120 lb/ft3 
    Cohesion: 200 psf 
    Friction Angle: 34 degrees 
    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Global Minimums 
     
    Method: bishop simplified 
    FS: 1.801600 
    Center: 46.269, 451.031 
    Radius: 105.812 
    Left Slip Surface Endpoint: -49.220, 405.446 
    Right Slip Surface Endpoint: 95.782, 357.518 
    Resisting Moment=4.45179e+007 lb-ft 
    Driving Moment=2.47102e+007 lb-ft 
     
    Method: spencer 
    FS: 1.799210 
    Center: 49.447, 454.129 
    Radius: 107.167 
    Left Slip Surface Endpoint: -46.034, 405.467 
    Right Slip Surface Endpoint: 95.822, 357.516 
    Resisting Moment=4.19617e+007 lb-ft 
    Driving Moment=2.33223e+007 lb-ft 
    Resisting Horizontal Force=348465 lb 
    Driving Horizontal Force=193677 lb 
     
    Valid / Invalid Surfaces 
     
    Method: bishop simplified 



    Number of Valid Surfaces: 14117 
    Number of Invalid Surfaces: 14494 
    Error Codes:  
    Error Code -99 reported for 10062 surfaces 
    Error Code -103 reported for 1400 surfaces 
    Error Code -105 reported for 1 surface 
    Error Code -109 reported for 3031 surfaces 
     
    Method: spencer 
    Number of Valid Surfaces: 13998 
    Number of Invalid Surfaces: 14613 
    Error Codes:  
    Error Code -99 reported for 10062 surfaces 
    Error Code -103 reported for 1400 surfaces 
    Error Code -105 reported for 1 surface 
    Error Code -108 reported for 14 surfaces 
    Error Code -109 reported for 3031 surfaces 
    Error Code -111 reported for 105 surfaces 
     
    Error Codes 
     
    The following errors were encountered during the computation: 
     
    -99 = Slip surface intersects an infinite 
    strength material. If infinite strength regions 
    are defined for a model, a large number of 
    potential slip surfaces may show this error code. 
    This is Normal. 
     
    -103 = Two surface / slope intersections, 
    but one or more surface / nonslope external polygon 
    intersections lie between them. This usually occurs 
    when the slip surface extends past the bottom of the 
    soil region, but may also occur on a benched 
    slope model with two sets of Slope Limits. 
     
    -105 = More than two surface / slope 
    intersections with no valid slip surface. 
     
    -108 = Total driving moment 
    or total driving force < 0.1. This is to 
    limit the calculation of extremely high safety 
    factors if the driving force is very small 
    (0.1 is an arbitrary number). 
     
    -109 = Soiltype for slice base not 
    located. This error should occur very rarely, 
    if at all. It may occur if a very low number of 
    slices is combined with certain soil geometries, 
    such that the midpoint of a slice base is 
    actually outside the soil region,even though 
    the slip surface is wholly within the soil region. 
     
    -111 = safety factor equation did not converge 
     
     

    List of All Coordinates 
     
    Search Grid 
       12.895 407.658 
       92.356 407.658 
       92.356 485.109 
       12.895 485.109 
     
    Material Boundary 
       -100.000 358.330 
       83.490 358.330 
     
    Material Boundary 
       81.580 359.440 
       82.050 359.110 
       83.490 358.330 
     
    Material Boundary 
       -13.000 405.781 
       -13.000 388.000 
       0.000 388.000 
       0.000 392.700 
     
    Material Boundary 
       -19.380 405.643 
       -13.000 388.000 
     
    External Boundary 
       -100.000 405.110 
       -100.000 403.950 
       -100.000 358.330 
       -100.000 340.000 
       100.000 340.000 
       100.000 357.240 
       83.490 358.330 
       81.580 359.440 
       75.860 360.150 
       72.880 360.590 
       70.100 361.050 
       63.300 364.440 
       5.427 392.700 
       -0.000 392.700 
       -0.010 409.030 
       -1.010 409.030 
       -1.490 406.030 
       -13.000 405.781 
       -19.380 405.643 
     
    Water Table 
       -100.000 355.000 
       100.000 355.000 
     
    Distributed Load 
       -1.490 406.030 
       -13.000 405.781 
       -19.380 405.643 



       -100.000 405.110 
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Bishop simplified
Spencer
Number of slices: 25
Tolerance: 0.005
Maximum number of iterations: 50

Material Properties
Material: FILL (Af)
Strength Type: Mohr-Coulomb
Unit Weight: 130 lb/ft3
Cohesion: 200 psf
Friction Angle: 31 degrees
Material: BACKFILL
Strength Type: Mohr-Coulomb
Unit Weight: 120 lb/ft3
Cohesion: 200 psf
Friction Angle: 34 degrees
Material: CLAY (Qvof)
Strength Type: Mohr-Coulomb
Unit Weight: 130 lb/ft3
Cohesion: 180 psf
Friction Angle: 28 degrees
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    Slide Analysis Information 
     
    Document Name 
     
    File Name: RW684_ST19+00_Static.sli 
     
    Project Settings 
     
    Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW684 
ST19+00 
    Failure Direction: Left to Right 
    Units of Measurement: Imperial Units 
    Pore Fluid Unit Weight: 62.4 lb/ft3 
    Groundwater Method: Water Surfaces 
    Data Output: Standard 
    Calculate Excess Pore Pressure: Off 
    Allow Ru with Water Surfaces or Grids: Off 
    Random Numbers: Pseudo-random Seed 
    Random Number Seed: 10116 
    Random Number Generation Method: Park and Miller v.3 
     
    Analysis Methods 
     
    Analysis Methods used:  
    Bishop simplified 
    Spencer 
     
    Number of slices: 25 
    Tolerance: 0.005 
    Maximum number of iterations: 50 
     
    Surface Options 
     
    Surface Type: Circular 
    Search Method: Grid Search 
    Radius increment: 10 
    Composite Surfaces: Disabled 
    Reverse Curvature: Create Tension Crack 
    Minimum Elevation: Not Defined 
    Minimum Depth: Not Defined 
     
    Loading 
     
    1 Distributed Load present: 
    Distributed Load Constant Distribution, Orientation:  Vertical, Magnitude:  240 lb/ft2 
     
    Material Properties 
     
    Material: FILL (Af) 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 200 psf 
    Friction Angle: 31 degrees 
    Water Surface: None 

     
    Material: BACKFILL 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 120 lb/ft3 
    Cohesion: 200 psf 
    Friction Angle: 34 degrees 
    Water Surface: None 
     
    Material: CLAY (Qvof) 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 180 psf 
    Friction Angle: 28 degrees 
    Water Surface: None 
     
    Material: RF SOIL 
    Strength Type: Infinite strength 
    Unit Weight: 120 lb/ft3 
     
    Global Minimums 
     
    Method: bishop simplified 
    FS: 1.675290 
    Center: 54.215, 465.765 
    Radius: 96.566 
    Left Slip Surface Endpoint: -25.588, 411.391 
    Right Slip Surface Endpoint: 66.625, 370.000 
    Resisting Moment=1.07328e+007 lb-ft 
    Driving Moment=6.40653e+006 lb-ft 
     
    Method: spencer 
    FS: 1.665260 
    Center: 67.637, 474.510 
    Radius: 112.019 
    Left Slip Surface Endpoint: -24.915, 411.404 
    Right Slip Surface Endpoint: 87.612, 364.286 
    Resisting Moment=1.52382e+007 lb-ft 
    Driving Moment=9.15068e+006 lb-ft 
    Resisting Horizontal Force=120233 lb 
    Driving Horizontal Force=72201.1 lb 
     
    Valid / Invalid Surfaces 
     
    Method: bishop simplified 
    Number of Valid Surfaces: 16034 
    Number of Invalid Surfaces: 12577 
    Error Codes:  
    Error Code -99 reported for 4917 surfaces 
    Error Code -100 reported for 6 surfaces 
    Error Code -101 reported for 3 surfaces 
    Error Code -102 reported for 7 surfaces 
    Error Code -103 reported for 299 surfaces 
    Error Code -105 reported for 1 surface 
    Error Code -106 reported for 636 surfaces 
    Error Code -108 reported for 13 surfaces 
    Error Code -109 reported for 4594 surfaces 



    Error Code -1000 reported for 2101 surfaces 
     
    Method: spencer 
    Number of Valid Surfaces: 15903 
    Number of Invalid Surfaces: 12708 
    Error Codes:  
    Error Code -99 reported for 4917 surfaces 
    Error Code -100 reported for 6 surfaces 
    Error Code -101 reported for 3 surfaces 
    Error Code -102 reported for 7 surfaces 
    Error Code -103 reported for 299 surfaces 
    Error Code -105 reported for 1 surface 
    Error Code -106 reported for 636 surfaces 
    Error Code -108 reported for 68 surfaces 
    Error Code -109 reported for 4594 surfaces 
    Error Code -111 reported for 76 surfaces 
    Error Code -1000 reported for 2101 surfaces 
     
    Error Codes 
     
    The following errors were encountered during the computation: 
     
    -99 = Slip surface intersects an infinite 
    strength material. If infinite strength regions 
    are defined for a model, a large number of 
    potential slip surfaces may show this error code. 
    This is Normal. 
     
    -100 = Both surface / slope intersections 
    are on the same horizontal surface. In general, this 
    will give a very high or infinite factor of safety (zero 
    driving force), if calculated. 
     
    -101 = Only one (or zero) 
    surface / slope intersections. 
     
    -102 = Two surface / slope intersections, 
    but resulting arc is actually outside soil region. 
     
    -103 = Two surface / slope intersections, 
    but one or more surface / nonslope external polygon 
    intersections lie between them. This usually occurs 
    when the slip surface extends past the bottom of the 
    soil region, but may also occur on a benched 
    slope model with two sets of Slope Limits. 
     
    -105 = More than two surface / slope 
    intersections with no valid slip surface. 
     
    -106 = Average slice width is less than 
    0.0001 * (maximum horizontal extent of soil region). 
    This limitation is imposed to avoid numerical errors 
    which may result from too many slices, or too 
    small a slip region. 
     
    -108 = Total driving moment 

    or total driving force < 0.1. This is to 
    limit the calculation of extremely high safety 
    factors if the driving force is very small 
    (0.1 is an arbitrary number). 
     
    -109 = Soiltype for slice base not 
    located. This error should occur very rarely, 
    if at all. It may occur if a very low number of 
    slices is combined with certain soil geometries, 
    such that the midpoint of a slice base is 
    actually outside the soil region,even though 
    the slip surface is wholly within the soil region. 
     
    -111 = safety factor equation did not converge 
     
    -1000 = No valid slip surfaces are generated 
    at a grid center. Unable to draw a surface. 
     
     
    List of All Coordinates 
     
    Search Grid 
       5.000 400.180 
       116.852 400.180 
       116.852 509.489 
       5.000 509.489 
     
    Material Boundary 
       -100.000 409.800 
       -96.630 409.870 
       -96.235 409.883 
     
    Material Boundary 
       97.110 363.660 
       99.270 363.560 
       100.000 363.560 
     
    Material Boundary 
       -19.850 411.503 
       -11.500 395.500 
     
    Material Boundary 
       -100.000 364.710 
       81.190 364.710 
     
    Material Boundary 
       -11.500 395.500 
       -11.500 411.660 
     
    Material Boundary 
       -11.500 395.500 
       0.000 395.500 
       0.000 400.180 
     
    External Boundary 
       -100.000 409.800 



       -100.000 364.710 
       -100.000 330.000 
       100.000 330.000 
       100.000 363.560 
       97.110 363.660 
       81.190 364.710 
       79.350 368.090 
       74.090 368.340 
       66.710 369.970 
       64.340 370.810 
       60.940 372.230 
       53.220 375.310 
       41.960 381.260 
       37.230 383.860 
       27.500 389.080 
       19.830 392.890 
       13.490 396.330 
       5.000 400.180 
       0.000 400.180 
       0.000 414.350 
       0.000 414.860 
       -0.030 414.860 
       -0.670 414.860 
       -0.990 414.860 
       -1.000 414.860 
       -1.020 414.740 
       -1.480 411.860 
       -9.160 411.710 
       -9.480 411.700 
       -9.560 411.700 
       -11.000 411.670 
       -11.480 411.660 
       -11.500 411.660 
       -12.790 411.640 
       -19.850 411.503 
       -43.600 411.040 
       -91.758 409.981 
       -96.235 409.883 
     
    Distributed Load 
       -1.480 411.860 
       -9.160 411.710 
       -9.480 411.700 
       -9.560 411.700 
       -11.000 411.670 
       -11.480 411.660 
       -12.790 411.640 
       -19.850 411.503 
       -43.600 411.040 
       -91.758 409.981 
       -96.235 409.883 
       -100.000 409.800 
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Analysis Methods
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Bishop simplified
Spencer
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Tolerance: 0.005
Maximum number of iterations: 50

Material Properties
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Friction Angle: 30 degrees
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    Slide Analysis Information 
     
    Document Name 
     
    File Name: RW684_ST19+00_PseudoStatic.sli 
     
    Project Settings 
     
    Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW684 
ST19+00 
    Failure Direction: Left to Right 
    Units of Measurement: Imperial Units 
    Pore Fluid Unit Weight: 62.4 lb/ft3 
    Groundwater Method: Water Surfaces 
    Data Output: Standard 
    Calculate Excess Pore Pressure: Off 
    Allow Ru with Water Surfaces or Grids: Off 
    Random Numbers: Pseudo-random Seed 
    Random Number Seed: 10116 
    Random Number Generation Method: Park and Miller v.3 
     
    Analysis Methods 
     
    Analysis Methods used:  
    Bishop simplified 
    Spencer 
     
    Number of slices: 25 
    Tolerance: 0.005 
    Maximum number of iterations: 50 
     
    Surface Options 
     
    Surface Type: Circular 
    Search Method: Grid Search 
    Radius increment: 10 
    Composite Surfaces: Disabled 
    Reverse Curvature: Create Tension Crack 
    Minimum Elevation: Not Defined 
    Minimum Depth: Not Defined 
     
    Loading 
     
    Seismic Load Coefficient (Horizontal): 0.2 
    1 Distributed Load present: 
    Distributed Load Constant Distribution, Orientation:  Vertical, Magnitude:  240 lb/ft2 
     
    Material Properties 
     
    Material: FILL (Af) 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 200 psf 
    Friction Angle: 31 degrees 

    Water Surface: None 
     
    Material: BACKFILL 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 120 lb/ft3 
    Cohesion: 200 psf 
    Friction Angle: 34 degrees 
    Water Surface: None 
     
    Material: FILL (Af) - PEAK 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 800 psf 
    Friction Angle: 33 degrees 
    Water Surface: None 
     
    Material: RF SOIL 
    Strength Type: Infinite strength 
    Unit Weight: 120 lb/ft3 
     
    Material: CLAY (Qvof) - PEAK 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 950 psf 
    Friction Angle: 30 degrees 
    Water Surface: None 
     
    Global Minimums 
     
    Method: bishop simplified 
    FS: 1.861800 
    Center: 54.215, 474.510 
    Radius: 114.507 
    Left Slip Surface Endpoint: -41.124, 411.088 
    Right Slip Surface Endpoint: 85.688, 364.413 
    Resisting Moment=3.60359e+007 lb-ft 
    Driving Moment=1.93554e+007 lb-ft 
     
    Method: spencer 
    FS: 1.856140 
    Center: 54.215, 470.138 
    Radius: 110.596 
    Left Slip Surface Endpoint: -39.320, 411.123 
    Right Slip Surface Endpoint: 86.503, 364.360 
    Resisting Moment=3.45399e+007 lb-ft 
    Driving Moment=1.86084e+007 lb-ft 
    Resisting Horizontal Force=280446 lb 
    Driving Horizontal Force=151091 lb 
     
    Valid / Invalid Surfaces 
     
    Method: bishop simplified 
    Number of Valid Surfaces: 16047 
    Number of Invalid Surfaces: 12564 
    Error Codes:  
    Error Code -99 reported for 4917 surfaces 



    Error Code -100 reported for 6 surfaces 
    Error Code -101 reported for 3 surfaces 
    Error Code -102 reported for 7 surfaces 
    Error Code -103 reported for 299 surfaces 
    Error Code -105 reported for 1 surface 
    Error Code -106 reported for 636 surfaces 
    Error Code -109 reported for 4594 surfaces 
    Error Code -1000 reported for 2101 surfaces 
     
    Method: spencer 
    Number of Valid Surfaces: 15785 
    Number of Invalid Surfaces: 12826 
    Error Codes:  
    Error Code -99 reported for 4917 surfaces 
    Error Code -100 reported for 6 surfaces 
    Error Code -101 reported for 3 surfaces 
    Error Code -102 reported for 7 surfaces 
    Error Code -103 reported for 299 surfaces 
    Error Code -105 reported for 1 surface 
    Error Code -106 reported for 636 surfaces 
    Error Code -108 reported for 95 surfaces 
    Error Code -109 reported for 4594 surfaces 
    Error Code -111 reported for 167 surfaces 
    Error Code -1000 reported for 2101 surfaces 
     
    Error Codes 
     
    The following errors were encountered during the computation: 
     
    -99 = Slip surface intersects an infinite 
    strength material. If infinite strength regions 
    are defined for a model, a large number of 
    potential slip surfaces may show this error code. 
    This is Normal. 
     
    -100 = Both surface / slope intersections 
    are on the same horizontal surface. In general, this 
    will give a very high or infinite factor of safety (zero 
    driving force), if calculated. 
     
    -101 = Only one (or zero) 
    surface / slope intersections. 
     
    -102 = Two surface / slope intersections, 
    but resulting arc is actually outside soil region. 
     
    -103 = Two surface / slope intersections, 
    but one or more surface / nonslope external polygon 
    intersections lie between them. This usually occurs 
    when the slip surface extends past the bottom of the 
    soil region, but may also occur on a benched 
    slope model with two sets of Slope Limits. 
     
    -105 = More than two surface / slope 
    intersections with no valid slip surface. 
     

    -106 = Average slice width is less than 
    0.0001 * (maximum horizontal extent of soil region). 
    This limitation is imposed to avoid numerical errors 
    which may result from too many slices, or too 
    small a slip region. 
     
    -108 = Total driving moment 
    or total driving force < 0.1. This is to 
    limit the calculation of extremely high safety 
    factors if the driving force is very small 
    (0.1 is an arbitrary number). 
     
    -109 = Soiltype for slice base not 
    located. This error should occur very rarely, 
    if at all. It may occur if a very low number of 
    slices is combined with certain soil geometries, 
    such that the midpoint of a slice base is 
    actually outside the soil region,even though 
    the slip surface is wholly within the soil region. 
     
    -111 = safety factor equation did not converge 
     
    -1000 = No valid slip surfaces are generated 
    at a grid center. Unable to draw a surface. 
     
     
    List of All Coordinates 
     
    Search Grid 
       5.000 400.180 
       116.852 400.180 
       116.852 509.489 
       5.000 509.489 
     
    Material Boundary 
       -100.000 409.800 
       -96.630 409.870 
       -96.235 409.883 
     
    Material Boundary 
       97.110 363.660 
       99.270 363.560 
       100.000 363.560 
     
    Material Boundary 
       -19.850 411.503 
       -11.500 395.500 
     
    Material Boundary 
       -100.000 364.710 
       81.190 364.710 
     
    Material Boundary 
       -11.500 395.500 
       -11.500 411.660 
     



    Material Boundary 
       -11.500 395.500 
       0.000 395.500 
       0.000 400.180 
     
    External Boundary 
       -100.000 409.800 
       -100.000 364.710 
       -100.000 330.000 
       100.000 330.000 
       100.000 363.560 
       97.110 363.660 
       81.190 364.710 
       79.350 368.090 
       74.090 368.340 
       66.710 369.970 
       64.340 370.810 
       60.940 372.230 
       53.220 375.310 
       41.960 381.260 
       37.230 383.860 
       27.500 389.080 
       19.830 392.890 
       13.490 396.330 
       5.000 400.180 
       0.000 400.180 
       0.000 414.350 
       0.000 414.860 
       -0.030 414.860 
       -0.670 414.860 
       -0.990 414.860 
       -1.000 414.860 
       -1.020 414.740 
       -1.480 411.860 
       -9.160 411.710 
       -9.480 411.700 
       -9.560 411.700 
       -11.000 411.670 
       -11.480 411.660 
       -11.500 411.660 
       -12.790 411.640 
       -19.850 411.503 
       -43.600 411.040 
       -91.758 409.981 
       -96.235 409.883 
     
    Distributed Load 
       -1.480 411.860 
       -9.160 411.710 
       -9.480 411.700 
       -9.560 411.700 
       -11.000 411.670 
       -11.480 411.660 
       -12.790 411.640 
       -19.850 411.503 
       -43.600 411.040 

       -91.758 409.981 
       -96.235 409.883 
       -100.000 409.800 
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    Slide Analysis Information 
     
    Document Name 
     
    File Name: RW684_ST19+60_STATIC.sli 
     
    Project Settings 
     
    Project Title: SR-57 RETAINING WALL DEGISN - GLOBAL STABILITY ANALYSIS - RW684 
ST19+60 - STATIC 
    Failure Direction: Left to Right 
    Units of Measurement: Imperial Units 
    Pore Fluid Unit Weight: 62.4 lb/ft3 
    Groundwater Method: Water Surfaces 
    Data Output: Standard 
    Calculate Excess Pore Pressure: Off 
    Allow Ru with Water Surfaces or Grids: Off 
    Random Numbers: Pseudo-random Seed 
    Random Number Seed: 10116 
    Random Number Generation Method: Park and Miller v.3 
     
    Analysis Methods 
     
    Analysis Methods used:  
    Bishop simplified 
    Spencer 
     
    Number of slices: 25 
    Tolerance: 0.005 
    Maximum number of iterations: 50 
     
    Surface Options 
     
    Surface Type: Circular 
    Search Method: Grid Search 
    Radius increment: 10 
    Composite Surfaces: Disabled 
    Reverse Curvature: Create Tension Crack 
    Minimum Elevation: Not Defined 
    Minimum Depth: Not Defined 
     
    Loading 
     
    1 Distributed Load present: 
    Distributed Load Constant Distribution, Orientation:  Normal to boundary, Magnitude:  240 lb/ft2 
     
    Material Properties 
     
    Material: FILL (Af) 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 200 psf 
    Friction Angle: 31 degrees 
    Water Surface: Water Table 

    Custom Hu value: 1 
     
    Material: CLAY (Qvof) 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 180 psf 
    Friction Angle: 28 degrees 
    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Material: RF SOIL 
    Strength Type: Infinite strength 
    Unit Weight: 120 lb/ft3 
     
    Material: BACKFILL 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 120 lb/ft3 
    Cohesion: 200 psf 
    Friction Angle: 34 degrees 
    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Global Minimums 
     
    Method: bishop simplified 
    FS: 1.698320 
    Center: 66.704, 480.635 
    Radius: 116.239 
    Left Slip Surface Endpoint: -27.765, 412.907 
    Right Slip Surface Endpoint: 83.897, 365.675 
    Resisting Moment=1.68036e+007 lb-ft 
    Driving Moment=9.89422e+006 lb-ft 
     
    Method: spencer 
    FS: 1.688740 
    Center: 64.998, 472.238 
    Radius: 108.799 
    Left Slip Surface Endpoint: -26.217, 412.933 
    Right Slip Surface Endpoint: 86.601, 365.606 
    Resisting Moment=1.61271e+007 lb-ft 
    Driving Moment=9.54975e+006 lb-ft 
    Resisting Horizontal Force=131010 lb 
    Driving Horizontal Force=77578.4 lb 
     
    Valid / Invalid Surfaces 
     
    Method: bishop simplified 
    Number of Valid Surfaces: 14661 
    Number of Invalid Surfaces: 13950 
    Error Codes:  
    Error Code -99 reported for 6269 surfaces 
    Error Code -100 reported for 8 surfaces 
    Error Code -103 reported for 2911 surfaces 
    Error Code -106 reported for 135 surfaces 
    Error Code -109 reported for 4624 surfaces 
    Error Code -113 reported for 3 surfaces 



     
    Method: spencer 
    Number of Valid Surfaces: 14608 
    Number of Invalid Surfaces: 14003 
    Error Codes:  
    Error Code -99 reported for 6269 surfaces 
    Error Code -100 reported for 8 surfaces 
    Error Code -103 reported for 2911 surfaces 
    Error Code -106 reported for 135 surfaces 
    Error Code -108 reported for 1 surface 
    Error Code -109 reported for 4624 surfaces 
    Error Code -111 reported for 52 surfaces 
    Error Code -113 reported for 3 surfaces 
     
    Error Codes 
     
    The following errors were encountered during the computation: 
     
    -99 = Slip surface intersects an infinite 
    strength material. If infinite strength regions 
    are defined for a model, a large number of 
    potential slip surfaces may show this error code. 
    This is Normal. 
     
    -100 = Both surface / slope intersections 
    are on the same horizontal surface. In general, this 
    will give a very high or infinite factor of safety (zero 
    driving force), if calculated. 
     
    -103 = Two surface / slope intersections, 
    but one or more surface / nonslope external polygon 
    intersections lie between them. This usually occurs 
    when the slip surface extends past the bottom of the 
    soil region, but may also occur on a benched 
    slope model with two sets of Slope Limits. 
     
    -106 = Average slice width is less than 
    0.0001 * (maximum horizontal extent of soil region). 
    This limitation is imposed to avoid numerical errors 
    which may result from too many slices, or too 
    small a slip region. 
     
    -108 = Total driving moment 
    or total driving force < 0.1. This is to 
    limit the calculation of extremely high safety 
    factors if the driving force is very small 
    (0.1 is an arbitrary number). 
     
    -109 = Soiltype for slice base not 
    located. This error should occur very rarely, 
    if at all. It may occur if a very low number of 
    slices is combined with certain soil geometries, 
    such that the midpoint of a slice base is 
    actually outside the soil region,even though 
    the slip surface is wholly within the soil region. 
     

    -111 = safety factor equation did not converge 
     
    -113 = Surface intersects outside slope limits. 
     
     
    List of All Coordinates 
     
    Search Grid 
       1.881 403.382 
       87.174 403.382 
       87.174 487.353 
       1.881 487.353 
     
    Material Boundary 
       -100.000 365.770 
       80.230 365.770 
     
    Material Boundary 
       -12.000 413.185 
       -12.000 395.500 
       0.000 395.500 
       0.000 401.440 
     
    Material Boundary 
       -19.350 413.049 
       -12.000 395.500 
     
    External Boundary 
       -100.000 411.320 
       -100.000 365.770 
       -100.000 350.000 
       100.000 350.000 
       100.000 365.260 
       80.230 365.770 
       78.900 369.510 
       78.650 370.140 
       77.860 370.160 
       74.500 370.380 
       70.820 370.970 
       69.580 370.970 
       67.040 371.870 
       62.950 373.570 
       58.270 375.510 
       56.440 376.280 
       51.610 378.560 
       34.800 387.320 
       22.798 393.066 
       5.306 401.440 
       0.000 401.440 
       0.000 416.380 
       -1.000 416.380 
       -1.480 413.380 
       -12.000 413.185 
       -19.350 413.049 
       -43.570 412.640 
     



    Water Table 
       -100.000 360.000 
       100.000 360.000 
     
    Distributed Load 
       -1.480 413.380 
       -12.000 413.185 
       -19.350 413.049 
       -43.570 412.640 
       -100.000 411.320 
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    Slide Analysis Information 
     
    Document Name 
     
    File Name: RW684_ST19+60_PSEUDOSTATIC.sli 
     
    Project Settings 
     
    Project Title: SR-57 RETAINING WALL DEGISN - GLOBAL STABILITY ANALYSIS - RW684 
ST19+60 - PSEUDOSTATIC 
    Failure Direction: Left to Right 
    Units of Measurement: Imperial Units 
    Pore Fluid Unit Weight: 62.4 lb/ft3 
    Groundwater Method: Water Surfaces 
    Data Output: Standard 
    Calculate Excess Pore Pressure: Off 
    Allow Ru with Water Surfaces or Grids: Off 
    Random Numbers: Pseudo-random Seed 
    Random Number Seed: 10116 
    Random Number Generation Method: Park and Miller v.3 
     
    Analysis Methods 
     
    Analysis Methods used:  
    Bishop simplified 
    Spencer 
     
    Number of slices: 25 
    Tolerance: 0.005 
    Maximum number of iterations: 50 
     
    Surface Options 
     
    Surface Type: Circular 
    Search Method: Grid Search 
    Radius increment: 10 
    Composite Surfaces: Disabled 
    Reverse Curvature: Create Tension Crack 
    Minimum Elevation: Not Defined 
    Minimum Depth: Not Defined 
     
    Loading 
     
    Seismic Load Coefficient (Horizontal): 0.2 
    1 Distributed Load present: 
    Distributed Load Constant Distribution, Orientation:  Normal to boundary, Magnitude:  240 lb/ft2 
     
    Material Properties 
     
    Material: RF SOIL 
    Strength Type: Infinite strength 
    Unit Weight: 120 lb/ft3 
     
    Material: FILL (Af) - PEAK 

    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 800 psf 
    Friction Angle: 33 degrees 
    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Material: CLAY (Qvof) - PEAK 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 950 psf 
    Friction Angle: 30 degrees 
    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Material: BACKFILL 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 120 lb/ft3 
    Cohesion: 200 psf 
    Friction Angle: 34 degrees 
    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Global Minimums 
     
    Method: bishop simplified 
    FS: 1.854590 
    Center: 57.951, 491.557 
    Radius: 127.766 
    Left Slip Surface Endpoint: -42.543, 412.657 
    Right Slip Surface Endpoint: 80.336, 365.767 
    Resisting Moment=3.71881e+007 lb-ft 
    Driving Moment=2.00519e+007 lb-ft 
     
    Method: spencer 
    FS: 1.844550 
    Center: 55.949, 487.549 
    Radius: 124.458 
    Left Slip Surface Endpoint: -43.443, 412.642 
    Right Slip Surface Endpoint: 81.478, 365.738 
    Resisting Moment=3.76087e+007 lb-ft 
    Driving Moment=2.03891e+007 lb-ft 
    Resisting Horizontal Force=274824 lb 
    Driving Horizontal Force=148993 lb 
     
    Valid / Invalid Surfaces 
     
    Method: bishop simplified 
    Number of Valid Surfaces: 15340 
    Number of Invalid Surfaces: 13271 
    Error Codes:  
    Error Code -99 reported for 5815 surfaces 
    Error Code -100 reported for 5 surfaces 
    Error Code -103 reported for 2116 surfaces 
    Error Code -106 reported for 295 surfaces 
    Error Code -109 reported for 4927 surfaces 



    Error Code -113 reported for 3 surfaces 
    Error Code -1000 reported for 110 surfaces 
     
    Method: spencer 
    Number of Valid Surfaces: 15079 
    Number of Invalid Surfaces: 13532 
    Error Codes:  
    Error Code -99 reported for 5815 surfaces 
    Error Code -100 reported for 5 surfaces 
    Error Code -103 reported for 2116 surfaces 
    Error Code -106 reported for 295 surfaces 
    Error Code -108 reported for 55 surfaces 
    Error Code -109 reported for 4927 surfaces 
    Error Code -111 reported for 206 surfaces 
    Error Code -113 reported for 3 surfaces 
    Error Code -1000 reported for 110 surfaces 
     
    Error Codes 
     
    The following errors were encountered during the computation: 
     
    -99 = Slip surface intersects an infinite 
    strength material. If infinite strength regions 
    are defined for a model, a large number of 
    potential slip surfaces may show this error code. 
    This is Normal. 
     
    -100 = Both surface / slope intersections 
    are on the same horizontal surface. In general, this 
    will give a very high or infinite factor of safety (zero 
    driving force), if calculated. 
     
    -103 = Two surface / slope intersections, 
    but one or more surface / nonslope external polygon 
    intersections lie between them. This usually occurs 
    when the slip surface extends past the bottom of the 
    soil region, but may also occur on a benched 
    slope model with two sets of Slope Limits. 
     
    -106 = Average slice width is less than 
    0.0001 * (maximum horizontal extent of soil region). 
    This limitation is imposed to avoid numerical errors 
    which may result from too many slices, or too 
    small a slip region. 
     
    -108 = Total driving moment 
    or total driving force < 0.1. This is to 
    limit the calculation of extremely high safety 
    factors if the driving force is very small 
    (0.1 is an arbitrary number). 
     
    -109 = Soiltype for slice base not 
    located. This error should occur very rarely, 
    if at all. It may occur if a very low number of 
    slices is combined with certain soil geometries, 
    such that the midpoint of a slice base is 

    actually outside the soil region,even though 
    the slip surface is wholly within the soil region. 
     
    -111 = safety factor equation did not converge 
     
    -113 = Surface intersects outside slope limits. 
     
    -1000 = No valid slip surfaces are generated 
    at a grid center. Unable to draw a surface. 
     
     
    List of All Coordinates 
     
    Search Grid 
       1.881 403.382 
       102.006 403.382 
       102.006 503.581 
       1.881 503.581 
     
    Material Boundary 
       -100.000 365.770 
       80.230 365.770 
     
    Material Boundary 
       -12.000 413.185 
       -12.000 395.500 
       0.000 395.500 
       0.000 401.440 
     
    Material Boundary 
       -19.350 413.049 
       -12.000 395.500 
     
    External Boundary 
       -100.000 411.320 
       -100.000 365.770 
       -100.000 350.000 
       100.000 350.000 
       100.000 365.260 
       80.230 365.770 
       78.900 369.510 
       78.650 370.140 
       77.860 370.160 
       74.500 370.380 
       70.820 370.970 
       69.580 370.970 
       67.040 371.870 
       62.950 373.570 
       58.270 375.510 
       56.440 376.280 
       51.610 378.560 
       34.800 387.320 
       22.798 393.066 
       5.306 401.440 
       0.000 401.440 
       0.000 416.380 



       -1.000 416.380 
       -1.480 413.380 
       -12.000 413.185 
       -19.350 413.049 
       -43.570 412.640 
     
    Water Table 
       -100.000 360.000 
       100.000 360.000 
     
    Distributed Load 
       -1.480 413.380 
       -12.000 413.185 
       -19.350 413.049 
       -43.570 412.640 
       -100.000 411.320 
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Settle3D Analysis Information

Project Settings
Project Title: SR-57 SETTLEMENT ANALYSIS
Analysis: RW684
Author: RB
Company: CH2M HILL
Date Created: 1/5/2009, 11:18:11 AM
Stress Computation Method: Boussinesq
Groundwater method: Water Table
Water Unit Weight: 0.0624 kips/ft3
Depth to water table: 43 [ft]

Stage Settings
NameStage #

Stage 11

Results
Stage: Stage 1

MaximumMinimumData Type

0.8586360Total Settlement [in]

0.5065080Consolidation Settlement [in]

0.3521280Immediate Settlement [in]

3.085210Loading Stress [ksf]

8.134290Effective Stress [ksf]

10.44310Total Stress [ksf]

0.007179810Total Strain

2.30880Pore Water Pressure [ksf]

1000Degree of Consolidation [%]

Loads
Rectangular Load

Length: 50.39 ft
Width: 8.62 ft
Rotation angle: 0 degrees
Load: 2.6036 ksf
Depth: 0 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

-3.55271e-015985.2
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-3.55271e-0151035.59

8.621035.59

8.62985.2

Rectangular Load

Length: 40 ft
Width: 9.1 ft
Rotation angle: 0 degrees
Load: 3.0852 ksf
Depth: 2.5 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

1.5099e-014945.2

1.5099e-014985.2

9.1985.2

9.1945.2

Rectangular Load

Length: 45 ft
Width: 8.62 ft
Rotation angle: 0 degrees
Load: 2.6036 ksf
Depth: 2.5 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

-3.55271e-015900.2

-3.55271e-015945.2

8.62945.2

8.62900.2

Rectangular Load

Length: 55 ft
Width: 9.1 ft
Rotation angle: 0 degrees
Load: 3.0852 ksf
Depth: 5 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

-6.21725e-015845.2

-6.21725e-015900.2

9.1900.2

9.1845.2

Page 2 of 9
SETTLE3D 1.011

RW684_ST14+40.s3z CH2M HILL   1/5/2009, 11:18:11 AM



Rectangular Load

Length: 75 ft
Width: 9.1 ft
Rotation angle: 0 degrees
Load: 3.0852 ksf
Depth: 7.5 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

-3.55271e-015750.2

-3.55271e-015825.2

9.1825.2

9.1750.2

Rectangular Load

Length: 20 ft
Width: 8.62 ft
Rotation angle: 0 degrees
Load: 2.6036 ksf
Depth: 5 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

-3.55271e-015825.2

-3.55271e-015845.2

8.62845.2

8.62825.2

Rectangular Load

Length: 80 ft
Width: 9.1 ft
Rotation angle: 0 degrees
Load: 3.0852 ksf
Depth: 10 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

-5.32907e-015670.2

-5.32907e-015750.2

9.1750.2

9.1670.2

Rectangular Load
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Length: 25 ft
Width: 10.72 ft
Rotation angle: 0 degrees
Load: 3.0716 ksf
Depth: 12.5 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

-5.32907e-015645.2

-5.32907e-015670.2

10.72670.2

10.72645.2

Rectangular Load

Length: 95 ft
Width: 9.1 ft
Rotation angle: 0 degrees
Load: 3.0852 ksf
Depth: 12.5 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

-5.32907e-015550.2

-5.32907e-015645.2

9.1645.2

9.1550.2

Rectangular Load

Length: 110 ft
Width: 9.1 ft
Rotation angle: 0 degrees
Load: 3.0852 ksf
Depth: 15 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

-5.32907e-015440.2

-5.32907e-015550.2

9.1550.2

9.1440.2

Rectangular Load

Length: 20 ft
Width: 8.62 ft
Rotation angle: 0 degrees
Load: 2.6036 ksf
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Depth: 15 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

-5.32907e-015420.2

-5.32907e-015440.2

8.62440.2

8.62420.2

Rectangular Load

Length: 85 ft
Width: 9.1 ft
Rotation angle: 0 degrees
Load: 3.0852 ksf
Depth: 17.5 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

-5.32907e-015335.2

-5.32907e-015420.2

9.1420.2

9.1335.2

Rectangular Load

Length: 20 ft
Width: 8.62 ft
Rotation angle: 0 degrees
Load: 2.6036 ksf
Depth: 17.5 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

-2.66454e-015315.2

-2.66454e-015335.2

8.62335.2

8.62315.2

Rectangular Load

Length: 75 ft
Width: 9.1 ft
Rotation angle: 0 degrees
Load: 3.0852 ksf
Depth: 20 ft
Installation Stage: Stage 1

Coordinates
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Y [ft]X [ft]

-2.66454e-015240.2

-2.66454e-015315.2

9.1315.2

9.1240.2

Rectangular Load

Length: 110 ft
Width: 9.1 ft
Rotation angle: 0 degrees
Load: 3.0852 ksf
Depth: 22.5 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

-2.66454e-015130.2

-2.66454e-015240.2

9.1240.2

9.1130.2

Rectangular Load

Length: 20 ft
Width: 8.62 ft
Rotation angle: 0 degrees
Load: 2.6036 ksf
Depth: 22.5 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

0110.2

0130.2

8.62130.2

8.62110.2

Rectangular Load

Length: 75 ft
Width: 9.1 ft
Rotation angle: 0 degrees
Load: 3.0852 ksf
Depth: 25 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

035.2
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0110.2

9.1110.2

9.135.2

Rectangular Load

Length: 15 ft
Width: 8.62 ft
Rotation angle: 0 degrees
Load: 2.6036 ksf
Depth: 25 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

020.2

035.2

8.6235.2

8.6220.2

Rectangular Load

Length: 20 ft
Width: 9.1 ft
Rotation angle: 0 degrees
Load: 3.0852 ksf
Depth: 27.5 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

00.2

020.2

9.120.2

9.10.2

Soil Layers
Depth [ft]Thickness [ft]TypeLayer #

030FILL (Af)1

3025SAND2

5525CLAY3

Soil Properties
FILL (Af)

0.13Unit Weight [kips/ft3]

0.13Saturated Unit Weight [kips/ft3]
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EnabledImmediate Settlement

1500Es [ksf]

1500Eur [ksf]

EnabledPrimary Consolidation

Non-LinearMaterial Type

0.025Cce

0.0025Cre

10.5Pc [ksf]

SAND

0.12Unit Weight [kips/ft3]

0.12Saturated Unit Weight [kips/ft3]

EnabledImmediate Settlement

2000Es [ksf]

2000Eur [ksf]

EnabledPrimary Consolidation

Non-LinearMaterial Type

0.01Cce

0.001Cre

2OCR

CLAY

0.13Unit Weight [kips/ft3]

0.13Saturated Unit Weight [kips/ft3]

EnabledPrimary Consolidation

Non-LinearMaterial Type

0.06Cce

0.006Cre

1OCR

Query Points
Number of Divisions(X,Y) LocationString #

630.2, 4.551

59495.2, 4.552

571035.59, 4.313

Grid
Number of points: 292
Expansion Factor: 2

Grid Coordinates
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Y [ft]X [ft]

35.9151060.79

-25.1951060.79

-25.195-24.995

35.915-24.995
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SR-57 Improvements
AASHTO  DESIGN  METHOD

PROJECT IDENTIFICATION

Title: SR-57 Improvements
Project Number: RW698
Client: OCTA
Designer: RB
Station Number: 10+00

Description:

Company's information:

Name: CH2M HILL
Street: 6 Hutton Center Drive

#700
Santa Ana, CA  92706

Telephone #:
Fax #:
E-Mail:

Original file path and name: \\cheron\Projects\OCTA\370900_SR57NBWideningPSE\Design\.....
.....es\RW698STA10+00.BEN

Original date and time of creating this file: Thu Jan 08 09:08:00 2009

PROGRAM MODE: ANALYSIS
of a SIMPLE STRUCTURE
using METAL MATS/GRIDS as reinforcing material.
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SOIL DATA

REINFORCED SOIL
Unit weight, γ 120.0 lb/ft ³
Design value of internal angle of friction, φ 34.0 °

RETAINED SOIL
Unit weight, γ 120.0 lb/ft ³
Design value of internal angle of friction, φ 34.0 °

FOUNDATION SOIL (Considered as an equivalent uniform soil)
Equivalent unit weight, γ equiv. 130.0 lb/ft ³
Equivalent internal angle of friction, φequiv. 47.0 °
Equivalent cohesion,  c equiv. 250.0 lb/ft ²

Water table does not affect bearing capacity

LATERAL EARTH PRESSURE COEFFICIENTS

Ka (internal stability) = 0.2827   (if batter is less than 10°, Ka is calculated from eq. 15.  Otherwise, eq. 38 is utilized)
Ka (external stability) = 0.2827   (if batter is less than 10°, Ka is calculated from eq. 16.  Otherwise, eq. 17 is utilized)

BEARING CAPACITY

Bearing capacity coefficients (calculated by MSEW):  Nc = 0.00 N   = 32.76γ

SEISMICITY

Maximum ground acceleration coefficient, A = 0.200
Design acceleration coefficient in Internal Stability:  Kh = 0.250
Design acceleration coefficient in External Stability:  Kh = 0.250

Kae ( Kh > 0 ) = 0.4504 Kae ( Kh = 0 )  = 0.2827 Kae = 0.1677     (see eq. 37 in DEMO 82)Δ
Seismic soil-metal mats friction coefficient, F* is 80.0% of its specified static value.
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INPUT DATA:  Metal mats/grids
(Analysis)

D  A  T  A Metal mats
type #1

Metal mats
type #2

Metal mats
type #3

Metal mats
type #4

Metal mats
type #5

Yield strength of steel, Fy  [kips/in ²]
Gross width of grid, b  [in]
Vertical spacing, Sv [ft]

65.0
6.0
Varies

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

Design cross section area, Ac  [in ²] 0.14 N/A N/A N/A N/A
Thickness of transverse element, t  [in]
Distance between transverse bars, St  [in]

0.4
6.0

N/A
N/A

N/A
N/A

N/A
N/A

N/A
N/A

Friction angle along reinforcement-soil interface, ρ
@ the top
@ 19.7 ft or below

Pullout resistance factor,  F*
@ the top
@ 19.7 ft or below

Scale-effect correction factor, α

51.25
34.00

1.25
0.62
1.00

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

Variation of Lateral Earth Pressure Coefficient With Depth

Z K / Ka
   0 ft 2.50
 3.3 ft 2.30
 6.6 ft 2.05
 9.8 ft 1.85
13.1 ft 1.65
16.4 ft 1.40
19.7 ft 1.20

   0

 6.6

 9.8

16.4

26.2

32.8

Z [ft]

0.0 1.0 2.0 3.0
K / Ka
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INPUT DATA:  Facia and Connection
(Analysis)

FACIA type:   Full height precast concrete panels.
Depth of panel is 0.50 ft.  Horizontal distance to Center of Gravity of panel is 0.25 ft.
Average unit weight of panel is   = 150.00 lb/ft ³γ f

Z / Hd    To-static / Tmax
or   To-seismic / Tmd

Top of wall

0.00
0.25
0.50
0.75
1.00

Z / Hd

1.00 0.90 0.80 0.70 0.60 0.50
To-static / Tmax   or   To-seismic / Tmd

0.00 1.00
0.25 1.00
0.50 1.00
0.75 1.00
1.00 1.00

D  A  T  A  (for connection only) Type #1 Type #2 Type #3 Type #4 Type #5

Product Name Caltrans .. N/A N/A N/A N/A
Strength reduction at the connection,

CRu = Fyc  / Fy 0.90 N/A N/A N/A N/A
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INPUT DATA:  Geometry and Surcharge loads  (of a SIMPLE STRUCTURE)

Design height, Hd 25.00 [ft] { Embedded depth is E = 4.00 ft, and height above top of finished
bottom grade is H = 21.00 ft }

Batter, ω 0.0 [deg]
Backslope, β 0.0 [deg]
Backslope rise 0.0 [ft] Broken back equivalent angle, I = 0.00°  (see Fig. 25 in DEMO 82)

U N I F O R M   S U R C H A R G E
Uniformly distributed dead load is 240.0 [lb/ft ²]

ANALYZED REINFORCEMENT LAYOUT:

SCALE:

0 2 4 6 8 10[ft]
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ANALYSIS: CALCULATED FACTORS (Static conditions)
Bearing capacity, Fs = 7.41, Meyerhof stress = 4095 lb/ft².

Foundation Interface: Direct sliding, Fs = 3.199, Eccentricity, e/L = 0.1044, Fs-overturning = 4.79
M E T A L   M A T S C O N N E C T I O N

# Elevation Length Type
#

Fs-overall
 [pullout
resistance]

Fs-overall
[connection
    break]

Fs-overall
[metal mats
strength]

Metal mats
strength
   Fs

Pullout
resistance
   Fs

Direct
sliding
   Fs

Eccentricity
   e/L

Product
name

[ft] [ft]

1 1.25 18.00 1 N/A 6.25 6.95 6.950 25.342 3.356 0.0948 Caltrans W20
2 3.75 18.00 1 N/A 6.93 7.70 7.697 23.138 3.722 0.0770 Caltrans W20
3 6.25 18.00 1 N/A 7.38 8.20 8.197 20.842 4.178 0.0610 Caltrans W20
4 8.75 18.00 1 N/A 7.49 8.32 8.321 18.668 4.763 0.0468 Caltrans W20
5 11.25 18.00 1 N/A 7.72 8.57 8.573 16.231 5.543 0.0345 Caltrans W20
6 13.75 18.00 1 N/A 8.30 9.22 9.224 15.050 6.633 0.0240 Caltrans W20
7 16.25 18.00 1 N/A 9.42 10.47 10.471 15.093 8.276 0.0153 Caltrans W20
8 18.75 18.00 1 N/A 11.33 12.59 12.589 15.063 11.061 0.0084 Caltrans W20
9 21.25 18.00 1 N/A 15.01 16.68 16.681 14.960 16.993 0.0035 Caltrans W20
10 23.75 18.00 1 N/A 24.83 27.59 27.594 14.970 42.536 0.0005 Caltrans W20

ANALYSIS: CALCULATED FACTORS (Seismic conditions)
Bearing capacity, Fs = 2.70, Meyerhof stress = 6776 lb/ft².

Foundation Interface: Direct sliding, Fs = 1.585, Eccentricity, e/L = 0.2609, Fs-overturning = 1.92
M E T A L   M A T S C O N N E C T I O N

# Elevation Length Type
#

Fs-overall
 [pullout
resistance]

Fs-overall
[connection
    break]

Fs-overall
[metal mats
strength]

Metal mats
strength
   Fs

Pullout
resistance
   Fs

Direct
sliding
   Fs

Eccentricity
   e/L

Product
name

[ft] [ft]

1 1.25 18.00 1 N/A 5.11 5.68 5.676 16.558 1.669 0.2355 Caltrans W20
2 3.75 18.00 1 N/A 5.65 6.27 6.273 15.087 1.867 0.1886 Caltrans W20
3 6.25 18.00 1 N/A 6.05 6.73 6.726 13.682 2.117 0.1469 Caltrans W20
4 8.75 18.00 1 N/A 6.25 6.94 6.942 12.460 2.446 0.1104 Caltrans W20
5 11.25 18.00 1 N/A 6.54 7.26 7.262 10.999 2.895 0.0791 Caltrans W20
6 13.75 18.00 1 N/A 7.03 7.81 7.808 10.192 3.545 0.0530 Caltrans W20
7 16.25 18.00 1 N/A 7.82 8.68 8.684 10.014 4.572 0.0321 Caltrans W20
8 18.75 18.00 1 N/A 9.08 10.09 10.092 9.660 6.431 0.0164 Caltrans W20
9 21.25 18.00 1 N/A 11.31 12.56 12.562 9.013 10.814 0.0059 Caltrans W20
10 23.75 18.00 1 N/A 16.10 17.89 17.891 7.765 33.201 0.0007 Caltrans W20
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BEARING CAPACITY for GIVEN LAYOUT

SCALE:

0 2 4 6 8 10[ft]

STATIC SEISMIC UNITS
(Water table does not affect bearing capacity)
Ultimate bearing capacity, q-ult 30330 18328 [lb/ft ²]
Meyerhof stress, σV 4094.6 6776 [lb/ft ²]
Eccentricity,  e 1.88 4.70 [ft]
Eccentricity,  e/L 0.104 0.261
Fs calculated 7.41 2.70
Base length 18.00 18.00 [ft]
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DIRECT SLIDING for GIVEN LAYOUT
(for METAL MATS/GRIDS reinforcements)

Along reinforced and foundation soils interface:  Fs-static = 3.199  and  Fs-seismic = 1.585

  # Metal Mats
Elevation
   [ft]

Metal Mats
Length
   [ft]

  Fs
Static

  Fs
Seismic

Metal Mats
Type  # Product name

1 1.25 18.00 3.356 1.669 1 Caltrans W20
2 3.75 18.00 3.722 1.867 1 Caltrans W20
3 6.25 18.00 4.178 2.117 1 Caltrans W20
4 8.75 18.00 4.763 2.446 1 Caltrans W20
5 11.25 18.00 5.543 2.895 1 Caltrans W20
6 13.75 18.00 6.633 3.545 1 Caltrans W20
7 16.25 18.00 8.276 4.572 1 Caltrans W20
8 18.75 18.00 11.061 6.431 1 Caltrans W20
9 21.25 18.00 16.993 10.814 1 Caltrans W20
10 23.75 18.00 42.536 33.201 1 Caltrans W20

ECCENTRICITY for GIVEN LAYOUT

At interface with foundation:  e/L static = 0.1044,  e/L seismic = 0.2609; Overturning: Fs-static = 4.79, Fs-seismic = 1.92

  # Metal Mats
Elevation
   [ft]

Metal Mats
Length
   [ft]

 e / L
Static

 e / L
Seismic

Metal Mats
Type  # Product name

1 1.25 18.00 0.0948 0.2355 1 Caltrans W20
2 3.75 18.00 0.0770 0.1886 1 Caltrans W20
3 6.25 18.00 0.0610 0.1469 1 Caltrans W20
4 8.75 18.00 0.0468 0.1104 1 Caltrans W20
5 11.25 18.00 0.0345 0.0791 1 Caltrans W20
6 13.75 18.00 0.0240 0.0530 1 Caltrans W20
7 16.25 18.00 0.0153 0.0321 1 Caltrans W20
8 18.75 18.00 0.0084 0.0164 1 Caltrans W20
9 21.25 18.00 0.0035 0.0059 1 Caltrans W20
10 23.75 18.00 0.0005 0.0007 1 Caltrans W20
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RESULTS for STRENGTH     [ Note: Actual Fs-overall = (Yield stress) / (Actual stress) ]

  # Metal Mats
Elevation
   [ft]

Coverage
  ratio,
Rc=b/Sh

Horizontal
spacing, Sh
   [ft]

Long-term
strength
Fy·Ac·Rc/b
   [lb/ft]

  Tmax
[lb/ft]

Tmd
[lb/ft]

Specified
minimum
Fs-overall
static

Actual
calculated
Fs-overall
static

Specified
minimum
Fs-overall
seismic

Actual
calculated
Fs-overall
seismic

1 1.25 1.000 0.500 18213 2620.77 588.07 N/A 6.950 N/A 5.676
2 3.75 1.000 0.500 18213 2366.32 536.93 N/A 7.697 N/A 6.273
3 6.25 1.000 0.500 18213 2222.03 485.79 N/A 8.197 N/A 6.726
4 8.75 1.000 0.500 18213 2188.91 434.66 N/A 8.321 N/A 6.942
5 11.25 1.000 0.500 18213 2124.39 383.52 N/A 8.573 N/A 7.262
6 13.75 1.000 0.500 18213 1974.51 357.95 N/A 9.224 N/A 7.808
7 16.25 1.000 0.500 18213 1739.39 357.95 N/A 10.471 N/A 8.684
8 18.75 1.000 0.500 18213 1446.71 357.95 N/A 12.589 N/A 10.092
9 21.25 1.000 0.500 18213 1091.87 357.95 N/A 16.681 N/A 12.562
10 23.75 1.000 0.500 18213 660.03 357.95 N/A 27.594 N/A 17.891

RESULTS for PULLOUT

  # Metal Mats
Elevation

[ft]

Coverage
Ratio
Rc=b/Sh

Tmax
[lb/ft]

Tmd
[lb/ft]

Le
[ft]

La
[ft]

Avail.Static
Pullout, Pr

[lb/ft]

Specified
Static

Fs

Actual
Static

Fs

Avail.Seism.
Pullout, Pr

[lb/ft]

Specified
Seismic

Fs

Actual
Seismic

Fs

1 1.25 1.000 2620.8 588.1 17.25 0.75 66415.0 53132.0N/A 25.342 N/A 16.558
2 3.75 1.000 2366.3 536.9 15.75 2.25 54752.4 43801.9N/A 23.138 N/A 15.087
3 6.25 1.000 2222.0 485.8 14.25 3.75 46311.3 37049.0N/A 20.842 N/A 13.682
4 8.75 1.000 2188.9 434.7 12.75 5.25 40862.6 32690.1N/A 18.668 N/A 12.460
5 11.25 1.000 2124.4 383.5 11.25 6.75 34480.8 27584.6N/A 16.231 N/A 10.999
6 13.75 1.000 1974.5 358.0 10.50 7.50 29715.7 23772.5N/A 15.050 N/A 10.192
7 16.25 1.000 1739.4 358.0 10.50 7.50 26252.3 21001.9N/A 15.093 N/A 10.014
8 18.75 1.000 1446.7 358.0 10.50 7.50 21792.1 17433.6N/A 15.063 N/A 9.660
9 21.25 1.000 1091.9 358.0 10.50 7.50 16334.9 13067.9N/A 14.960 N/A 9.013
10 23.75 1.000 660.0 358.0 10.50 7.50 9880.8 7904.6N/A 14.970 N/A 7.765
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RESULTS for CONNECTION (static conditions)

  # Metal Mats
Elevation
   [ft]

Coverage
  ratio
Rc=b/Sh

Horizontal
spacing, Sh
   [ft]

Connection
force, To
  [lb/ft]

Reduction
factor for
connection
break,
CRu

Long-term
connection
strength,Tac
(break
criterion)
  [lb/ft]

Metal Mats
long-term
strength,
  [lb/ft]

Fs-overall
connection
break

Specified   Actual

Fs-overall
Metal Mats
strength

Specified   Actual

Product
name

1 1.25 1.000 0.500 2621 0.90 16392 18213 N/A 6.25 N/A 6.95 Caltrans W20
2 3.75 1.000 0.500 2366 0.90 16392 18213 N/A 6.93 N/A 7.70 Caltrans W20
3 6.25 1.000 0.500 2222 0.90 16392 18213 N/A 7.38 N/A 8.20 Caltrans W20
4 8.75 1.000 0.500 2189 0.90 16392 18213 N/A 7.49 N/A 8.32 Caltrans W20
5 11.25 1.000 0.500 2124 0.90 16392 18213 N/A 7.72 N/A 8.57 Caltrans W20
6 13.75 1.000 0.500 1975 0.90 16392 18213 N/A 8.30 N/A 9.22 Caltrans W20
7 16.25 1.000 0.500 1739 0.90 16392 18213 N/A 9.42 N/A 10.47 Caltrans W20
8 18.75 1.000 0.500 1447 0.90 16392 18213 N/A 11.33 N/A 12.59 Caltrans W20
9 21.25 1.000 0.500 1092 0.90 16392 18213 N/A 15.01 N/A 16.68 Caltrans W20
10 23.75 1.000 0.500 660 0.90 16392 18213 N/A 24.83 N/A 27.59 Caltrans W20

RESULTS for CONNECTION (seismic conditions)

  # Metal Mats
Elevation
   [ft]

Coverage
  ratio
Rc=b/Sh

Horizontal
spacing, Sh
   [ft]

Connection
force, To
  [lb/ft]

Reduction
factor for
connection
break,
CRu

Long-term
connection
strength,Tac
(break
criterion)
  [lb/ft]

Metal Mats
long-term
strength,
  [lb/ft]

Fs-overall
connection
break

Specified   Actual

Fs-overall
Metal Mats
strength

Specified   Actual

Product
name

1 1.25 1.000 0.500 3209 0.90 16392 18213 N/A 5.11 N/A 5.68 Caltrans W20
2 3.75 1.000 0.500 2903 0.90 16392 18213 N/A 5.65 N/A 6.27 Caltrans W20
3 6.25 1.000 0.500 2708 0.90 16392 18213 N/A 6.05 N/A 6.73 Caltrans W20
4 8.75 1.000 0.500 2624 0.90 16392 18213 N/A 6.25 N/A 6.94 Caltrans W20
5 11.25 1.000 0.500 2508 0.90 16392 18213 N/A 6.54 N/A 7.26 Caltrans W20
6 13.75 1.000 0.500 2332 0.90 16392 18213 N/A 7.03 N/A 7.81 Caltrans W20
7 16.25 1.000 0.500 2097 0.90 16392 18213 N/A 7.82 N/A 8.68 Caltrans W20
8 18.75 1.000 0.500 1805 0.90 16392 18213 N/A 9.08 N/A 10.09 Caltrans W20
9 21.25 1.000 0.500 1450 0.90 16392 18213 N/A 11.31 N/A 12.56 Caltrans W20
10 23.75 1.000 0.500 1018 0.90 16392 18213 N/A 16.10 N/A 17.89 Caltrans W20
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SR-57 Improvements
AASHTO  DESIGN  METHOD

PROJECT IDENTIFICATION

Title: SR-57 Improvements
Project Number: RW698
Client: OCTA
Designer: RB
Station Number: 10+10

Description:

Company's information:

Name: CH2M HILL
Street: 6 Hutton Center Drive

#700
Santa Ana, CA  92706

Telephone #:
Fax #:
E-Mail:

Original file path and name: \\cheron\Projects\OCTA\370900_SR57NBWideningPSE\Design\.....
.....es\RW698STA10+10.BEN

Original date and time of creating this file: Thu Jan 08 09:08:00 2009

PROGRAM MODE: ANALYSIS
of a SIMPLE STRUCTURE
using METAL MATS/GRIDS as reinforcing material.
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SOIL DATA

REINFORCED SOIL
Unit weight, γ 120.0 lb/ft ³
Design value of internal angle of friction, φ 34.0 °

RETAINED SOIL
Unit weight, γ 120.0 lb/ft ³
Design value of internal angle of friction, φ 34.0 °

FOUNDATION SOIL (Considered as an equivalent uniform soil)
Equivalent unit weight, γ equiv. 130.0 lb/ft ³
Equivalent internal angle of friction, φequiv. 47.0 °
Equivalent cohesion,  c equiv. 250.0 lb/ft ²

Water table does not affect bearing capacity

LATERAL EARTH PRESSURE COEFFICIENTS

Ka (internal stability) = 0.2827   (if batter is less than 10°, Ka is calculated from eq. 15.  Otherwise, eq. 38 is utilized)
Ka (external stability) = 0.2827   (if batter is less than 10°, Ka is calculated from eq. 16.  Otherwise, eq. 17 is utilized)

BEARING CAPACITY

Bearing capacity coefficients (calculated by MSEW):  Nc = 0.00 N   = 32.76γ

SEISMICITY

Maximum ground acceleration coefficient, A = 0.200
Design acceleration coefficient in Internal Stability:  Kh = 0.250
Design acceleration coefficient in External Stability:  Kh = 0.250

Kae ( Kh > 0 ) = 0.4504 Kae ( Kh = 0 )  = 0.2827 Kae = 0.1677     (see eq. 37 in DEMO 82)Δ
Seismic soil-metal mats friction coefficient, F* is 80.0% of its specified static value.

Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 

SR-57 Improvements
Copyright © 1998-2008 ADAMA Engineering, Inc.  License number  MSEW-301754

Page 2 of  10

Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 



Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 

MSEW -- Mechanically Stabilized Earth Walls SR-57 Improvements
Present Date/Time:  Thu Feb 19 18:16:06 2009 \\c.....eotechnical\Reports\Retaining Wall Report\RW698\Appendix C\MSEW Analyses\RW698STA10+10.BEN

Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 

INPUT DATA:  Metal mats/grids
(Analysis)

D  A  T  A Metal mats
type #1

Metal mats
type #2

Metal mats
type #3

Metal mats
type #4

Metal mats
type #5

Yield strength of steel, Fy  [kips/in ²]
Gross width of grid, b  [in]
Vertical spacing, Sv [ft]

65.0
6.0
Varies

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

Design cross section area, Ac  [in ²] 0.14 N/A N/A N/A N/A
Thickness of transverse element, t  [in]
Distance between transverse bars, St  [in]

0.4
6.0

N/A
N/A

N/A
N/A

N/A
N/A

N/A
N/A

Friction angle along reinforcement-soil interface, ρ
@ the top
@ 19.7 ft or below

Pullout resistance factor,  F*
@ the top
@ 19.7 ft or below

Scale-effect correction factor, α

51.25
34.00

1.25
0.62
1.00

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

Variation of Lateral Earth Pressure Coefficient With Depth

Z K / Ka
   0 ft 2.50
 3.3 ft 2.30
 6.6 ft 2.05
 9.8 ft 1.85
13.1 ft 1.65
16.4 ft 1.40
19.7 ft 1.20

   0

 6.6

 9.8

16.4

26.2

32.8

Z [ft]

0.0 1.0 2.0 3.0
K / Ka
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INPUT DATA:  Facia and Connection
(Analysis)

FACIA type:   Full height precast concrete panels.
Depth of panel is 0.50 ft.  Horizontal distance to Center of Gravity of panel is 0.25 ft.
Average unit weight of panel is   = 150.00 lb/ft ³γ f

Z / Hd    To-static / Tmax
or   To-seismic / Tmd

Top of wall

0.00
0.25
0.50
0.75
1.00

Z / Hd

1.00 0.90 0.80 0.70 0.60 0.50
To-static / Tmax   or   To-seismic / Tmd

0.00 1.00
0.25 1.00
0.50 1.00
0.75 1.00
1.00 1.00

D  A  T  A  (for connection only) Type #1 Type #2 Type #3 Type #4 Type #5

Product Name Caltrans .. N/A N/A N/A N/A
Strength reduction at the connection,

CRu = Fyc  / Fy 0.90 N/A N/A N/A N/A
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INPUT DATA:  Geometry and Surcharge loads  (of a SIMPLE STRUCTURE)

Design height, Hd 22.50 [ft] { Embedded depth is E = 3.00 ft, and height above top of finished
bottom grade is H = 19.50 ft }

Batter, ω 0.0 [deg]
Backslope, β 0.0 [deg]
Backslope rise 0.0 [ft] Broken back equivalent angle, I = 0.00°  (see Fig. 25 in DEMO 82)

U N I F O R M   S U R C H A R G E
Uniformly distributed dead load is 240.0 [lb/ft ²]

ANALYZED REINFORCEMENT LAYOUT:

SCALE:

0 2 4 6 8 10[ft]
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ANALYSIS: CALCULATED FACTORS (Static conditions)
Bearing capacity, Fs = 7.11, Meyerhof stress = 3754 lb/ft².

Foundation Interface: Direct sliding, Fs = 3.137, Eccentricity, e/L = 0.1084, Fs-overturning = 4.61
M E T A L   M A T S C O N N E C T I O N

# Elevation Length Type
#

Fs-overall
 [pullout
resistance]

Fs-overall
[connection
    break]

Fs-overall
[metal mats
strength]

Metal mats
strength
   Fs

Pullout
resistance
   Fs

Direct
sliding
   Fs

Eccentricity
   e/L

Product
name

[ft] [ft]

1 1.25 16.00 1 N/A 6.93 7.70 7.697 22.394 3.308 0.0974 Caltrans W20
2 3.75 16.00 1 N/A 7.38 8.20 8.197 20.105 3.714 0.0772 Caltrans W20
3 6.25 16.00 1 N/A 7.49 8.32 8.321 17.934 4.234 0.0593 Caltrans W20
4 8.75 16.00 1 N/A 7.72 8.57 8.573 15.501 4.927 0.0436 Caltrans W20
5 11.25 16.00 1 N/A 8.30 9.22 9.224 13.252 5.896 0.0303 Caltrans W20
6 13.75 16.00 1 N/A 9.42 10.47 10.471 13.290 7.357 0.0193 Caltrans W20
7 16.25 16.00 1 N/A 11.33 12.59 12.589 13.264 9.832 0.0107 Caltrans W20
8 18.75 16.00 1 N/A 15.01 16.68 16.681 13.174 15.105 0.0044 Caltrans W20
9 21.25 16.00 1 N/A 24.83 27.59 27.594 13.182 37.810 0.0006 Caltrans W20

ANALYSIS: CALCULATED FACTORS (Seismic conditions)
Bearing capacity, Fs = 2.50, Meyerhof stress = 6325 lb/ft².

Foundation Interface: Direct sliding, Fs = 1.567, Eccentricity, e/L = 0.2676, Fs-overturning = 1.87
M E T A L   M A T S C O N N E C T I O N

# Elevation Length Type
#

Fs-overall
 [pullout
resistance]

Fs-overall
[connection
    break]

Fs-overall
[metal mats
strength]

Metal mats
strength
   Fs

Pullout
resistance
   Fs

Direct
sliding
   Fs

Eccentricity
   e/L

Product
name

[ft] [ft]

1 1.25 16.00 1 N/A 5.66 6.29 6.287 14.635 1.659 0.2387 Caltrans W20
2 3.75 16.00 1 N/A 6.07 6.74 6.745 13.235 1.882 0.1860 Caltrans W20
3 6.25 16.00 1 N/A 6.27 6.96 6.965 12.009 2.174 0.1398 Caltrans W20
4 8.75 16.00 1 N/A 6.56 7.29 7.290 10.545 2.573 0.1001 Caltrans W20
5 11.25 16.00 1 N/A 7.14 7.93 7.932 9.117 3.151 0.0671 Caltrans W20
6 13.75 16.00 1 N/A 7.95 8.84 8.837 8.973 4.064 0.0407 Caltrans W20
7 16.25 16.00 1 N/A 9.27 10.30 10.299 8.681 5.716 0.0208 Caltrans W20
8 18.75 16.00 1 N/A 11.60 12.88 12.884 8.141 9.613 0.0075 Caltrans W20
9 21.25 16.00 1 N/A 16.70 18.55 18.552 7.090 29.512 0.0008 Caltrans W20
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BEARING CAPACITY for GIVEN LAYOUT

SCALE:

0 2 4 6 8 10[ft]

STATIC SEISMIC UNITS
(Water table does not affect bearing capacity)
Ultimate bearing capacity, q-ult 26685 15838 [lb/ft ²]
Meyerhof stress, σV 3753.8 6325 [lb/ft ²]
Eccentricity,  e 1.73 4.28 [ft]
Eccentricity,  e/L 0.108 0.268
Fs calculated 7.11 2.50
Base length 16.00 16.00 [ft]
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DIRECT SLIDING for GIVEN LAYOUT
(for METAL MATS/GRIDS reinforcements)

Along reinforced and foundation soils interface:  Fs-static = 3.137  and  Fs-seismic = 1.567

  # Metal Mats
Elevation
   [ft]

Metal Mats
Length
   [ft]

  Fs
Static

  Fs
Seismic

Metal Mats
Type  # Product name

1 1.25 16.00 3.308 1.659 1 Caltrans W20
2 3.75 16.00 3.714 1.882 1 Caltrans W20
3 6.25 16.00 4.234 2.174 1 Caltrans W20
4 8.75 16.00 4.927 2.573 1 Caltrans W20
5 11.25 16.00 5.896 3.151 1 Caltrans W20
6 13.75 16.00 7.357 4.064 1 Caltrans W20
7 16.25 16.00 9.832 5.716 1 Caltrans W20
8 18.75 16.00 15.105 9.613 1 Caltrans W20
9 21.25 16.00 37.810 29.512 1 Caltrans W20

ECCENTRICITY for GIVEN LAYOUT

At interface with foundation:  e/L static = 0.1084,  e/L seismic = 0.2676; Overturning: Fs-static = 4.61, Fs-seismic = 1.87

  # Metal Mats
Elevation
   [ft]

Metal Mats
Length
   [ft]

 e / L
Static

 e / L
Seismic

Metal Mats
Type  # Product name

1 1.25 16.00 0.0974 0.2387 1 Caltrans W20
2 3.75 16.00 0.0772 0.1860 1 Caltrans W20
3 6.25 16.00 0.0593 0.1398 1 Caltrans W20
4 8.75 16.00 0.0436 0.1001 1 Caltrans W20
5 11.25 16.00 0.0303 0.0671 1 Caltrans W20
6 13.75 16.00 0.0193 0.0407 1 Caltrans W20
7 16.25 16.00 0.0107 0.0208 1 Caltrans W20
8 18.75 16.00 0.0044 0.0075 1 Caltrans W20
9 21.25 16.00 0.0006 0.0008 1 Caltrans W20
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RESULTS for STRENGTH     [ Note: Actual Fs-overall = (Yield stress) / (Actual stress) ]

  # Metal Mats
Elevation
   [ft]

Coverage
  ratio,
Rc=b/Sh

Horizontal
spacing, Sh
   [ft]

Long-term
strength
Fy·Ac·Rc/b
   [lb/ft]

  Tmax
[lb/ft]

Tmd
[lb/ft]

Specified
minimum
Fs-overall
static

Actual
calculated
Fs-overall
static

Specified
minimum
Fs-overall
seismic

Actual
calculated
Fs-overall
seismic

1 1.25 1.000 0.500 18213 2366.32 530.40 N/A 7.697 N/A 6.287
2 3.75 1.000 0.500 18213 2222.03 478.23 N/A 8.197 N/A 6.745
3 6.25 1.000 0.500 18213 2188.91 426.06 N/A 8.321 N/A 6.965
4 8.75 1.000 0.500 18213 2124.39 373.89 N/A 8.573 N/A 7.290
5 11.25 1.000 0.500 18213 1974.51 321.72 N/A 9.224 N/A 7.932
6 13.75 1.000 0.500 18213 1739.39 321.72 N/A 10.471 N/A 8.837
7 16.25 1.000 0.500 18213 1446.71 321.72 N/A 12.589 N/A 10.299
8 18.75 1.000 0.500 18213 1091.87 321.72 N/A 16.681 N/A 12.884
9 21.25 1.000 0.500 18213 660.03 321.72 N/A 27.594 N/A 18.552

RESULTS for PULLOUT

  # Metal Mats
Elevation

[ft]

Coverage
Ratio
Rc=b/Sh

Tmax
[lb/ft]

Tmd
[lb/ft]

Le
[ft]

La
[ft]

Avail.Static
Pullout, Pr

[lb/ft]

Specified
Static

Fs

Actual
Static

Fs

Avail.Seism.
Pullout, Pr

[lb/ft]

Specified
Seismic

Fs

Actual
Seismic

Fs

1 1.25 1.000 2366.3 530.4 15.25 0.75 52992.5 42394.0N/A 22.394 N/A 14.635
2 3.75 1.000 2222.0 478.2 13.75 2.25 44673.6 35738.9N/A 20.105 N/A 13.235
3 6.25 1.000 2188.9 426.1 12.25 3.75 39255.1 31404.1N/A 17.934 N/A 12.009
4 8.75 1.000 2124.4 373.9 10.75 5.25 32929.2 26343.3N/A 15.501 N/A 10.545
5 11.25 1.000 1974.5 321.7 9.25 6.75 26167.0 20933.6N/A 13.252 N/A 9.117
6 13.75 1.000 1739.4 321.7 9.25 6.75 23117.3 18493.8N/A 13.290 N/A 8.973
7 16.25 1.000 1446.7 321.7 9.25 6.75 19189.7 15351.7N/A 13.264 N/A 8.681
8 18.75 1.000 1091.9 321.7 9.25 6.75 14384.2 11507.3N/A 13.174 N/A 8.141
9 21.25 1.000 660.0 321.7 9.25 6.75 8700.8 6960.6N/A 13.182 N/A 7.090
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RESULTS for CONNECTION (static conditions)

  # Metal Mats
Elevation
   [ft]

Coverage
  ratio
Rc=b/Sh

Horizontal
spacing, Sh
   [ft]

Connection
force, To
  [lb/ft]

Reduction
factor for
connection
break,
CRu

Long-term
connection
strength,Tac
(break
criterion)
  [lb/ft]

Metal Mats
long-term
strength,
  [lb/ft]

Fs-overall
connection
break

Specified   Actual

Fs-overall
Metal Mats
strength

Specified   Actual

Product
name

1 1.25 1.000 0.500 2366 0.90 16392 18213 N/A 6.93 N/A 7.70 Caltrans W20
2 3.75 1.000 0.500 2222 0.90 16392 18213 N/A 7.38 N/A 8.20 Caltrans W20
3 6.25 1.000 0.500 2189 0.90 16392 18213 N/A 7.49 N/A 8.32 Caltrans W20
4 8.75 1.000 0.500 2124 0.90 16392 18213 N/A 7.72 N/A 8.57 Caltrans W20
5 11.25 1.000 0.500 1975 0.90 16392 18213 N/A 8.30 N/A 9.22 Caltrans W20
6 13.75 1.000 0.500 1739 0.90 16392 18213 N/A 9.42 N/A 10.47 Caltrans W20
7 16.25 1.000 0.500 1447 0.90 16392 18213 N/A 11.33 N/A 12.59 Caltrans W20
8 18.75 1.000 0.500 1092 0.90 16392 18213 N/A 15.01 N/A 16.68 Caltrans W20
9 21.25 1.000 0.500 660 0.90 16392 18213 N/A 24.83 N/A 27.59 Caltrans W20

RESULTS for CONNECTION (seismic conditions)

  # Metal Mats
Elevation
   [ft]

Coverage
  ratio
Rc=b/Sh

Horizontal
spacing, Sh
   [ft]

Connection
force, To
  [lb/ft]

Reduction
factor for
connection
break,
CRu

Long-term
connection
strength,Tac
(break
criterion)
  [lb/ft]

Metal Mats
long-term
strength,
  [lb/ft]

Fs-overall
connection
break

Specified   Actual

Fs-overall
Metal Mats
strength

Specified   Actual

Product
name

1 1.25 1.000 0.500 2897 0.90 16392 18213 N/A 5.66 N/A 6.29 Caltrans W20
2 3.75 1.000 0.500 2700 0.90 16392 18213 N/A 6.07 N/A 6.74 Caltrans W20
3 6.25 1.000 0.500 2615 0.90 16392 18213 N/A 6.27 N/A 6.96 Caltrans W20
4 8.75 1.000 0.500 2498 0.90 16392 18213 N/A 6.56 N/A 7.29 Caltrans W20
5 11.25 1.000 0.500 2296 0.90 16392 18213 N/A 7.14 N/A 7.93 Caltrans W20
6 13.75 1.000 0.500 2061 0.90 16392 18213 N/A 7.95 N/A 8.84 Caltrans W20
7 16.25 1.000 0.500 1768 0.90 16392 18213 N/A 9.27 N/A 10.30 Caltrans W20
8 18.75 1.000 0.500 1414 0.90 16392 18213 N/A 11.60 N/A 12.88 Caltrans W20
9 21.25 1.000 0.500 982 0.90 16392 18213 N/A 16.70 N/A 18.55 Caltrans W20
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SR-57 Improvements
AASHTO  DESIGN  METHOD

PROJECT IDENTIFICATION

Title: SR-57 Improvements
Project Number: RW698
Client: OCTA
Designer: Kaustav Bose
Station Number: 11+10

Description:

Company's information:

Name: CH2M HILL
Street: 6 Hutton Center Drive

#700
Santa Ana, CA  92706

Telephone #:
Fax #:
E-Mail:

Original file path and name: \\cheron\Projects\OCTA\370900_SR57NBWideningPSE\Design\.....
.....SEWRW698STA11+10.BEN

Original date and time of creating this file: Thu Jan 08 09:08:00 2009

PROGRAM MODE: ANALYSIS
of a SIMPLE STRUCTURE
using METAL MATS/GRIDS as reinforcing material.
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SOIL DATA

REINFORCED SOIL
Unit weight, γ 120.0 lb/ft ³
Design value of internal angle of friction, φ 34.0 °

RETAINED SOIL
Unit weight, γ 120.0 lb/ft ³
Design value of internal angle of friction, φ 34.0 °

FOUNDATION SOIL (Considered as an equivalent uniform soil)
Equivalent unit weight, γ equiv. 130.0 lb/ft ³
Equivalent internal angle of friction, φequiv. 47.0 °
Equivalent cohesion,  c equiv. 250.0 lb/ft ²

Water table does not affect bearing capacity

LATERAL EARTH PRESSURE COEFFICIENTS

Ka (internal stability) = 0.2827   (if batter is less than 10°, Ka is calculated from eq. 15.  Otherwise, eq. 38 is utilized)
Ka (external stability) = 0.2827   (if batter is less than 10°, Ka is calculated from eq. 16.  Otherwise, eq. 17 is utilized)

BEARING CAPACITY

Bearing capacity coefficients (calculated by MSEW):  Nc = 0.00 N   = 54.05γ

SEISMICITY

Maximum ground acceleration coefficient, A = 0.200
Design acceleration coefficient in Internal Stability:  Kh = 0.250
Design acceleration coefficient in External Stability:  Kh = 0.250

Kae ( Kh > 0 ) = 0.4504 Kae ( Kh = 0 )  = 0.2827 Kae = 0.1677     (see eq. 37 in DEMO 82)Δ
Seismic soil-metal mats friction coefficient, F* is 80.0% of its specified static value.
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INPUT DATA:  Metal mats/grids
(Analysis)

D  A  T  A Metal mats
type #1

Metal mats
type #2

Metal mats
type #3

Metal mats
type #4

Metal mats
type #5

Yield strength of steel, Fy  [kips/in ²]
Gross width of grid, b  [in]
Vertical spacing, Sv [ft]

65.0
6.0
Varies

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

N/A
N/A
N/A

Design cross section area, Ac  [in ²] 0.14 N/A N/A N/A N/A
Thickness of transverse element, t  [in]
Distance between transverse bars, St  [in]

0.4
6.0

N/A
N/A

N/A
N/A

N/A
N/A

N/A
N/A

Friction angle along reinforcement-soil interface, ρ
@ the top
@ 19.7 ft or below

Pullout resistance factor,  F*
@ the top
@ 19.7 ft or below

Scale-effect correction factor, α

51.25
34.00

1.25
0.62
1.00

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

N/A
N/A

N/A
N/A
N/A

Variation of Lateral Earth Pressure Coefficient With Depth

Z K / Ka
   0 ft 2.50
 3.3 ft 2.30
 6.6 ft 2.05
 9.8 ft 1.85
13.1 ft 1.65
16.4 ft 1.40
19.7 ft 1.20

   0

 6.6

 9.8

16.4

26.2

32.8

Z [ft]

0.0 1.0 2.0 3.0
K / Ka
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INPUT DATA:  Facia and Connection
(Analysis)

FACIA type:   Full height precast concrete panels.
Depth of panel is 0.50 ft.  Horizontal distance to Center of Gravity of panel is 0.25 ft.
Average unit weight of panel is   = 150.00 lb/ft ³γ f

Z / Hd    To-static / Tmax
or   To-seismic / Tmd

Top of wall

0.00
0.25
0.50
0.75
1.00

Z / Hd

1.00 0.90 0.80 0.70 0.60 0.50
To-static / Tmax   or   To-seismic / Tmd

0.00 1.00
0.25 1.00
0.50 1.00
0.75 1.00
1.00 1.00

D  A  T  A  (for connection only) Type #1 Type #2 Type #3 Type #4 Type #5

Product Name Caltrans .. N/A N/A N/A N/A
Strength reduction at the connection,

CRu = Fyc  / Fy 0.90 N/A N/A N/A N/A

Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 

SR-57 Improvements
Copyright © 1998-2008 ADAMA Engineering, Inc.  License number  MSEW-301754

Page 4 of  10

Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 



Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 

MSEW -- Mechanically Stabilized Earth Walls SR-57 Improvements
Present Date/Time:  Tue Feb 03 16:59:53 2009 \\c.....chnical\Reports\Retaining Wall Report\RW698\Appendix C\MSEW Analyses\MSEWRW698STA11+10.BEN

Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 MSEW Version 3.0 

INPUT DATA:  Geometry and Surcharge loads  (of a SIMPLE STRUCTURE)

Design height, Hd 17.71 [ft] { Embedded depth is E = 3.83 ft, and height above top of finished
bottom grade is H = 13.88 ft }

Batter, ω 0.0 [deg]
Backslope, β 0.0 [deg]
Backslope rise 0.0 [ft] Broken back equivalent angle, I = 0.00°  (see Fig. 25 in DEMO 82)

U N I F O R M   S U R C H A R G E
Uniformly distributed dead load is 240.0 [lb/ft ²]

ANALYZED REINFORCEMENT LAYOUT:

SCALE:

0 2 4 6 8 10 [ft]
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ANALYSIS: CALCULATED FACTORS (Static conditions)
Bearing capacity, Fs = 10.60, Meyerhof stress = 3100 lb/ft².

Foundation Interface: Direct sliding, Fs = 2.996, Eccentricity, e/L = 0.1185, Fs-overturning = 4.22
M E T A L   M A T S C O N N E C T I O N

# Elevation Length Type
#

Fs-overall
 [pullout
resistance]

Fs-overall
[connection
    break]

Fs-overall
[metal mats
strength]

Metal mats
strength
   Fs

Pullout
resistance
   Fs

Direct
sliding
   Fs

Eccentricity
   e/L

Product
name

[ft] [ft]

1 1.25 12.25 1 N/A 7.48 8.31 8.310 16.847 3.204 0.1035 Caltrans W20
2 3.75 12.25 1 N/A 7.68 8.54 8.538 14.433 3.721 0.0765 Caltrans W20
3 6.25 12.25 1 N/A 8.23 9.15 9.146 12.173 4.441 0.0535 Caltrans W20
4 8.75 12.25 1 N/A 9.30 10.34 10.339 10.053 5.517 0.0344 Caltrans W20
5 11.25 12.25 1 N/A 11.12 12.36 12.360 9.952 7.318 0.0193 Caltrans W20
6 13.75 12.25 1 N/A 14.58 16.19 16.195 9.884 11.052 0.0082 Caltrans W20
7 16.25 12.25 1 N/A 22.29 24.77 24.767 9.395 25.371 0.0014 Caltrans W20

ANALYSIS: CALCULATED FACTORS (Seismic conditions)
Bearing capacity, Fs = 3.43, Meyerhof stress = 5452 lb/ft².

Foundation Interface: Direct sliding, Fs = 1.526, Eccentricity, e/L = 0.2831, Fs-overturning = 1.77
M E T A L   M A T S C O N N E C T I O N

# Elevation Length Type
#

Fs-overall
 [pullout
resistance]

Fs-overall
[connection
    break]

Fs-overall
[metal mats
strength]

Metal mats
strength
   Fs

Pullout
resistance
   Fs

Direct
sliding
   Fs

Eccentricity
   e/L

Product
name

[ft] [ft]

1 1.25 12.25 1 N/A 6.27 6.97 6.970 11.305 1.643 0.2446 Caltrans W20
2 3.75 12.25 1 N/A 6.56 7.29 7.287 9.855 1.940 0.1761 Caltrans W20
3 6.25 12.25 1 N/A 7.12 7.91 7.910 8.422 2.368 0.1188 Caltrans W20
4 8.75 12.25 1 N/A 8.12 9.03 9.025 7.021 3.037 0.0727 Caltrans W20
5 11.25 12.25 1 N/A 9.49 10.54 10.542 6.791 4.232 0.0379 Caltrans W20
6 13.75 12.25 1 N/A 11.89 13.21 13.210 6.450 6.962 0.0143 Caltrans W20
7 16.25 12.25 1 N/A 16.57 18.41 18.408 5.586 19.282 0.0020 Caltrans W20
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BEARING CAPACITY for GIVEN LAYOUT

SCALE:

0 2 4 6 8 10 [ft]

STATIC SEISMIC UNITS
(Water table does not affect bearing capacity)
Ultimate bearing capacity, q-ult 32843 18673 [lb/ft ²]
Meyerhof stress, σV 3099.6 5452 [lb/ft ²]
Eccentricity,  e 1.45 3.47 [ft]
Eccentricity,  e/L 0.118 0.283
Fs calculated 10.60 3.43
Base length 12.25 12.25 [ft]
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DIRECT SLIDING for GIVEN LAYOUT
(for METAL MATS/GRIDS reinforcements)

Along reinforced and foundation soils interface:  Fs-static = 2.996  and  Fs-seismic = 1.526

  # Metal Mats
Elevation
   [ft]

Metal Mats
Length
   [ft]

  Fs
Static

  Fs
Seismic

Metal Mats
Type  # Product name

1 1.25 12.25 3.204 1.643 1 Caltrans W20
2 3.75 12.25 3.721 1.940 1 Caltrans W20
3 6.25 12.25 4.441 2.368 1 Caltrans W20
4 8.75 12.25 5.517 3.037 1 Caltrans W20
5 11.25 12.25 7.318 4.232 1 Caltrans W20
6 13.75 12.25 11.052 6.962 1 Caltrans W20
7 16.25 12.25 25.371 19.282 1 Caltrans W20

ECCENTRICITY for GIVEN LAYOUT

At interface with foundation:  e/L static = 0.1185,  e/L seismic = 0.2831; Overturning: Fs-static = 4.22, Fs-seismic = 1.77

  # Metal Mats
Elevation
   [ft]

Metal Mats
Length
   [ft]

 e / L
Static

 e / L
Seismic

Metal Mats
Type  # Product name

1 1.25 12.25 0.1035 0.2446 1 Caltrans W20
2 3.75 12.25 0.0765 0.1761 1 Caltrans W20
3 6.25 12.25 0.0535 0.1188 1 Caltrans W20
4 8.75 12.25 0.0344 0.0727 1 Caltrans W20
5 11.25 12.25 0.0193 0.0379 1 Caltrans W20
6 13.75 12.25 0.0082 0.0143 1 Caltrans W20
7 16.25 12.25 0.0014 0.0020 1 Caltrans W20
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RESULTS for STRENGTH     [ Note: Actual Fs-overall = (Yield stress) / (Actual stress) ]

  # Metal Mats
Elevation
   [ft]

Coverage
  ratio,
Rc=b/Sh

Horizontal
spacing, Sh
   [ft]

Long-term
strength
Fy·Ac·Rc/b
   [lb/ft]

  Tmax
[lb/ft]

Tmd
[lb/ft]

Specified
minimum
Fs-overall
static

Actual
calculated
Fs-overall
static

Specified
minimum
Fs-overall
seismic

Actual
calculated
Fs-overall
seismic

1 1.25 1.000 0.500 18213 2191.82 421.14 N/A 8.310 N/A 6.970
2 3.75 1.000 0.500 18213 2133.18 366.21 N/A 8.538 N/A 7.287
3 6.25 1.000 0.500 18213 1991.32 311.28 N/A 9.146 N/A 7.910
4 8.75 1.000 0.500 18213 1761.63 256.35 N/A 10.339 N/A 9.025
5 11.25 1.000 0.500 18213 1473.60 254.04 N/A 12.360 N/A 10.542
6 13.75 1.000 0.500 18213 1124.64 254.04 N/A 16.195 N/A 13.210
7 16.25 1.000 0.500 18213 735.37 254.04 N/A 24.767 N/A 18.408

RESULTS for PULLOUT

  # Metal Mats
Elevation

[ft]

Coverage
Ratio
Rc=b/Sh

Tmax
[lb/ft]

Tmd
[lb/ft]

Le
[ft]

La
[ft]

Avail.Static
Pullout, Pr

[lb/ft]

Specified
Static

Fs

Actual
Static

Fs

Avail.Seism.
Pullout, Pr

[lb/ft]

Specified
Seismic

Fs

Actual
Seismic

Fs

1 1.25 1.000 2191.8 421.1 11.50 0.75 36925.6 29540.4N/A 16.847 N/A 11.305
2 3.75 1.000 2133.2 366.2 10.00 2.25 30788.5 24630.8N/A 14.433 N/A 9.855
3 6.25 1.000 1991.3 311.3 8.50 3.75 24240.8 19392.6N/A 12.173 N/A 8.422
4 8.75 1.000 1761.6 256.3 7.00 5.25 17709.5 14167.6N/A 10.053 N/A 7.021
5 11.25 1.000 1473.6 254.0 6.94 5.31 14665.0 11732.0N/A 9.952 N/A 6.791
6 13.75 1.000 1124.6 254.0 6.94 5.31 11116.2 8893.0N/A 9.884 N/A 6.450
7 16.25 1.000 735.4 254.0 6.94 5.31 6909.0 5527.2N/A 9.395 N/A 5.586
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RESULTS for CONNECTION (static conditions)

  # Metal Mats
Elevation
   [ft]

Coverage
  ratio
Rc=b/Sh

Horizontal
spacing, Sh
   [ft]

Connection
force, To
  [lb/ft]

Reduction
factor for
connection
break,
CRu

Long-term
connection
strength,Tac
(break
criterion)
  [lb/ft]

Metal Mats
long-term
strength,
  [lb/ft]

Fs-overall
connection
break

Specified   Actual

Fs-overall
Metal Mats
strength

Specified   Actual

Product
name

1 1.25 1.000 0.500 2192 0.90 16392 18213 N/A 7.48 N/A 8.31 Caltrans W20
2 3.75 1.000 0.500 2133 0.90 16392 18213 N/A 7.68 N/A 8.54 Caltrans W20
3 6.25 1.000 0.500 1991 0.90 16392 18213 N/A 8.23 N/A 9.15 Caltrans W20
4 8.75 1.000 0.500 1762 0.90 16392 18213 N/A 9.30 N/A 10.34 Caltrans W20
5 11.25 1.000 0.500 1474 0.90 16392 18213 N/A 11.12 N/A 12.36 Caltrans W20
6 13.75 1.000 0.500 1125 0.90 16392 18213 N/A 14.58 N/A 16.19 Caltrans W20
7 16.25 1.000 0.500 735 0.90 16392 18213 N/A 22.29 N/A 24.77 Caltrans W20

RESULTS for CONNECTION (seismic conditions)

  # Metal Mats
Elevation
   [ft]

Coverage
  ratio
Rc=b/Sh

Horizontal
spacing, Sh
   [ft]

Connection
force, To
  [lb/ft]

Reduction
factor for
connection
break,
CRu

Long-term
connection
strength,Tac
(break
criterion)
  [lb/ft]

Metal Mats
long-term
strength,
  [lb/ft]

Fs-overall
connection
break

Specified   Actual

Fs-overall
Metal Mats
strength

Specified   Actual

Product
name

1 1.25 1.000 0.500 2613 0.90 16392 18213 N/A 6.27 N/A 6.97 Caltrans W20
2 3.75 1.000 0.500 2499 0.90 16392 18213 N/A 6.56 N/A 7.29 Caltrans W20
3 6.25 1.000 0.500 2303 0.90 16392 18213 N/A 7.12 N/A 7.91 Caltrans W20
4 8.75 1.000 0.500 2018 0.90 16392 18213 N/A 8.12 N/A 9.03 Caltrans W20
5 11.25 1.000 0.500 1728 0.90 16392 18213 N/A 9.49 N/A 10.54 Caltrans W20
6 13.75 1.000 0.500 1379 0.90 16392 18213 N/A 11.89 N/A 13.21 Caltrans W20
7 16.25 1.000 0.500 989 0.90 16392 18213 N/A 16.57 N/A 18.41 Caltrans W20
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Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW698 ST11+10 - STATIC

Analysis Methods
Analysis Methods used: 
Bishop simplified
Janbu corrected
Spencer
Number of slices: 25
Tolerance: 0.005
Maximum number of iterations: 50

Material Properties
Material: FILL (Af)
Strength Type: Mohr-Coulomb
Unit Weight: 130 lb/ft3
Cohesion: 100 psf
Friction Angle: 33 degrees
Material: CLAY (Qvof)
Strength Type: Mohr-Coulomb
Unit Weight: 130 lb/ft3
Cohesion: 180 psf
Friction Angle: 28 degrees
Material: RF SOIL
Strength Type: Infinite strength
Unit Weight: 120 lb/ft3
Material: BACKFILL
Strength Type: Mohr-Coulomb
Unit Weight: 120 lb/ft3
Cohesion: 200 psf
Friction Angle: 34 degrees
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    Slide Analysis Information 
     
    Document Name 
     
    File Name: Sta 11+10 - static.sli 
     
    Project Settings 
     
    Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW698 
ST11+10 - STATIC 
    Failure Direction: Left to Right 
    Units of Measurement: Imperial Units 
    Pore Fluid Unit Weight: 62.4 lb/ft3 
    Groundwater Method: Water Surfaces 
    Data Output: Standard 
    Calculate Excess Pore Pressure: Off 
    Allow Ru with Water Surfaces or Grids: Off 
    Random Numbers: Pseudo-random Seed 
    Random Number Seed: 10116 
    Random Number Generation Method: Park and Miller v.3 
     
    Analysis Methods 
     
    Analysis Methods used:  
    Bishop simplified 
    Spencer 
     
    Number of slices: 25 
    Tolerance: 0.005 
    Maximum number of iterations: 50 
     
    Surface Options 
     
    Surface Type: Circular 
    Search Method: Grid Search 
    Radius increment: 10 
    Composite Surfaces: Disabled 
    Reverse Curvature: Create Tension Crack 
    Minimum Elevation: Not Defined 
    Minimum Depth: Not Defined 
     
    Loading 
     
    2 Distributed Loads present: 
    Distributed Load #1 Constant Distribution, Orientation:  Normal to boundary, Magnitude:  240 
lb/ft2 
    Distributed Load #2 Constant Distribution, Orientation:  Horizontal, Magnitude:  33 lb/ft2 
     
    Material Properties 
     
    Material: FILL (Af) 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 100 psf 

    Friction Angle: 33 degrees 
    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Material: CLAY (Qvof) 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 180 psf 
    Friction Angle: 28 degrees 
    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Material: RF SOIL 
    Strength Type: Infinite strength 
    Unit Weight: 120 lb/ft3 
     
    Material: BACKFILL 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 120 lb/ft3 
    Cohesion: 200 psf 
    Friction Angle: 34 degrees 
    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Global Minimums 
     
    Method: bishop simplified 
    FS: 1.710560 
    Center: 41.106, 477.499 
    Radius: 90.232 
    Left Slip Surface Endpoint: -29.990, 421.938 
    Right Slip Surface Endpoint: 53.333, 388.100 
    Resisting Moment=7.88351e+006 lb-ft 
    Driving Moment=4.60872e+006 lb-ft 
     
    Method: spencer 
    FS: 1.710710 
    Center: 41.106, 477.499 
    Radius: 90.232 
    Left Slip Surface Endpoint: -29.990, 421.938 
    Right Slip Surface Endpoint: 53.333, 388.100 
    Resisting Moment=7.88416e+006 lb-ft 
    Driving Moment=4.60872e+006 lb-ft 
    Resisting Horizontal Force=78217.4 lb 
    Driving Horizontal Force=45722.3 lb 
     
    Valid / Invalid Surfaces 
     
    Method: bishop simplified 
    Number of Valid Surfaces: 10498 
    Number of Invalid Surfaces: 18113 
    Error Codes:  
    Error Code -99 reported for 10605 surfaces 
    Error Code -106 reported for 168 surfaces 
    Error Code -109 reported for 7340 surfaces 
     



    Method: spencer 
    Number of Valid Surfaces: 10489 
    Number of Invalid Surfaces: 18122 
    Error Codes:  
    Error Code -99 reported for 10605 surfaces 
    Error Code -106 reported for 168 surfaces 
    Error Code -108 reported for 6 surfaces 
    Error Code -109 reported for 7340 surfaces 
    Error Code -111 reported for 3 surfaces 
     
    Error Codes 
     
    The following errors were encountered during the computation: 
     
    -99 = Slip surface intersects an infinite 
    strength material. If infinite strength regions 
    are defined for a model, a large number of 
    potential slip surfaces may show this error code. 
    This is Normal. 
     
    -106 = Average slice width is less than 
    0.0001 * (maximum horizontal extent of soil region). 
    This limitation is imposed to avoid numerical errors 
    which may result from too many slices, or too 
    small a slip region. 
     
    -108 = Total driving moment 
    or total driving force < 0.1. This is to 
    limit the calculation of extremely high safety 
    factors if the driving force is very small 
    (0.1 is an arbitrary number). 
     
    -109 = Soiltype for slice base not 
    located. This error should occur very rarely, 
    if at all. It may occur if a very low number of 
    slices is combined with certain soil geometries, 
    such that the midpoint of a slice base is 
    actually outside the soil region,even though 
    the slip surface is wholly within the soil region. 
     
    -111 = safety factor equation did not converge 
     
     
    List of All Coordinates 
     
    Search Grid 
       10.489 440.269 
       100.539 440.269 
       100.539 528.913 
       10.489 528.913 
     
    Material Boundary 
       -1.186 424.486 
       -1.030 425.460 
     
    Material Boundary 

       -12.250 404.750 
       -0.030 404.750 
       -0.030 425.460 
     
    Material Boundary 
       -7.753 422.350 
       -6.161 422.380 
     
    Material Boundary 
       -25.940 422.010 
       -25.931 421.999 
       -12.250 404.750 
     
    Material Boundary 
       -100.000 378.630 
       100.000 378.630 
     
    Material Boundary 
       -12.250 404.750 
       -12.250 422.266 
     
    External Boundary 
       -100.000 420.250 
       -100.000 378.630 
       -100.000 327.775 
       100.000 327.775 
       100.000 378.630 
       97.900 378.672 
       93.500 378.760 
       81.330 381.670 
       64.490 383.480 
       11.720 405.330 
       4.970 408.584 
       -0.020 408.584 
       -0.020 410.990 
       -0.020 414.960 
       -0.030 425.460 
       -0.030 441.790 
       -1.030 441.790 
       -1.030 425.460 
       -1.160 424.650 
       -1.186 424.486 
       -1.510 422.460 
       -6.161 422.380 
       -7.330 422.360 
       -7.753 422.350 
       -9.510 422.310 
       -10.050 422.300 
       -11.510 422.280 
       -12.250 422.266 
       -14.464 422.225 
       -25.931 422.010 
       -25.940 422.010 
       -26.555 421.999 
       -34.900 421.850 
       -43.580 421.680 



       -91.240 420.472 
     
    Water Table 
       -100.000 360.000 
       100.000 360.000 
     
    Distributed Load 
       -1.510 422.460 
       -6.161 422.380 
       -7.330 422.360 
       -7.753 422.350 
       -9.510 422.310 
       -10.050 422.300 
       -11.510 422.280 
       -14.464 422.225 
       -25.931 422.010 
       -25.940 422.010 
       -26.555 421.999 
       -34.900 421.850 
       -43.580 421.680 
       -91.240 420.472 
       -100.000 420.250 
     
    Distributed Load 
       -1.030 441.790 
       -1.030 425.460 
       -1.160 424.650 
       -1.186 424.486 
       -1.510 422.460 
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Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW698 ST11+10 - PSEUDOSTATIC

Analysis Methods
Analysis Methods used: 
Bishop simplified
Janbu corrected
Spencer
Number of slices: 25
Tolerance: 0.005
Maximum number of iterations: 50

Material Properties
Material: FILL (Af)
Strength Type: Mohr-Coulomb
Unit Weight: 130 lb/ft3
Cohesion: 100 psf
Friction Angle: 33 degrees
Material: RF SOIL
Strength Type: Infinite strength
Unit Weight: 120 lb/ft3
Material: FILL (Af) - PEAK
Strength Type: Mohr-Coulomb
Unit Weight: 130 lb/ft3
Cohesion: 250 psf
Friction Angle: 47 degrees
Material: CLAY (Qvof) - PEAK
Strength Type: Mohr-Coulomb
Unit Weight: 130 lb/ft3
Cohesion: 950 psf
Friction Angle: 30 degrees
Material: BACKFILL
Strength Type: Mohr-Coulomb
Unit Weight: 120 lb/ft3
Cohesion: 200 psf
Friction Angle: 34 degrees
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    Slide Analysis Information 
     
    Document Name 
     
    File Name: Sta 11+10 - pseudostatic.sli 
     
    Project Settings 
     
    Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW689 
ST11+10 - PSEUDOSTATIC 
    Failure Direction: Left to Right 
    Units of Measurement: Imperial Units 
    Pore Fluid Unit Weight: 62.4 lb/ft3 
    Groundwater Method: Water Surfaces 
    Data Output: Standard 
    Calculate Excess Pore Pressure: Off 
    Allow Ru with Water Surfaces or Grids: Off 
    Random Numbers: Pseudo-random Seed 
    Random Number Seed: 10116 
    Random Number Generation Method: Park and Miller v.3 
     
    Analysis Methods 
     
    Analysis Methods used:  
    Bishop simplified 
    Spencer 
     
    Number of slices: 25 
    Tolerance: 0.005 
    Maximum number of iterations: 50 
     
    Surface Options 
     
    Surface Type: Circular 
    Search Method: Grid Search 
    Radius increment: 10 
    Composite Surfaces: Disabled 
    Reverse Curvature: Create Tension Crack 
    Minimum Elevation: Not Defined 
    Minimum Depth: Not Defined 
     
    Loading 
     
    Seismic Load Coefficient (Horizontal): 0.2 
    2 Distributed Loads present: 
    Distributed Load #1 Constant Distribution, Orientation:  Normal to boundary, Magnitude:  240 
lb/ft2 
    Distributed Load #2 Constant Distribution, Orientation:  Horizontal, Magnitude:  33 lb/ft2 
     
    Material Properties 
     
    Material: FILL (Af) 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 

    Cohesion: 100 psf 
    Friction Angle: 33 degrees 
    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Material: RF SOIL 
    Strength Type: Infinite strength 
    Unit Weight: 120 lb/ft3 
     
    Material: FILL (Af) - PEAK 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 250 psf 
    Friction Angle: 47 degrees 
    Water Surface: Water Table 
    Hu value: automatically calculated 
     
    Material: CLAY (Qvof) - PEAK 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 950 psf 
    Friction Angle: 30 degrees 
    Water Surface: Water Table 
    Hu value: automatically calculated 
     
    Material: BACKFILL 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 120 lb/ft3 
    Cohesion: 200 psf 
    Friction Angle: 34 degrees 
    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Global Minimums 
     
    Method: bishop simplified 
    FS: 2.015010 
    Center: 57.315, 504.092 
    Radius: 121.520 
    Left Slip Surface Endpoint: -32.190, 421.898 
    Right Slip Surface Endpoint: 68.301, 383.070 
    Resisting Moment=2.05583e+007 lb-ft 
    Driving Moment=1.02026e+007 lb-ft 
     
    Method: spencer 
    FS: 2.025060 
    Center: 59.116, 516.503 
    Radius: 132.648 
    Left Slip Surface Endpoint: -33.835, 421.869 
    Right Slip Surface Endpoint: 63.417, 383.924 
    Resisting Moment=2.10906e+007 lb-ft 
    Driving Moment=1.04148e+007 lb-ft 
    Resisting Horizontal Force=145008 lb 
    Driving Horizontal Force=71606.9 lb 
     
    Valid / Invalid Surfaces 



     
    Method: bishop simplified 
    Number of Valid Surfaces: 10498 
    Number of Invalid Surfaces: 18113 
    Error Codes:  
    Error Code -99 reported for 10605 surfaces 
    Error Code -106 reported for 168 surfaces 
    Error Code -109 reported for 7340 surfaces 
     
    Method: spencer 
    Number of Valid Surfaces: 10281 
    Number of Invalid Surfaces: 18330 
    Error Codes:  
    Error Code -99 reported for 10605 surfaces 
    Error Code -106 reported for 168 surfaces 
    Error Code -108 reported for 5 surfaces 
    Error Code -109 reported for 7340 surfaces 
    Error Code -111 reported for 203 surfaces 
    Error Code -112 reported for 9 surfaces 
     
    Error Codes 
     
    The following errors were encountered during the computation: 
     
    -99 = Slip surface intersects an infinite 
    strength material. If infinite strength regions 
    are defined for a model, a large number of 
    potential slip surfaces may show this error code. 
    This is Normal. 
     
    -106 = Average slice width is less than 
    0.0001 * (maximum horizontal extent of soil region). 
    This limitation is imposed to avoid numerical errors 
    which may result from too many slices, or too 
    small a slip region. 
     
    -108 = Total driving moment 
    or total driving force < 0.1. This is to 
    limit the calculation of extremely high safety 
    factors if the driving force is very small 
    (0.1 is an arbitrary number). 
     
    -109 = Soiltype for slice base not 
    located. This error should occur very rarely, 
    if at all. It may occur if a very low number of 
    slices is combined with certain soil geometries, 
    such that the midpoint of a slice base is 
    actually outside the soil region,even though 
    the slip surface is wholly within the soil region. 
     
    -111 = safety factor equation did not converge 
     
    -112 = The coefficient M-Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) 
    < 0.2 for the final iteration of the safety factor calculation. This screens out 
    some slip surfaces which may not be valid in the context of the analysis, in 
    particular, deep seated slip surfaces with many high negative base angle 

    slices in the passive zone. 
     
     
    List of All Coordinates 
     
    Search Grid 
       10.489 440.269 
       100.539 440.269 
       100.539 528.913 
       10.489 528.913 
     
    Material Boundary 
       -1.186 424.486 
       -1.030 425.460 
     
    Material Boundary 
       -12.250 404.750 
       -0.030 404.750 
       -0.030 425.460 
     
    Material Boundary 
       -7.753 422.350 
       -6.161 422.380 
     
    Material Boundary 
       -25.940 422.010 
       -25.931 421.999 
       -12.250 404.750 
     
    Material Boundary 
       -100.000 378.630 
       100.000 378.630 
     
    Material Boundary 
       -12.250 404.750 
       -12.250 422.266 
     
    External Boundary 
       -100.000 420.250 
       -100.000 378.630 
       -100.000 327.775 
       100.000 327.775 
       100.000 378.630 
       97.900 378.672 
       93.500 378.760 
       81.330 381.670 
       64.490 383.480 
       11.720 405.330 
       4.970 408.584 
       -0.020 408.584 
       -0.020 410.990 
       -0.020 414.960 
       -0.030 425.460 
       -0.030 441.790 
       -1.030 441.790 
       -1.030 425.460 



       -1.160 424.650 
       -1.186 424.486 
       -1.510 422.460 
       -6.161 422.380 
       -7.330 422.360 
       -7.753 422.350 
       -9.510 422.310 
       -10.050 422.300 
       -11.510 422.280 
       -12.250 422.266 
       -14.464 422.225 
       -25.931 422.010 
       -25.940 422.010 
       -26.555 421.999 
       -34.900 421.850 
       -43.580 421.680 
       -91.240 420.472 
     
    Water Table 
       -100.000 360.000 
       100.000 360.000 
     
    Distributed Load 
       -1.510 422.460 
       -6.161 422.380 
       -7.330 422.360 
       -7.753 422.350 
       -9.510 422.310 
       -10.050 422.300 
       -11.510 422.280 
       -14.464 422.225 
       -25.931 422.010 
       -25.940 422.010 
       -26.555 421.999 
       -34.900 421.850 
       -43.580 421.680 
       -91.240 420.472 
       -100.000 420.250 
     
    Distributed Load 
       -1.030 441.790 
       -1.030 425.460 
       -1.160 424.650 
       -1.186 424.486 
       -1.510 422.460 
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Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW698 ST13+70 - STATIC

Analysis Methods
Analysis Methods used: 
Bishop simplified
Janbu corrected
Spencer
Number of slices: 25
Tolerance: 0.005
Maximum number of iterations: 50

Material Properties
Material: FILL (Af)
Strength Type: Mohr-Coulomb
Unit Weight: 130 lb/ft3
Cohesion: 100 psf
Friction Angle: 33 degrees
Material: CLAY (Qvof)
Strength Type: Mohr-Coulomb
Unit Weight: 130 lb/ft3
Cohesion: 180 psf
Friction Angle: 28 degrees
Material: CONCRETE
Strength Type: Infinite strength
Unit Weight: 120 lb/ft3
Material: BACKFILL
Strength Type: Mohr-Coulomb
Unit Weight: 120 lb/ft3
Cohesion: 200 psf
Friction Angle: 34 degrees
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    Slide Analysis Information 
     
    Document Name 
     
    File Name: Sta 13+70 - static.sli 
     
    Project Settings 
     
    Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW698 
ST13+70 - STATIC 
    Failure Direction: Left to Right 
    Units of Measurement: Imperial Units 
    Pore Fluid Unit Weight: 62.4 lb/ft3 
    Groundwater Method: Water Surfaces 
    Data Output: Standard 
    Calculate Excess Pore Pressure: Off 
    Allow Ru with Water Surfaces or Grids: Off 
    Random Numbers: Pseudo-random Seed 
    Random Number Seed: 10116 
    Random Number Generation Method: Park and Miller v.3 
     
    Analysis Methods 
     
    Analysis Methods used:  
    Bishop simplified 
    Janbu corrected 
    Spencer 
     
    Number of slices: 25 
    Tolerance: 0.005 
    Maximum number of iterations: 50 
     
    Surface Options 
     
    Surface Type: Circular 
    Search Method: Grid Search 
    Radius increment: 10 
    Composite Surfaces: Disabled 
    Reverse Curvature: Create Tension Crack 
    Minimum Elevation: Not Defined 
    Minimum Depth: Not Defined 
     
    Loading 
     
    1 Distributed Load present: 
    Distributed Load Constant Distribution, Orientation:  Normal to boundary, Magnitude:  240 lb/ft2 
     
    Material Properties 
     
    Material: FILL (Af) 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 100 psf 
    Friction Angle: 33 degrees 

    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Material: CLAY (Qvof) 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 180 psf 
    Friction Angle: 28 degrees 
    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Material: CONCRETE 
    Strength Type: Infinite strength 
    Unit Weight: 120 lb/ft3 
     
    Material: BACKFILL 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 120 lb/ft3 
    Cohesion: 200 psf 
    Friction Angle: 34 degrees 
    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Global Minimums 
     
    Method: bishop simplified 
    FS: 1.826980 
    Center: 15.426, 444.867 
    Radius: 40.234 
    Left Slip Surface Endpoint: -20.420, 426.597 
    Right Slip Surface Endpoint: 27.634, 406.531 
    Resisting Moment=1.62875e+006 lb-ft 
    Driving Moment=891498 lb-ft 
     
    Method: janbu corrected 
    FS: 1.765230 
    Center: 17.294, 443.053 
    Radius: 39.802 
    Left Slip Surface Endpoint: -18.944, 426.590 
    Right Slip Surface Endpoint: 30.520, 405.513 
    Resisting Horizontal Force=38681.8 lb 
    Driving Horizontal Force=21913.2 lb 
     
    Method: spencer 
    FS: 1.825590 
    Center: 15.426, 444.867 
    Radius: 40.234 
    Left Slip Surface Endpoint: -20.420, 426.597 
    Right Slip Surface Endpoint: 27.634, 406.531 
    Resisting Moment=1.62751e+006 lb-ft 
    Driving Moment=891498 lb-ft 
    Resisting Horizontal Force=35352 lb 
    Driving Horizontal Force=19364.7 lb 
     
    Valid / Invalid Surfaces 
     



    Method: bishop simplified 
    Number of Valid Surfaces: 19910 
    Number of Invalid Surfaces: 8701 
    Error Codes:  
    Error Code -99 reported for 6565 surfaces 
    Error Code -102 reported for 1 surface 
    Error Code -103 reported for 206 surfaces 
    Error Code -105 reported for 9 surfaces 
    Error Code -106 reported for 142 surfaces 
    Error Code -107 reported for 234 surfaces 
    Error Code -109 reported for 1544 surfaces 
     
    Method: janbu corrected 
    Number of Valid Surfaces: 19878 
    Number of Invalid Surfaces: 8733 
    Error Codes:  
    Error Code -99 reported for 6565 surfaces 
    Error Code -102 reported for 1 surface 
    Error Code -103 reported for 206 surfaces 
    Error Code -105 reported for 9 surfaces 
    Error Code -106 reported for 142 surfaces 
    Error Code -107 reported for 234 surfaces 
    Error Code -108 reported for 31 surfaces 
    Error Code -109 reported for 1544 surfaces 
    Error Code -112 reported for 1 surface 
     
    Method: spencer 
    Number of Valid Surfaces: 19827 
    Number of Invalid Surfaces: 8784 
    Error Codes:  
    Error Code -99 reported for 6565 surfaces 
    Error Code -102 reported for 1 surface 
    Error Code -103 reported for 206 surfaces 
    Error Code -105 reported for 9 surfaces 
    Error Code -106 reported for 142 surfaces 
    Error Code -107 reported for 234 surfaces 
    Error Code -108 reported for 31 surfaces 
    Error Code -109 reported for 1544 surfaces 
    Error Code -111 reported for 51 surfaces 
    Error Code -112 reported for 1 surface 
     
    Error Codes 
     
    The following errors were encountered during the computation: 
     
    -99 = Slip surface intersects an infinite 
    strength material. If infinite strength regions 
    are defined for a model, a large number of 
    potential slip surfaces may show this error code. 
    This is Normal. 
     
    -102 = Two surface / slope intersections, 
    but resulting arc is actually outside soil region. 
     
    -103 = Two surface / slope intersections, 
    but one or more surface / nonslope external polygon 

    intersections lie between them. This usually occurs 
    when the slip surface extends past the bottom of the 
    soil region, but may also occur on a benched 
    slope model with two sets of Slope Limits. 
     
    -105 = More than two surface / slope 
    intersections with no valid slip surface. 
     
    -106 = Average slice width is less than 
    0.0001 * (maximum horizontal extent of soil region). 
    This limitation is imposed to avoid numerical errors 
    which may result from too many slices, or too 
    small a slip region. 
     
    -107 = Total driving moment or 
    total driving force is negative. This will occur 
    if the wrong failure direction is specified, 
    or if high external or anchor loads are applied 
    against the failure direction. 
     
    -108 = Total driving moment 
    or total driving force < 0.1. This is to 
    limit the calculation of extremely high safety 
    factors if the driving force is very small 
    (0.1 is an arbitrary number). 
     
    -109 = Soiltype for slice base not 
    located. This error should occur very rarely, 
    if at all. It may occur if a very low number of 
    slices is combined with certain soil geometries, 
    such that the midpoint of a slice base is 
    actually outside the soil region,even though 
    the slip surface is wholly within the soil region. 
     
    -111 = safety factor equation did not converge 
     
    -112 = The coefficient M-Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) 
    < 0.2 for the final iteration of the safety factor calculation. This screens out 
    some slip surfaces which may not be valid in the context of the analysis, in 
    particular, deep seated slip surfaces with many high negative base angle 
    slices in the passive zone. 
     
     
    List of All Coordinates 
     
    Search Grid 
       0.479 415.840 
       93.896 415.840 
       93.896 506.551 
       0.479 506.551 
     
    Material Boundary 
       -2.310 426.520 
       -1.530 426.520 
     
    Material Boundary 



       -100.000 380.000 
       100.000 380.000 
     
    Material Boundary 
       -1.530 426.520 
       -1.627 412.500 
       -6.083 412.500 
       -6.083 411.000 
       2.917 411.000 
       2.917 412.500 
       -0.060 412.500 
       -0.060 414.990 
     
    Material Boundary 
       2.917 411.000 
       3.917 411.000 
       7.059 414.160 
     
    Material Boundary 
       -19.054 426.591 
       -7.083 411.000 
       -6.083 411.000 
     
    External Boundary 
       -99.700 426.800 
       -100.000 426.800 
       -100.000 380.000 
       -100.000 340.493 
       100.000 340.493 
       100.000 380.000 
       100.000 387.960 
       85.740 389.950 
       84.870 389.760 
       83.380 389.720 
       80.120 388.930 
       77.450 388.900 
       76.430 388.730 
       76.180 388.740 
       72.660 389.380 
       67.340 390.990 
       66.200 391.200 
       64.790 391.760 
       55.910 395.290 
       45.520 399.740 
       40.620 401.820 
       39.940 402.080 
       29.430 405.910 
       25.323 407.330 
       16.040 410.540 
       7.059 414.160 
       5.000 414.990 
       -0.060 414.990 
       -0.060 425.630 
       -0.060 426.520 
       -0.060 429.520 
       -0.520 429.520 

       -0.730 429.520 
       -0.950 429.520 
       -1.060 429.520 
       -1.390 427.450 
       -1.530 426.520 
       -8.740 426.560 
       -11.500 426.560 
       -19.054 426.591 
       -28.590 426.630 
       -32.360 426.640 
       -35.870 426.670 
       -54.170 426.800 
       -77.680 426.800 
       -78.120 426.800 
     
    Water Table 
       -100.000 360.000 
       100.000 360.000 
     
    Distributed Load 
       -1.716 426.521 
       -8.740 426.560 
       -11.500 426.560 
       -28.590 426.630 
       -32.360 426.640 
       -35.870 426.670 
       -54.170 426.800 
       -77.680 426.800 
       -78.120 426.800 
       -99.700 426.800 
       -100.000 426.800 



2.102.10

W

240.00 lb/ft2240.00 lb/ft2240.00 lb/ft2240.00 lb/ft2

2.102.10

Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW698 ST13+70 - PSEUDOSTATIC

Analysis Methods
Analysis Methods used: 
Bishop simplified
Janbu corrected
Spencer
Number of slices: 25
Tolerance: 0.005
Maximum number of iterations: 50

Material Properties
Material: FILL (Af) - PEAK
Strength Type: Mohr-Coulomb
Unit Weight: 130 lb/ft3
Cohesion: 800 psf
Friction Angle: 33 degrees
Material: CLAY (Qvof) - PEAK
Strength Type: Mohr-Coulomb
Unit Weight: 130 lb/ft3
Cohesion: 950 psf
Friction Angle: 30 degrees
Material: BACKFILL
Strength Type: Mohr-Coulomb
Unit Weight: 120 lb/ft3
Cohesion: 200 psf
Friction Angle: 34 degrees
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    Slide Analysis Information 
     
    Document Name 
     
    File Name: Sta 13+70 - pseudostatic.sli 
     
    Project Settings 
     
    Project Title: SR-57 RETAINING WALL DESIGN - GLOBAL STABILITY ANALYSIS - RW698 
ST13+70 - PSEUDOSTATIC 
    Failure Direction: Left to Right 
    Units of Measurement: Imperial Units 
    Pore Fluid Unit Weight: 62.4 lb/ft3 
    Groundwater Method: Water Surfaces 
    Data Output: Standard 
    Calculate Excess Pore Pressure: Off 
    Allow Ru with Water Surfaces or Grids: Off 
    Random Numbers: Pseudo-random Seed 
    Random Number Seed: 10116 
    Random Number Generation Method: Park and Miller v.3 
     
    Analysis Methods 
     
    Analysis Methods used:  
    Bishop simplified 
    Janbu corrected 
    Spencer 
     
    Number of slices: 25 
    Tolerance: 0.005 
    Maximum number of iterations: 50 
     
    Surface Options 
     
    Surface Type: Circular 
    Search Method: Grid Search 
    Radius increment: 10 
    Composite Surfaces: Disabled 
    Reverse Curvature: Create Tension Crack 
    Minimum Elevation: Not Defined 
    Minimum Depth: Not Defined 
     
    Loading 
     
    Seismic Load Coefficient (Horizontal): 0.2 
    1 Distributed Load present: 
    Distributed Load Constant Distribution, Orientation:  Normal to boundary, Magnitude:  240 lb/ft2 
     
    Material Properties 
     
    Material: CONCRETE 
    Strength Type: Infinite strength 
    Unit Weight: 120 lb/ft3 
     

    Material: FILL (Af) - PEAK 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 800 psf 
    Friction Angle: 33 degrees 
    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Material: CLAY (Qvof) - PEAK 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 130 lb/ft3 
    Cohesion: 950 psf 
    Friction Angle: 30 degrees 
    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Material: BACKFILL 
    Strength Type: Mohr-Coulomb 
    Unit Weight: 120 lb/ft3 
    Cohesion: 200 psf 
    Friction Angle: 34 degrees 
    Water Surface: Water Table 
    Custom Hu value: 1 
     
    Global Minimums 
     
    Method: bishop simplified 
    FS: 2.103910 
    Center: 45.319, 497.480 
    Radius: 113.052 
    Left Slip Surface Endpoint: -42.850, 426.720 
    Right Slip Surface Endpoint: 76.237, 388.738 
    Resisting Moment=3.02914e+007 lb-ft 
    Driving Moment=1.43977e+007 lb-ft 
     
    Method: janbu corrected 
    FS: 2.030580 
    Center: 37.846, 457.567 
    Radius: 78.546 
    Left Slip Surface Endpoint: -34.362, 426.657 
    Right Slip Surface Endpoint: 75.812, 388.807 
    Resisting Horizontal Force=278478 lb 
    Driving Horizontal Force=137142 lb 
     
    Method: spencer 
    FS: 2.106940 
    Center: 45.319, 497.480 
    Radius: 113.052 
    Left Slip Surface Endpoint: -42.850, 426.720 
    Right Slip Surface Endpoint: 76.237, 388.738 
    Resisting Moment=3.0335e+007 lb-ft 
    Driving Moment=1.43977e+007 lb-ft 
    Resisting Horizontal Force=246107 lb 
    Driving Horizontal Force=116808 lb 
     
    Valid / Invalid Surfaces 



     
    Method: bishop simplified 
    Number of Valid Surfaces: 20144 
    Number of Invalid Surfaces: 8467 
    Error Codes:  
    Error Code -99 reported for 6565 surfaces 
    Error Code -102 reported for 1 surface 
    Error Code -103 reported for 206 surfaces 
    Error Code -105 reported for 9 surfaces 
    Error Code -106 reported for 142 surfaces 
    Error Code -109 reported for 1544 surfaces 
     
    Method: janbu corrected 
    Number of Valid Surfaces: 20097 
    Number of Invalid Surfaces: 8514 
    Error Codes:  
    Error Code -99 reported for 6565 surfaces 
    Error Code -102 reported for 1 surface 
    Error Code -103 reported for 206 surfaces 
    Error Code -105 reported for 9 surfaces 
    Error Code -106 reported for 142 surfaces 
    Error Code -108 reported for 29 surfaces 
    Error Code -109 reported for 1544 surfaces 
    Error Code -111 reported for 6 surfaces 
    Error Code -112 reported for 12 surfaces 
     
    Method: spencer 
    Number of Valid Surfaces: 19801 
    Number of Invalid Surfaces: 8810 
    Error Codes:  
    Error Code -99 reported for 6565 surfaces 
    Error Code -102 reported for 1 surface 
    Error Code -103 reported for 206 surfaces 
    Error Code -105 reported for 9 surfaces 
    Error Code -106 reported for 142 surfaces 
    Error Code -108 reported for 36 surfaces 
    Error Code -109 reported for 1544 surfaces 
    Error Code -111 reported for 295 surfaces 
    Error Code -112 reported for 12 surfaces 
     
    Error Codes 
     
    The following errors were encountered during the computation: 
     
    -99 = Slip surface intersects an infinite 
    strength material. If infinite strength regions 
    are defined for a model, a large number of 
    potential slip surfaces may show this error code. 
    This is Normal. 
     
    -102 = Two surface / slope intersections, 
    but resulting arc is actually outside soil region. 
     
    -103 = Two surface / slope intersections, 
    but one or more surface / nonslope external polygon 
    intersections lie between them. This usually occurs 

    when the slip surface extends past the bottom of the 
    soil region, but may also occur on a benched 
    slope model with two sets of Slope Limits. 
     
    -105 = More than two surface / slope 
    intersections with no valid slip surface. 
     
    -106 = Average slice width is less than 
    0.0001 * (maximum horizontal extent of soil region). 
    This limitation is imposed to avoid numerical errors 
    which may result from too many slices, or too 
    small a slip region. 
     
    -108 = Total driving moment 
    or total driving force < 0.1. This is to 
    limit the calculation of extremely high safety 
    factors if the driving force is very small 
    (0.1 is an arbitrary number). 
     
    -109 = Soiltype for slice base not 
    located. This error should occur very rarely, 
    if at all. It may occur if a very low number of 
    slices is combined with certain soil geometries, 
    such that the midpoint of a slice base is 
    actually outside the soil region,even though 
    the slip surface is wholly within the soil region. 
     
    -111 = safety factor equation did not converge 
     
    -112 = The coefficient M-Alpha = cos(alpha)(1+tan(alpha)tan(phi)/F) 
    < 0.2 for the final iteration of the safety factor calculation. This screens out 
    some slip surfaces which may not be valid in the context of the analysis, in 
    particular, deep seated slip surfaces with many high negative base angle 
    slices in the passive zone. 
     
     
    List of All Coordinates 
     
    Search Grid 
       0.479 415.840 
       93.896 415.840 
       93.896 506.551 
       0.479 506.551 
     
    Material Boundary 
       -2.310 426.520 
       -1.530 426.520 
     
    Material Boundary 
       -100.000 380.000 
       100.000 380.000 
     
    Material Boundary 
       -1.530 426.520 
       -1.627 412.500 
       -6.083 412.500 



       -6.083 411.000 
       2.917 411.000 
       2.917 412.500 
       -0.060 412.500 
       -0.060 414.990 
     
    Material Boundary 
       2.917 411.000 
       3.917 411.000 
       7.059 414.160 
     
    Material Boundary 
       -19.054 426.591 
       -7.083 411.000 
       -6.083 411.000 
     
    External Boundary 
       -99.700 426.800 
       -100.000 426.800 
       -100.000 380.000 
       -100.000 340.493 
       100.000 340.493 
       100.000 380.000 
       100.000 387.960 
       85.740 389.950 
       84.870 389.760 
       83.380 389.720 
       80.120 388.930 
       77.450 388.900 
       76.430 388.730 
       76.180 388.740 
       72.660 389.380 
       67.340 390.990 
       66.200 391.200 
       64.790 391.760 
       55.910 395.290 
       45.520 399.740 
       40.620 401.820 
       39.940 402.080 
       29.430 405.910 
       25.323 407.330 
       16.040 410.540 
       7.059 414.160 
       5.000 414.990 
       -0.060 414.990 
       -0.060 425.630 
       -0.060 426.520 
       -0.060 429.520 
       -0.520 429.520 
       -0.730 429.520 
       -0.950 429.520 
       -1.060 429.520 
       -1.390 427.450 
       -1.530 426.520 
       -8.740 426.560 
       -11.500 426.560 

       -19.054 426.591 
       -28.590 426.630 
       -32.360 426.640 
       -35.870 426.670 
       -54.170 426.800 
       -77.680 426.800 
       -78.120 426.800 
     
    Water Table 
       -100.000 360.000 
       100.000 360.000 
     
    Distributed Load 
       -1.716 426.521 
       -8.740 426.560 
       -11.500 426.560 
       -28.590 426.630 
       -32.360 426.640 
       -35.870 426.670 
       -54.170 426.800 
       -77.680 426.800 
       -78.120 426.800 
       -99.700 426.800 
       -100.000 426.800 
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File Name
RW698_ST10+00_ST12+20.s3z

Date
2/25/2009, 11:19:38 AM

Project

SR-57 Settlement Analysis

SETTLE3D 1.011



Settle3D Analysis Information

Project Settings
Project Title: SR-57 Settlement Analysis
Analysis: RW698 ST10+00 to ST12+20
Author: RB
Company: CH2M HILL
Date Created: 2/25/2009, 11:19:38 AM
Stress Computation Method: Boussinesq

Stage Settings
NameStage #

Stage 11

Results
Stage: Stage 1

MaximumMinimumData Type

0.6169670Total Settlement [in]

0.2423740Consolidation Settlement [in]

0.4482260Immediate Settlement [in]

4.215040Loading Stress [ksf]

6.008390Total Stress [ksf]

0.00762970Total Strain

1000Degree of Consolidation [%]

Loads
Rectangular Load

Length: 30 ft
Width: 8.62 ft
Rotation angle: 0 degrees
Load: 2.604 ksf
Depth: 0 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

5.55112e-017190

5.55112e-017220

8.62220

8.62190

Page 1 of 4
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RW698_ST10+00_ST12+20.s3z CH2M HILL   2/25/2009, 11:19:38 AM

Rectangular Load

Length: 70 ft
Width: 9.1 ft
Rotation angle: 0 degrees
Load: 3.09 ksf
Depth: 2.5 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

0120

0190

9.1190

9.1120

Rectangular Load

Length: 65 ft
Width: 9.1 ft
Rotation angle: 0 degrees
Load: 3.09 ksf
Depth: 5 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

055

0120

9.1120

9.155

Rectangular Load

Length: 35 ft
Width: 10.82 ft
Rotation angle: 0 degrees
Load: 3.42 ksf
Depth: 7.5 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

020

055

10.8255

10.8220

Rectangular Load

Length: 10 ft
Width: 12.54 ft
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Rotation angle: 0 degrees
Load: 3.754 ksf
Depth: 10 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

010

020

12.5420

12.5410

Rectangular Load

Length: 10 ft
Width: 13.64 ft
Rotation angle: 0 degrees
Load: 4.16 ksf
Depth: 12.5 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

02.84217e-014

010

13.6410

13.642.84217e-014

Soil Layers
Depth [ft]Thickness [ft]TypeLayer #

040FILL (Af)1

Soil Properties
FILL (Af)

0.13Unit Weight [kips/ft3]

EnabledImmediate Settlement

1600Es [ksf]

1600Eur [ksf]

EnabledPrimary Consolidation

Non-LinearMaterial Type

0.02Cce

0.002Cre

17Pc [ksf]

Page 3 of 4
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Query Points
Number of Divisions(X,Y) LocationString #

4910.297, 6.8041

Grid
Number of points: 287
Expansion Factor: 2

Grid Coordinates

Y [ft]X [ft]

28.64235

-15235

-15-15

28.64-15
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Analysis Description
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File Name
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Settle3D Analysis Information

Project Settings
Project Title: SR-57 Settlement Analysis
Analysis: RW698 ST12+43.44 to ST19+25.67
Author: RB
Company: CH2M HILL
Date Created: 2/26/2009, 12:19:01 PM
Stress Computation Method: Boussinesq

Stage Settings
NameStage #

Stage 11

Results
Stage: Stage 1

MaximumMinimumData Type

0.3940820Total Settlement [in]

0.3215760Consolidation Settlement [in]

0.07323740Immediate Settlement [in]

1.826450Loading Stress [ksf]

7.888330Total Stress [ksf]

0.03227420Total Strain

1000Degree of Consolidation [%]

Loads
Rectangular Load

Length: 120 ft
Width: 11.25 ft
Rotation angle: 0 degrees
Load: 1.5732 ksf
Depth: 17 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

-3.50

-3.5120

7.75120

7.750

Page 1 of 6
SETTLE3D 1.011

RW698_ST12+43_ST19+26.s3z CH2M HILL   2/26/2009, 12:19:01 PM

Rectangular Load

Length: 72 ft
Width: 13 ft
Rotation angle: 0 degrees
Load: 1.75934 ksf
Depth: 17.25 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

-4120

-4192

9192

9120

Rectangular Load

Length: 56 ft
Width: 13 ft
Rotation angle: 0 degrees
Load: 1.75934 ksf
Depth: 15.25 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

-4192

-4248

9248

9192

Rectangular Load

Length: 64 ft
Width: 11.25 ft
Rotation angle: 0 degrees
Load: 1.5732 ksf
Depth: 13 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

-3.5248

-3.5312

7.75312

7.75248

Rectangular Load

Length: 30 ft
Width: 9.75 ft
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SETTLE3D 1.011

RW698_ST12+43_ST19+26.s3z CH2M HILL   2/26/2009, 12:19:01 PM



Rotation angle: 0 degrees
Load: 1.38794 ksf
Depth: 11 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

-3.25312

-3.25342

6.5342

6.5312

Rectangular Load

Length: 26 ft
Width: 11 ft
Rotation angle: 0 degrees
Load: 1.63869 ksf
Depth: 11 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

-3.5342

-3.5368

7.5368

7.5342

Rectangular Load

Length: 40 ft
Width: 9.75 ft
Rotation angle: 0 degrees
Load: 1.38794 ksf
Depth: 9 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

-3.25368

-3.25408

6.5408

6.5368

Rectangular Load

Length: 23.56 ft
Width: 11.25 ft
Rotation angle: 0 degrees
Load: 1.5732 ksf
Depth: 7 ft
Installation Stage: Stage 1
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Coordinates

Y [ft]X [ft]

-3.5408

-3.5431.56

7.75431.56

7.75408

Rectangular Load

Length: 48 ft
Width: 8.75 ft
Rotation angle: 0 degrees
Load: 1.14814 ksf
Depth: 6 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

-3431.56

-3479.56

5.75479.56

5.75431.56

Rectangular Load

Length: 48 ft
Width: 8 ft
Rotation angle: 0 degrees
Load: 0.97315 ksf
Depth: 4 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

-2.75479.56

-2.75527.56

5.25527.56

5.25479.56

Rectangular Load

Length: 72 ft
Width: 7.75 ft
Rotation angle: 0 degrees
Load: 0.78367 ksf
Depth: 2 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]
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-2.75527.56

-2.75599.56

5599.56

5527.56

Rectangular Load

Length: 28 ft
Width: 7.75 ft
Rotation angle: 0 degrees
Load: 0.78367 ksf
Depth: 0 ft
Installation Stage: Stage 1

Coordinates

Y [ft]X [ft]

-2.75599.56

-2.75627.56

5627.56

5599.56

Soil Layers
Depth [ft]Thickness [ft]TypeLayer #

017FILL 1 (Af)1

176FILL 2 (Af)2

2315FILL 3 (Af)3

3820CLAY (Qvof)4

Soil Properties
FILL 1 (Af)

0.13Unit Weight [kips/ft3]

EnabledPrimary Consolidation

Non-LinearMaterial Type

0.02Cce

0.002Cre

11OCR

FILL 2 (Af)

0.13Unit Weight [kips/ft3]

EnabledImmediate Settlement

1600Es [ksf]

1600Eur [ksf]

EnabledPrimary Consolidation
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Non-LinearMaterial Type

0.02Cce

0.002Cre

7OCR

FILL 3 (Af)

0.13Unit Weight [kips/ft3]

EnabledPrimary Consolidation

Non-LinearMaterial Type

0.03Cce

0.003Cre

4OCR

CLAY (Qvof)

0.13Unit Weight [kips/ft3]

EnabledPrimary Consolidation

Non-LinearMaterial Type

0.03Cce

0.003Cre

1OCR

Query Points
Number of Divisions(X,Y) LocationString #

6560, 2.1251

67156, 2.52

71220, 2.53

67355, 24

67455.56, 1.3755

65613.56, 1.1256

Grid
Number of points: 287
Expansion Factor: 2

Grid Coordinates

Y [ft]X [ft]

69687.56

-64687.56

-64-60

69-60
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APPENDIX E.3  

Pile Foundation 



Axial Pile Analysis



Job Name: SR-57 Northbound Widening Project - North Segment

Job No. 370900.03.GE.FR

Location: Orange County, California

Subject: Pile Capacity Estimate at the location of Sign Structure 630

Date: 4/7/2008

Resistance

Pile Type (Concrete, Steel H, Steel Pipe Close End, Steel Pipe Opent End) 1 Factor Pile Perimeter 4.00 ft

Pile Shape (Circular, Rectangle,Other) 2 α-Tomlinson (1987) Method 1 0.5 Pile Area 1.00 ft
2

Pile Dimension 12 inches α-API Method 0 0 Pile Length 30 ft

Depth to Ground Water 42 ft β-Esrig and kirby (1979) 0 0 Pile Cut-off Elevation 307 ft

Unit Weight of Water 62.4 pcf Pile Tip Elevation 277 ft

Depth Interval 1 ft Pile Capacity 100 kips

Ground Surface Elevation 327 ft

Atmospheric Pressure 2000 psf

Alpha-Factor Set (1,2,3) 3

PI for Beta Method 40

Limiting unit skin friction - Cohesive 7000 psf

Limiting unit skin friction - Cohesionless 4000 psf

Limiting unit End Bearing - Cohesive 60000 psf

Limiting unit End Bearing - Cohesionless 0 psf

Total Standard Effective Undrained Total Pore Effective 

Top Bottom Middle Elevation Pile Soil Bearing Bearing Unit Penetration Friction Shear Overburden Water Overburden Total Total Total Average

of Layer of Layer Height of Layer Location Type Layer Length Weight Test Angle Strength Pressure Pressure Pressure α Side Friction End Bearing kδ δ δ/φ Cf Side Friction End Bearing Capacity Su/σv' α Side Friction End Bearing Side Friction End Bearing Capacity OCR β Side Friction End Bearing Side Friction End Bearing Capacity Capacity

(ft) (ft) (ft) (ft) (Y/N) (ft) (pcf) N-value (degree) (psf) (psf) (psf) (psf) (psf) (psf) (psf) (psf) (kips) (psf) (psf) (psf) (psf) (kips) (psf) (psf) (psf) (psf) (kips) (kips)

0 16 8 311 0 1 N 0 120.0 0 0 0 960.00 0.00 960.00 1.00 0 0 0.00 0 0.00 0.00 0 0 0 0.00 0.00 0 0 0 0 0 15.00 2.05 1968 0 0 0 0

16 17 16.5 310 0 1 N 0 120.0 0 0 1500 1980.00 0.00 1980.00 0.85 1275 13500 0.00 0 0.00 0.00 0 0 0 0.76 0.00 0 13500 0 0 0 3.79 0.67 1317 13500 0 0 0

17 18 17.5 309 0 1 N 0 120.0 0 0 1500 2100.00 0.00 2100.00 0.85 1275 13500 0.00 0 0.00 0.00 0 0 0 0.71 0.00 0 13500 0 0 0 3.57 0.64 1346 13500 0 0 0

18 19 18.5 308 0 1 N 0 120.0 0 0 1500 2220.00 0.00 2220.00 0.85 1275 13500 0.00 0 0.00 0.00 0 0 0 0.68 0.00 0 13500 0 0 0 3.38 0.62 1375 13500 0 0 0

19 20 19.5 307 0 1 N 0 120.0 0 0 1500 2340.00 0.00 2340.00 0.85 1275 13500 0.00 0 0.00 0.00 0 0 0 0.64 0.00 0 13500 0 0 0 3.21 0.60 1404 13500 0 0 0

20 21 20.5 306 1 1 Y 1 120.0 0 0 1500 2460.00 0.00 2460.00 0.85 1275 13500 0.00 0 0.00 0.00 0 0 9 0.61 0.00 0 13500 0 0 0 3.05 0.58 1433 13500 0 0 0 9

21 22 21.5 305 1 1 Y 2 120.0 0 0 1500 2580.00 0.00 2580.00 0.85 1275 13500 0.00 0 0.00 0.00 0 0 12 0.58 0.66 984 13500 0 0 0 2.91 0.57 1461 13500 0 0 0 12

22 23 22.5 304 1 1 Y 3 120.0 0 0 1500 2700.00 0.00 2700.00 0.85 1275 13500 0.00 0 0.00 0.00 0 0 14 0.56 0.67 1006 13500 0 0 0 2.78 0.55 1489 13500 0 0 0 14

23 24 23.5 303 1 1 Y 4 120.0 0 0 1500 2820.00 0.00 2820.00 0.85 1275 13500 0.00 0 0.00 0.00 0 0 17 0.53 0.69 1028 13500 0 0 0 2.66 0.54 1517 13500 0 0 0 17

24 25 24.5 302 1 1 Y 5 120.0 0 0 1500 2940.00 0.00 2940.00 0.85 1275 13500 0.00 0 0.00 0.00 0 0 20 0.51 0.70 1050 13500 0 0 0 2.55 0.52 1543 13500 0 0 0 20

25 26 25.5 301 1 1 Y 6 120.0 0 0 1500 3060.00 0.00 3060.00 0.85 1275 13500 0.00 0 0.00 0.00 0 0 22 0.49 0.71 1071 13500 0 0 0 2.45 0.51 1569 13500 0 0 0 22

26 27 26.5 300 1 1 Y 7 120.0 0 0 1500 3180.00 0.00 3180.00 0.85 1275 13500 0.00 0 0.00 0.00 0 0 25 0.47 0.73 1092 13500 0 0 0 2.36 0.50 1595 13500 0 0 0 25

27 28 27.5 299 1 1 Y 8 120.0 0 0 1500 3300.00 0.00 3300.00 0.85 1275 13500 0.00 0 0.00 0.00 0 0 27 0.45 0.74 1112 13500 0 0 0 2.27 0.49 1619 13500 0 0 0 27

28 29 28.5 298 1 1 Y 9 120.0 0 0 1500 3420.00 0.00 3420.00 0.85 1275 13500 0.00 0 0.00 0.00 0 0 30 0.44 0.75 1132 13500 0 0 0 2.19 0.48 1643 13500 0 0 0 30

29 30 29.5 297 1 1 Y 10 120.0 0 0 1500 3540.00 0.00 3540.00 0.85 1275 13500 0.00 0 0.00 0.00 0 0 32 0.42 0.77 1152 13500 0 0 0 2.12 0.47 1667 13500 0 0 0 32

30 31 30.5 296 1 1 Y 11 120.0 0 0 784 3660.00 0.00 3660.00 0.96 752 7057 0.00 0 0.00 0.00 0 0 31 0.21 1.08 847 7057 0 0 0 1.00 0.31 1135 7057 0 0 0 31

31 32 31.5 295 1 1 Y 12 120.0 0 0 601 3780.00 0.00 3780.00 0.97 586 5412 0.00 0 0.00 0.00 0 0 31 0.16 1.25 754 5412 0 0 0 1.00 0.31 1172 5412 0 0 0 31

32 33 32.5 294 1 1 Y 13 120.0 0 0 601 3900.00 0.00 3900.00 0.97 586 5412 0.00 0 0.00 0.00 0 0 32 0.15 1.27 766 5412 0 0 0 1.00 0.31 1209 5412 0 0 0 32

33 34 33.5 293 1 1 Y 14 120.0 0 0 784 4020.00 0.00 4020.00 0.96 752 7057 0.00 0 0.00 0.00 0 0 34 0.20 1.13 888 7057 0 0 0 1.00 0.31 1246 7057 0 0 0 34

34 35 34.5 292 1 1 Y 15 120.0 0 0 1187 4140.00 0.00 4140.00 0.91 1082 10683 0.00 0 0.00 0.00 0 0 38 0.29 0.93 1108 10683 0 0 0 1.00 0.31 1283 10683 0 0 0 38

35 36 35.5 291 1 1 Y 16 120.0 0 0 1714 4260.00 0.00 4260.00 0.80 1366 15427 0.00 0 0.00 0.00 0 0 43 0.40 0.79 1351 15427 0 0 0 2.01 0.46 1945 15427 0 0 0 43

36 37 36.5 290 1 1 Y 17 120.0 0 0 1714 4380.00 0.00 4380.00 0.80 1366 15427 0.00 0 0.00 0.00 0 0 46 0.39 0.80 1370 15427 0 0 0 1.96 0.45 1967 15427 0 0 0 46

37 38 37.5 289 1 1 Y 18 120.0 0 0 1274 4500.00 0.00 4500.00 0.90 1148 11467 0.00 0 0.00 0.00 0 0 47 0.28 0.94 1197 11467 0 0 0 1.00 0.31 1395 11467 0 0 0 47

38 39 38.5 288 1 1 Y 19 120.0 0 0 1449 4620.00 0.00 4620.00 0.86 1247 13037 0.00 0 0.00 0.00 0 0 50 0.31 0.89 1293 13037 0 0 0 1.00 0.31 1432 13037 0 0 0 50

39 40 39.5 287 1 1 Y 20 120.0 0 0 2590 4740.00 0.00 4740.00 0.44 1141 23308 0.00 0 0.00 0.00 0 0 57 0.55 0.68 1752 23308 0 0 0 2.73 0.55 2589 23308 0 0 0 57

40 41 40.5 286 1 1 Y 21 120.0 0 0 3014 4860.00 0.00 4860.00 0.32 972 27124 0.00 0 0.00 0.00 0 0 61 0.62 0.63 1914 27124 0 0 0 3.10 0.59 2859 27124 0 0 0 61

41 42 41.5 285 1 1 Y 22 120.0 0 0 3229 4980.00 0.00 4980.00 0.29 922 29062 0.00 0 0.00 0.00 0 0 64 0.65 0.62 2005 29062 0 0 0 3.24 0.60 3008 29062 0 0 0 64

42 43 42.5 284 1 1 Y 23 120.0 0 0 4293 5100.00 31.20 5068.80 0.23 998 38636 0.00 0 0.00 0.00 0 0 71 0.85 0.54 2332 38636 0 0 0 4.23 0.72 3638 38636 0 0 0 71

43 44 43.5 283 1 1 Y 24 120.0 0 0 4921 5220.00 93.60 5126.40 0.24 1158 44290 0.00 0 0.00 0.00 0 0 76 0.96 0.51 2511 44290 0 0 0 4.80 0.78 4023 44290 0 0 0 76

44 45 44.5 282 1 1 Y 25 120.0 0 0 4816 5340.00 156.00 5184.00 0.23 1131 43348 0.00 0 0.00 0.00 0 0 78 0.93 0.52 2498 43348 0 0 0 4.65 0.77 3974 43348 0 0 0 78

45 46 45.5 281 1 1 Y 26 120.0 0 0 3445 5460.00 218.40 5241.60 0.26 892 31006 0.00 0 0.00 0.00 0 0 73 0.66 0.62 2125 31006 0 0 0 3.29 0.61 3192 31006 0 0 0 73

46 47 46.5 280 1 1 Y 27 120.0 0 0 6387 5580.00 280.80 5299.20 0.24 1523 57483 0.00 0 0.00 0.00 0 0 89 1.21 0.48 3048 57483 0 0 0 6.03 0.93 4935 57483 0 0 0 89

47 48 47.5 279 1 1 Y 28 120.0 0 0 8000 5700.00 343.20 5356.80 0.24 1884 60000 0.00 0 0.00 0.00 0 0 95 1.49 0.45 3618 60000 0 0 0 7.47 1.11 5920 60000 0 0 0 95

48 49 48.5 278 1 1 Y 29 120.0 0 0 3121 5820.00 405.60 5414.40 0.30 945 28092 0.00 0 0.00 0.00 0 0 80 0.58 0.66 2055 28092 0 0 0 2.88 0.56 3051 28092 0 0 0 80

49 50 49.5 277 1 1 Y 30 120.0 0 0 7225 5940.00 468.00 5472.00 0.24 1718 60000 0.00 0 0.00 0.00 0 0 100 1.32 0.47 3370 60000 0 0 0 6.60 1.00 5474 60000 0 0 0 100

50 51 50.5 276 0 1 Y 120.0 0 0 8000 6060.00 530.40 5529.60 0.24 1884 60000 0.00 0 0.00 0.00 0 0 0 1.45 0.46 3647 60000 0 0 0 7.23 1.08 5954 60000 0 0 0

51 52 51.5 275 0 1 Y 120.0 0 0 8000 6180.00 592.80 5587.20 0.24 1884 60000 0.00 0 0.00 0.00 0 0 0 1.43 0.46 3657 60000 0 0 0 7.16 1.07 5966 60000 0 0 0

52 53 52.5 274 0 1 Y 120.0 0 0 8000 6300.00 655.20 5644.80 0.24 1884 60000 0.00 0 0.00 0.00 0 0 0 1.42 0.46 3666 60000 0 0 0 7.09 1.06 5977 60000 0 0 0

53 54 53.5 273 0 1 Y 120.0 0 0 8000 6420.00 717.60 5702.40 0.24 1884 60000 0.00 0 0.00 0.00 0 0 0 1.40 0.46 3675 60000 0 0 0 7.01 1.05 5989 60000 0 0 0

54 55 54.5 272 0 1 Y 120.0 0 0 7225 6540.00 780.00 5760.00 0.24 1718 60000 0.00 0 0.00 0.00 0 0 0 1.25 0.47 3413 60000 0 0 0 6.27 0.96 5534 60000 0 0 0

55 56 55.5 271 0 1 Y 120.0 0 0 8000 6660.00 842.40 5817.60 0.24 1884 60000 0.00 0 0.00 0.00 0 0 0 1.38 0.46 3694 60000 0 0 0 6.88 1.03 6012 60000 0 0 0

56 57 56.5 270 0 1 Y 120.0 0 0 8000 6780.00 904.80 5875.20 0.24 1884 60000 0.00 0 0.00 0.00 0 0 0 1.36 0.46 3703 60000 0 0 0 6.81 1.03 6024 60000 0 0 0

57 58 57.5 269 0 1 Y 120.0 0 0 8000 6900.00 967.20 5932.80 0.24 1884 60000 0.00 0 0.00 0.00 0 0 0 1.35 0.46 3712 60000 0 0 0 6.74 1.02 6036 60000 0 0 0

58 59 58.5 268 0 1 Y 120.0 0 0 8000 7020.00 1029.60 5990.40 0.24 1884 60000 0.00 0 0.00 0.00 0 0 0 1.34 0.47 3721 60000 0 0 0 6.68 1.01 6048 60000 0 0 0

59 60 59.5 267 0 1 Y 120.0 0 0 8000 7140.00 1092.00 6048.00 0.24 1884 60000 0.00 0 0.00 0.00 0 0 0 1.32 0.47 3730 60000 0 0 0 6.61 1.00 6059 60000 0 0 0

60 61 60.5 266 0 1 Y 120.0 0 0 8000 7260.00 1154.40 6105.60 0.24 1884 60000 0.00 0 0.00 0.00 0 0 0 1.31 0.47 3739 60000 0 0 0 6.55 0.99 6071 60000 0 0 0

61 62 61.5 265 0 1 Y 120.0 0 0 8000 7380.00 1216.80 6163.20 0.24 1884 60000 0.00 0 0.00 0.00 0 0 0 1.30 0.47 3747 60000 0 0 0 6.49 0.99 6083 60000 0 0 0

62 63 62.5 264 0 1 Y 120.0 0 0 8000 7500.00 1279.20 6220.80 0.24 1884 60000 0.00 0 0.00 0.00 0 0 0 1.29 0.47 3756 60000 0 0 0 6.43 0.98 6095 60000 0 0 0

63 64 63.5 263 0 1 Y 120.0 0 0 8000 7620.00 1341.60 6278.40 0.24 1884 60000 0.00 0 0.00 0.00 0 0 0 1.27 0.47 3765 60000 0 0 0 6.37 0.97 6107 60000 0 0 0

64 65 64.5 262 0 1 Y 130.0 0 0 8000 7745.00 1404.00 6341.00 0.24 1884 60000 0.00 0 0.00 0.00 0 0 0 1.26 0.47 3774 60000 0 0 0 6.31 0.97 6120 60000 0 0 0

65 66 65.5 261 0 1 Y 130.0 0 0 8000 7875.00 1466.40 6408.60 0.24 1884 60000 0.00 0 0.00 0.00 0 0 0 1.25 0.47 3784 60000 0 0 0 6.24 0.96 6134 60000 0 0 0

66 67 66.5 260 0 1 Y 130.0 0 0 0 8005.00 1528.80 6476.20 1.00 0 0 0.00 0 0.00 0.00 0 0 0 0.00 #DIV/0! #DIV/0! 0 0 0 0 1.00 0.31 2008 0 0 0 0

67 68 67.5 259 0 1 Y 130.0 0 0 0 8135.00 1591.20 6543.80 1.00 0 0 0.00 0 0.00 0.00 0 0 0 0.00 #DIV/0! #DIV/0! 0 0 0 0 1.00 0.31 2029 0 0 0 0

68 69 68.5 258 0 1 Y 130.0 0 0 0 8265.00 1653.60 6611.40 1.00 0 0 0.00 0 0.00 0.00 0 0 0 0.00 #DIV/0! #DIV/0! 0 0 0 0 1.00 0.31 2050 0 0 0 0

69 70 69.5 257 0 1 Y 130.0 0 0 0 8395.00 1716.00 6679.00 1.00 0 0 0.00 0 0.00 0.00 0 0 0 0.00 #DIV/0! #DIV/0! 0 0 0 0 1.00 0.31 2070 0 0 0 0

70 71 70.5 256 0 1 Y 130.0 0 0 0 8525.00 1778.40 6746.60 1.00 0 0 0.00 0 0.00 0.00 0 0 0 0.00 #DIV/0! #DIV/0! 0 0 0 0 1.00 0.31 2091 0 0 0 0

71 72 71.5 255 0 1 Y 130.0 0 0 0 8655.00 1840.80 6814.20 1.00 0 0 0.00 0 0.00 0.00 0 0 0 0.00 #DIV/0! #DIV/0! 0 0 0 0 1.00 0.31 2112 0 0 0 0

72 73 72.5 254 0 1 Y 130.0 0 0 0 8785.00 1903.20 6881.80 1.00 0 0 0.00 0 0.00 0.00 0 0 0 0.00 #DIV/0! #DIV/0! 0 0 0 0 1.00 0.31 2133 0 0 0 0

73 74 73.5 253 0 1 Y 130.0 0 0 0 8915.00 1965.60 6949.40 1.00 0 0 0.00 0 0.00 0.00 0 0 0 0.00 #DIV/0! #DIV/0! 0 0 0 0 1.00 0.31 2154 0 0 0 0

74 75 74.5 252 0 1 Y 130.0 0 0 0 9045.00 2028.00 7017.00 1.00 0 0 0.00 0 0.00 0.00 0 0 0 0.00 #DIV/0! #DIV/0! 0 0 0 0 1.00 0.31 2175 0 0 0 0

75 76 75.5 251 0 1 Y 130.0 0 0 0 9175.00 2090.40 7084.60 1.00 0 0 0.00 0 0.00 0.00 0 0 0 0.00 #DIV/0! #DIV/0! 0 0 0 0 1.00 0.31 2196 0 0 0 0

76 77 76.5 250 0 1 Y 130.0 0 0 0 9305.00 2152.80 7152.20 1.00 0 0 0.00 0 0.00 0.00 0 0 0 0.00 #DIV/0! #DIV/0! 0 0 0 0 1.00 0.31 2217 0 0 0 0

77 78 77.5 249 0 1 Y 130.0 0 0 0 9435.00 2215.20 7219.80 1.00 0 0 0.00 0 0.00 0.00 0 0 0 0.00 #DIV/0! #DIV/0! 0 0 0 0 1.00 0.31 2238 0 0 0 0

78 79 78.5 248 0 1 Y 130.0 0 0 0 9565.00 2277.60 7287.40 1.00 0 0 0.00 0 0.00 0.00 0 0 0 0.00 #DIV/0! #DIV/0! 0 0 0 0 1.00 0.31 2259 0 0 0 0

79 80 79.5 247 0 1 Y 130.0 0 0 0 9695.00 2340.00 7355.00 1.00 0 0 0.00 0 0.00 0.00 0 0 0 0.00 #DIV/0! #DIV/0! 0 0 0 0 1.00 0.31 2280 0 0 0 0

80 81 80.5 246 0 1 Y 130.0 0 0 0 9825.00 2402.40 7422.60 1.00 0 0 0.00 0 0.00 0.00 0 0 0 0.00 #DIV/0! #DIV/0! 0 0 0 0 1.00 0.31 2301 0 0 0 0

81 82 81.5 245 0 1 Y 130.0 0 0 0 9955.00 2464.80 7490.20 1.00 0 0 0.00 0 0.00 0.00 0 0 0 0.00 #DIV/0! #DIV/0! 0 0 0 0 1.00 0.31 2322 0 0 0 0

82 83 82.5 244 0 1 Y 130.0 0 0 0 10085.00 2527.20 7557.80 1.00 0 0 0.00 0 0.00 0.00 0 0 0 0.00 #DIV/0! #DIV/0! 0 0 0 0 1.00 0.31 2343 0 0 0 0

83 84 83.5 243 0 1 Y 130.0 0 0 0 10215.00 2589.60 7625.40 1.00 0 0 0.00 0 0.00 0.00 0 0 0 0.00 #DIV/0! #DIV/0! 0 0 0 0 1.00 0.31 2364 0 0 0 0

Unit Ultimate - Cohesive

Pile Capacity Calculation Methods

β-Esrig and Kirby (1979) Method

Unit Ultimate - Cohesionless Unit Ultimate - Cohesionless Unit UltimateUnit Ultimate - Cohesive Unit Ultimate - Cohesionless

DRIVEN PILE ANALYSIS - STATIC ANALYSIS

FHWA Method API Method------------------------------------     Depth to     ------------------------------------



84 85 84.5 242 0 1 Y 130.0 0 0 0 10345.00 2652.00 7693.00 1.00 0 0 0.00 0 0.00 0.00 0 0 0 0.00 #DIV/0! #DIV/0! 0 0 0 0 1.00 0.31 2385 0 0 0 0

85 86 85.5 241 0 1 Y 130.0 0 0 0 10475.00 2714.40 7760.60 1.00 0 0 0.00 0 0.00 0.00 0 0 0 0.00 #DIV/0! #DIV/0! 0 0 0 0 1.00 0.31 2406 0 0 0 0

86 87 86.5 240 0 1 Y 130.0 0 0 0 10605.00 2776.80 7828.20 1.00 0 0 0.00 0 0.00 0.00 0 0 0 0.00 #DIV/0! #DIV/0! 0 0 0 0 1.00 0.31 2427 0 0 0 0

87 88 87.5 239 0 1 Y 130.0 0 0 0 10735.00 2839.20 7895.80 1.00 0 0 0.00 0 0.00 0.00 0 0 0 0.00 #DIV/0! #DIV/0! 0 0 0 0 1.00 0.31 2448 0 0 0 0

88 89 88.5 238 0 1 Y 130.0 0 0 0 10865.00 2901.60 7963.40 1.00 0 0 0.00 0 0.00 0.00 0 0 0 0.00 #DIV/0! #DIV/0! 0 0 0 0 1.00 0.31 2469 0 0 0 0

89 90 89.5 237 0 1 Y 130.0 0 0 0 10995.00 2964.00 8031.00 1.00 0 0 0.00 0 0.00 0.00 0 0 0 0.00 #DIV/0! #DIV/0! 0 0 0 0 1.00 0.31 2490 0 0 0 0

90 91 90.5 236 0 1 Y 130.0 0 0 0 11125.00 3026.40 8098.60 1.00 0 0 0.00 0 0.00 0.00 0 0 0 0.00 #DIV/0! #DIV/0! 0 0 0 0 1.00 0.31 2511 0 0 0 0

91 92 91.5 235 0 1 Y 130.0 0 0 0 11255.00 3088.80 8166.20 1.00 0 0 0.00 0 0.00 0.00 0 0 0 0.00 #DIV/0! #DIV/0! 0 0 0 0 1.00 0.31 2532 0 0 0 0

92 93 92.5 234 0 1 Y 130.0 0 0 0 11385.00 3151.20 8233.80 1.00 0 0 0.00 0 0.00 0.00 0 0 0 0.00 #DIV/0! #DIV/0! 0 0 0 0 1.00 0.31 2552 0 0 0 0

93 94 93.5 233 0 1 Y 130.0 0 0 0 11515.00 3213.60 8301.40 1.00 0 0 0.00 0 0.00 0.00 0 0 0 0.00 #DIV/0! #DIV/0! 0 0 0 0 1.00 0.31 2573 0 0 0 0

94 95 94.5 232 0 1 Y 130.0 0 0 0 11645.00 3276.00 8369.00 1.00 0 0 0.00 0 0.00 0.00 0 0 0 0.00 #DIV/0! #DIV/0! 0 0 0 0 1.00 0.31 2594 0 0 0 0

95 96 95.5 231 0 1 Y 130.0 0 0 0 11775.00 3338.40 8436.60 1.00 0 0 0.00 0 0.00 0.00 0 0 0 0.00 #DIV/0! #DIV/0! 0 0 0 0 1.00 0.31 2615 0 0 0 0

96 97 96.5 230 0 1 Y 130.0 0 0 0 11905.00 3400.80 8504.20 1.00 0 0 0.00 0 0.00 0.00 0 0 0 0.00 #DIV/0! #DIV/0! 0 0 0 0 1.00 0.31 2636 0 0 0 0

97 98 97.5 229 0 1 Y 130.0 0 0 0 12035.00 3463.20 8571.80 1.00 0 0 0.00 0 0.00 0.00 0 0 0 0.00 #DIV/0! #DIV/0! 0 0 0 0 1.00 0.31 2657 0 0 0 0

98 99 98.5 228 0 1 Y 130.0 0 0 0 12165.00 3525.60 8639.40 1.00 0 0 0.00 0 0.00 0.00 0 0 0 0.00 #DIV/0! #DIV/0! 0 0 0 0 1.00 0.31 2678 0 0 0 0

99 100 99.5 227 0 1 Y 130.0 0 0 0 12295.00 3588.00 8707.00 1.00 0 0 0.00 0 0.00 0.00 0 0 0 0.00 #DIV/0! #DIV/0! 0 0 0 0 1.00 0.31 2699 0 0 0 0

100 101 100.5 226 0 1 Y 130.0 0 0 0 12425.00 3650.40 8774.60 1.00 0 0 0.00 0 0.00 0.00 0 0 0 0.00 #DIV/0! #DIV/0! 0 0 0 0 1.00 0.31 2720 0 0 0 0

101 102 101.5 225 0 1 Y 130.0 0 0 0 12555.00 3712.80 8842.20 1.00 0 0 0.00 0 0.00 0.00 0 0 0 0.00 #DIV/0! #DIV/0! 0 0 0 0 1.00 0.31 2741 0 0 0 0

102 103 102.5 224 0 1 Y 130.0 0 0 0 12685.00 3775.20 8909.80 1.00 0 0 0.00 0 0.00 0.00 0 0 0 0.00 #DIV/0! #DIV/0! 0 0 0 0 1.00 0.31 2762 0 0 0 0

103 104 103.5 223 0 1 Y 130.0 0 0 0 12815.00 3837.60 8977.40 1.00 0 0 0.00 0 0.00 0.00 0 0 0 0.00 #DIV/0! #DIV/0! 0 0 0 0 1.00 0.31 2783 0 0 0 0

104 105 104.5 222 0 1 Y 130.0 0 0 0 12945.00 3900.00 9045.00 1.00 0 0 0.00 0 0.00 0.00 0 0 0 0.00 #DIV/0! #DIV/0! 0 0 0 0 1.00 0.31 2804 0 0 0 0

105 106 105.5 221 0 1 Y 130.0 0 0 0 13075.00 3962.40 9112.60 1.00 0 0 0.00 0 0.00 0.00 0 0 0 0.00 #DIV/0! #DIV/0! 0 0 0 0 1.00 0.31 2825 0 0 0 0

Notes:

1. α-API revised Method (1987)  for cohesive soil

2. β−Esrig and Kirby (1979) for cohesive soil and Meyerhof for cohesionless soil

3. Soil Plugging Occur in Clay at 10 to 20 D, and for sand between 20 to 30 D

4. Other Methods such as USACE and Schmertman Methods will also be considered



SW581 16-inch.sfo
 VERTICALLY LOADED DRILLED SHAFT ANALYSIS PROGRAM SHAFT
 VERSION 5.0 (C) COPYRIGHT ENSOFT,INC. 1989,1995,1998,2001,2003

     SW 581 - CIDH piles                                                     

     TOTAL LOAD =      90.0 TONS
     ------------

     NUMBER OF LAYERS =    2
     ------------------

     WATER TABLE DEPTH =      41.2 FT.
     -------------------

     FACTOR OF SAFETY APPLIED TO THE TOTAL ULTIMATE CAPACITY = 1.00
     -------------------------------------------------------
     FACTOR OF SAFETY APPLIED TO THE ULTIMATE BASE CAPACITY =*****
     ------------------------------------------------------

     SOIL INFORMATION
     ---------------

     LAYER NO 1----SAND

       AT THE TOP

       LATERAL EARTH-PRESSURE COEFFICIENT-K              = 0.900E+00
       UNDRAINED SHEAR STRENGTH, LB/SQ FT                = 0.000E+00
       INTERNAL FRICTION ANGLE, DEG.                     = 0.300E+02
       BLOWS PER FOOT FROM STANDARD PENETRATION TEST     = 0.000E+00
       SOIL UNIT WEIGHT, LB/CU FT                        = 0.120E+03
       MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT          = 0.400E+04
       DEPTH, FT                                         = 0.000E+00

       AT THE BOTTOM

       LATERAL EARTH-PRESSURE COEFFICIENT-K              = 0.900E+00
       UNDRAINED SHEAR STRENGTH, LB/SQ FT                = 0.000E+00
       INTERNAL FRICTION ANGLE, DEG.                     = 0.300E+02
       BLOWS PER FOOT FROM STANDARD PENETRATION TEST     = 0.000E+00
       SOIL UNIT WEIGHT, LB/CU FT                        = 0.120E+03
       MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT          = 0.400E+04
       DEPTH, FT                                         = 0.300E+02

     LAYER NO 2----SAND

       AT THE TOP

       LATERAL EARTH-PRESSURE COEFFICIENT-K              = 0.900E+00
       UNDRAINED SHEAR STRENGTH, LB/SQ FT                = 0.000E+00
       INTERNAL FRICTION ANGLE, DEG.                     = 0.300E+02
       BLOWS PER FOOT FROM STANDARD PENETRATION TEST     = 0.000E+00
       SOIL UNIT WEIGHT, LB/CU FT                        = 0.120E+03
       MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT          = 0.400E+04
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       DEPTH, FT                                         = 0.300E+02

       AT THE BOTTOM

       LATERAL EARTH-PRESSURE COEFFICIENT-K              = 0.900E+00
       UNDRAINED SHEAR STRENGTH, LB/SQ FT                = 0.000E+00
       INTERNAL FRICTION ANGLE, DEG.                     = 0.300E+02
       BLOWS PER FOOT FROM STANDARD PENETRATION TEST     = 0.000E+00
       SOIL UNIT WEIGHT, LB/CU FT                        = 0.120E+03
       MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT          = 0.400E+04
       DEPTH, FT                                         = 0.100E+03

     DRILLED SHAFT INFORMATION
     -------------------------

      DIAMETER OF STEM          =    1.333  FT.
      DIAMETER OF BASE          =    1.333  FT.
      END OF STEM TO BASE       =    0.000  FT.
      ANGLE OF BELL             =    0.000  DEG.
      IGNORED TOP PORTION       =   13.000  FT.
      IGNORED BOTTOM PORTION    =    0.000  FT.
      AREA OF ONE PERCENT STEEL =    2.011  SQ.IN.
      ELASTIC MODULUS, Ec       = 0.360E+07 LB/SQ IN
      VOLUME OF UNDERREAM       =    0.000  CU.YDS.

     PREDICTED RESULTS
     -----------------

     QS     = ULTIMATE SIDE RESISTANCE;
     QB     = ULTIMATE BASE RESISTANCE;
     WT     = WEIGHT OF DRILLED SHAFT (FOR UPLIFT CAPACITY ONLY);
     QU     = TOTAL ULTIMATE RESISTANCE;
     QBD    = TOTAL ALLOWABLE LOAD USING A FACTOR OF SAFETY
              APPLIED TO THE ULTIMATE BASE RESISTANCE;
     QDN    = TOTAL ALLOWABLE LOAD USING FACTORS OF SAFETY
              APPLIED TO THE ULTIMATE SIDE RESISTANCE AND
              THE ULTIMATE BASE RESISTANCE.

     LENGTH  VOLUME     QS      QB      QU       QBD      QDN      QU/VOLUME
     (FEET)  (CU.YDS) (TONS)   (TONS)  (TONS)   (TONS)   (TONS)  (TONS/CU.YDS)
     14.0     0.72     1.83     0.00     1.83     1.83     1.83      2.53
     15.0     0.78     3.79     0.00     3.79     3.79     3.79      4.88
     16.0     0.83     5.88     0.00     5.88     5.88     5.88      7.10
     17.0     0.88     8.10     0.00     8.10     8.10     8.10      9.21
     18.0     0.93    10.45     0.00    10.45    10.45    10.45     11.23
     19.0     0.98    12.93     0.00    12.93    12.93    12.93     13.16
     20.0     1.03    15.54     0.00    15.54    15.54    15.54     15.03
     21.0     1.09    18.29     0.00    18.29    18.29    18.29     16.84
     22.0     1.14    21.16     0.00    21.16    21.16    21.16     18.60
     23.0     1.19    24.17     0.00    24.17    24.17    24.17     20.31
     24.0     1.24    27.30     0.00    27.30    27.30    27.30     21.99
     25.0     1.29    30.57     0.00    30.57    30.57    30.57     23.64
     26.0     1.34    33.96     0.00    33.96    33.96    33.96     25.26
     27.0     1.40    37.49     0.00    37.49    37.49    37.49     26.85
     28.0     1.45    41.15     0.00    41.15    41.15    41.15     28.41
     29.0     1.50    44.94     0.00    44.94    44.94    44.94     29.96
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     30.0     1.55    48.85     0.00    48.85    48.85    48.85     31.49
     31.0     1.60    52.90     0.00    52.90    52.90    52.90     33.00
     32.0     1.66    57.08     0.00    57.08    57.08    57.08     34.49
     33.0     1.71    61.39     0.00    61.39    61.39    61.39     35.97
     34.0     1.76    65.84     0.00    65.84    65.84    65.84     37.44
     35.0     1.81    70.41     0.00    70.41    70.41    70.41     38.89
     36.0     1.86    75.11     0.00    75.11    75.11    75.11     40.34
     37.0     1.91    79.94     0.00    79.94    79.94    79.94     41.78
     38.0     1.97    84.91     0.00    84.91    84.91    84.91     43.20
     39.0     2.02    90.00     0.00    90.00    90.00    90.00     44.62

        TOP  LOAD     TOP MOVEMENT       TIP LOAD      TIP  MOVEMENT
           ton             IN.              ton            IN.
       0.2761E+00      0.3110E-03      0.1527E-11      0.1000E-03
       0.2761E+01      0.3110E-02      0.1527E-10      0.1000E-02
       0.6986E+01      0.7811E-02      0.3818E-10      0.2500E-02
       0.1409E+02      0.1571E-01      0.7637E-10      0.5000E-02
       0.2106E+02      0.2358E-01      0.1146E-09      0.7500E-02
       0.2764E+02      0.3130E-01      0.1527E-09      0.1000E-01
       0.5551E+02      0.6975E-01      0.3818E-09      0.2500E-01
       0.7592E+02      0.1133E+00      0.7637E-09      0.5000E-01
       0.8546E+02      0.1470E+00      0.1146E-08      0.7500E-01
       0.9048E+02      0.1769E+00      0.1519E-08      0.1000E+00
       0.9330E+02      0.3297E+00      0.3454E-08      0.2500E+00
       0.9311E+02      0.5795E+00      0.5228E-08      0.5000E+00
       0.9293E+02      0.8294E+00      0.6792E-08      0.7500E+00
       0.9275E+02      0.1079E+01      0.7872E-08      0.1000E+01
       0.9233E+02      0.1679E+01      0.1019E-07      0.1600E+01
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Bastanchury-16inch-Abut1-SB - RW599.sfo
 VERTICALLY LOADED DRILLED SHAFT ANALYSIS PROGRAM SHAFT
 VERSION 5.0 (C) COPYRIGHT ENSOFT,INC. 1989,1995,1998,2001,2003

     Sound Wall 599 - Ultimate Resistance    

     TOTAL LOAD =     130.0 TONS
     ------------

     NUMBER OF LAYERS =    2
     ------------------

     WATER TABLE DEPTH =      34.2 FT.
     -------------------

     FACTOR OF SAFETY APPLIED TO THE TOTAL ULTIMATE CAPACITY = 1.00
     -------------------------------------------------------
     FACTOR OF SAFETY APPLIED TO THE ULTIMATE BASE CAPACITY =*****
     ------------------------------------------------------

     SOIL INFORMATION
     ---------------

     LAYER NO 1----SAND

       AT THE TOP

       LATERAL EARTH-PRESSURE COEFFICIENT-K              = 0.900E+00
       UNDRAINED SHEAR STRENGTH, LB/SQ FT                = 0.000E+00
       INTERNAL FRICTION ANGLE, DEG.                     = 0.300E+02
       BLOWS PER FOOT FROM STANDARD PENETRATION TEST     = 0.000E+00
       SOIL UNIT WEIGHT, LB/CU FT                        = 0.120E+03
       MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT          = 0.400E+04
       DEPTH, FT                                         = 0.000E+00

       AT THE BOTTOM

       LATERAL EARTH-PRESSURE COEFFICIENT-K              = 0.900E+00
       UNDRAINED SHEAR STRENGTH, LB/SQ FT                = 0.000E+00
       INTERNAL FRICTION ANGLE, DEG.                     = 0.300E+02
       BLOWS PER FOOT FROM STANDARD PENETRATION TEST     = 0.000E+00
       SOIL UNIT WEIGHT, LB/CU FT                        = 0.120E+03
       MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT          = 0.400E+04
       DEPTH, FT                                         = 0.335E+02

     LAYER NO 2----CLAY

       AT THE TOP

       STRENGTH REDUCTION FACTOR-ALPHA                   = 0.550E+00
       END BEARING COEFFICIENT-Nc                        = 0.900E+01
       UNDRAINED SHEAR STRENGTH, LB/SQ FT                = 0.670E+04
       INTERNAL FRICTION ANGLE, DEG.                     = 0.000E+00
       BLOWS PER FOOT FROM STANDARD PENETRATION TEST     = 0.000E+00
       SOIL UNIT WEIGHT, LB/CU FT                        = 0.130E+03
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       MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT          = 0.700E+04
       DEPTH, FT                                         = 0.335E+02

       AT THE BOTTOM

       STRENGTH REDUCTION FACTOR-ALPHA                   = 0.550E+00
       END BEARING COEFFICIENT-Nc                        = 0.900E+01
       UNDRAINED SHEAR STRENGTH, LB/SQ FT                = 0.670E+04
       INTERNAL FRICTION ANGLE, DEG.                     = 0.000E+00
       BLOWS PER FOOT FROM STANDARD PENETRATION TEST     = 0.000E+00
       SOIL UNIT WEIGHT, LB/CU FT                        = 0.130E+03
       MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT          = 0.700E+04
       DEPTH, FT                                         = 0.100E+03

     DRILLED SHAFT INFORMATION
     -------------------------

      DIAMETER OF STEM          =    1.333  FT.
      DIAMETER OF BASE          =    1.333  FT.
      END OF STEM TO BASE       =    0.000  FT.
      ANGLE OF BELL             =    0.000  DEG.
      IGNORED TOP PORTION       =   13.490  FT.
      IGNORED BOTTOM PORTION    =    0.000  FT.
      AREA OF ONE PERCENT STEEL =    2.011  SQ.IN.
      ELASTIC MODULUS, Ec       = 0.360E+07 LB/SQ IN
      VOLUME OF UNDERREAM       =    0.000  CU.YDS.

     PREDICTED RESULTS
     -----------------

     QS     = ULTIMATE SIDE RESISTANCE;
     QB     = ULTIMATE BASE RESISTANCE;
     WT     = WEIGHT OF DRILLED SHAFT (FOR UPLIFT CAPACITY ONLY);
     QU     = TOTAL ULTIMATE RESISTANCE;
     QBD    = TOTAL ALLOWABLE LOAD USING A FACTOR OF SAFETY
              APPLIED TO THE ULTIMATE BASE RESISTANCE;
     QDN    = TOTAL ALLOWABLE LOAD USING FACTORS OF SAFETY
              APPLIED TO THE ULTIMATE SIDE RESISTANCE AND
              THE ULTIMATE BASE RESISTANCE.

     LENGTH  VOLUME     QS      QB      QU       QBD      QDN      QU/VOLUME
     (FEET)  (CU.YDS) (TONS)   (TONS)  (TONS)   (TONS)   (TONS)  (TONS/CU.YDS)
     14.0     0.72     1.89     0.00     1.89     1.89     1.89      2.61
     15.0     0.78     3.92     0.00     3.92     3.92     3.92      5.05
     16.0     0.83     6.07     0.00     6.07     6.07     6.07      7.34
     17.0     0.88     8.35     0.00     8.35     8.35     8.35      9.50
     18.0     0.93    10.77     0.00    10.77    10.77    10.77     11.57
     19.0     0.98    13.32     0.00    13.32    13.32    13.32     13.55
     20.0     1.03    15.99     0.00    15.99    15.99    15.99     15.46
     21.0     1.09    18.80     0.00    18.80    18.80    18.80     17.31
     22.0     1.14    21.74     0.00    21.74    21.74    21.74     19.10
     23.0     1.19    24.81     0.00    24.81    24.81    24.81     20.85
     24.0     1.24    28.00     0.00    28.00    28.00    28.00     22.56
     25.0     1.29    31.33     0.00    31.33    31.33    31.33     24.23
     26.0     1.34    34.79     0.00    34.79    34.79    34.79     25.88
     27.0     1.40    38.39     0.00    38.39    38.39    38.39     27.49
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     28.0     1.45    42.11     0.00    42.11    42.11    42.11     29.08
     29.0     1.50    45.96     0.00    45.96    45.96    45.96     30.64
     30.0     1.55    49.94     0.00    49.94    49.94    49.94     32.19
     31.0     1.60    54.06     0.00    54.06    54.06    54.06     33.71
     32.0     1.66    58.30     0.00    58.30    58.30    58.30     35.23
     33.0     1.71    62.67     0.00    62.67    62.67    62.67     36.72
     34.0     1.76    70.39     0.00    70.39    70.39    70.39     40.03
     35.0     1.81    78.11     0.00    78.11    78.11    78.11     43.15
     36.0     1.86    85.83     0.00    85.83    85.83    85.83     46.10
     37.0     1.91    93.55     0.00    93.55    93.55    93.55     48.89
     38.0     1.97   101.27     0.00   101.27   101.27   101.27     51.53
     39.0     2.02   108.99     0.00   108.99   108.99   108.99     54.03
     40.0     2.07   116.71     0.00   116.71   116.71   116.71     56.41
     41.0     2.12   124.43     0.00   124.43   124.43   124.43     58.68
     42.0     2.17   132.14     0.00   132.14   132.14   132.14     60.83

        TOP  LOAD     TOP MOVEMENT       TIP LOAD      TIP  MOVEMENT
           ton             IN.              ton            IN.
       0.6171E+00      0.6276E-03      0.3447E-11      0.1000E-03
       0.6234E+01      0.6301E-02      0.3447E-10      0.1000E-02
       0.1591E+02      0.1601E-01      0.8619E-10      0.2500E-02
       0.3150E+02      0.3208E-01      0.1724E-09      0.5000E-02
       0.4572E+02      0.4754E-01      0.2586E-09      0.7500E-02
       0.5844E+02      0.6221E-01      0.3447E-09      0.1000E-01
       0.9852E+02      0.1180E+00      0.8619E-09      0.2500E-01
       0.1261E+03      0.1728E+00      0.1724E-08      0.5000E-01
       0.1323E+03      0.2040E+00      0.2586E-08      0.7500E-01
       0.1359E+03      0.2328E+00      0.3046E-08      0.1000E+00
       0.1341E+03      0.3803E+00      0.4960E-08      0.2500E+00
       0.1299E+03      0.6250E+00      0.6328E-08      0.5000E+00
       0.1297E+03      0.8749E+00      0.6729E-08      0.7500E+00
       0.1296E+03      0.1125E+01      0.6816E-08      0.1000E+01
       0.1292E+03      0.1725E+01      0.6919E-08      0.1600E+01
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 VERTICALLY LOADED DRILLED SHAFT ANALYSIS PROGRAM SHAFT
 VERSION 5.0 (C) COPYRIGHT ENSOFT,INC. 1989,1995,1998,2001,2003

     Soundwall 603 - Ultimate Resistance - Wall LOL Station 10+00 to 10+08    

     TOTAL LOAD =     130.0 TONS
     ------------

     NUMBER OF LAYERS =    1
     ------------------

     WATER TABLE DEPTH =      35.4 FT.
     -------------------

     FACTOR OF SAFETY APPLIED TO THE TOTAL ULTIMATE CAPACITY = 1.00
     -------------------------------------------------------
     FACTOR OF SAFETY APPLIED TO THE ULTIMATE BASE CAPACITY =*****
     ------------------------------------------------------

     SOIL INFORMATION
     ---------------

     LAYER NO 1----SAND

       AT THE TOP

       LATERAL EARTH-PRESSURE COEFFICIENT-K              = 0.900E+00
       UNDRAINED SHEAR STRENGTH, LB/SQ FT                = 0.000E+00
       INTERNAL FRICTION ANGLE, DEG.                     = 0.300E+02
       BLOWS PER FOOT FROM STANDARD PENETRATION TEST     = 0.000E+00
       SOIL UNIT WEIGHT, LB/CU FT                        = 0.120E+03
       MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT          = 0.400E+04
       DEPTH, FT                                         = 0.000E+00

       AT THE BOTTOM

       LATERAL EARTH-PRESSURE COEFFICIENT-K              = 0.900E+00
       UNDRAINED SHEAR STRENGTH, LB/SQ FT                = 0.000E+00
       INTERNAL FRICTION ANGLE, DEG.                     = 0.300E+02
       BLOWS PER FOOT FROM STANDARD PENETRATION TEST     = 0.000E+00
       SOIL UNIT WEIGHT, LB/CU FT                        = 0.120E+03
       MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT          = 0.400E+04
       DEPTH, FT                                         = 0.100E+03

     DRILLED SHAFT INFORMATION
     -------------------------

      DIAMETER OF STEM          =    1.333  FT.
      DIAMETER OF BASE          =    1.333  FT.
      END OF STEM TO BASE       =    0.000  FT.
      ANGLE OF BELL             =    0.000  DEG.
      IGNORED TOP PORTION       =   13.490  FT.
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      IGNORED BOTTOM PORTION    =    0.000  FT.
      AREA OF ONE PERCENT STEEL =    2.011  SQ.IN.
      ELASTIC MODULUS, Ec       = 0.360E+07 LB/SQ IN
      VOLUME OF UNDERREAM       =    0.000  CU.YDS.

     PREDICTED RESULTS
     -----------------

     QS     = ULTIMATE SIDE RESISTANCE;
     QB     = ULTIMATE BASE RESISTANCE;
     WT     = WEIGHT OF DRILLED SHAFT (FOR UPLIFT CAPACITY ONLY);
     QU     = TOTAL ULTIMATE RESISTANCE;
     QBD    = TOTAL ALLOWABLE LOAD USING A FACTOR OF SAFETY
              APPLIED TO THE ULTIMATE BASE RESISTANCE;
     QDN    = TOTAL ALLOWABLE LOAD USING FACTORS OF SAFETY
              APPLIED TO THE ULTIMATE SIDE RESISTANCE AND
              THE ULTIMATE BASE RESISTANCE.

     LENGTH  VOLUME     QS      QB      QU       QBD      QDN      QU/VOLUME
     (FEET)  (CU.YDS) (TONS)   (TONS)  (TONS)   (TONS)   (TONS)  (TONS/CU.YDS)
     14.0     0.72     1.89     0.00     1.89     1.89     1.89      2.61
     15.0     0.78     3.92     0.00     3.92     3.92     3.92      5.05
     16.0     0.83     6.07     0.00     6.07     6.07     6.07      7.34
     17.0     0.88     8.35     0.00     8.35     8.35     8.35      9.50
     18.0     0.93    10.77     0.00    10.77    10.77    10.77     11.57
     19.0     0.98    13.32     0.00    13.32    13.32    13.32     13.55
     20.0     1.03    15.99     0.00    15.99    15.99    15.99     15.46
     21.0     1.09    18.80     0.00    18.80    18.80    18.80     17.31
     22.0     1.14    21.74     0.00    21.74    21.74    21.74     19.10
     23.0     1.19    24.81     0.00    24.81    24.81    24.81     20.85
     24.0     1.24    28.00     0.00    28.00    28.00    28.00     22.56
     25.0     1.29    31.33     0.00    31.33    31.33    31.33     24.23
     26.0     1.34    34.79     0.00    34.79    34.79    34.79     25.88
     27.0     1.40    38.39     0.00    38.39    38.39    38.39     27.49
     28.0     1.45    42.11     0.00    42.11    42.11    42.11     29.08
     29.0     1.50    45.96     0.00    45.96    45.96    45.96     30.64
     30.0     1.55    49.94     0.00    49.94    49.94    49.94     32.19
     31.0     1.60    54.06     0.00    54.06    54.06    54.06     33.71
     32.0     1.66    58.30     0.00    58.30    58.30    58.30     35.23
     33.0     1.71    62.67     0.00    62.67    62.67    62.67     36.72
     34.0     1.76    67.18     0.00    67.18    67.18    67.18     38.20
     35.0     1.81    71.75     0.00    71.75    71.75    71.75     39.64
     36.0     1.86    76.38     0.00    76.38    76.38    76.38     41.02
     37.0     1.91    81.07     0.00    81.07    81.07    81.07     42.37
     38.0     1.97    85.83     0.00    85.83    85.83    85.83     43.67
     39.0     2.02    90.65     0.00    90.65    90.65    90.65     44.94
     40.0     2.07    95.53     0.00    95.53    95.53    95.53     46.18
     41.0     2.12   100.47     0.00   100.47   100.47   100.47     47.38
     42.0     2.17   105.48     0.00   105.48   105.48   105.48     48.56
     43.0     2.22   110.55     0.00   110.55   110.55   110.55     49.71
     44.0     2.28   115.68     0.00   115.68   115.68   115.68     50.83
     45.0     2.33   120.88     0.00   120.88   120.88   120.88     51.94
     46.0     2.38   126.13     0.00   126.13   126.13   126.13     53.02
     47.0     2.43   131.45     0.00   131.45   131.45   131.45     54.08

        TOP  LOAD     TOP MOVEMENT       TIP LOAD      TIP  MOVEMENT
           ton             IN.              ton            IN.
       0.4830E+00      0.5100E-03      0.1527E-10      0.1000E-03
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       0.4840E+01      0.5102E-02      0.1527E-09      0.1000E-02
       0.1233E+02      0.1289E-01      0.3818E-09      0.2500E-02
       0.2465E+02      0.2592E-01      0.7637E-09      0.5000E-02
       0.3605E+02      0.3856E-01      0.1146E-08      0.7500E-02
       0.4632E+02      0.5060E-01      0.1527E-08      0.1000E-01
       0.8521E+02      0.1053E+00      0.3818E-08      0.2500E-01
       0.1115E+03      0.1596E+00      0.7637E-08      0.5000E-01
       0.1233E+03      0.1982E+00      0.1146E-07      0.7500E-01
       0.1292E+03      0.2304E+00      0.1519E-07      0.1000E+00
       0.1324E+03      0.3845E+00      0.3454E-07      0.2500E+00
       0.1321E+03      0.6342E+00      0.5228E-07      0.5000E+00
       0.1318E+03      0.8840E+00      0.6792E-07      0.7500E+00
       0.1316E+03      0.1134E+01      0.7872E-07      0.1000E+01
       0.1310E+03      0.1733E+01      0.1019E-06      0.1600E+01
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 VERTICALLY LOADED DRILLED SHAFT ANALYSIS PROGRAM SHAFT
 VERSION 5.0 (C) COPYRIGHT ENSOFT,INC. 1989,1995,1998,2001,2003

     Soundwall 603 - Ultimate Resistance - Wall LOL Station 33+82.46 to 33+90.46    

     TOTAL LOAD =     140.0 TONS
     ------------

     NUMBER OF LAYERS =    1
     ------------------

     WATER TABLE DEPTH =      49.5 FT.
     -------------------

     FACTOR OF SAFETY APPLIED TO THE TOTAL ULTIMATE CAPACITY = 1.00
     -------------------------------------------------------
     FACTOR OF SAFETY APPLIED TO THE ULTIMATE BASE CAPACITY =*****
     ------------------------------------------------------

     SOIL INFORMATION
     ---------------

     LAYER NO 1----CLAY

       AT THE TOP

       STRENGTH REDUCTION FACTOR-ALPHA                   = 0.550E+00
       END BEARING COEFFICIENT-Nc                        = 0.600E+01
       UNDRAINED SHEAR STRENGTH, LB/SQ FT                = 0.800E+04
       INTERNAL FRICTION ANGLE, DEG.                     = 0.000E+00
       BLOWS PER FOOT FROM STANDARD PENETRATION TEST     = 0.000E+00
       SOIL UNIT WEIGHT, LB/CU FT                        = 0.130E+03
       MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT          = 0.700E+04
       DEPTH, FT                                         = 0.000E+00

       AT THE BOTTOM

       STRENGTH REDUCTION FACTOR-ALPHA                   = 0.550E+00
       END BEARING COEFFICIENT-Nc                        = 0.900E+01
       UNDRAINED SHEAR STRENGTH, LB/SQ FT                = 0.800E+04
       INTERNAL FRICTION ANGLE, DEG.                     = 0.000E+00
       BLOWS PER FOOT FROM STANDARD PENETRATION TEST     = 0.000E+00
       SOIL UNIT WEIGHT, LB/CU FT                        = 0.130E+03
       MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT          = 0.700E+04
       DEPTH, FT                                         = 0.100E+03

     DRILLED SHAFT INFORMATION
     -------------------------

      DIAMETER OF STEM          =    1.333  FT.
      DIAMETER OF BASE          =    1.333  FT.
      END OF STEM TO BASE       =    0.000  FT.
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RollingHills-16inch-Abut1-SB-sw603.sfo
      ANGLE OF BELL             =    0.000  DEG.
      IGNORED TOP PORTION       =   18.420  FT.
      IGNORED BOTTOM PORTION    =    4.000  FT.
      AREA OF ONE PERCENT STEEL =    2.011  SQ.IN.
      ELASTIC MODULUS, Ec       = 0.360E+07 LB/SQ IN
      VOLUME OF UNDERREAM       =    0.000  CU.YDS.

     PREDICTED RESULTS
     -----------------

     QS     = ULTIMATE SIDE RESISTANCE;
     QB     = ULTIMATE BASE RESISTANCE;
     WT     = WEIGHT OF DRILLED SHAFT (FOR UPLIFT CAPACITY ONLY);
     QU     = TOTAL ULTIMATE RESISTANCE;
     QBD    = TOTAL ALLOWABLE LOAD USING A FACTOR OF SAFETY
              APPLIED TO THE ULTIMATE BASE RESISTANCE;
     QDN    = TOTAL ALLOWABLE LOAD USING FACTORS OF SAFETY
              APPLIED TO THE ULTIMATE SIDE RESISTANCE AND
              THE ULTIMATE BASE RESISTANCE.

     LENGTH  VOLUME     QS      QB      QU       QBD      QDN      QU/VOLUME
     (FEET)  (CU.YDS) (TONS)   (TONS)  (TONS)   (TONS)   (TONS)  (TONS/CU.YDS)
     23.0     1.19     9.22     0.00     9.22     9.22     9.22      7.75
     24.0     1.24    18.43     0.00    18.43    18.43    18.43     14.85
     25.0     1.29    27.65     0.00    27.65    27.65    27.65     21.38
     26.0     1.34    36.87     0.00    36.87    36.87    36.87     27.42
     27.0     1.40    46.08     0.00    46.08    46.08    46.08     33.00
     28.0     1.45    55.30     0.00    55.30    55.30    55.30     38.19
     29.0     1.50    64.52     0.00    64.52    64.52    64.52     43.01
     30.0     1.55    73.73     0.00    73.73    73.73    73.73     47.52
     31.0     1.60    82.95     0.00    82.95    82.95    82.95     51.74
     32.0     1.66    92.17     0.00    92.17    92.17    92.17     55.69
     33.0     1.71   101.38     0.00   101.38   101.38   101.38     59.40
     34.0     1.76   110.60     0.00   110.60   110.60   110.60     62.89
     35.0     1.81   119.81     0.00   119.81   119.81   119.81     66.19
     36.0     1.86   129.03     0.00   129.03   129.03   129.03     69.30
     37.0     1.91   138.25     0.00   138.25   138.25   138.25     72.24
     38.0     1.97   147.46     0.00   147.46   147.46   147.46     75.03

        TOP  LOAD     TOP MOVEMENT       TIP LOAD      TIP  MOVEMENT
           ton             IN.              ton            IN.
       0.1192E+01      0.7584E-03      0.3447E-10      0.1000E-03
       0.1298E+02      0.8018E-02      0.3447E-09      0.1000E-02
       0.3293E+02      0.2037E-01      0.8619E-09      0.2500E-02
       0.6135E+02      0.3989E-01      0.1724E-08      0.5000E-02
       0.8369E+02      0.5699E-01      0.2586E-08      0.7500E-02
       0.1014E+03      0.7191E-01      0.3447E-08      0.1000E-01
       0.1488E+03      0.1235E+00      0.8619E-08      0.2500E-01
       0.1749E+03      0.1713E+00      0.1724E-07      0.5000E-01
       0.1779E+03      0.1989E+00      0.2586E-07      0.7500E-01
       0.1798E+03      0.2258E+00      0.3046E-07      0.1000E+00
       0.1673E+03      0.3680E+00      0.4960E-07      0.2500E+00
       0.1586E+03      0.6108E+00      0.6328E-07      0.5000E+00
       0.1586E+03      0.8608E+00      0.6729E-07      0.7500E+00
       0.1586E+03      0.1111E+01      0.6816E-07      0.1000E+01
       0.1586E+03      0.1711E+01      0.6919E-07      0.1600E+01
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RollingHills-16inch-Abut2-SB-sw627.sfo
 VERTICALLY LOADED DRILLED SHAFT ANALYSIS PROGRAM SHAFT
 VERSION 5.0 (C) COPYRIGHT ENSOFT,INC. 1989,1995,1998,2001,2003

     Soundwall 627 - Ultimate Resistance    

     TOTAL LOAD =     140.0 TONS
     ------------

     NUMBER OF LAYERS =    1
     ------------------

     WATER TABLE DEPTH =      50.4 FT.
     -------------------

     FACTOR OF SAFETY APPLIED TO THE TOTAL ULTIMATE CAPACITY = 1.00
     -------------------------------------------------------
     FACTOR OF SAFETY APPLIED TO THE ULTIMATE BASE CAPACITY =*****
     ------------------------------------------------------

     SOIL INFORMATION
     ---------------

     LAYER NO 1----CLAY

       AT THE TOP

       STRENGTH REDUCTION FACTOR-ALPHA                   = 0.550E+00
       END BEARING COEFFICIENT-Nc                        = 0.600E+01
       UNDRAINED SHEAR STRENGTH, LB/SQ FT                = 0.800E+04
       INTERNAL FRICTION ANGLE, DEG.                     = 0.000E+00
       BLOWS PER FOOT FROM STANDARD PENETRATION TEST     = 0.000E+00
       SOIL UNIT WEIGHT, LB/CU FT                        = 0.130E+03
       MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT          = 0.700E+04
       DEPTH, FT                                         = 0.000E+00

       AT THE BOTTOM

       STRENGTH REDUCTION FACTOR-ALPHA                   = 0.550E+00
       END BEARING COEFFICIENT-Nc                        = 0.900E+01
       UNDRAINED SHEAR STRENGTH, LB/SQ FT                = 0.800E+04
       INTERNAL FRICTION ANGLE, DEG.                     = 0.000E+00
       BLOWS PER FOOT FROM STANDARD PENETRATION TEST     = 0.000E+00
       SOIL UNIT WEIGHT, LB/CU FT                        = 0.130E+03
       MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT          = 0.700E+04
       DEPTH, FT                                         = 0.100E+03

     DRILLED SHAFT INFORMATION
     -------------------------

      DIAMETER OF STEM          =    1.333  FT.
      DIAMETER OF BASE          =    1.333  FT.
      END OF STEM TO BASE       =    0.000  FT.
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RollingHills-16inch-Abut2-SB-sw627.sfo
      ANGLE OF BELL             =    0.000  DEG.
      IGNORED TOP PORTION       =   18.360  FT.
      IGNORED BOTTOM PORTION    =    0.000  FT.
      AREA OF ONE PERCENT STEEL =    2.011  SQ.IN.
      ELASTIC MODULUS, Ec       = 0.360E+07 LB/SQ IN
      VOLUME OF UNDERREAM       =    0.000  CU.YDS.

     PREDICTED RESULTS
     -----------------

     QS     = ULTIMATE SIDE RESISTANCE;
     QB     = ULTIMATE BASE RESISTANCE;
     WT     = WEIGHT OF DRILLED SHAFT (FOR UPLIFT CAPACITY ONLY);
     QU     = TOTAL ULTIMATE RESISTANCE;
     QBD    = TOTAL ALLOWABLE LOAD USING A FACTOR OF SAFETY
              APPLIED TO THE ULTIMATE BASE RESISTANCE;
     QDN    = TOTAL ALLOWABLE LOAD USING FACTORS OF SAFETY
              APPLIED TO THE ULTIMATE SIDE RESISTANCE AND
              THE ULTIMATE BASE RESISTANCE.

     LENGTH  VOLUME     QS      QB      QU       QBD      QDN      QU/VOLUME
     (FEET)  (CU.YDS) (TONS)   (TONS)  (TONS)   (TONS)   (TONS)  (TONS/CU.YDS)
     19.0     0.98     9.22     0.00     9.22     9.22     9.22      9.38
     20.0     1.03    18.43     0.00    18.43    18.43    18.43     17.82
     21.0     1.09    27.65     0.00    27.65    27.65    27.65     25.46
     22.0     1.14    36.87     0.00    36.87    36.87    36.87     32.40
     23.0     1.19    46.08     0.00    46.08    46.08    46.08     38.74
     24.0     1.24    55.30     0.00    55.30    55.30    55.30     44.55
     25.0     1.29    64.52     0.00    64.52    64.52    64.52     49.90
     26.0     1.34    73.73     0.00    73.73    73.73    73.73     54.83
     27.0     1.40    82.95     0.00    82.95    82.95    82.95     59.40
     28.0     1.45    92.17     0.00    92.17    92.17    92.17     63.64
     29.0     1.50   101.38     0.00   101.38   101.38   101.38     67.59
     30.0     1.55   110.60     0.00   110.60   110.60   110.60     71.28
     31.0     1.60   119.81     0.00   119.81   119.81   119.81     74.73
     32.0     1.66   129.03     0.00   129.03   129.03   129.03     77.96
     33.0     1.71   138.25     0.00   138.25   138.25   138.25     81.00
     34.0     1.76   147.46     0.00   147.46   147.46   147.46     83.86

        TOP  LOAD     TOP MOVEMENT       TIP LOAD      TIP  MOVEMENT
           ton             IN.              ton            IN.
       0.1613E+01      0.9621E-03      0.3447E-10      0.1000E-03
       0.1776E+02      0.1029E-01      0.3447E-09      0.1000E-02
       0.4430E+02      0.2601E-01      0.8619E-09      0.2500E-02
       0.7953E+02      0.4980E-01      0.1724E-08      0.5000E-02
       0.1061E+03      0.7003E-01      0.2586E-08      0.7500E-02
       0.1262E+03      0.8705E-01      0.3447E-08      0.1000E-01
       0.1788E+03      0.1439E+00      0.8619E-08      0.2500E-01
       0.2068E+03      0.1943E+00      0.1724E-07      0.5000E-01
       0.2100E+03      0.2221E+00      0.2586E-07      0.7500E-01
       0.2117E+03      0.2491E+00      0.3046E-07      0.1000E+00
       0.1966E+03      0.3895E+00      0.4960E-07      0.2500E+00
       0.1871E+03      0.6314E+00      0.6328E-07      0.5000E+00
       0.1871E+03      0.8814E+00      0.6729E-07      0.7500E+00
       0.1871E+03      0.1131E+01      0.6816E-07      0.1000E+01
       0.1871E+03      0.1731E+01      0.6919E-07      0.1600E+01

Page 2



RW 670 - 45tons.sfo
 VERTICALLY LOADED DRILLED SHAFT ANALYSIS PROGRAM SHAFT
 VERSION 5.0 (C) COPYRIGHT ENSOFT,INC. 1989,1995,1998,2001,2003

     Retaining Wall 670 - Ultimate Resistance                                

     TOTAL LOAD =      90.0 TONS
     ------------

     NUMBER OF LAYERS =    3
     ------------------

     WATER TABLE DEPTH =      22.0 FT.
     -------------------

     FACTOR OF SAFETY APPLIED TO THE TOTAL ULTIMATE CAPACITY = 1.00
     -------------------------------------------------------
     FACTOR OF SAFETY APPLIED TO THE ULTIMATE BASE CAPACITY =*****
     ------------------------------------------------------

     SOIL INFORMATION
     ---------------

     LAYER NO 1----SAND

       AT THE TOP

       LATERAL EARTH-PRESSURE COEFFICIENT-K              = 0.900E+00
       UNDRAINED SHEAR STRENGTH, LB/SQ FT                = 0.000E+00
       INTERNAL FRICTION ANGLE, DEG.                     = 0.300E+02
       BLOWS PER FOOT FROM STANDARD PENETRATION TEST     = 0.000E+00
       SOIL UNIT WEIGHT, LB/CU FT                        = 0.120E+03
       MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT          = 0.400E+04
       DEPTH, FT                                         = 0.000E+00

       AT THE BOTTOM

       LATERAL EARTH-PRESSURE COEFFICIENT-K              = 0.900E+00
       UNDRAINED SHEAR STRENGTH, LB/SQ FT                = 0.000E+00
       INTERNAL FRICTION ANGLE, DEG.                     = 0.300E+02
       BLOWS PER FOOT FROM STANDARD PENETRATION TEST     = 0.000E+00
       SOIL UNIT WEIGHT, LB/CU FT                        = 0.120E+03
       MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT          = 0.400E+04
       DEPTH, FT                                         = 0.220E+02

     LAYER NO 2----SAND

       AT THE TOP

       LATERAL EARTH-PRESSURE COEFFICIENT-K              = 0.900E+00
       UNDRAINED SHEAR STRENGTH, LB/SQ FT                = 0.000E+00
       INTERNAL FRICTION ANGLE, DEG.                     = 0.300E+02
       BLOWS PER FOOT FROM STANDARD PENETRATION TEST     = 0.000E+00
       SOIL UNIT WEIGHT, LB/CU FT                        = 0.120E+03
       MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT          = 0.400E+04
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RW 670 - 45tons.sfo
       DEPTH, FT                                         = 0.220E+02

       AT THE BOTTOM

       LATERAL EARTH-PRESSURE COEFFICIENT-K              = 0.900E+00
       UNDRAINED SHEAR STRENGTH, LB/SQ FT                = 0.000E+00
       INTERNAL FRICTION ANGLE, DEG.                     = 0.300E+02
       BLOWS PER FOOT FROM STANDARD PENETRATION TEST     = 0.000E+00
       SOIL UNIT WEIGHT, LB/CU FT                        = 0.120E+03
       MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT          = 0.400E+04
       DEPTH, FT                                         = 0.310E+02

     LAYER NO 3----CLAY

       AT THE TOP

       STRENGTH REDUCTION FACTOR-ALPHA                   = 0.460E+00
       END BEARING COEFFICIENT-Nc                        = 0.900E+01
       UNDRAINED SHEAR STRENGTH, LB/SQ FT                = 0.560E+04
       INTERNAL FRICTION ANGLE, DEG.                     = 0.000E+00
       BLOWS PER FOOT FROM STANDARD PENETRATION TEST     = 0.000E+00
       SOIL UNIT WEIGHT, LB/CU FT                        = 0.130E+03
       MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT          = 0.400E+04
       DEPTH, FT                                         = 0.310E+02

       AT THE BOTTOM

       STRENGTH REDUCTION FACTOR-ALPHA                   = 0.460E+00
       END BEARING COEFFICIENT-Nc                        = 0.900E+01
       UNDRAINED SHEAR STRENGTH, LB/SQ FT                = 0.560E+04
       INTERNAL FRICTION ANGLE, DEG.                     = 0.000E+00
       BLOWS PER FOOT FROM STANDARD PENETRATION TEST     = 0.000E+00
       SOIL UNIT WEIGHT, LB/CU FT                        = 0.130E+03
       MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT          = 0.400E+04
       DEPTH, FT                                         = 0.100E+03

     DRILLED SHAFT INFORMATION
     -------------------------

      DIAMETER OF STEM          =    1.333  FT.
      DIAMETER OF BASE          =    1.333  FT.
      END OF STEM TO BASE       =    0.000  FT.
      ANGLE OF BELL             =    0.000  DEG.
      IGNORED TOP PORTION       =   23.000  FT.
      IGNORED BOTTOM PORTION    =    1.333  FT.
      AREA OF ONE PERCENT STEEL =    2.011  SQ.IN.
      ELASTIC MODULUS, Ec       = 0.360E+07 LB/SQ IN
      VOLUME OF UNDERREAM       =    0.000  CU.YDS.

     PREDICTED RESULTS
     -----------------

     QS     = ULTIMATE SIDE RESISTANCE;
     QB     = ULTIMATE BASE RESISTANCE;
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RW 670 - 45tons.sfo
     WT     = WEIGHT OF DRILLED SHAFT (FOR UPLIFT CAPACITY ONLY);
     QU     = TOTAL ULTIMATE RESISTANCE;
     QBD    = TOTAL ALLOWABLE LOAD USING A FACTOR OF SAFETY
              APPLIED TO THE ULTIMATE BASE RESISTANCE;
     QDN    = TOTAL ALLOWABLE LOAD USING FACTORS OF SAFETY
              APPLIED TO THE ULTIMATE SIDE RESISTANCE AND
              THE ULTIMATE BASE RESISTANCE.

     LENGTH  VOLUME     QS      QB      QU       QBD      QDN      QU/VOLUME
     (FEET)  (CU.YDS) (TONS)   (TONS)  (TONS)   (TONS)   (TONS)  (TONS/CU.YDS)
     25.0     1.29     1.50     0.00     1.50     1.50     1.50      1.16
     26.0     1.34     3.07     0.00     3.07     3.07     3.07      2.28
     27.0     1.40     4.70     0.00     4.70     4.70     4.70      3.37
     28.0     1.45     6.40     0.00     6.40     6.40     6.40      4.42
     29.0     1.50     8.15     0.00     8.15     8.15     8.15      5.43
     30.0     1.55     9.97     0.00     9.97     9.97     9.97      6.43
     31.0     1.60    11.85     0.00    11.85    11.85    11.85      7.39
     32.0     1.65    13.79     0.00    13.79    13.79    13.79      8.33
     33.0     1.71    19.19     0.00    19.19    19.19    19.19     11.24
     34.0     1.76    24.59     0.00    24.59    24.59    24.59     13.98
     35.0     1.81    29.98     0.00    29.98    29.98    29.98     16.56
     36.0     1.86    35.38     0.00    35.38    35.38    35.38     19.00
     37.0     1.91    40.77     0.00    40.77    40.77    40.77     21.31
     38.0     1.97    46.17     0.00    46.17    46.17    46.17     23.49
     39.0     2.02    51.56     0.00    51.56    51.56    51.56     25.56
     40.0     2.07    56.96     0.00    56.96    56.96    56.96     27.53
     41.0     2.12    62.36     0.00    62.36    62.36    62.36     29.41
     42.0     2.17    67.75     0.00    67.75    67.75    67.75     31.19
     43.0     2.22    73.15     0.00    73.15    73.15    73.15     32.89
     44.0     2.28    78.54     0.00    78.54    78.54    78.54     34.52
     45.0     2.33    83.94     0.00    83.94    83.94    83.94     36.07
     46.0     2.38    89.33     0.00    89.33    89.33    89.33     37.55
     47.0     2.43    94.73     0.00    94.73    94.73    94.73     38.97

        TOP  LOAD     TOP MOVEMENT       TIP LOAD      TIP  MOVEMENT
           ton             IN.              ton            IN.
       0.2753E+00      0.3736E-03      0.3447E-10      0.1000E-03
       0.2753E+01      0.3736E-02      0.3447E-09      0.1000E-02
       0.7030E+01      0.9444E-02      0.8618E-09      0.2500E-02
       0.1418E+02      0.1902E-01      0.1724E-08      0.5000E-02
       0.2103E+02      0.2845E-01      0.2586E-08      0.7500E-02
       0.2757E+02      0.3773E-01      0.3447E-08      0.1000E-01
       0.4913E+02      0.7594E-01      0.8618E-08      0.2500E-01
       0.6493E+02      0.1188E+00      0.1724E-07      0.5000E-01
       0.6797E+02      0.1466E+00      0.2586E-07      0.7500E-01
       0.6990E+02      0.1737E+00      0.3046E-07      0.1000E+00
       0.6830E+02      0.3214E+00      0.4959E-07      0.2500E+00
       0.6532E+02      0.5676E+00      0.6327E-07      0.5000E+00
       0.6526E+02      0.8176E+00      0.6729E-07      0.7500E+00
       0.6521E+02      0.1068E+01      0.6816E-07      0.1000E+01
       0.6508E+02      0.1667E+01      0.6919E-07      0.1600E+01
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RW 698 - 45tons - Wall.sfo
 VERTICALLY LOADED DRILLED SHAFT ANALYSIS PROGRAM SHAFT
 VERSION 5.0 (C) COPYRIGHT ENSOFT,INC. 1989,1995,1998,2001,2003

     Retaining Wall 698 - Ultimate Resistance - Wall LOL Station 12+45 to 18+71     
                         

     TOTAL LOAD =      90.0 TONS
     ------------

     NUMBER OF LAYERS =    3
     ------------------

     WATER TABLE DEPTH =      68.0 FT.
     -------------------

     FACTOR OF SAFETY APPLIED TO THE TOTAL ULTIMATE CAPACITY = 1.00
     -------------------------------------------------------
     FACTOR OF SAFETY APPLIED TO THE ULTIMATE BASE CAPACITY =*****
     ------------------------------------------------------

     SOIL INFORMATION
     ---------------

     LAYER NO 1----SAND

       AT THE TOP

       LATERAL EARTH-PRESSURE COEFFICIENT-K              = 0.700E+00
       UNDRAINED SHEAR STRENGTH, LB/SQ FT                = 0.000E+00
       INTERNAL FRICTION ANGLE, DEG.                     = 0.260E+02
       BLOWS PER FOOT FROM STANDARD PENETRATION TEST     = 0.000E+00
       SOIL UNIT WEIGHT, LB/CU FT                        = 0.130E+03
       MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT          = 0.400E+04
       DEPTH, FT                                         = 0.000E+00

       AT THE BOTTOM

       LATERAL EARTH-PRESSURE COEFFICIENT-K              = 0.700E+00
       UNDRAINED SHEAR STRENGTH, LB/SQ FT                = 0.000E+00
       INTERNAL FRICTION ANGLE, DEG.                     = 0.260E+02
       BLOWS PER FOOT FROM STANDARD PENETRATION TEST     = 0.000E+00
       SOIL UNIT WEIGHT, LB/CU FT                        = 0.130E+03
       MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT          = 0.400E+04
       DEPTH, FT                                         = 0.570E+02

     LAYER NO 2----SAND

       AT THE TOP

       LATERAL EARTH-PRESSURE COEFFICIENT-K              = 0.700E+00
       UNDRAINED SHEAR STRENGTH, LB/SQ FT                = 0.000E+00
       INTERNAL FRICTION ANGLE, DEG.                     = 0.260E+02
       BLOWS PER FOOT FROM STANDARD PENETRATION TEST     = 0.000E+00
       SOIL UNIT WEIGHT, LB/CU FT                        = 0.130E+03
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RW 698 - 45tons - Wall.sfo
       MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT          = 0.400E+04
       DEPTH, FT                                         = 0.570E+02

       AT THE BOTTOM

       LATERAL EARTH-PRESSURE COEFFICIENT-K              = 0.700E+00
       UNDRAINED SHEAR STRENGTH, LB/SQ FT                = 0.000E+00
       INTERNAL FRICTION ANGLE, DEG.                     = 0.260E+02
       BLOWS PER FOOT FROM STANDARD PENETRATION TEST     = 0.000E+00
       SOIL UNIT WEIGHT, LB/CU FT                        = 0.130E+03
       MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT          = 0.400E+04
       DEPTH, FT                                         = 0.680E+02

     LAYER NO 3----SAND

       AT THE TOP

       LATERAL EARTH-PRESSURE COEFFICIENT-K              = 0.700E+00
       UNDRAINED SHEAR STRENGTH, LB/SQ FT                = 0.000E+00
       INTERNAL FRICTION ANGLE, DEG.                     = 0.260E+02
       BLOWS PER FOOT FROM STANDARD PENETRATION TEST     = 0.000E+00
       SOIL UNIT WEIGHT, LB/CU FT                        = 0.130E+03
       MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT          = 0.400E+04
       DEPTH, FT                                         = 0.680E+02

       AT THE BOTTOM

       LATERAL EARTH-PRESSURE COEFFICIENT-K              = 0.700E+00
       UNDRAINED SHEAR STRENGTH, LB/SQ FT                = 0.000E+00
       INTERNAL FRICTION ANGLE, DEG.                     = 0.260E+02
       BLOWS PER FOOT FROM STANDARD PENETRATION TEST     = 0.000E+00
       SOIL UNIT WEIGHT, LB/CU FT                        = 0.130E+03
       MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT          = 0.400E+04
       DEPTH, FT                                         = 0.100E+03

     DRILLED SHAFT INFORMATION
     -------------------------

      DIAMETER OF STEM          =    1.333  FT.
      DIAMETER OF BASE          =    1.333  FT.
      END OF STEM TO BASE       =    0.000  FT.
      ANGLE OF BELL             =    0.000  DEG.
      IGNORED TOP PORTION       =   14.000  FT.
      IGNORED BOTTOM PORTION    =    1.333  FT.
      AREA OF ONE PERCENT STEEL =    2.011  SQ.IN.
      ELASTIC MODULUS, Ec       = 0.360E+07 LB/SQ IN
      VOLUME OF UNDERREAM       =    0.000  CU.YDS.

     PREDICTED RESULTS
     -----------------

     QS     = ULTIMATE SIDE RESISTANCE;
     QB     = ULTIMATE BASE RESISTANCE;
     WT     = WEIGHT OF DRILLED SHAFT (FOR UPLIFT CAPACITY ONLY);
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     QU     = TOTAL ULTIMATE RESISTANCE;
     QBD    = TOTAL ALLOWABLE LOAD USING A FACTOR OF SAFETY
              APPLIED TO THE ULTIMATE BASE RESISTANCE;
     QDN    = TOTAL ALLOWABLE LOAD USING FACTORS OF SAFETY
              APPLIED TO THE ULTIMATE SIDE RESISTANCE AND
              THE ULTIMATE BASE RESISTANCE.

     LENGTH  VOLUME     QS      QB      QU       QBD      QDN      QU/VOLUME
     (FEET)  (CU.YDS) (TONS)   (TONS)  (TONS)   (TONS)   (TONS)  (TONS/CU.YDS)
     16.0     0.83     1.39     0.00     1.39     1.39     1.39      1.69
     17.0     0.88     2.88     0.00     2.88     2.88     2.88      3.28
     18.0     0.93     4.46     0.00     4.46     4.46     4.46      4.79
     19.0     0.98     6.14     0.00     6.14     6.14     6.14      6.24
     20.0     1.03     7.90     0.00     7.90     7.90     7.90      7.64
     21.0     1.09     9.76     0.00     9.76     9.76     9.76      8.99
     22.0     1.14    11.72     0.00    11.72    11.72    11.72     10.30
     23.0     1.19    13.76     0.00    13.76    13.76    13.76     11.57
     24.0     1.24    15.90     0.00    15.90    15.90    15.90     12.81
     25.0     1.29    18.13     0.00    18.13    18.13    18.13     14.02
     26.0     1.34    20.46     0.00    20.46    20.46    20.46     15.21
     27.0     1.40    22.87     0.00    22.87    22.87    22.87     16.38
     28.0     1.45    25.38     0.00    25.38    25.38    25.38     17.53
     29.0     1.50    27.99     0.00    27.99    27.99    27.99     18.66
     30.0     1.55    30.68     0.00    30.68    30.68    30.68     19.78
     31.0     1.60    33.47     0.00    33.47    33.47    33.47     20.88
     32.0     1.65    36.35     0.00    36.35    36.35    36.35     21.97
     33.0     1.71    39.33     0.00    39.33    39.33    39.33     23.04
     34.0     1.76    42.40     0.00    42.40    42.40    42.40     24.11
     35.0     1.81    45.56     0.00    45.56    45.56    45.56     25.17
     36.0     1.86    48.81     0.00    48.81    48.81    48.81     26.22
     37.0     1.91    52.16     0.00    52.16    52.16    52.16     27.26
     38.0     1.97    55.60     0.00    55.60    55.60    55.60     28.29
     39.0     2.02    59.13     0.00    59.13    59.13    59.13     29.32
     40.0     2.07    62.76     0.00    62.76    62.76    62.76     30.34
     41.0     2.12    66.48     0.00    66.48    66.48    66.48     31.35
     42.0     2.17    70.29     0.00    70.29    70.29    70.29     32.36
     43.0     2.22    74.20     0.00    74.20    74.20    74.20     33.36
     44.0     2.28    78.19     0.00    78.19    78.19    78.19     34.36
     45.0     2.33    82.29     0.00    82.29    82.29    82.29     35.36
     46.0     2.38    86.47     0.00    86.47    86.47    86.47     36.35
     47.0     2.43    90.75     0.00    90.75    90.75    90.75     37.33

        TOP  LOAD     TOP MOVEMENT       TIP LOAD      TIP  MOVEMENT
           ton             IN.              ton            IN.
       0.2737E+00      0.3447E-03      0.1527E-11      0.1000E-03
       0.2737E+01      0.3447E-02      0.1527E-10      0.1000E-02
       0.6911E+01      0.8650E-02      0.3818E-10      0.2500E-02
       0.1394E+02      0.1740E-01      0.7637E-10      0.5000E-02
       0.2076E+02      0.2609E-01      0.1145E-09      0.7500E-02
       0.2716E+02      0.3458E-01      0.1527E-09      0.1000E-01
       0.5377E+02      0.7616E-01      0.3818E-09      0.2500E-01
       0.7302E+02      0.1219E+00      0.7637E-09      0.5000E-01
       0.8193E+02      0.1566E+00      0.1145E-08      0.7500E-01
       0.8659E+02      0.1870E+00      0.1519E-08      0.1000E+00
       0.8919E+02      0.3402E+00      0.3454E-08      0.2500E+00
       0.8900E+02      0.5900E+00      0.5228E-08      0.5000E+00
       0.8883E+02      0.8398E+00      0.6792E-08      0.7500E+00
       0.8866E+02      0.1090E+01      0.7872E-08      0.1000E+01
       0.8826E+02      0.1689E+01      0.1019E-07      0.1600E+01
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 VERTICALLY LOADED DRILLED SHAFT ANALYSIS PROGRAM SHAFT
 VERSION 5.0 (C) COPYRIGHT ENSOFT,INC. 1989,1995,1998,2001,2003

     Retaining Wall 698 - Ultimate Resistance - Wall LOL Station 12+25 to 12+45     
                          

     TOTAL LOAD =      90.0 TONS
     ------------

     NUMBER OF LAYERS =    3
     ------------------

     WATER TABLE DEPTH =      68.0 FT.
     -------------------

     FACTOR OF SAFETY APPLIED TO THE TOTAL ULTIMATE CAPACITY = 1.00
     -------------------------------------------------------
     FACTOR OF SAFETY APPLIED TO THE ULTIMATE BASE CAPACITY =*****
     ------------------------------------------------------

     SOIL INFORMATION
     ---------------

     LAYER NO 1----SAND

       AT THE TOP

       LATERAL EARTH-PRESSURE COEFFICIENT-K              = 0.700E+00
       UNDRAINED SHEAR STRENGTH, LB/SQ FT                = 0.000E+00
       INTERNAL FRICTION ANGLE, DEG.                     = 0.260E+02
       BLOWS PER FOOT FROM STANDARD PENETRATION TEST     = 0.000E+00
       SOIL UNIT WEIGHT, LB/CU FT                        = 0.120E+03
       MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT          = 0.400E+04
       DEPTH, FT                                         = 0.000E+00

       AT THE BOTTOM

       LATERAL EARTH-PRESSURE COEFFICIENT-K              = 0.700E+00
       UNDRAINED SHEAR STRENGTH, LB/SQ FT                = 0.000E+00
       INTERNAL FRICTION ANGLE, DEG.                     = 0.260E+02
       BLOWS PER FOOT FROM STANDARD PENETRATION TEST     = 0.000E+00
       SOIL UNIT WEIGHT, LB/CU FT                        = 0.120E+03
       MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT          = 0.400E+04
       DEPTH, FT                                         = 0.570E+02

     LAYER NO 2----CLAY

       AT THE TOP

       STRENGTH REDUCTION FACTOR-ALPHA                   = 0.460E+00
       END BEARING COEFFICIENT-Nc                        = 0.900E+01
       UNDRAINED SHEAR STRENGTH, LB/SQ FT                = 0.150E+04
       INTERNAL FRICTION ANGLE, DEG.                     = 0.000E+00
       BLOWS PER FOOT FROM STANDARD PENETRATION TEST     = 0.000E+00
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       SOIL UNIT WEIGHT, LB/CU FT                        = 0.120E+03
       MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT          = 0.400E+04
       DEPTH, FT                                         = 0.570E+02

       AT THE BOTTOM

       STRENGTH REDUCTION FACTOR-ALPHA                   = 0.460E+00
       END BEARING COEFFICIENT-Nc                        = 0.900E+01
       UNDRAINED SHEAR STRENGTH, LB/SQ FT                = 0.150E+04
       INTERNAL FRICTION ANGLE, DEG.                     = 0.000E+00
       BLOWS PER FOOT FROM STANDARD PENETRATION TEST     = 0.000E+00
       SOIL UNIT WEIGHT, LB/CU FT                        = 0.120E+03
       MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT          = 0.400E+04
       DEPTH, FT                                         = 0.680E+02

     LAYER NO 3----CLAY

       AT THE TOP

       STRENGTH REDUCTION FACTOR-ALPHA                   = 0.460E+00
       END BEARING COEFFICIENT-Nc                        = 0.900E+01
       UNDRAINED SHEAR STRENGTH, LB/SQ FT                = 0.400E+04
       INTERNAL FRICTION ANGLE, DEG.                     = 0.000E+00
       BLOWS PER FOOT FROM STANDARD PENETRATION TEST     = 0.000E+00
       SOIL UNIT WEIGHT, LB/CU FT                        = 0.130E+03
       MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT          = 0.400E+04
       DEPTH, FT                                         = 0.680E+02

       AT THE BOTTOM

       STRENGTH REDUCTION FACTOR-ALPHA                   = 0.460E+00
       END BEARING COEFFICIENT-Nc                        = 0.900E+01
       UNDRAINED SHEAR STRENGTH, LB/SQ FT                = 0.400E+04
       INTERNAL FRICTION ANGLE, DEG.                     = 0.000E+00
       BLOWS PER FOOT FROM STANDARD PENETRATION TEST     = 0.000E+00
       SOIL UNIT WEIGHT, LB/CU FT                        = 0.130E+03
       MAXIMUM LOAD TRANSFER FOR SOIL, LB/SQ FT          = 0.400E+04
       DEPTH, FT                                         = 0.100E+03

     DRILLED SHAFT INFORMATION
     -------------------------

      DIAMETER OF STEM          =    1.333  FT.
      DIAMETER OF BASE          =    1.333  FT.
      END OF STEM TO BASE       =    0.000  FT.
      ANGLE OF BELL             =    0.000  DEG.
      IGNORED TOP PORTION       =   26.000  FT.
      IGNORED BOTTOM PORTION    =    1.333  FT.
      AREA OF ONE PERCENT STEEL =    2.011  SQ.IN.
      ELASTIC MODULUS, Ec       = 0.360E+07 LB/SQ IN
      VOLUME OF UNDERREAM       =    0.000  CU.YDS.

     PREDICTED RESULTS
     -----------------
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     QS     = ULTIMATE SIDE RESISTANCE;
     QB     = ULTIMATE BASE RESISTANCE;
     WT     = WEIGHT OF DRILLED SHAFT (FOR UPLIFT CAPACITY ONLY);
     QU     = TOTAL ULTIMATE RESISTANCE;
     QBD    = TOTAL ALLOWABLE LOAD USING A FACTOR OF SAFETY
              APPLIED TO THE ULTIMATE BASE RESISTANCE;
     QDN    = TOTAL ALLOWABLE LOAD USING FACTORS OF SAFETY
              APPLIED TO THE ULTIMATE SIDE RESISTANCE AND
              THE ULTIMATE BASE RESISTANCE.

     LENGTH  VOLUME     QS      QB      QU       QBD      QDN      QU/VOLUME
     (FEET)  (CU.YDS) (TONS)   (TONS)  (TONS)   (TONS)   (TONS)  (TONS/CU.YDS)
     28.0     1.45     2.32     0.00     2.32     2.32     2.32      1.60
     29.0     1.50     4.72     0.00     4.72     4.72     4.72      3.15
     30.0     1.55     7.21     0.00     7.21     7.21     7.21      4.65
     31.0     1.60     9.78     0.00     9.78     9.78     9.78      6.10
     32.0     1.65    12.44     0.00    12.44    12.44    12.44      7.52
     33.0     1.71    15.19     0.00    15.19    15.19    15.19      8.90
     34.0     1.76    18.02     0.00    18.02    18.02    18.02     10.25
     35.0     1.81    20.94     0.00    20.94    20.94    20.94     11.57
     36.0     1.86    23.95     0.00    23.95    23.95    23.95     12.86
     37.0     1.91    27.03     0.00    27.03    27.03    27.03     14.13
     38.0     1.97    30.21     0.00    30.21    30.21    30.21     15.37
     39.0     2.02    33.47     0.00    33.47    33.47    33.47     16.60
     40.0     2.07    36.82     0.00    36.82    36.82    36.82     17.80
     41.0     2.12    40.25     0.00    40.25    40.25    40.25     18.98
     42.0     2.17    43.77     0.00    43.77    43.77    43.77     20.15
     43.0     2.22    47.38     0.00    47.38    47.38    47.38     21.30
     44.0     2.28    51.07     0.00    51.07    51.07    51.07     22.44
     45.0     2.33    54.84     0.00    54.84    54.84    54.84     23.56
     46.0     2.38    58.70     0.00    58.70    58.70    58.70     24.68
     47.0     2.43    62.65     0.00    62.65    62.65    62.65     25.78
     48.0     2.48    66.69     0.00    66.69    66.69    66.69     26.86
     49.0     2.53    70.81     0.00    70.81    70.81    70.81     27.94
     50.0     2.59    75.01     0.00    75.01    75.01    75.01     29.01
     51.0     2.64    79.30     0.00    79.30    79.30    79.30     30.07
     52.0     2.69    83.68     0.00    83.68    83.68    83.68     31.12
     53.0     2.74    88.14     0.00    88.14    88.14    88.14     32.16
     54.0     2.79    92.69     0.00    92.69    92.69    92.69     33.19

        TOP  LOAD     TOP MOVEMENT       TIP LOAD      TIP  MOVEMENT
           ton             IN.              ton            IN.
       0.3729E+00      0.4646E-03      0.3447E-11      0.1000E-03
       0.3753E+01      0.4655E-02      0.3447E-10      0.1000E-02
       0.9586E+01      0.1180E-01      0.8618E-10      0.2500E-02
       0.1919E+02      0.2370E-01      0.1724E-09      0.5000E-02
       0.2819E+02      0.3534E-01      0.2586E-09      0.7500E-02
       0.3643E+02      0.4653E-01      0.3447E-09      0.1000E-01
       0.6835E+02      0.9829E-01      0.8618E-09      0.2500E-01
       0.9042E+02      0.1509E+00      0.1724E-08      0.5000E-01
       0.1003E+03      0.1886E+00      0.2586E-08      0.7500E-01
       0.1054E+03      0.2206E+00      0.3046E-08      0.1000E+00
       0.1082E+03      0.3745E+00      0.4959E-08      0.2500E+00
       0.1079E+03      0.6242E+00      0.6327E-08      0.5000E+00
       0.1077E+03      0.8740E+00      0.6729E-08      0.7500E+00
       0.1075E+03      0.1124E+01      0.6816E-08      0.1000E+01
       0.1070E+03      0.1723E+01      0.6919E-08      0.1600E+01
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==============================================================================

                LPILE Plus for Windows, Version 5.0 (5.0.17)

               Analysis of Individual Piles and Drilled Shafts 
              Subjected to Lateral Loading Using the p-y Method

                        (c) 1985-2005 by Ensoft, Inc.          
                             All Rights Reserved               

==============================================================================

This program is licensed to: 

Hisham Nofal
CH2MHill

Path to file locations:      C:\MyFolder\Projects\SR-57\Final Reports\Retaining 
Walls\Pile Foundation\SW 581 3' diameter pipe\Lateral Pile analysis\
Name of input data file:     RW581.lpd
Name of output file:         RW581.lpo
Name of plot output file:    RW581.lpp
Name of runtime file:        RW581.lpr

------------------------------------------------------------------------------
                          Time and Date of Analysis
------------------------------------------------------------------------------

               Date:  April 14, 2009     Time:  15: 4: 0

------------------------------------------------------------------------------
                                Problem Title
------------------------------------------------------------------------------

SW 581- p-multiplier = 0.41                                                     

------------------------------------------------------------------------------
                                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 uses p-y multiplers for group action
- Analysis assumes no shear resistance at pile tip
- Analysis for fixed-length pile or shaft only
- 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            =          100

Page 1



RW581.lpo
- Maximum number of iterations allowed =         1000
- Deflection tolerance for convergence =   10.000E-12 in
- Maximum allowable deflection         =   1.0000E+01 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                               =     240.00 in
Depth of ground surface below top of pile =     -96.00 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   16.00000000    1608.0000     201.0000      3600000.
  2     240.0000   16.00000000    1608.0000     201.0000      3600000.

------------------------------------------------------------------------------
                      Soil and Rock Layering Information
------------------------------------------------------------------------------

The soil profile is modelled using  3 layers

Layer  1 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =      -96.000 in
Distance from top of pile to bottom of layer =        1.000 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  2 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =        1.000 in
Distance from top of pile to bottom of layer =      264.000 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    =      264.000 in
Distance from top of pile to bottom of layer =     1000.000 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

(Depth of lowest layer extends  760.00 in below pile tip)

------------------------------------------------------------------------------
                   Effective Unit Weight of Soil vs. Depth
------------------------------------------------------------------------------

Distribution of effective unit weight of soil with depth
is defined using  6 points
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Point        Depth X    Eff. Unit Weight
 No.           in          lbs/in**3
-----      ----------   ----------------
  1           -96.00         .06900
  2             1.00         .06900
  3             1.00         .06900
  4           264.00         .06900
  5           264.00         .06900
  6          1000.00         .06900

------------------------------------------------------------------------------
                           Shear Strength of Soils
------------------------------------------------------------------------------

Distribution of shear strength parameters with depth
defined using  6 points

Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD
 No.       in         lbs/in**2            Deg.            k_rm        %
-----   --------     ----------     ------------------    ------    ------
  1      -96.000         .00000           38.00           ------    ------
  2        1.000         .00000           38.00           ------    ------
  3        1.000         .00000           38.00           ------    ------
  4      264.000         .00000           38.00           ------    ------
  5      264.000         .00000           38.00           ------    ------
  6     1000.000         .00000           38.00           ------    ------

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.

------------------------------------------------------------------------------
                           p-y Modification Factors
------------------------------------------------------------------------------

Distribution of p-y multipliers with depth defined using  2 points

Point      Depth X         p-mult         y-mult
 No.       in
-----     ----------     ----------     ----------
  1             .000         1.0000         1.0000
  2         1000.000         1.0000         1.0000

------------------------------------------------------------------------------
                                 Loading Type
------------------------------------------------------------------------------

Cyclic loading criteria was used for computation of p-y curves

Number of cycles of loading =        1000.
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------------------------------------------------------------------------------
              Pile-head Loading and Pile-head Fixity Conditions
------------------------------------------------------------------------------

Number of loads specified =  4

Load Case Number  1

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =            .250 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =            .000 lbs

Load Case Number  2

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     =            .000 lbs

Load Case Number  3

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =            .750 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =            .000 lbs

Load Case Number  4

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     =            .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   =         .250000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =            .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   .250000      0.0000  53844.0949   -.0071351      0.0000  -1536.4733
   2.400   .232876     124801.  49834.8992   -.0071092    620.8994  -1804.5231
   4.800   .215876     239208.  45492.7449   -.0070338   1190.0871  -1813.9388
   7.200   .199114     343166.  41135.0624   -.0069130   1707.2933  -1817.4633
   9.600   .182693     436656.  36776.1837   -.0067514   2172.4170  -1814.9356
  12.000   .166707     519692.  32430.8045   -.0065531   2585.5306  -1806.2137
  14.400   .151238     592324.  28113.9400   -.0063226   2946.8840  -1791.1734
  16.800   .136358     654639.  23840.8824   -.0060641   3256.9082  -1769.7079
  19.200   .122130     706760.  19627.1619   -.0057819   3516.2185  -1741.7258
  21.600   .108605     748849.  15488.5131   -.0054802   3725.6166  -1707.1481
  24.000   .095825     781105.  11440.8512   -.0051630   3886.0934  -1665.9034
  26.400   .083823     803765.   7500.2620   -.0048345   3998.8309  -1617.9209
  28.800   .072620     817106.   3683.0136   -.0044985   4065.2041  -1563.1194
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  31.200   .062230     821443.      5.6003   -.0041588   4086.7835  -1501.3917
  33.600   .052658     817133.  -3515.1643   -.0038191   4065.3379  -1432.5788
  36.000   .043898     804571.  -6861.9772   -.0034830   4002.8393  -1356.4319
  38.400   .035939     784195.  -9873.4363   -.0031536   3901.4698  -1153.1174
  40.800   .028761     757178. -12383.1661   -.0028341   3767.0557   -938.3242
  43.200   .022336     724756. -14398.0731   -.0025269   3605.7524   -740.7651
  45.600   .016632     688067. -15959.6791   -.0022340   3423.2211   -560.5732
  48.000   .011612     648150. -17109.5672   -.0019570   3224.6257   -397.6668
  50.400   .007238     605942. -17888.8954   -.0016971   3014.6345   -251.7733
  52.800   .003466     562283. -18337.9680   -.0014549   2797.4282   -122.4539
  55.200   .000254     517919. -18495.8652   -.0012310   2576.7128     -9.1272
  57.600  -.002442     473503. -18400.1290   -.0010255   2355.7359     88.9074
  60.000  -.004668     429599. -18086.5030   -.0008382   2137.3068    172.4477
  62.400  -.006466     386688. -17588.7239   -.0006690   1923.8194    242.3682
  64.800  -.007879     345173. -16938.3621   -.0005173   1717.2775    299.5999
  67.200  -.008949     305384. -16164.7072   -.0003825   1519.3212    345.1126
  69.600  -.009715     267582. -15294.6945   -.0002637   1331.2547    379.8980
  72.000  -.010215     231969. -14352.8706   -.0001601   1154.0748    404.9552
  74.400  -.010483     198688. -13361.3924 -7.0853E-05    988.4996    421.2767
  76.800  -.010555     167834. -12340.0557  5.1257E-06    834.9967    429.8373
  79.200  -.010459     139456. -11306.3507  6.8826E-05    693.8117    431.5835
  81.600  -.010224     113564. -10275.5401    .0001213    564.9943    427.4253
  84.000  -.009877  90133.5519  -9260.7551    .0001635    448.4256    418.2289
  86.400  -.009439  69112.2388  -8273.1074    .0001965    343.8420    404.8109
  88.800  -.008933  50422.6364  -7321.8131    .0002213    250.8589    387.9344
  91.200  -.008377  33967.5360  -6414.3251    .0002388    168.9927    368.3056
  93.600  -.007787  19633.8757  -5556.4721    .0002499     97.6810    346.5719
  96.000  -.007178   7296.4697  -4752.6006    .0002555     36.3008    323.3210
  98.400  -.006561  -3178.6071  -4005.7182    .0002563     15.8140    299.0809
 100.800  -.005947 -11930.9778  -3317.6365    .0002532     59.3581    274.3206
 103.200  -.005346 -19103.2621  -2689.1100    .0002468     95.0411    249.4515
 105.600  -.004763 -24838.7057  -2119.9724    .0002377    123.5757    224.8298
 108.000  -.004205 -29279.1297  -1609.2661    .0002264    145.6673    200.7588
 110.400  -.003676 -32563.1830  -1155.3653    .0002136    162.0059    177.4918
 112.800  -.003179 -34824.8833   -756.0924    .0001997    173.2581    155.2356
 115.200  -.002718 -36192.4264   -408.8250    .0001849    180.0618    134.1538
 117.600  -.002292 -36787.2433   -110.5958    .0001698    183.0211    114.3704
 120.000  -.001903 -36723.2864    141.8171    .0001546    182.7029     95.9737
 122.400  -.001550 -36106.5213    351.8089    .0001395    179.6344     79.0195
 124.800  -.001233 -35034.6037    522.8751    .0001247    174.3015     63.5357
 127.200  -.000951 -33596.7207    658.5475    .0001105    167.1479     49.5247
 129.600  -.000703 -31873.5756    762.3385  9.6920E-05    158.5750     36.9678
 132.000  -.000486 -29937.4958    837.6937  8.4106E-05    148.9428     25.8281
 134.400  -.000299 -27852.6461    887.9516  7.2127E-05    138.5704     16.0535
 136.800  -.000140 -25675.3279    916.3117  6.1031E-05    127.7379      7.5798
 139.200 -6.09E-06 -23454.3500    925.8074  5.0846E-05    116.6883    .3332456
 141.600   .000104 -21231.4526    919.2868  4.1583E-05    105.6291     -5.7670
 144.000   .000194 -19041.7733    899.3983  3.3234E-05     94.7352    -10.8067
 146.400   .000264 -16914.3409    868.5808  2.5781E-05     84.1509    -14.8745
 148.800   .000317 -14872.5855    829.0593  1.9191E-05     73.9930    -18.0601
 151.200   .000356 -12934.8562    782.8436  1.3427E-05     64.3525    -20.4530
 153.600   .000382 -11114.9363    731.7306  8.4416E-06     55.2982    -22.1412
 156.000   .000396  -9422.5495    677.3096  4.1843E-06     46.8784    -23.2096
 158.400   .000402  -7863.8502    620.9699  6.0085E-07     39.1236    -23.7401
 160.800   .000399  -6441.8939    563.9101 -2.3647E-06     32.0492    -23.8098
 163.200   .000390  -5157.0818    507.1490 -4.7691E-06     25.6571    -23.4911
 165.600   .000376  -4007.5786    451.5380 -6.6689E-06     19.9382    -22.8514
 168.000   .000358  -2989.6994    397.7736 -8.1194E-06     14.8741    -21.9523
 170.400   .000337  -2098.2655    346.4108 -9.1742E-06     10.4391    -20.8500
 172.800   .000314  -1326.9275    297.8770 -9.8842E-06      6.6016    -19.5949
 175.200   .000290   -668.4558    252.4850 -1.0298E-05      3.3257    -18.2319
 177.600   .000265   -114.9996    210.4463 -1.0460E-05    .5721376    -16.8003
 180.000   .000240    341.6866    171.8846 -1.0413E-05      1.6999    -15.3344
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 182.400   .000215    710.0465    136.8473 -1.0195E-05      3.5326    -13.8633
 184.800   .000191    998.5537    105.3178 -9.8410E-06      4.9679    -12.4113
 187.200   .000168   1215.5719     77.2262 -9.3821E-06      6.0476    -10.9984
 189.600   .000146   1369.2393     52.4595 -8.8462E-06      6.8121     -9.6405
 192.000   .000125   1467.3777     30.8713 -8.2582E-06      7.3004     -8.3497
 194.400   .000106   1517.4218     12.2900 -7.6395E-06      7.5494     -7.1348
 196.800  8.86E-05   1526.3695     -3.4737 -7.0085E-06      7.5939     -6.0016
 199.200  7.26E-05   1500.7482    -16.6191 -6.3810E-06      7.4664     -4.9530
 201.600  5.80E-05   1446.5977    -27.3505 -5.7700E-06      7.1970     -3.9898
 204.000  4.49E-05   1369.4657    -35.8713 -5.1862E-06      6.8133     -3.1108
 206.400  3.31E-05   1274.4156    -42.3795 -4.6382E-06      6.3404     -2.3128
 208.800  2.26E-05   1166.0440    -47.0644 -4.1323E-06      5.8012     -1.5913
 211.200  1.33E-05   1048.5064    -50.1031 -3.6732E-06      5.2164   -.9409056
 213.600  4.96E-06    925.5492    -51.6582 -3.2640E-06      4.6047   -.3549976
 216.000 -2.41E-06    800.5472    -51.8759 -2.9062E-06      3.9828    .1735185
 218.400 -8.99E-06    676.5446    -50.8851 -2.6000E-06      3.3659    .6521789
 220.800 -1.49E-05    556.2987    -48.7960 -2.3444E-06      2.7677      1.0887
 223.200 -2.02E-05    442.3237    -45.7006 -2.1374E-06      2.2006      1.4909
 225.600 -2.51E-05    336.9360    -41.6722 -1.9759E-06      1.6763      1.8661
 228.000 -2.97E-05    242.2971    -36.7669 -1.8558E-06      1.2055      2.2216
 230.400 -3.41E-05    160.4546    -31.0243 -1.7723E-06    .7982817      2.5639
 232.800 -3.82E-05     93.3802    -24.4692 -1.7197E-06    .4645781      2.8988
 235.200 -4.23E-05     43.0026    -17.1134 -1.6914E-06    .2139433      3.2310
 237.600 -4.63E-05     11.2358     -8.9589 -1.6802E-06    .0558994      3.5644
 240.000 -5.04E-05      0.0000      0.0000 -1.6778E-06      0.0000      3.9013

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  1:

Pile-head deflection             =      .25000000 in
Computed slope at pile head      =     -.00713509
Maximum bending moment           =   821443.48186 lbs-in
Maximum shear force              =    53844.09490 lbs
Depth of maximum bending moment  =    31.20000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             14
Number of zero deflection points =              3

------------------------------------------------------------------------------
             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   =         .500000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =            .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  85041.0367   -.0132316      0.0000  -2250.4385
   2.400   .468244     197617.  79191.0677   -.0131906    983.1703  -2624.5356
   4.800   .436685     380117.  72895.2887   -.0130709   1891.1300  -2621.9469
   7.200   .405504     547515.  66612.6274   -.0128786   2723.9533  -2613.6041
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   9.600   .374868     699858.  60356.2480   -.0126200   3481.8793  -2600.0454
  12.000   .344928     837225.  54137.9631   -.0123014   4165.2965  -2581.8587
  14.400   .315821     959720.  47968.1217   -.0119289   4774.7262  -2559.6758
  16.800   .287669    1067472.  41855.5131   -.0115086   5310.8039  -2534.1647
  19.200   .260580    1160626.  35807.4884   -.0110468   5774.2608  -2505.8559
  21.600   .234645    1239348.  29835.3479   -.0105493   6165.9081  -2470.9279
  24.000   .209943    1303836.  23957.3100   -.0100221   6486.7467  -2427.4370
  26.400   .186539    1354343.  18194.0624   -.0094710   6738.0230  -2375.2693
  28.800   .164482    1391168.  12566.5604   -.0089019   6921.2318  -2314.3156
  31.200   .143810    1414662.   7096.0266   -.0083203   7038.1199  -2244.4625
  33.600   .124545    1425229.   1803.9778   -.0077316   7090.6892  -2165.5782
  36.000   .106698    1423321.  -3287.7060   -.0071411   7081.2000  -2077.4917
  38.400   .090268    1409448.  -8156.6496   -.0065538   7012.1768  -1979.9614
  40.800   .075240    1384169. -12779.7541   -.0059747   6886.4143  -1872.6257
  43.200   .061589    1348105. -17132.8124   -.0054083   6706.9886  -1754.9230
  45.600   .049280    1301932. -21189.8682   -.0048590   6477.2726  -1625.9568
  48.000   .038266    1246393. -24713.5264   -.0043307   6200.9619  -1310.4250
  50.400   .028492    1183307. -27475.3698   -.0038271   5887.0988   -991.1112
  52.800   .019896    1114512. -29508.1042   -.0033507   5544.8337   -702.8342
  55.200   .012409    1041668. -30885.5609   -.0029038   5182.4276   -445.0464
  57.600   .005958     966261. -31679.9035   -.0024875   4807.2680   -216.9057
  60.000   .000469     889604. -31960.9733   -.0021028   4425.8926    -17.3192
  62.400  -.004135     812848. -31795.7385   -.0017499   4044.0209    155.0149
  64.800  -.007931     736985. -31247.8406   -.0014286   3666.5914    301.5666
  67.200  -.010993     662859. -30377.2365   -.0011384   3297.8038    423.9368
  69.600  -.013395     591174. -29239.9260   -.0008785   2941.1649    523.8219
  72.000  -.015209     522507. -27887.7624   -.0006476   2599.5369    602.9811
  74.400  -.016504     457313. -26368.3365   -.0004445   2275.1885    663.2071
  76.800  -.017343     395939. -24724.9284   -.0002676   1969.8453    706.2996
  79.200  -.017788     338633. -22996.5192   -.0001154   1684.7424    734.0414
  81.600  -.017897     285556. -21217.8560  1.4037E-05   1420.6747    748.1779
  84.000  -.017721     236788. -19419.5627    .0001223   1178.0473    750.3998
  86.400  -.017310     192342. -17628.2895    .0002113    956.9240    742.3278
  88.800  -.016707     152172. -15866.8955    .0002827    757.0733    725.5006
  91.200  -.015953     116181. -14154.6563    .0003383    578.0130    701.3654
  93.600  -.015083  84229.3756 -12507.4927    .0003799    419.0516    671.2709
  96.000  -.014129  56144.6533 -10938.2135    .0004090    279.3266    636.4617
  98.400  -.013120  31725.9507  -9456.7681    .0004272    157.8406    598.0761
 100.800  -.012079  10752.1665  -8070.5037    .0004360     53.4934    557.1442
 103.200  -.011027  -7012.4670  -6784.4241    .0004368     34.8879    514.5888
 105.600  -.009983 -21813.0693  -5601.4454    .0004308    108.5227    471.2268
 108.000  -.008960 -33899.4050  -4522.6457    .0004192    168.6538    427.7729
 110.400  -.007970 -43521.7688  -3547.5069    .0004032    216.5262    384.8428
 112.800  -.007024 -50927.4383  -2674.1453    .0003836    253.3703    342.9586
 115.200  -.006129 -56357.6663  -1899.5299    .0003614    280.3864    302.5543
 117.600  -.005290 -60045.1819  -1219.6870    .0003372    298.7322    263.9815
 120.000  -.004510 -62212.1638   -629.8895    .0003119    309.5133    227.5163
 122.400  -.003793 -63068.6516   -124.8314    .0002859    313.7744    193.3654
 124.800  -.003138 -62811.3548    301.2145    .0002598    312.4943    161.6729
 127.200  -.002545 -61622.8219    654.2547    .0002340    306.5812    132.5272
 129.600  -.002014 -59670.9322    940.4482    .0002089    296.8703    105.9673
 132.000  -.001543 -57108.6707   1165.9963    .0001847    284.1227     81.9894
 134.400  -.001128 -54074.1501   1337.0468    .0001616    269.0256     60.5527
 136.800  -.000767 -50690.8460   1459.6128    .0001399    252.1933     41.5856
 139.200  -.000456 -47068.0088   1539.5045    .0001197    234.1692     24.9909
 141.600  -.000193 -43301.2243   1582.2746    .0001009    215.4290     10.6509
 144.000  2.81E-05 -39473.0908   1593.1742  8.3759E-05    196.3835     -1.5679
 146.400   .000209 -35653.9882   1577.1204  6.8185E-05    177.3830    -11.8103
 148.800   .000355 -31902.9129   1538.6731  5.4181E-05    158.7210    -20.2291
 151.200   .000470 -28268.3572   1482.0207  4.1707E-05    140.6386    -26.9813
 153.600   .000556 -24789.2136   1410.9729  3.0709E-05    123.3294    -32.2252
 156.000   .000617 -21495.6873   1328.9610  2.1114E-05    106.9437    -36.1180
 158.400   .000657 -18410.2007   1239.0434  1.2842E-05     91.5930    -38.8133
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 160.800   .000679 -15548.2790   1143.9159  5.8021E-06     77.3546    -40.4596
 163.200   .000685 -12919.4043   1045.9264 -9.9132E-08     64.2756    -41.1984
 165.600   .000678 -10527.8325    947.0920 -4.9597E-06     52.3773    -41.1635
 168.000   .000661  -8373.3626    849.1199 -8.8778E-06     41.6585    -40.4799
 170.400   .000635  -6452.0570    753.4284 -1.1951E-05     32.0998    -39.2630
 172.800   .000604  -4756.9062    661.1707 -1.4275E-05     23.6662    -37.6184
 175.200   .000567  -3278.4376    573.2583 -1.5940E-05     16.3106    -35.6419
 177.600   .000527  -2005.2663    490.3853 -1.7036E-05      9.9764    -33.4189
 180.000   .000485   -924.5882    413.0521 -1.7643E-05      4.5999    -31.0253
 182.400   .000442    -22.6160    341.5891 -1.7839E-05    .1125176    -28.5272
 184.800   .000400    715.0396    276.1790 -1.7696E-05      3.5574    -25.9813
 187.200   .000357   1303.0430    216.8784 -1.7277E-05      6.4828    -23.4358
 189.600   .000317   1756.0558    163.6386 -1.6643E-05      8.7366    -20.9306
 192.000   .000278   2088.5084    116.3246 -1.5846E-05     10.3906    -18.4977
 194.400   .000241   2314.4139     74.7326 -1.4934E-05     11.5145    -16.1623
 196.800   .000206   2447.2247     38.6064 -1.3947E-05     12.1752    -13.9429
 199.200   .000174   2499.7246      7.6523 -1.2921E-05     12.4364    -11.8522
 201.600   .000144   2483.9559    -18.4477 -1.1888E-05     12.3580     -9.8978
 204.000   .000117   2411.1758    -40.0243 -1.0873E-05     11.9959     -8.0827
 206.400  9.17E-05   2291.8394    -57.4104 -9.8983E-06     11.4022     -6.4058
 208.800  6.90E-05   2135.6058    -70.9324 -8.9806E-06     10.6249     -4.8625
 211.200  4.86E-05   1951.3640    -80.9022 -8.1333E-06      9.7083     -3.4457
 213.600  3.00E-05   1747.2751    -87.6117 -7.3666E-06      8.6929     -2.1455
 216.000  1.32E-05   1530.8278    -91.3271 -6.6871E-06      7.6161   -.9506279
 218.400 -2.09E-06   1308.9049    -92.2856 -6.0984E-06      6.5120    .1518827
 220.800 -1.61E-05   1087.8568    -90.6926 -5.6016E-06      5.4122      1.1757
 223.200 -2.90E-05    873.5806    -86.7200 -5.1950E-06      4.3462      2.1348
 225.600 -4.10E-05    671.6009    -80.5061 -4.8747E-06      3.3413      3.0434
 228.000 -5.24E-05    487.1512    -72.1560 -4.6345E-06      2.4236      3.9150
 230.400 -6.33E-05    325.2520    -61.7431 -4.4660E-06      1.6182      4.7624
 232.800 -7.38E-05    190.7845    -49.3117 -4.3591E-06    .9491766      5.5971
 235.200 -8.42E-05     88.5560    -34.8809 -4.3012E-06    .4405771      6.4286
 237.600 -9.45E-05     23.3562    -18.4492 -4.2780E-06    .1161998      7.2645
 240.000  -.000105      0.0000      0.0000 -4.2731E-06      0.0000      8.1098

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  2:

Pile-head deflection             =      .50000000 in
Computed slope at pile head      =     -.01323161
Maximum bending moment           =       1425229. lbs-in
Maximum shear force              =    85041.03671 lbs
Depth of maximum bending moment  =    33.60000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             16
Number of zero deflection points =              3

------------------------------------------------------------------------------
             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   =         .750000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =            .000 lbs
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  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   .750000      0.0000     111307.   -.0189981      0.0000  -2535.7054
   2.400   .704405     259833.     104566.   -.0189442   1292.7017  -3081.2558
   4.800   .659068     501918.  97014.2287   -.0187863   2497.1048  -3212.1053
   7.200   .614230     725501.  89144.9080   -.0185319   3609.4594  -3345.6620
   9.600   .570115     929814.  81092.2814   -.0181887   4625.9384  -3364.8601
  12.000   .526924    1114744.  73066.5821   -.0177649   5545.9915  -3323.2226
  14.400   .484843    1280533.  65148.5609   -.0172684   6370.8120  -3275.1284
  16.800   .444036    1427457.  57352.6687   -.0167070   7101.7780  -3221.4484
  19.200   .404649    1555826.  49691.2135   -.0160886   7740.4280  -3163.0975
  21.600   .366811    1665975.  42174.2665   -.0154207   8288.4339  -3101.0250
  24.000   .330630    1758262.  34809.5907   -.0147109   8747.5746  -3036.2049
  26.400   .296199    1833061.  27602.5936   -.0139664   9119.7077  -2969.6260
  28.800   .263591    1890755.  20556.3636   -.0131945   9406.7410  -2902.2324
  31.200   .232865    1931732.  13679.2685   -.0124021   9610.6059  -2828.6802
  33.600   .204061    1956415.   6991.1581   -.0115961   9733.4101  -2744.7451
  36.000   .177204    1965289.    517.1369   -.0107831   9777.5590  -2650.2726
  38.400   .152302    1958898.  -5717.2709   -.0099697   9745.7597  -2545.0673
  40.800   .129349    1937846. -11685.9838   -.0091619   9641.0271  -2428.8601
  43.200   .108325    1902805. -17362.1257   -.0083657   9466.6914  -2301.2581
  45.600   .089194    1854508. -22717.6315   -.0075868   9226.4092  -2161.6634
  48.000   .071908    1793760. -27722.5950   -.0068306   8924.1808  -2009.1394
  50.400   .056407    1721440. -32344.1708   -.0061019   8564.3771  -1842.1737
  52.800   .042619    1638508. -36361.4027   -.0054054   8151.7827  -1505.5196
  55.200   .030461    1546905. -39479.0213   -.0047451   7696.0451  -1092.4959
  57.600   .019843    1449009. -41656.8688   -.0041240   7209.0001   -722.3770
  60.000   .010666    1346952. -42996.5902   -.0035444   6701.2542   -394.0575
  62.400   .002830    1242625. -43596.7389   -.0030076   6182.2159   -106.0665
  64.800  -.003770    1137688. -43551.9721   -.0025142   5660.1380    143.3721
  67.200  -.009238    1033576. -42952.3872   -.0020641   5142.1688    356.2819
  69.600  -.013678     931516. -41882.9926   -.0016567   4634.4094    534.8803
  72.000  -.017191     832538. -40423.3039   -.0012910   4141.9779    681.5270
  74.400  -.019875     737484. -38647.0575   -.0009656   3669.0767    798.6783
  76.800  -.021825     647032. -36622.0309   -.0006786   3219.0631    888.8439
  79.200  -.023132     561699. -34409.9592   -.0004280   2794.5208    954.5491
  81.600  -.023880     481864. -32066.5396   -.0002117   2397.3327    998.3005
  84.000  -.024148     407779. -29641.5114 -2.7256E-05   2028.7527   1022.5564
  86.400  -.024011     339585. -27178.8022    .0001277   1689.4757   1029.7013
  88.800  -.023535     277321. -24716.7308    .0002556   1379.7066   1022.0248
  91.200  -.022784     220944. -22288.2575    .0003588   1099.2254   1001.7030
  93.600  -.021813     170337. -19921.2712    .0004400    847.4497    970.7856
  96.000  -.020672     125322. -17638.9068    .0005012    623.4936    931.1847
  98.400  -.019407  85670.6466 -15459.8840    .0005450    426.2221    884.6675
 100.800  -.018056  51114.7674 -13398.8607    .0005733    254.3023    832.8519
 103.200  -.016655  21356.1151 -11466.7934    .0005884    106.2493    777.2042
 105.600  -.015232  -3925.8409  -9671.3005    .0005920     19.5315    719.0399
 108.000  -.013813 -25066.1271  -8017.0219    .0005860    124.7071    659.5256
 110.400  -.012420 -42407.5460  -6505.9713    .0005720    210.9828    599.6833
 112.800  -.011068 -56294.7894  -5137.8763    .0005515    280.0736    540.3959
 115.200  -.009772 -67069.3525  -3910.5047    .0005259    333.6784    482.4139
 117.600  -.008543 -75065.2118  -2819.9724    .0004965    373.4588    426.3630
 120.000  -.007389 -80605.2201  -1861.0334    .0004642    401.0210    372.7528
 122.400  -.006315 -83998.1721  -1027.3476    .0004301    417.9014    321.9853
 124.800  -.005325 -85536.4887   -311.7280    .0003949    425.5547    274.3643
 127.200  -.004420 -85494.4667    293.6352    .0003595    425.3456    230.1050
 129.600  -.003599 -84127.0396    796.9730    .0003243    418.5425    189.3431
 132.000  -.002863 -81668.9963   1206.7575    .0002900    406.3134    152.1440
 134.400  -.002208 -78334.6038   1531.5446    .0002568    389.7244    118.5120
 136.800  -.001630 -74317.5821   1779.8377    .0002251    369.7392     88.3989
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 139.200  -.001127 -69791.3828   1959.9709    .0001953    347.2208     61.7121
 141.600  -.000693 -64909.7219   2080.0120    .0001673    322.9339     38.3222
 144.000  -.000324 -59807.3252   2147.6833    .0001415    297.5489     18.0705
 146.400 -1.38E-05 -54600.8421   2170.2985    .0001178    271.6460    .7754736
 148.800   .000242 -49389.8923   2154.7153  9.6220E-05    245.7209    -13.7615
 151.200   .000448 -44258.2089   2107.3010  7.6808E-05    220.1901    -25.7504
 153.600   .000610 -39274.8477   2033.9112  5.9491E-05    195.3973    -35.4077
 156.000   .000734 -34495.4349   1939.8791  4.4199E-05    171.6191    -42.9524
 158.400   .000823 -29963.4279   1830.0137  3.0837E-05    149.0718    -48.6022
 160.800   .000882 -25711.3694   1708.6067  1.9296E-05    127.9173    -52.5703
 163.200   .000915 -21762.1157   1579.4468  9.4546E-06    108.2692    -55.0630
 165.600   .000927 -18130.0250   1445.8382  1.1851E-06     90.1991    -56.2774
 168.000   .000921 -14822.0922   1310.6256 -5.6458E-06     73.7418    -56.3998
 170.400   .000900 -11839.0223   1176.2206 -1.1173E-05     58.9006    -55.6043
 172.800   .000867  -9176.2332   1044.6331 -1.5529E-05     45.6529    -54.0520
 175.200   .000825  -6824.7834    917.5023 -1.8846E-05     33.9541    -51.8904
 177.600   .000777  -4772.2221    796.1303 -2.1250E-05     23.7424    -49.2530
 180.000   .000723  -3003.3580    681.5154 -2.2862E-05     14.9421    -46.2594
 182.400   .000667  -1500.9482    574.3854 -2.3796E-05      7.4674    -43.0155
 184.800   .000609   -246.3079    475.2304 -2.4158E-05      1.2254    -39.6137
 187.200   .000551    780.1576    384.3341 -2.4047E-05      3.8814    -36.1332
 189.600   .000494   1598.4956    301.8045 -2.3554E-05      7.9527    -32.6414
 192.000   .000438   2228.8192    227.6025 -2.2761E-05     11.0887    -29.1936
 194.400   .000385   2690.9877    161.5686 -2.1741E-05     13.3880    -25.8346
 196.800   .000334   3004.3486    103.4480 -2.0560E-05     14.9470    -22.5992
 199.200   .000286   3187.5380     52.9134 -1.9277E-05     15.8584    -19.5130
 201.600   .000241   3258.3327      9.5859 -1.7940E-05     16.2106    -16.5933
 204.000   .000200   3233.5503    -26.9462 -1.6595E-05     16.0873    -13.8501
 206.400   .000162   3128.9911    -57.1108 -1.5276E-05     15.5671    -11.2871
 208.800   .000126   2959.4183    -81.3378 -1.4014E-05     14.7235     -8.9020
 211.200  9.42E-05   2738.5697   -100.0459 -1.2832E-05     13.6247     -6.6881
 213.600  6.48E-05   2479.1978   -113.6326 -1.1751E-05     12.3343     -4.6342
 216.000  3.78E-05   2193.1330   -122.4652 -1.0782E-05     10.9111     -2.7263
 218.400  1.31E-05   1891.3650   -126.8738 -9.9355E-06      9.4098   -.9475868
 220.800 -9.85E-06   1584.1389   -127.1466 -9.2150E-06      7.8813    .7202301
 223.200 -3.12E-05   1281.0613   -123.5263 -8.6211E-06      6.3734      2.2967
 225.600 -5.12E-05    991.2125   -116.2085 -8.1500E-06      4.9314      3.8016
 228.000 -7.03E-05    723.2606   -105.3414 -7.7946E-06      3.5983      5.2544
 230.400 -8.86E-05    485.5740    -91.0278 -7.5440E-06      2.4158      6.6736
 232.800  -.000107    286.3273    -73.3282 -7.3840E-06      1.4245      8.0760
 235.200  -.000124    133.5986    -52.2658 -7.2970E-06    .6646694      9.4760
 237.600  -.000142     35.4514    -27.8330 -7.2619E-06    .1763750     10.8847
 240.000  -.000159      0.0000      0.0000 -7.2546E-06      0.0000     12.3095

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  3:

Pile-head deflection             =      .75000000 in
Computed slope at pile head      =     -.01899809
Maximum bending moment           =       1965289. lbs-in
Maximum shear force              =   111306.61540 lbs
Depth of maximum bending moment  =    36.00000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             17
Number of zero deflection points =              3
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------------------------------------------------------------------------------
             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   =        1.000000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =            .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  1.000000      0.0000     129988.   -.0244683      0.0000  -2535.7054
   2.400   .941276     304670.     123248.   -.0244052   1515.7688  -3081.2558
   4.800   .882855     591591.     115696.   -.0242194   2943.2390  -3212.1053
   7.200   .825023     860011.     107827.   -.0239185   4278.6608  -3345.6620
   9.600   .768047    1109160.  99633.6744   -.0235103   5518.2069  -3481.9260
  12.000   .712174    1338252.  91110.2864   -.0230029   6657.9724  -3620.8973
  14.400   .657633    1546489.  82250.1186   -.0224049   7693.9749  -3762.5759
  16.800   .604630    1733053.  73046.6735   -.0217251   8622.1544  -3906.9617
  19.200   .553352    1897113.  63748.7555   -.0209726   9438.3731  -3841.3033
  21.600   .503962    2039047.  54639.6007   -.0201566  10144.5127  -3749.6590
  24.000   .456601    2159383.  45755.7193   -.0192863  10743.1994  -3653.5755
  26.400   .411388    2258675.  37106.3022   -.0183704  11237.1866  -3554.2721
  28.800   .368423    2337493.  28697.5995   -.0174177  11629.3200  -3452.9801
  31.200   .327783    2396423.  20532.9059   -.0164363  11922.5024  -3350.9312
  33.600   .289528    2436051.  12612.5756   -.0154346  12119.6581  -3249.3441
  36.000   .253697    2456963.   4935.2386   -.0144203  12223.6982  -3148.4367
  38.400   .220311    2459740.  -2489.0732   -.0134011  12237.5145  -3038.4898
  40.800   .189372    2445016.  -9635.1034   -.0123843  12164.2577  -2916.5354
  43.200   .160866    2413492. -16473.6651   -.0113772  12007.4225  -2782.2660
  45.600   .134762    2365942. -22974.6648   -.0103864  11770.8567  -2635.2337
  48.000   .111011    2303214. -29106.6584   -.0094185  11458.7738  -2474.7610
  50.400   .089553    2226230. -34836.1219   -.0084796  11075.7724  -2299.7919
  52.800   .070310    2136000. -40126.2284   -.0075753  10626.8664  -2108.6302
  55.200   .053192    2033624. -44934.7113   -.0067109  10117.5341  -1898.4389
  57.600   .038097    1920314. -48877.1483   -.0058913   9553.7987  -1386.9253
  60.000   .024913    1799014. -51645.9676   -.0051203   8950.3186   -920.4241
  62.400   .013520    1672413. -53358.6187   -.0044007   8320.4621   -506.7852
  64.800   .003790    1542893. -54139.7030   -.0037341   7676.0829   -144.1184
  67.200  -.004404    1412542. -54108.8243   -.0031215   7027.5737    169.8506
  69.600  -.011193    1283170. -53379.7554   -.0025627   6383.9319    437.7068
  72.000  -.016705    1156319. -52059.7753   -.0020570   5752.8333    662.2766
  74.400  -.021067    1033283. -50249.1668   -.0016031   5140.7134    846.5638
  76.800  -.024400     915123. -48040.8620   -.0011992   4552.8532    993.6902
  79.200  -.026823     802687. -45520.2234   -.0008431   3993.4689   1106.8419
  81.600  -.028447     696626. -42764.9483   -.0005323   3465.8031   1189.2207
  84.000  -.029378     597415. -39845.0815   -.0002640   2972.2164   1244.0016
  86.400  -.029714     505370. -36823.1255 -3.5434E-05   2514.2787   1274.2951
  88.800  -.029548     420664. -33754.2329    .0001565   2092.8582   1283.1154
  91.200  -.028963     343350. -30686.4702    .0003149   1708.2075   1273.3535
  93.600  -.028036     273369. -27661.1398    .0004428   1360.0470   1247.7551
  96.000  -.026838     210576. -24713.1497    .0005431   1047.6430   1208.9033
  98.400  -.025429     154746. -21871.4190    .0006188    769.8822   1159.2056
 100.800  -.023867     105593. -19159.3103    .0006728    525.3404   1100.8849
 103.200  -.022200  62781.6305 -16595.0794    .0007077    312.3464   1035.9742
 105.600  -.020471  25937.0456 -14192.3336    .0007261    129.0400    966.3140
 108.000  -.018715  -5341.5706 -11960.4925    .0007303     26.5750    893.5536
 110.400  -.016965 -31473.3182  -9905.2434    .0007227    156.5837    819.1539
 112.800  -.015246 -52886.7391  -8028.9869    .0007052    263.1181    744.3932
 115.200  -.013580 -70012.4554  -6331.2666    .0006797    348.3207    670.3738
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 117.600  -.011983 -83276.8187  -4809.1801    .0006480    414.3125    598.0316
 120.000  -.010470 -93096.5201  -3457.7682    .0006114    463.1668    528.1451
 122.400  -.009049 -99874.1061  -2270.3781    .0005714    496.8861    461.3467
 124.800  -.007727    -103994.  -1239.0013    .0005291    517.3848    398.1340
 127.200  -.006509    -105821.   -354.5827    .0004856    526.4742    338.8815
 129.600  -.005396    -105696.    392.6980    .0004418    525.8524    283.8524
 132.000  -.004388    -103936.   1013.1735    .0003983    517.0963    233.2106
 134.400  -.003484    -100833.   1517.4653    .0003559    501.6572    187.0326
 136.800  -.002680 -96652.5286   1916.2864    .0003150    480.8584    145.3183
 139.200  -.001972 -91634.9245   2220.2716    .0002759    455.8951    108.0027
 141.600  -.001355 -85995.2249   2439.8332    .0002391    427.8369     74.9653
 144.000  -.000824 -79923.7252   2585.0401    .0002047    397.6305     46.0404
 146.400  -.000373 -73587.0326   2665.5200    .0001729    366.1046     21.0261
 148.800  5.41E-06 -67129.2294   2690.3821    .0001437    333.9763   -.3077086
 151.200   .000317 -60673.1986   2668.1587    .0001172    301.8567    -18.2117
 153.600   .000568 -54322.0674   2606.7642  9.3381E-05    270.2590    -32.9503
 156.000   .000765 -48160.7303   2513.4690  7.2137E-05    239.6056    -44.7957
 158.400   .000914 -42257.4165   2394.8870  5.3394E-05    210.2359    -54.0225
 160.800   .001021 -36665.2725   2256.9759  3.7033E-05    182.4143    -60.9034
 163.200   .001092 -31423.9321   2105.0459  2.2919E-05    156.3380    -65.7049
 165.600   .001131 -26561.0521   1943.7784  1.0899E-05    132.1445    -68.6847
 168.000   .001144 -22093.7959   1777.2508  8.1252E-07    109.9194    -70.0883
 170.400   .001135 -18030.2482   1608.9678 -7.5051E-06     89.7027    -70.1476
 172.800   .001108 -14370.7506   1441.8958 -1.4222E-05     71.4963    -69.0790
 175.200   .001067 -11109.1482   1278.5022 -1.9504E-05     55.2694    -67.0823
 177.600   .001015  -8233.9401   1120.7951 -2.3513E-05     40.9649    -64.3402
 180.000   .000954  -5729.3317    970.3656 -2.6408E-05     28.5041    -61.0177
 182.400   .000888  -3576.1853    828.4297 -2.8337E-05     17.7920    -57.2622
 184.800   .000818  -1752.8690    695.8707 -2.9442E-05      8.7207    -53.2037
 187.200   .000747   -236.0061    573.2795 -2.9854E-05      1.1742    -48.9556
 189.600   .000675    998.8727    460.9953 -2.9696E-05      4.9695    -44.6146
 192.000   .000604   1976.7713    359.1429 -2.9079E-05      9.8347    -40.2624
 194.400   .000535   2722.7584    267.6689 -2.8105E-05     13.5461    -35.9659
 196.800   .000469   3261.5819    186.3755 -2.6864E-05     16.2268    -31.7786
 199.200   .000406   3617.3608    114.9515 -2.5438E-05     17.9968    -27.7414
 201.600   .000347   3813.3492     53.0010 -2.3898E-05     18.9719    -23.8840
 204.000   .000292   3871.7656    .0692667 -2.2305E-05     19.2625    -20.2258
 206.400   .000240   3813.6817    -44.3338 -2.0712E-05     18.9735    -16.7768
 208.800   .000192   3658.9632    -80.7133 -1.9163E-05     18.2038    -13.5394
 211.200   .000148   3426.2577   -109.5711 -1.7694E-05     17.0461    -10.5087
 213.600   .000107   3133.0219   -131.3905 -1.6334E-05     15.5872     -7.6741
 216.000  6.97E-05   2795.5833   -146.6235 -1.5105E-05     13.9084     -5.0201
 218.400  3.48E-05   2429.2289   -155.6804 -1.4022E-05     12.0857     -2.5273
 220.800  2.37E-06   2048.3174   -158.9215 -1.3094E-05     10.1906   -.1736150
 223.200 -2.80E-05   1666.4058   -156.6519 -1.2324E-05      8.2906      2.0650
 225.600 -5.68E-05   1296.3884   -149.1179 -1.1710E-05      6.4497      4.2133
 228.000 -8.42E-05    950.6399   -136.5062 -1.1244E-05      4.7296      6.2964
 230.400  -.000111    641.1584   -118.9453 -1.0914E-05      3.1898      8.3378
 232.800  -.000137    379.7027    -96.5085 -1.0702E-05      1.8891     10.3595
 235.200  -.000162    177.9178    -69.2207 -1.0587E-05    .8851632     12.3803
 237.600  -.000187     47.4436    -37.0662 -1.0540E-05    .2360376     14.4150
 240.000  -.000213      0.0000      0.0000 -1.0530E-05      0.0000     16.4735

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  4:

Pile-head deflection             =     1.00000000 in
Computed slope at pile head      =     -.02446832
Maximum bending moment           =       2459740. lbs-in
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Maximum shear force              =   129988.48740 lbs
Depth of maximum bending moment  =    38.40000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             19
Number of zero deflection points =              3

------------------------------------------------------------------------------
                        Summary of Pile-Head Response(s)
------------------------------------------------------------------------------

Definition of Symbols for Pile-Head Loading Conditions:

Type 1 = Shear and Moment,          y = pile-head displacment in
Type 2 = Shear and Slope,           M = Pile-head Moment lbs-in
Type 3 = Shear and Rot. Stiffness,  V = Pile-head Shear Force lbs
Type 4 = Deflection and Moment,     S = Pile-head Slope, radians
Type 5 = Deflection and Slope,      R = Rot. Stiffness of Pile-head in-lbs/rad

Load   Boundary     Boundary       Axial    Pile-Head    Maximum     Maximum 
Type  Condition    Condition       Load     Deflection    Moment      Shear
          1            2            lbs         in        in-lbs       lbs
---- ------------ ------------ ----------- ----------- ----------- -----------
  4  y=   .250000 M=     0.000      0.0000    .2500000     821443.  53844.0949
  4  y=   .500000 M=     0.000      0.0000    .5000000    1425229.  85041.0367
  4  y=   .750000 M=     0.000      0.0000    .7500000    1965289.     111307.
  4  y=  1.000000 M=     0.000      0.0000   1.0000000    2459740.     129988.

The analysis ended normally. 
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==============================================================================

                LPILE Plus for Windows, Version 5.0 (5.0.39)

               Analysis of Individual Piles and Drilled Shafts 
              Subjected to Lateral Loading Using the p-y Method

                        (c) 1985-2007 by Ensoft, Inc.          
                             All Rights Reserved               

==============================================================================

This program is licensed to: 

Hisham Nofal
CH2MHILL

Path to file locations:      C:\MyFolder\Projects\SR-57\Foundation Reports\Draft Foundation 
Reports\Rolling Hills Drive UC\Foundation Design\Lateral Pile Analysis\Southbound Widening\
Name of input data file:     ROLHILL-UC0-SW603.lpd
Name of output file:         ROLHILL-UC0-SW603.lpo
Name of plot output file:    ROLHILL-UC0-SW603.lpp
Name of runtime file:        ROLHILL-UC0-SW603.lpr

------------------------------------------------------------------------------
                          Time and Date of Analysis
------------------------------------------------------------------------------

               Date:  August 17, 2009     Time:  10:56:52

------------------------------------------------------------------------------
                                Problem Title
------------------------------------------------------------------------------
Soundwall 603 and 627 Lateral Capacity                       

------------------------------------------------------------------------------
                                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 uses p-y multiplers for group action
- Analysis assumes no shear resistance at pile tip
- Analysis for fixed-length pile or shaft only
- 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 =         1000
- Deflection tolerance for convergence =   1.0000E-05 in
- Maximum allowable deflection         =   1.0000E+01 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
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------------------------------------------------------------------------------
                   Pile Structural Properties and Geometry
------------------------------------------------------------------------------

Pile Length                               =     192.00 in

Depth of ground surface below top of pile =    -160.32 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   16.00000000    1608.3300     201.0500      3600000.
  2     192.0000   16.00000000    1608.3300     201.0500      3600000.

------------------------------------------------------------------------------
                      Soil and Rock Layering Information
------------------------------------------------------------------------------

The soil profile is modelled using  3 layers

Layer  1 is stiff clay without free water using initial selected k, 2004
Distance from top of pile to top of layer    = 
Layer  1 is stiff clay without free water
Distance from top of pile to top of layer    =     -160.320 in
Distance from top of pile to bottom of layer =       12.000 in
p-y subgrade modulus k for top of soil layer =      800.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =      800.000 lbs/in**3

Layer  2 is stiff clay without free water using initial selected k, 2004
Distance from top of pile to top of layer    = 
Layer  2 is stiff clay without free water
Distance from top of pile to top of layer    =       12.000 in
Distance from top of pile to bottom of layer =      444.960 in
p-y subgrade modulus k for top of soil layer =      800.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =      800.000 lbs/in**3

Layer  3 is stiff clay without free water using initial selected k, 2004
Distance from top of pile to top of layer    = 
Layer  3 is stiff clay without free water
Distance from top of pile to top of layer    =      444.960 in
Distance from top of pile to bottom of layer =      644.280 in
p-y subgrade modulus k for top of soil layer =      800.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =      800.000 lbs/in**3

(Depth of lowest layer extends  452.28 in below pile tip)

------------------------------------------------------------------------------
                   Effective Unit Weight of Soil vs. Depth
------------------------------------------------------------------------------

Effective unit weight of soil with depth defined using  6 points

Point        Depth X    Eff. Unit Weight
 No.           in          lbs/in**3
-----      ----------   ----------------
  1          -160.32         .07500
  2            12.00         .07500
  3            12.00         .07500
  4           444.96         .07500
  5           444.96         .03900
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  6           644.28         .03900

------------------------------------------------------------------------------
                           Shear Strength of Soils
------------------------------------------------------------------------------

Shear strength parameters with depth defined using  6 points

Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD
 No.       in         lbs/in**2            Deg.            k_rm        %
-----   --------     ----------     ------------------    ------    ------
  1     -160.320       55.00000             .00           .02000        .0
  2       12.000       55.00000             .00           .02000        .0
  3       12.000       55.00000             .00           .02000        .0
  4      444.960       55.00000             .00           .02000        .0
  5      444.960       55.00000             .00           .02000        .0
  6      644.280       55.00000             .00           .02000        .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.

------------------------------------------------------------------------------
                           p-y Modification Factors
------------------------------------------------------------------------------

Distribution of p-y multipliers with depth defined using  2 points

Point      Depth X         p-mult         y-mult
 No.       in
-----     ----------     ----------     ----------
  1             .000         1.0000         1.0000
  2         1000.000         1.0000         1.0000

------------------------------------------------------------------------------
                                 Loading Type
------------------------------------------------------------------------------

Cyclic loading criteria was used for computation of p-y curves.

Number of cycles of loading =        1000.

------------------------------------------------------------------------------
              Pile-head Loading and Pile-head Fixity Conditions
------------------------------------------------------------------------------

Number of loads specified =  4

Load Case Number  1

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =            .250 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =            .000 lbs

Load Case Number  2

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
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Deflection at pile head     =            .500 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =            .000 lbs

Load Case Number  3

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =            .750 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =            .000 lbs

Load Case Number  4

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     =            .000 lbs

------------------------------------------------------------------------------
                   Output of p-y Curves at Specified Depths
------------------------------------------------------------------------------

p-y curves are generated and printed for verification at  5 depths.

Depth      Depth Below Pile Head      Depth Below Ground Surface
 No.                 in                         in
-----      ---------------------      --------------------------
  1                24.000                    184.320
  2                48.000                    208.320
  3                72.000                    232.320
  4                96.000                    256.320
  5               120.000                    280.320

Depth of ground surface below top of pile =    -160.32 in

p-y Curve Computed Using Cyclic Criteria for Stiff Clay without Free Water
With Option of Defining Initial k

Soil Layer Number           =          2
Depth below pile head       =       24.000 in
Depth below ground surface  =      184.320 in
Equivalent Depth            =      184.163 in
Diameter                    =       16.000 in
Undrained cohesion, c       =     55.00000 lbs/in**2
Average Eff. Unit Weight    =       .07500 lbs/in**3
k                           =         800. pci  
Epsilon-50                  =       .02000
Pct                         =     7925.492 lbs/in
Pcd                         =     7920.000 lbs/in
Pu                          =     7920.000 lbs/in
y50                         =         .800 in
p-multiplier                =      1.00000
y-multiplier                =      1.00000
Number of Cycles of Loading =        1000.

        y, in            p, lbs/in
----------------    -----------------
         0.0000           0.0000
       .0001280          18.8583
       .0006400          94.2917
       .0012800         188.5834
       .0064000         915.5418
       .0128000        1088.7688
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       .0640000        1628.0891
       .1280000        1936.1351
       .3200000        2434.5611
       .6400000        2895.1974
       .9600000        3204.0626
         1.2800        3442.9893
         3.2000        4329.3298
         6.4000        5148.4698
        12.8000        6122.5970
        28.8000        7498.6193
        44.8000        7920.0000

p-y Curve Computed Using Cyclic Criteria for Stiff Clay without Free Water
With Option of Defining Initial k

Soil Layer Number           =          2
Depth below pile head       =       48.000 in
Depth below ground surface  =      208.320 in
Equivalent Depth            =      208.163 in
Diameter                    =       16.000 in
Undrained cohesion, c       =     55.00000 lbs/in**2
Average Eff. Unit Weight    =       .07500 lbs/in**3
k                           =         800. pci  
Epsilon-50                  =       .02000
Pct                         =     8614.292 lbs/in
Pcd                         =     7920.000 lbs/in
Pu                          =     7920.000 lbs/in
y50                         =         .800 in
p-multiplier                =      1.00000
y-multiplier                =      1.00000
Number of Cycles of Loading =        1000.

        y, in            p, lbs/in
----------------    -----------------
         0.0000           0.0000
       .0001280          21.3159
       .0006400         106.5797
       .0012800         213.1594
       .0064000         915.5418
       .0128000        1088.7688
       .0640000        1628.0891
       .1280000        1936.1351
       .3200000        2434.5611
       .6400000        2895.1974
       .9600000        3204.0626
         1.2800        3442.9893
         3.2000        4329.3298
         6.4000        5148.4698
        12.8000        6122.5970
        28.8000        7498.6193
        44.8000        7920.0000

p-y Curve Computed Using Cyclic Criteria for Stiff Clay without Free Water
With Option of Defining Initial k

Soil Layer Number           =          2
Depth below pile head       =       72.000 in
Depth below ground surface  =      232.320 in
Equivalent Depth            =      232.163 in
Diameter                    =       16.000 in
Undrained cohesion, c       =     55.00000 lbs/in**2
Average Eff. Unit Weight    =       .07500 lbs/in**3
k                           =         800. pci  
Epsilon-50                  =       .02000
Pct                         =     9303.092 lbs/in
Pcd                         =     7920.000 lbs/in
Pu                          =     7920.000 lbs/in
y50                         =         .800 in
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p-multiplier                =      1.00000
y-multiplier                =      1.00000
Number of Cycles of Loading =        1000.

        y, in            p, lbs/in
----------------    -----------------
         0.0000           0.0000
       .0001280          23.7735
       .0006400         118.8677
       .0012800         237.7354
       .0064000         915.5418
       .0128000        1088.7688
       .0640000        1628.0891
       .1280000        1936.1351
       .3200000        2434.5611
       .6400000        2895.1974
       .9600000        3204.0626
         1.2800        3442.9893
         3.2000        4329.3298
         6.4000        5148.4698
        12.8000        6122.5970
        28.8000        7498.6193
        44.8000        7920.0000

p-y Curve Computed Using Cyclic Criteria for Stiff Clay without Free Water
With Option of Defining Initial k

Soil Layer Number           =          2
Depth below pile head       =       96.000 in
Depth below ground surface  =      256.320 in
Equivalent Depth            =      256.163 in
Diameter                    =       16.000 in
Undrained cohesion, c       =     55.00000 lbs/in**2
Average Eff. Unit Weight    =       .07500 lbs/in**3
k                           =         800. pci  
Epsilon-50                  =       .02000
Pct                         =     9991.892 lbs/in
Pcd                         =     7920.000 lbs/in
Pu                          =     7920.000 lbs/in
y50                         =         .800 in
p-multiplier                =      1.00000
y-multiplier                =      1.00000
Number of Cycles of Loading =        1000.

        y, in            p, lbs/in
----------------    -----------------
         0.0000           0.0000
       .0001280          26.2311
       .0006400         131.1557
       .0012800         262.3114
       .0064000         915.5418
       .0128000        1088.7688
       .0640000        1628.0891
       .1280000        1936.1351
       .3200000        2434.5611
       .6400000        2895.1974
       .9600000        3204.0626
         1.2800        3442.9893
         3.2000        4329.3298
         6.4000        5148.4698
        12.8000        6122.5970
        28.8000        7498.6193
        44.8000        7920.0000

p-y Curve Computed Using Cyclic Criteria for Stiff Clay without Free Water
With Option of Defining Initial k

Soil Layer Number           =          2
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Depth below pile head       =      120.000 in
Depth below ground surface  =      280.320 in
Equivalent Depth            =      280.163 in
Diameter                    =       16.000 in
Undrained cohesion, c       =     55.00000 lbs/in**2
Average Eff. Unit Weight    =       .07500 lbs/in**3
k                           =         800. pci  
Epsilon-50                  =       .02000
Pct                         =    10680.692 lbs/in
Pcd                         =     7920.000 lbs/in
Pu                          =     7920.000 lbs/in
y50                         =         .800 in
p-multiplier                =      1.00000
y-multiplier                =      1.00000
Number of Cycles of Loading =        1000.

        y, in            p, lbs/in
----------------    -----------------
         0.0000           0.0000
       .0001280          28.6887
       .0006400         143.4437
       .0012800         286.8874
       .0064000         915.5418
       .0128000        1088.7688
       .0640000        1628.0891
       .1280000        1936.1351
       .3200000        2434.5611
       .6400000        2895.1974
       .9600000        3204.0626
         1.2800        3442.9893
         3.2000        4329.3298
         6.4000        5148.4698
        12.8000        6122.5970
        28.8000        7498.6193
        44.8000        7920.0000

------------------------------------------------------------------------------
             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   =         .250000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =            .000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     Es*h   
    X        y          M           V           S        Stress          p          F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- -----------
   0.000   .250000      0.0000  59782.1094   -.0073807      0.0000  -2092.6788   8035.8867
   1.920   .235829     110924.  55778.1902   -.0073623    551.7496  -2078.0703  16918.5856
   3.840   .221729     214188.  51803.9668   -.0073084   1065.3945  -2061.7456  17853.1193
   5.760   .207765     309852.  47862.7398   -.0072215   1541.2342  -2043.6992  18886.2574
   7.680   .193998     397981.  43957.8230   -.0071041   1979.5996  -2023.9225  20030.7441
   9.600   .180485     478650.  40092.5499   -.0069588   2380.8532  -2002.4038  21301.5640
  11.520   .167277     551937.  36270.2793   -.0067879   2745.3896  -1979.1281  22716.4176
  13.440   .154420     617928.  32495.5074   -.0065939   3073.6357  -1952.9260  24282.0120
  15.360   .141956     676719.  28771.6419   -.0063793   3366.0719  -1926.1006  26051.1352
  17.280   .129923     728411.  25101.0328   -.0061463   3623.1901  -1897.4506  28040.4634
  19.200   .118354     773107.  21487.2142   -.0058973   3845.5157  -1866.9437  30286.4973
  21.120   .107277     810922.  17933.7885   -.0056347   4033.6079  -1834.5414  32833.7707
  23.040   .096717     841973.  14444.4390   -.0053607   4188.0610  -1800.1976  35737.0970
  24.960   .086692     866388.  11029.9819   -.0050774   4309.5048  -1756.5286  38902.2988
  26.880   .077220     884328.   7705.5118   -.0047871   4398.7398  -1706.4610  42429.6914
  28.800   .068310     895977.   4478.5366   -.0044919   4456.6843  -1654.9715  46516.6354
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  30.720   .059971     901526.   1351.8518   -.0041939   4484.2824  -1601.9918  51288.8983
  32.640   .052205     901168.  -1671.5946   -.0038950   4482.5055  -1547.4315  56911.3000
  34.560   .045014     895107.  -4588.6533   -.0035972   4452.3540  -1491.1713  63603.9583
  36.480   .038392     883548.  -7395.9074   -.0033023   4394.8596  -1433.0517  71667.4510
  38.400   .032333     866707. -10089.5797   -.0030121   4311.0880  -1372.8569  81523.2610
  40.320   .026826     844804. -12665.3994   -.0027283   4202.1430  -1310.2887  93781.7495
  42.240   .021856     818071. -15118.4040   -.0024526   4069.1718  -1244.9244     109363.
  44.160   .017408     786749. -17442.6293   -.0021865   3913.3731  -1176.1436     129724.
  46.080   .013460     751092. -19630.5998   -.0019315   3736.0079  -1102.9924     157336.
  48.000   .009991     711368. -21672.4254   -.0016891   3538.4177  -1023.9094     196777.
  49.920   .006974     667870. -23554.0311   -.0014604   3322.0525   -936.0965     257715.
  51.840   .004383     620920. -25166.2706   -.0012467   3088.5225   -743.3197     325637.
  53.760   .002187     571231. -26239.1233   -.0010490   2841.3627   -374.2352     328586.
  55.680   .000354     520162. -26657.1463   -.0008681   2587.3406    -61.2055     331536.
  57.600  -.001147     468868. -26524.1359   -.0007041   2332.1963    199.7579     334485.
  59.520  -.002349     418310. -25936.0145   -.0005570   2080.7149    412.8686     337434.
  61.440  -.003285     369273. -24980.5015   -.0004264   1836.8040    582.4575     340383.
  63.360  -.003987     322384. -23736.9770   -.0003117   1603.5733    712.8804     343332.
  65.280  -.004482     278123. -22276.5114   -.0002122   1383.4145    808.4380     346281.
  67.200  -.004801     236843. -20682.9342   -.0001268   1178.0796    851.5382     340524.
  69.120  -.004969     198701. -19040.8703 -5.4559E-05    988.3589    858.9450     331873.
  71.040  -.005011     163726. -17389.9420  5.5327E-06    814.3883    860.7719     329824.
  72.960  -.004948     131924. -15739.8296  5.4552E-05    656.2013    858.0951     332968.
  74.880  -.004801     103285. -14098.4398  9.3551E-05    513.7488    851.6860     340581.
  76.800  -.004589  77785.5221 -12472.3830    .0001236    386.9132    842.1231     352351.
  78.720  -.004327  55390.7482 -10870.1401    .0001457    275.5193    826.8799     366925.
  80.640  -.004030  36044.1842  -9331.1304    .0001608    179.2875    776.2553     369874.
  82.560  -.003709  19559.2077  -7894.4744    .0001700     97.2895    720.2613     372823.
  84.480  -.003377   5729.4024  -6568.6111    .0001742     28.4986    660.8463     375772.
  86.400  -.003040  -5664.2591  -5358.4966    .0001742     28.1746    599.6897     378722.
  88.320  -.002708 -14847.2245  -4266.1063    .0001708     73.8516    538.2168     381671.
  90.240  -.002384 -22046.1074  -3290.9074    .0001647    109.6596    477.6154     384620.
  92.160  -.002075 -27484.3091  -2430.2966    .0001565    136.7098    418.8542     387569.
  94.080  -.001783 -31378.4464  -1680.0024    .0001467    156.0796    362.7023     390518.
  96.000  -.001511 -33935.5182  -1034.4499    .0001359    168.7988    309.7482     393467.
  97.920  -.001261 -35350.7341   -487.0882    .0001244    175.8382    260.4203     396416.
  99.840  -.001034 -35805.9368    -30.6795    .0001126    178.1024    215.0054     399365.
 101.760  -.000829 -35468.5435    342.4470    .0001008    176.4242    173.6681     402314.
 103.680  -.000647 -34490.9402    640.1777  8.9215E-05    171.5615    136.4680     405264.
 105.600  -.000486 -33010.2612    870.4287  7.8023E-05    164.1965    103.3769     408213.
 107.520  -.000347 -31148.4938   1040.9928  6.7385E-05    154.9358     74.2940     411162.
 109.440  -.000227 -29012.8489   1159.4133  5.7410E-05    144.3129     49.0606     414111.
 111.360  -.000126 -26696.3468   1232.8853  4.8173E-05    132.7904     27.4727     417060.
 113.280 -4.25E-05 -24278.5692   1268.1803  3.9722E-05    120.7641      9.2928     420009.
 115.200  2.61E-05 -21826.5346   1271.5910  3.2077E-05    108.5674     -5.7400     422958.
 117.120  8.07E-05 -19395.6598   1248.8960  2.5243E-05     96.4760    -17.9006     425907.
 119.040   .000123 -17030.7738   1205.3395  1.9203E-05     84.7128    -27.4708     428857.
 120.960   .000154 -14767.1563   1145.6244  1.3931E-05     73.4534    -34.7323     431806.
 122.880   .000176 -12631.5760   1073.9183  9.3879E-06     62.8308    -39.9615     434755.
 124.800   .000190 -10643.3099    993.8673  5.5288E-06     52.9409    -43.4250     437704.
 126.720   .000198  -8815.1255    908.6182  2.3025E-06     43.8473    -45.3762     440653.
 128.640   .000199  -7154.2161    820.8461 -3.4524E-07     35.5858    -46.0530     443602.
 130.560   .000196  -5663.0764    732.7870 -2.4704E-06     28.1687    -45.6753     446551.
 132.480   .000190  -4340.3139    646.2721 -4.1290E-06     21.5892    -44.4444     449500.
 134.400   .000181  -3181.3914    562.7649 -5.3761E-06     15.8246    -42.5423     452450.
 136.320   .000169  -2179.2966    483.3985 -6.2649E-06     10.8400    -40.1311     455399.
 138.240   .000156  -1325.1410    409.0131 -6.8460E-06      6.5914    -37.3538     458348.
 140.160   .000143   -608.6864    340.1920 -7.1666E-06      3.0277    -34.3348     461297.
 142.080   .000129    -18.8036    277.2975 -7.2707E-06    .0935310    -31.1804     464246.
 144.000   .000115    456.1360    220.5034 -7.1981E-06      2.2689    -27.9802     467195.
 145.920   .000101    827.9295    169.8266 -6.9852E-06      4.1182    -24.8082     470144.
 147.840  8.82E-05   1108.2701    125.1556 -6.6642E-06      5.5127    -21.7241     473093.
 149.760  7.57E-05   1308.5271     86.2770 -6.2635E-06      6.5087    -18.7745     476042.
 151.680  6.41E-05   1439.5738     52.8987 -5.8079E-06      7.1606    -15.9946     478992.
 153.600  5.34E-05   1511.6581     24.6712 -5.3185E-06      7.5191    -13.4091     481941.
 155.520  4.37E-05   1534.3112      1.2061 -4.8135E-06      7.6318    -11.0337     484890.
 157.440  3.49E-05   1516.2895    -17.9080 -4.3077E-06      7.5422     -8.8767     487839.
 159.360  2.71E-05   1465.5446    -33.0917 -3.8133E-06      7.2898     -6.9396     490788.
 161.280  2.03E-05   1389.2175    -44.7635 -3.3400E-06      6.9101     -5.2185     493737.
 163.200  1.43E-05   1293.6528    -53.3303 -2.8951E-06      6.4348     -3.7052     496686.
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 165.120  9.18E-06   1184.4292    -59.1796 -2.4843E-06      5.8915     -2.3878     499635.
 167.040  4.78E-06   1066.4032    -62.6739 -2.1111E-06      5.3044     -1.2521     502585.
 168.960  1.07E-06    943.7614    -64.1463 -1.7778E-06      4.6944   -.2816030     505534.
 170.880 -2.04E-06    820.0815    -63.8971 -1.4853E-06      4.0792    .5411556     508483.
 172.800 -4.63E-06    698.3965    -62.1926 -1.2336E-06      3.4739      1.2344     511432.
 174.720 -6.78E-06    581.2621    -59.2637 -1.0214E-06      2.8913      1.8165     514381.
 176.640 -8.56E-06    470.8238    -55.3067 -8.4694E-07      2.3419      2.3054     517330.
 178.560 -1.00E-05    368.8842    -50.4837 -7.0772E-07      1.8349      2.7186     520279.
 180.480 -1.13E-05    276.9665    -44.9244 -6.0063E-07      1.3777      3.0723     523228.
 182.400 -1.23E-05    196.3744    -38.7288 -5.2215E-07    .9767868      3.3815     526178.
 184.320 -1.33E-05    128.2479    -31.9694 -4.6833E-07    .6379184      3.6595     529127.
 186.240 -1.41E-05     73.6118    -24.6953 -4.3486E-07    .3661527      3.9178     532076.
 188.160 -1.49E-05     33.4181    -16.9352 -4.1711E-07    .1662252      4.1656     535025.
 190.080 -1.57E-05      8.5806     -8.7026 -4.1015E-07    .0426806      4.4100     537974.
 192.000 -1.65E-05      0.0000      0.0000 -4.0873E-07      0.0000      4.6553     270462.

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  1:

Pile-head deflection             =      .25000000 in
Computed slope at pile head      =     -.00738067
Maximum bending moment           =   901525.73538 lbs-in
Maximum shear force              =    59782.10936 lbs
Depth of maximum bending moment  =    30.72000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             10
Number of zero deflection points =              3

------------------------------------------------------------------------------
             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   =         .500000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =            .000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     Es*h   
    X        y          M           V           S        Stress          p          F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- -----------
   0.000   .500000      0.0000  81293.3891   -.0129778      0.0000  -2488.6286   4778.1668
   1.920   .475083     151496.  76527.6093   -.0129527    753.5581  -2475.7254  10005.4019
   3.840   .450262     293866.  71788.1753   -.0128788   1461.7200  -2461.1851  10494.9526
   5.760   .425628     427163.  67078.2368   -.0127593   2124.7523  -2445.0009  11029.3558
   7.680   .401266     551446.  62400.9589   -.0125970   2742.9518  -2427.1636  11613.6265
   9.600   .377255     666783.  57759.5259   -.0123950   3316.6454  -2407.6624  12253.5367
  11.520   .353669     773243.  53157.1453   -.0121563   3846.1909  -2386.4840  12955.7526
  13.440   .330575     870906.  48598.3886   -.0118837   4331.9765  -2362.2208  13719.9163
  15.360   .308036     959861.  44086.4997   -.0115801   4774.4472  -2337.6634  14570.7543
  17.280   .286108    1040198.  39623.4227   -.0112485   5174.0533  -2311.3751  15511.0935
  19.200   .264842    1112015.  35212.5037   -.0108917   5531.2767  -2283.3321  16553.2880
  21.120   .244284    1175414.  30857.1383   -.0105124   5846.6317  -2253.5069  17711.9337
  23.040   .224474    1230506.  26560.7785   -.0101135   6120.6653  -2221.8679  19004.3781
  24.960   .205448    1277408.  22335.6705   -.0096977   6353.9574  -2179.2863  20366.3996
  26.880   .187235    1316275.  18199.4289   -.0092676   6547.2890  -2129.2987  21834.9004
  28.800   .169860    1347293.  14160.3383   -.0088260   6701.5767  -2078.0874  23489.5096
  30.720   .153343    1370651.  10220.7780   -.0083754   6817.7594  -2025.6214  25362.7097
  32.640   .137699    1386541.   6383.1954   -.0079182   6896.7992  -1971.8605  27494.6280
  34.560   .122937    1395162.   2650.1262   -.0074570   6939.6820  -1916.7533  29935.3722
  36.480   .109064    1396718.   -975.7821   -.0069941   6947.4181  -1860.2345  32748.2750
  38.400   .096080    1391415.  -4491.7393   -.0065318   6921.0440  -1802.2208  36014.4946
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  40.320   .083982    1379469.  -7894.7724   -.0060724   6861.6234  -1742.6054  39839.6878
  42.240   .072762    1361099. -11181.6741   -.0056180   6770.2494  -1681.2505  44363.9441
  44.160   .062409    1336532. -14348.9313   -.0051707   6648.0472  -1617.9758  49777.0327
  46.080   .052906    1306000. -17392.6283   -.0047326   6496.1768  -1552.5419  56342.6521
  48.000   .044236    1269744. -20308.3072   -.0043055   6315.8383  -1484.6236  64438.6697
  49.920   .036373    1228016. -23090.7631   -.0038914   6108.2769  -1413.7680  74627.4105
  51.840   .029293    1181075. -25733.7301   -.0034919   5874.7918  -1339.3226  87786.4553
  53.760   .022964    1129198. -28229.3730   -.0031089   5616.7483  -1260.3054     105372.
  55.680   .017355    1072675. -30567.4096   -.0027438   5335.5951  -1175.1494     130011.
  57.600   .012428    1011819. -32733.4482   -.0023982   5032.8937  -1081.1408     167026.
  59.520   .008146     946978. -34705.3772   -.0020734   4710.3679   -972.9519     229336.
  61.440   .004466     878551. -36399.4986   -.0017707   4370.0016   -791.7579     340383.
  63.360   .001346     807204. -37390.6407   -.0014912   4015.1172   -240.6818     343332.
  65.280  -.001260     734971. -37403.4981   -.0012355   3655.8195    227.2887     346281.
  67.200  -.003398     663575. -36591.8766   -.0010036   3300.6895    618.1505     349230.
  69.120  -.005114     594458. -35168.1552   -.0007951   2956.8943    864.8927     324701.
  71.040  -.006451     528529. -33457.7632   -.0006089   2628.9582    916.7656     272835.
  72.960  -.007452     465980. -31665.1823   -.0004440   2317.8323    950.5061     244889.
  74.880  -.008156     406935. -29819.3323   -.0002992   2024.1355    972.2543     228869.
  76.800  -.008601     351474. -27940.0956   -.0001735   1748.2665    985.2840     219937.
  78.720  -.008823     299645. -26042.3079 -6.5533E-05   1490.4641    991.5781     215792.
  80.640  -.008853     251471. -24137.6476  2.5844E-05   1250.8439    992.4430     215237.
  82.560  -.008723     206956. -22235.6604    .0001019   1029.4216    988.7937     217634.
  84.480  -.008462     166086. -20344.3696    .0001637    826.1303    981.3009     222658.
  86.400  -.008095     128834. -18470.6647    .0002126    640.8328    970.4751     230190.
  88.320  -.007645  95158.9250 -16620.5610    .0002497    473.3303    956.7162     240260.
  90.240  -.007136  65010.8672 -14799.3815    .0002763    323.3708    940.3457     253020.
  92.160  -.006584  38329.3000 -13011.8875    .0002934    190.6539    921.6272     268742.
  94.080  -.006009  15045.2193 -11262.3763    .0003023     74.8365    900.7803     287824.
  96.000  -.005424  -4918.2248  -9554.7566    .0003040     24.4638    877.9901     310810.
  97.920  -.004842 -21645.0462  -7892.6101    .0002996    107.6647    853.4125     338428.
  99.840  -.004273 -35225.8477  -6279.2445    .0002901    175.2170    827.1767     371643.
 101.760  -.003728 -45757.3451  -4735.3286    .0002767    227.6018    781.0690     402314.
 103.680  -.003211 -53409.5096  -3334.8793    .0002603    265.6644    677.7323     405264.
 105.600  -.002728 -58563.2818  -2127.4198    .0002417    291.2998    580.0381     408213.
 107.520  -.002283 -61578.8015  -1101.2912    .0002218    306.2993    488.8458     411162.
 109.440  -.001877 -62792.2401   -243.4475    .0002012    312.3351    404.7414     414111.
 111.360  -.001510 -62513.6401    460.0545    .0001804    310.9493    328.0732     417060.
 113.280  -.001184 -61025.6309   1023.6322    .0001599    303.5478    258.9868     420009.
 115.200  -.000896 -58582.8926   1461.8181    .0001401    291.3974    197.4569     422958.
 117.120  -.000646 -55412.2493   1788.9614    .0001212    275.6263    143.3174     425907.
 119.040  -.000431 -51713.2808   2018.9839    .0001034    257.2272     96.2894     428857.
 120.960  -.000249 -47659.3511   2165.1872  8.6923E-05    237.0625     56.0057     431806.
 122.880 -9.73E-05 -43398.9620   2240.1050  7.1825E-05    215.8709     22.0337     434755.
 124.800  2.68E-05 -39057.3480   2255.3963  5.8153E-05    194.2753     -6.1053     437704.
 126.720   .000126 -34738.2404   2221.7737  4.5918E-05    172.7916    -28.9182     440653.
 128.640   .000203 -30525.7368   2148.9634  3.5097E-05    151.8382    -46.9259     443602.
 130.560   .000261 -26486.2208   2045.6904  2.5644E-05    131.7452    -60.6502     446551.
 132.480   .000302 -22670.2856   1919.6867  1.7494E-05    112.7643    -70.6037     449500.
 134.400   .000328 -19114.6240   1777.7172  1.0565E-05     95.0781    -77.2812     452450.
 136.320   .000342 -15843.8518   1625.6201  4.7693E-06     78.8090    -81.1532     455399.
 138.240   .000346 -12872.2426   1468.3589  8.0320E-09     64.0279    -82.6606     458348.
 140.160   .000342 -10205.3536   1310.0815 -3.8183E-06     50.7625    -82.2117     461297.
 142.080   .000332  -7841.5297   1154.1864 -6.8105E-06     39.0046    -80.1791     464246.
 144.000   .000316  -5773.2778   1003.3913 -9.0679E-06     28.7169    -76.8991     467195.
 145.920   .000297  -3988.5070    859.8037 -1.0686E-05     19.8392    -72.6713     470144.
 147.840   .000275  -2471.6315    724.9911 -1.1758E-05     12.2942    -67.7586     473093.
 149.760   .000252  -1204.5411    600.0497 -1.2367E-05      5.9915    -62.3888     476042.
 151.680   .000228   -167.4408    485.6708 -1.2595E-05    .8328677    -56.7559     478992.
 153.600   .000203    660.4348    382.2040 -1.2513E-05      3.2851    -51.0221     481941.
 155.520   .000179   1300.2225    289.7155 -1.2188E-05      6.4674    -45.3200     484890.
 157.440   .000156   1772.9425    208.0433 -1.1678E-05      8.8188    -39.7552     487839.
 159.360   .000135   2099.1088    136.8464 -1.1036E-05     10.4412    -34.4083     490788.
 161.280   .000114   2298.4326     75.6501 -1.0307E-05     11.4326    -29.3379     493737.
 163.200  9.50E-05   2389.6052     23.8861 -9.5298E-06     11.8861    -24.5830     496686.
 165.120  7.75E-05   2390.1551    -19.0725 -8.7373E-06     11.8889    -20.1655     499635.
 167.040  6.15E-05   2316.3669    -53.8801 -7.9569E-06     11.5218    -16.0925     502585.
 168.960  4.69E-05   2183.2554    -81.1931 -7.2109E-06     10.8597    -12.3585     505534.
 170.880  3.38E-05   2004.5854   -101.6475 -6.5165E-06      9.9710     -8.9481     508483.
 172.800  2.19E-05   1792.9291   -115.8414 -5.8869E-06      8.9182     -5.8372     511432.
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 174.720  1.12E-05   1559.7544   -124.3210 -5.3310E-06      7.7584     -2.9957     514381.
 176.640  1.44E-06   1315.5365   -127.5701 -4.8543E-06      6.5436   -.3887640     517330.
 178.560 -7.46E-06   1069.8854   -126.0030 -4.4588E-06      5.3217      2.0211     520279.
 180.480 -1.57E-05    831.6850   -119.9609 -4.1435E-06      4.1369      4.2727     523228.
 182.400 -2.34E-05    609.2354   -109.7109 -3.9046E-06      3.0304      6.4044     526178.
 184.320 -3.07E-05    410.3951    -95.4479 -3.7355E-06      2.0413      8.4529     529127.
 186.240 -3.77E-05    242.7155    -77.2998 -3.6272E-06      1.2073     10.4514     532076.
 188.160 -4.46E-05    113.5638    -55.3353 -3.5681E-06    .5648781     12.4284     535025.
 190.080 -5.14E-05     30.2281    -29.5739 -3.5443E-06    .1503578     14.4063     537974.
 192.000 -5.82E-05      0.0000      0.0000 -3.5393E-06      0.0000     16.3998     270462.

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  2:

Pile-head deflection             =      .50000000 in
Computed slope at pile head      =     -.01297780
Maximum bending moment           =       1396718. lbs-in
Maximum shear force              =    81293.38910 lbs
Depth of maximum bending moment  =    36.48000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             14
Number of zero deflection points =              3

------------------------------------------------------------------------------
             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   =         .750000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =            .000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     Es*h   
    X        y          M           V           S        Stress          p          F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- -----------
   0.000   .750000      0.0000  97251.6641   -.0180526      0.0000  -2754.1202   3525.2739
   1.920   .715339     181647.  91974.9608   -.0180225    903.5300  -2742.4457   7360.8402
   3.840   .680794     353184.  86722.2033   -.0179338   1756.7730  -2729.1767   7696.9283
   5.760   .646473     514660.  81496.4603   -.0177899   2559.9725  -2714.3056   8061.3828
   7.680   .612480     666130.  76300.8168   -.0175942   3313.4009  -2697.8230   8457.1227
   9.600   .578911     807655.  71138.3772   -.0173498   4017.3606  -2679.7182   8887.4709
  11.520   .545857     939302.  66012.2684   -.0170601   4672.1836  -2659.9784   9356.2213
  13.440   .513401    1061142.  60927.1352   -.0167285   5278.2317  -2637.0353   9861.9064
  15.360   .481620    1173262.  55886.1364   -.0163580   5835.9258  -2614.0051  10420.8577
  17.280   .450586    1275745.  50890.9717   -.0159519   6345.6881  -2589.2914  11033.2806
  19.200   .420364    1368683.  45944.8936   -.0155135   6807.9718  -2562.8733  11705.8418
  21.120   .391014    1452173.  41051.1972   -.0150458   7223.2612  -2534.7272  12446.2963
  23.040   .362588    1526320.  36213.2257   -.0145519   7592.0725  -2504.8265  13263.7088
  24.960   .335135    1591232.  31444.2413   -.0140350   7914.9540  -2462.8656  14109.8604
  26.880   .308694    1647066.  26763.6182   -.0134981   8192.6751  -2412.7834  15006.9203
  28.800   .283302    1694005.  22180.2476   -.0129442   8426.1541  -2361.5610  16004.8293
  30.720   .258988    1732238.  17696.3380   -.0123761   8616.3302  -2309.1781  17119.0042
  32.640   .235778    1761958.  13314.1428   -.0117967   8764.1640  -2255.6085  18368.0148
  34.560   .213689    1783364.   9035.9726   -.0112089   8870.6377  -2200.8188  19774.4100
  36.480   .192736    1796657.   4864.2103   -.0106153   8936.7561  -2144.7670  21365.8173
  38.400   .172926    1802043.    801.3294   -.0100186   8963.5469  -2087.4006  23176.4272
  40.320   .154264    1799734.  -3150.0831   -.0094215   8952.0619  -2028.6541  25249.0293
  42.240   .136748    1789946.  -6987.2984   -.0088263   8903.3785  -1968.4452  27637.8601
  44.160   .120371    1772902. -10707.4091   -.0082355   8818.6006  -1906.6701  30412.6673
  46.080   .105123    1748830. -14307.2817   -.0076516   8698.8610  -1843.1971  33664.6515
  48.000   .090989    1717963. -17783.4930   -.0070768   8545.3236  -1777.8564  37515.3965
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  49.920   .077948    1680541. -21132.2446   -.0065133   8359.1864  -1710.4265  42130.7269
  51.840   .065978    1636815. -24349.2420   -.0059633   8141.6859  -1640.6125  47743.0412
  53.760   .055049    1587040. -27429.5227   -.0054288   7894.1023  -1568.0131  54688.9633
  55.680   .045131    1531485. -30367.1984   -.0049117   7617.7667  -1492.0658  63476.4004
  57.600   .036188    1470430. -33155.0558   -.0044140   7314.0719  -1411.9523  74912.3953
  59.520   .028181    1404170. -35783.8979   -.0039374   6984.4867  -1326.4249  90369.0669
  61.440   .021069    1333020. -38241.3791   -.0034835   6630.5795  -1233.4513     112405.
  63.360   .014805    1257323. -40509.7146   -.0030540   6254.0550  -1129.3982     146470.
  65.280   .009341    1177463. -42560.4049   -.0026503   5856.8213  -1006.7375     206925.
  67.200   .004627    1093891. -44334.8881   -.0022737   5441.1275   -841.6824     349230.
  69.120   .000610    1007217. -45250.3249   -.0019254   5010.0002   -111.8976     352179.
  71.040  -.002766     920130. -44866.5956   -.0016058   4576.8211    511.6157     355129.
  72.960  -.005556     834929. -43527.6645   -.0013148   4153.0232    883.1043     305160.
  74.880  -.007815     752984. -41756.4449   -.0010515   3745.4184    961.9162     236326.
  76.800  -.009594     674584. -39860.8848   -.0008148   3355.4518   1012.6256     202647.
  78.720  -.010944     599918. -37884.0702   -.0006035   2984.0533   1046.5563     183607.
  80.640  -.011912     529109. -35853.1399   -.0004163   2631.8450   1068.9960     172306.
  82.560  -.012543     462242. -33787.3215   -.0002520   2299.2383   1082.8981     165767.
  84.480  -.012879     399366. -31701.2402   -.0001091   1986.4883   1090.1032     162509.
  86.400  -.012962     340509. -29606.5678  1.3569E-05   1693.7270   1091.8471     161735.
  88.320  -.012827     285677. -27512.9489    .0001174   1420.9863   1089.0059     163004.
  90.240  -.012511     234859. -25428.5656    .0002037   1168.2143   1082.2267     166086.
  92.160  -.012045     188031. -23360.5046    .0002738    935.2865   1072.0034     170880.
  94.080  -.011459     145155. -21315.0077    .0003291    722.0156   1058.7226     177387.
  96.000  -.010781     106182. -19297.6482    .0003707    528.1580   1042.6936     185687.
  97.920  -.010036  71051.9555 -17313.4608    .0004001    353.4198   1024.1683     195939.
  99.840  -.009245  39697.8577 -15367.0393    .0004185    197.4613   1003.3541     208377.
 101.760  -.008429  12042.5245 -13462.6124    .0004271     59.9008    980.4239     223330.
 103.680  -.007605 -11998.5740 -11604.1042    .0004271     59.6821    955.5222     241235.
 105.600  -.006789 -32517.2356  -9795.1848    .0004197    161.7441    928.7689     262669.
 107.520  -.005993 -49612.0836  -8039.3152    .0004061    246.7756    900.2619     288398.
 109.440  -.005230 -63388.2059  -6339.7900    .0003873    315.2995    870.0768     319441.
 111.360  -.004506 -73956.8771  -4699.7830    .0003646    367.8692    838.2638     357175.
 113.280  -.003830 -81435.3725  -3122.4020    .0003388    405.0680    804.8414     403504.
 115.200  -.003205 -85946.9006  -1671.9368    .0003110    427.5088    706.0598     422958.
 117.120  -.002635 -87855.6099   -432.9257    .0002822    437.0029    584.5767     425907.
 119.040  -.002121 -87609.3355    583.1516    .0002531    435.7779    473.8372     428857.
 120.960  -.001663 -85616.3078   1397.1363    .0002244    425.8644    374.0636     431806.
 122.880  -.001260 -82244.3319   2030.0542    .0001966    409.0918    285.2259     434755.
 124.800  -.000908 -77820.8995   2502.6732    .0001700    387.0892    207.0856     437704.
 126.720  -.000607 -72634.0668   2835.1436    .0001451    361.2894    139.2377     440653.
 128.640  -.000351 -66933.9482   3046.7135    .0001220    332.9364     81.1476     443602.
 130.560  -.000138 -60934.6870   3155.5121    .0001008    303.0954     32.1843     446551.
 132.480  3.57E-05 -54816.7818   3178.3928  8.1561E-05    272.6644     -8.3501     449500.
 134.400   .000175 -48729.6585   3130.8297  6.4392E-05    242.3864    -41.1948     452450.
 136.320   .000283 -42794.3957   3026.8590  4.9217E-05    212.8638    -67.1080     455399.
 138.240   .000364 -37106.5200   2879.0601  3.5969E-05    184.5717    -86.8491     458348.
 140.160   .000421 -31738.8048   2698.5691  2.4555E-05    157.8721   -101.1624     461297.
 142.080   .000458 -26744.0146   2495.1183  1.4858E-05    133.0275   -110.7655     464246.
 144.000   .000478 -22157.5504   2277.0979  6.7500E-06    110.2140   -116.3391     467195.
 145.920   .000484 -17999.9586   2051.6335  9.1703E-08     89.5337   -118.5197     470144.
 147.840   .000478 -14279.2777   1824.6758 -5.2603E-06     71.0266   -117.8946     473093.
 149.760   .000464 -10993.2035   1601.0986 -9.4506E-06     54.6813   -114.9983     476042.
 151.680   .000442  -8131.0590   1384.8017 -1.2621E-05     40.4447   -110.3109     478992.
 153.600   .000415  -5675.5649   1178.8159 -1.4911E-05     28.2308   -104.2576     481941.
 155.520   .000385  -3604.4059    985.4077 -1.6449E-05     17.9287    -97.2093     484890.
 157.440   .000352  -1891.5992    806.1818 -1.7361E-05      9.4090    -89.4844     487839.
 159.360   .000318   -508.6677    642.1798 -1.7759E-05      2.5302    -81.3511     490788.
 161.280   .000284    574.3713    493.9738 -1.7748E-05      2.8570    -73.0302     493737.
 163.200   .000250   1388.1917    361.7540 -1.7422E-05      6.9050    -64.6987     496686.
 165.120   .000217   1963.5067    245.4098 -1.6866E-05      9.7667    -56.4931     499635.
 167.040   .000185   2330.5655    144.6036 -1.6155E-05     11.5925    -48.5134     502585.
 168.960   .000155   2518.7846     58.8371 -1.5350E-05     12.5287    -40.8267     505534.
 170.880   .000126   2556.5000    -12.4895 -1.4509E-05     12.7163    -33.4718     508483.
 172.800  9.93E-05   2470.8250    -70.0263 -1.3675E-05     12.2901    -26.4624     511432.
 174.720  7.39E-05   2287.5991   -114.4298 -1.2886E-05     11.3788    -19.7913     514381.
 176.640  4.99E-05   2031.4146   -146.3265 -1.2170E-05     10.1045    -13.4344     517330.
 178.560  2.71E-05   1725.7054   -166.2836 -1.1547E-05      8.5838     -7.3543     520279.
 180.480  5.52E-06   1392.8854   -174.7873 -1.1030E-05      6.9284     -1.5037     523228.
 182.400 -1.52E-05   1054.5221   -172.2275 -1.0625E-05      5.2453      4.1702     526178.
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 184.320 -3.53E-05    731.5318   -158.8902 -1.0328E-05      3.6387      9.7228     529127.
 186.240 -5.49E-05    444.3836   -134.9567 -1.0133E-05      2.2104     15.2079     532076.
 188.160 -7.42E-05    213.2980   -100.5096 -1.0024E-05      1.0610     20.6745     535025.
 190.080 -9.34E-05     58.4267    -55.5463 -9.9794E-06    .2906204     26.1623     537974.
 192.000  -.000113      0.0000      0.0000 -9.9697E-06      0.0000     31.6985     270462.

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  3:

Pile-head deflection             =      .75000000 in
Computed slope at pile head      =     -.01805262
Maximum bending moment           =       1802043. lbs-in
Maximum shear force              =    97251.66414 lbs
Depth of maximum bending moment  =    38.40000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             16
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 Moment (BC Type 4)
Specified deflection at pile head   =        1.000000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =            .000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     Es*h   
    X        y          M           V           S        Stress          p          F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- -----------
   0.000  1.000000      0.0000     110419.   -.0228122      0.0000  -2959.4948   2841.1150
   1.920   .956201     206550.     104748.   -.0227780   1027.4034  -2948.8138   5921.0618
   3.840   .912533     402230.  99097.5393   -.0226770   2000.7358  -2936.5673   6178.6389
   5.760   .869121     587085.  93472.5973   -.0225130   2920.2217  -2922.7473   6456.7267
   7.680   .826083     761165.  87875.7094   -.0222895   3786.1145  -2907.3443   6757.3157
   9.600   .783529     924528.  82309.9252   -.0220100   4598.6967  -2890.3476   7082.6558
  11.520   .741564    1077235.  76778.3165   -.0216781   5358.2800  -2871.7449   7435.2957
  13.440   .700285    1219356.  71285.5922   -.0212973   6065.2054  -2849.8429   7813.5267
  15.360   .659783    1350972.  65834.8531   -.0208711   6719.8746  -2828.0102   8229.6478
  17.280   .620140    1472162.  60427.6184   -.0204030   7322.6878  -2804.5259   8683.0189
  19.200   .581435    1583014.  55067.0776   -.0198965   7874.0758  -2779.3708   9177.9666
  21.120   .543738    1683620.  49756.4588   -.0193549   8374.4997  -2752.5237   9719.4740
  23.040   .507112    1774079.  44499.0335   -.0187816   8824.4519  -2723.9609  10313.3038
  24.960   .471617    1854496.  39308.8657   -.0181799   9224.4561  -2682.4640  10920.5875
  26.880   .437302    1925025.  34206.7097   -.0175533   9575.2731  -2632.2818  11557.1993
  28.800   .404212    1985850.  29201.9475   -.0169048   9877.8233  -2581.0121  12259.7602
  30.720   .372387    2037160.  24296.6814   -.0162378  10133.0466  -2528.6400  13037.4823
  32.640   .341859    2079149.  19493.0466   -.0155553  10341.9035  -2475.1463  13901.2921
  34.560   .312655    2112014.  14793.2202   -.0148604  10505.3747  -2420.5062  14864.2355
  36.480   .284795    2135955.  10199.4325   -.0141561  10624.4622  -2364.6892  15942.0044
  38.400   .258295    2151179.   5713.9802   -.0134452  10700.1895  -2307.6569  17153.6256
  40.320   .233165    2157897.   1339.2419   -.0127308  10733.6024  -2249.3622  18522.3786
  42.240   .209409    2156322.  -2922.3024   -.0120155  10725.7698  -2189.7465  20077.0315
  44.160   .187026    2146675.  -7068.0473   -.0113020  10677.7848  -2128.7377  21853.5374
  46.080   .166009    2129181. -11095.2315   -.0105931  10590.7662  -2066.2459  23897.4020
  48.000   .146348    2104070. -15000.8996   -.0098912  10465.8597  -2002.1584  26267.0624
  49.920   .128027    2071577. -18781.8513   -.0091988  10304.2406  -1936.3329  29038.8209
  51.840   .111025    2031947. -22434.5741   -.0085185  10107.1159  -1868.5868  32314.2538
  53.760   .095316    1985429. -25955.1529   -.0078524   9875.7277  -1798.6828  36231.6960
  55.680   .080872    1932279. -29339.1424   -.0072028   9611.3580  -1726.3063  40984.7282
  57.600   .067658    1872766. -32581.3857   -.0065719   9315.3337  -1651.0305  46853.3005
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  59.520   .055636    1807167. -35675.7439   -.0059618   8989.0353  -1572.2593  54259.0681
  61.440   .044764    1735771. -38614.6768   -.0053743   8633.9071  -1489.1292  63870.6580
  63.360   .034998    1658887. -41388.5558   -.0048115   8251.4735  -1400.3281  76821.9789
  65.280   .026288    1576839. -43984.4516   -.0042750   7843.3626  -1303.7300  95219.8966
  67.200   .018582    1489986. -46383.7659   -.0037665   7411.3459  -1195.5557     123530.
  69.120   .011825    1398726. -48556.8191   -.0032875   6957.4068  -1068.0413     173418.
  71.040   .005958    1303528. -50446.4888   -.0028395   6483.8836   -900.3647     290147.
  72.960   .000921    1205011. -51475.7598   -.0024236   5993.8508   -171.7926     358078.
  74.880  -.003349    1105861. -51036.2280   -.0020404   5500.6679    629.6382     361027.
  76.800  -.006914    1009032. -49536.6213   -.0016898   5019.0304    932.4521     258936.
  78.720  -.009837     915641. -47663.5253   -.0013707   4554.4908   1018.6895     198824.
  80.640  -.012177     826004. -45653.9075   -.0010819   4108.6304   1074.6624     169441.
  82.560  -.013992     740330. -43554.0255   -.0008222   3682.4757   1112.7147     152692.
  84.480  -.015335     658757. -41392.8057   -.0005902   3276.7243   1138.5560     142555.
  86.400  -.016258     581381. -39190.6490   -.0003846   2891.8500   1155.3571     136442.
  88.320  -.016811     508265. -36963.0239   -.0002039   2528.1610   1165.0857     133062.
  90.240  -.017041     439443. -34722.2456 -4.6788E-05   2185.8356   1169.0583     131716.
  92.160  -.016991     374931. -32478.4727  8.8238E-05   1864.9467   1168.2051     132008.
  94.080  -.016702     314726. -30240.3135    .0002026   1565.4787   1163.2108     133716.
  96.000  -.016213     258808. -28015.2185    .0002977   1287.3399   1154.5964     136730.
  97.920  -.015559     207147. -25809.7489    .0003749   1030.3724   1142.7678     141017.
  99.840  -.014773     159699. -23629.7655    .0004358    794.3593   1128.0483     146605.
 101.760  -.013886     116409. -21480.5676    .0004815    579.0307   1110.6996     153576.
 103.680  -.012924  77213.6060 -19366.9976    .0005136    384.0685   1090.9358     162067.
 105.600  -.011913  42039.7835 -17293.5224    .0005334    209.1102   1068.9342     172271.
 107.520  -.010876  10806.4799 -15264.2977    .0005422     53.7526   1044.8416     184453.
 109.440  -.009832 -16575.1197 -13283.2212    .0005412     82.4464   1018.7797     198958.
 111.360  -.008798 -40201.0896 -11353.9785    .0005318    199.9644    990.8481     216243.
 113.280  -.007789 -60174.3970  -9480.0837    .0005152    299.3137    961.1256     236907.
 115.200  -.006819 -76604.6111  -7664.9197    .0004925    381.0393    929.6702     261748.
 117.120  -.005898 -89607.6888  -5911.7798    .0004649    445.7179    896.5172     291836.
 119.040  -.005034 -99305.8454  -4223.9166    .0004336    493.9576    861.6736     328642.
 120.960  -.004233    -105828.  -2604.6055    .0003996    526.3971    825.1088     374237.
 122.880  -.003500    -109308.  -1057.2335    .0003639    543.7070    786.7370     431626.
 124.800  -.002836    -109887.    318.6327    .0003276    546.5908    646.4569     437704.
 126.720  -.002242    -108084.   1433.1431    .0002914    537.6209    514.4913     440653.
 128.640  -.001717    -104384.   2307.7911    .0002562    519.2170    396.6004     443602.
 130.560  -.001258 -99222.0628   2969.3787    .0002225    493.5408    292.5533     446551.
 132.480  -.000862 -92981.6214   3444.0413    .0001906    462.5002    201.8869     449500.
 134.400  -.000526 -85996.9442   3756.8504    .0001609    427.7577    123.9559     452450.
 136.320  -.000244 -78555.3160   3931.5073    .0001336    390.7423     57.9784     455399.
 138.240 -1.29E-05 -70899.9560   3990.1193    .0001088    352.6637      3.0757     458348.
 140.160   .000174 -63233.2578   3953.0468  8.6608E-05    314.5288    -41.6929     461297.
 142.080   .000320 -55720.2562   3838.8141  6.6885E-05    277.1583    -77.2995     464246.
 144.000   .000430 -48492.2115   3664.0728  4.9606E-05    241.2053   -104.7227     467195.
 145.920   .000510 -41650.2168   3443.6101  3.4660E-05    207.1725   -124.9259     470144.
 147.840   .000563 -35268.7487   3190.3949  2.1907E-05    175.4304   -138.8400     473093.
 149.760   .000594 -29399.1004   2915.6521  1.1185E-05    146.2342   -147.3504     476042.
 151.680   .000606 -24072.6446   2628.9613  2.3190E-06    119.7398   -151.2858     478992.
 153.600   .000603 -19303.8888   2338.3721 -4.8730E-06     96.0195   -151.4113     481941.
 155.520   .000588 -15093.2958   2050.5311 -1.0576E-05     75.0756   -148.4230     484890.
 157.440   .000563 -11429.8493   1770.8174 -1.4974E-05     56.8533   -142.9454     487839.
 159.360   .000530  -8293.3568   1503.4805 -1.8244E-05     41.2520   -135.5305     490788.
 161.280   .000493  -5656.4841   1251.7793 -2.0557E-05     28.1359   -126.6583     493737.
 163.200   .000451  -3486.5244   1018.1182 -2.2073E-05     17.3423   -116.7387     496686.
 165.120   .000408  -1746.9101    804.1791 -2.2941E-05      8.6893   -106.1146     499635.
 167.040   .000363   -398.4767    611.0459 -2.3296E-05      1.9821    -95.0658     502585.
 168.960   .000318    599.5062    439.3221 -2.3263E-05      2.9820    -83.8132     505534.
 170.880   .000274   1288.5202    289.2385 -2.2950E-05      6.4092    -72.5239     508483.
 172.800   .000230   1710.1822    160.7518 -2.2453E-05      8.5066    -61.3164     511432.
 174.720   .000188   1905.8073     53.6321 -2.1853E-05      9.4797    -50.2666     514381.
 176.640   .000146   1916.1295    -32.4603 -2.1219E-05      9.5310    -39.4130     517330.
 178.560   .000106   1781.1597    -97.9092 -2.0606E-05      8.8597    -28.7629     520279.
 180.480  6.71E-05   1540.1583   -143.0882 -2.0056E-05      7.6609    -18.2986     523228.
 182.400  2.91E-05   1231.7010   -168.3187 -1.9596E-05      6.1266     -7.9832     526178.
 184.320 -8.10E-06    893.8145   -173.8390 -1.9244E-05      4.4459      2.2329     529127.
 186.240 -4.48E-05    564.1592   -159.7861 -1.9002E-05      2.8062     12.4056     532076.
 188.160 -8.11E-05    280.2359   -126.1895 -1.8862E-05      1.3939     22.5909     535025.
 190.080  -.000117     79.5915    -72.9781 -1.8802E-05    .3958966     32.8377     537974.
 192.000  -.000153      0.0000      0.0000 -1.8789E-05      0.0000     43.1812     270462.
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Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  4:

Pile-head deflection             =     1.00000000 in
Computed slope at pile head      =     -.02281222
Maximum bending moment           =       2157897. lbs-in
Maximum shear force              =   110419.48141 lbs
Depth of maximum bending moment  =    40.32000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             17
Number of zero deflection points =              3

------------------------------------------------------------------------------
                          Summary of Pile Response(s)
------------------------------------------------------------------------------

Definition of Symbols for Pile-Head Loading Conditions:

Type 1 = Shear and Moment,          y = pile-head displacment in
Type 2 = Shear and Slope,           M = Pile-head Moment lbs-in
Type 3 = Shear and Rot. Stiffness,  V = Pile-head Shear Force lbs
Type 4 = Deflection and Moment,     S = Pile-head Slope, radians
Type 5 = Deflection and Slope,      R = Rot. Stiffness of Pile-head in-lbs/rad

Load  Pile-Head    Pile-Head       Axial    Pile-Head    Maximum     Maximum 
Type  Condition    Condition       Load     Deflection    Moment      Shear
          1            2            lbs         in        in-lbs       lbs
---- ------------ ------------ ----------- ----------- ----------- -----------
  4  y=   .250000 M=     0.000      0.0000    .2500000     901526.  59782.1094
  4  y=   .500000 M=     0.000      0.0000    .5000000    1396718.  81293.3891
  4  y=   .750000 M=     0.000      0.0000    .7500000    1802043.  97251.6641
  4  y=  1.000000 M=     0.000      0.0000   1.0000000    2157897.     110419.

The analysis ended normally. 
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              Subjected to Lateral Loading Using the p-y Method

                        (c) 1985-2005 by Ensoft, Inc.          
                             All Rights Reserved               

==============================================================================

This program is licensed to: 

Hisham Nofal
CH2MHill

Path to file locations:      C:\MyFolder\Projects\SR-57\Final Reports\Retaining 
Walls\Pile Foundation\Sign Structure 630\Lateral Pile Analysis\
Name of input data file:     RW 630.lpd
Name of output file:         RW 630.lpo
Name of plot output file:    RW 630.lpp
Name of runtime file:        RW 630.lpr

------------------------------------------------------------------------------
                          Time and Date of Analysis
------------------------------------------------------------------------------

               Date:  April 14, 2009     Time:  15: 5:32

------------------------------------------------------------------------------
                                Problem Title
------------------------------------------------------------------------------

RW 630                                                                          

------------------------------------------------------------------------------
                                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 uses p-y multiplers for group action
- Analysis assumes no shear resistance at pile tip
- Analysis for fixed-length pile or shaft only
- 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
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- Maximum number of iterations allowed =         1000
- Deflection tolerance for convergence =   10.000E-12 in
- Maximum allowable deflection         =   1.0000E+01 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                               =     180.00 in
Depth of ground surface below top of pile =    -240.00 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   12.00000000    1728.0000     144.0000      3600000.
  2     180.0000   12.00000000    1728.0000     144.0000      3600000.

------------------------------------------------------------------------------
                      Soil and Rock Layering Information
------------------------------------------------------------------------------

The soil profile is modelled using  4 layers

Layer  1 is stiff clay without free water using initial selected k, 2004
Distance from top of pile to top of layer    = 
Layer  1 is stiff clay without free water
Distance from top of pile to top of layer    =     -240.000 in
Distance from top of pile to bottom of layer =      192.000 in
p-y subgrade modulus k for top of soil layer =      200.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =      200.000 lbs/in**3

Layer  2 is stiff clay without free water using initial selected k, 2004
Distance from top of pile to top of layer    = 
Layer  2 is stiff clay without free water
Distance from top of pile to top of layer    =      192.000 in
Distance from top of pile to bottom of layer =      300.000 in
p-y subgrade modulus k for top of soil layer =      120.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =      441.000 lbs/in**3

Layer  3 is stiff clay without free water using initial selected k, 2004
Distance from top of pile to top of layer    = 
Layer  3 is stiff clay without free water
Distance from top of pile to top of layer    =      300.000 in
Distance from top of pile to bottom of layer =      540.000 in
p-y subgrade modulus k for top of soil layer =      441.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =      800.000 lbs/in**3

Layer  4 is stiff clay without free water using initial selected k, 2004
Distance from top of pile to top of layer    = 
Layer  4 is stiff clay without free water
Distance from top of pile to top of layer    =      540.000 in
Distance from top of pile to bottom of layer =     1000.000 in
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p-y subgrade modulus k for top of soil layer =      800.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =      800.000 lbs/in**3

(Depth of lowest layer extends  820.00 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          -240.00         .07500
  2           192.00         .07500
  3           192.00         .06900
  4           300.00         .06900
  5           300.00         .03300
  6           540.00         .03300
  7           540.00         .03900
  8          1000.00         .03900

------------------------------------------------------------------------------
                           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     -240.000       10.42000             .00           .02000        .0
  2      192.000       10.42000             .00           .02000        .0
  3      192.000        8.33000             .00           .02000        .0
  4      300.000       22.93000             .00           .02000        .0
  5      300.000       22.99000             .00           .02000        .0
  6      540.000       55.00000             .00           .02000        .0
  7      540.000       55.56000             .00           .02000        .0
  8     1000.000       55.56000             .00           .02000        .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.

------------------------------------------------------------------------------
                           p-y Modification Factors
------------------------------------------------------------------------------

Distribution of p-y multipliers with depth defined using  2 points
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Point      Depth X         p-mult         y-mult
 No.       in
-----     ----------     ----------     ----------
  1             .000         1.0000         1.0000
  2         1000.000         1.0000         1.0000

------------------------------------------------------------------------------
                                 Loading Type
------------------------------------------------------------------------------

Cyclic loading criteria was used for computation of p-y curves

Number of cycles of loading =        1000.

------------------------------------------------------------------------------
              Pile-head Loading and Pile-head Fixity Conditions
------------------------------------------------------------------------------

Number of loads specified =  4

Load Case Number  1

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =            .250 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =            .000 lbs

Load Case Number  2

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     =            .000 lbs

Load Case Number  3

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =            .750 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =            .000 lbs

Load Case Number  4

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     =            .000 lbs

------------------------------------------------------------------------------
                   Output of p-y Curves at Specified Depths
------------------------------------------------------------------------------

p-y curves are generated and printed for verification at  5 depths.

Page 4



RW 630.lpo
Depth      Depth Below Pile Head      Depth Below Ground Surface
 No.                 in                         in
-----      ---------------------      --------------------------
  1                24.000                    264.000
  2                48.000                    288.000
  3                72.000                    312.000
  4                96.000                    336.000
  5               120.000                    360.000

Depth of ground surface below top of pile =    -240.00 in

p-y Curve Computed Using Cyclic Criteria for Stiff Clay without Free Water
With Option of Defining Initial k

Soil Layer Number           =          1
Depth below ground surface  =      264.000 in
Diameter                    =       12.000 in
Undrained cohesion, c       =     10.42000 lbs/in**2
Average Eff. Unit Weight    =       .07500 lbs/in**3
k                           =      200.000 pci  
Epsilon-50                  =       .02000
Pct                         =     1988.160 lbs/in
Pcd                         =     1125.360 lbs/in
y50                         =         .600 in
p-multiplier                =      1.00000
y-multiplier                =      1.00000
Number of Cycles of Loading =        1000.

        y, in            p, lbs/in
----------------    -----------------
         0.0000           0.0000
     9.6000E-05           5.0688
       .0004800          25.3440
       .0009600          50.6880
       .0048000         130.0902
       .0096000         154.7042
       .0480000         231.3367
       .0960000         275.1072
       .2400000         345.9290
       .4800000         411.3812
       .7200000         455.2682
       .9600000         489.2175
         2.4000         615.1584
         4.8000         731.5508
         9.6000         869.9654
        21.6000        1065.4856
        33.6000        1125.3600

p-y Curve Computed Using Cyclic Criteria for Stiff Clay without Free Water
With Option of Defining Initial k

Soil Layer Number           =          1
Depth below ground surface  =      288.000 in
Diameter                    =       12.000 in
Undrained cohesion, c       =     10.42000 lbs/in**2
Average Eff. Unit Weight    =       .07500 lbs/in**3
k                           =      200.000 pci  
Epsilon-50                  =       .02000
Pct                         =     2134.800 lbs/in
Pcd                         =     1125.360 lbs/in
y50                         =         .600 in
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p-multiplier                =      1.00000
y-multiplier                =      1.00000
Number of Cycles of Loading =        1000.

        y, in            p, lbs/in
----------------    -----------------
         0.0000           0.0000
     9.6000E-05           5.5296
       .0004800          27.6480
       .0009600          55.2960
       .0048000         130.0902
       .0096000         154.7042
       .0480000         231.3367
       .0960000         275.1072
       .2400000         345.9290
       .4800000         411.3812
       .7200000         455.2682
       .9600000         489.2175
         2.4000         615.1584
         4.8000         731.5508
         9.6000         869.9654
        21.6000        1065.4856
        33.6000        1125.3600

p-y Curve Computed Using Cyclic Criteria for Stiff Clay without Free Water
With Option of Defining Initial k

Soil Layer Number           =          1
Depth below ground surface  =      312.000 in
Diameter                    =       12.000 in
Undrained cohesion, c       =     10.42000 lbs/in**2
Average Eff. Unit Weight    =       .07500 lbs/in**3
k                           =      200.000 pci  
Epsilon-50                  =       .02000
Pct                         =     2281.440 lbs/in
Pcd                         =     1125.360 lbs/in
y50                         =         .600 in
p-multiplier                =      1.00000
y-multiplier                =      1.00000
Number of Cycles of Loading =        1000.

        y, in            p, lbs/in
----------------    -----------------
         0.0000           0.0000
     9.6000E-05           5.9904
       .0004800          29.9520
       .0009600          59.9040
       .0048000         130.0902
       .0096000         154.7042
       .0480000         231.3367
       .0960000         275.1072
       .2400000         345.9290
       .4800000         411.3812
       .7200000         455.2682
       .9600000         489.2175
         2.4000         615.1584
         4.8000         731.5508
         9.6000         869.9654
        21.6000        1065.4856
        33.6000        1125.3600
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p-y Curve Computed Using Cyclic Criteria for Stiff Clay without Free Water
With Option of Defining Initial k

Soil Layer Number           =          1
Depth below ground surface  =      336.000 in
Diameter                    =       12.000 in
Undrained cohesion, c       =     10.42000 lbs/in**2
Average Eff. Unit Weight    =       .07500 lbs/in**3
k                           =      200.000 pci  
Epsilon-50                  =       .02000
Pct                         =     2428.080 lbs/in
Pcd                         =     1125.360 lbs/in
y50                         =         .600 in
p-multiplier                =      1.00000
y-multiplier                =      1.00000
Number of Cycles of Loading =        1000.

        y, in            p, lbs/in
----------------    -----------------
         0.0000           0.0000
     9.6000E-05           6.4512
       .0004800          32.2560
       .0009600          64.5120
       .0048000         130.0902
       .0096000         154.7042
       .0480000         231.3367
       .0960000         275.1072
       .2400000         345.9290
       .4800000         411.3812
       .7200000         455.2682
       .9600000         489.2175
         2.4000         615.1584
         4.8000         731.5508
         9.6000         869.9654
        21.6000        1065.4856
        33.6000        1125.3600

p-y Curve Computed Using Cyclic Criteria for Stiff Clay without Free Water
With Option of Defining Initial k

Soil Layer Number           =          1
Depth below ground surface  =      360.000 in
Diameter                    =       12.000 in
Undrained cohesion, c       =     10.42000 lbs/in**2
Average Eff. Unit Weight    =       .07500 lbs/in**3
k                           =      200.000 pci  
Epsilon-50                  =       .02000
Pct                         =     2574.720 lbs/in
Pcd                         =     1125.360 lbs/in
y50                         =         .600 in
p-multiplier                =      1.00000
y-multiplier                =      1.00000
Number of Cycles of Loading =        1000.

        y, in            p, lbs/in
----------------    -----------------
         0.0000           0.0000
     9.6000E-05           6.9120
       .0004800          34.5600
       .0009600          69.1200
       .0048000         130.0902
       .0096000         154.7042
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       .0480000         231.3367
       .0960000         275.1072
       .2400000         345.9290
       .4800000         411.3812
       .7200000         455.2682
       .9600000         489.2175
         2.4000         615.1584
         4.8000         731.5508
         9.6000         869.9654
        21.6000        1065.4856
        33.6000        1125.3600

------------------------------------------------------------------------------
             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   =         .250000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =            .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   .250000      0.0000  15327.1088   -.0045548      0.0000   -349.4774
   1.800   .241801  27022.6423  14700.6604   -.0045508     93.8286   -346.5763
   3.600   .233617  52922.3774  14079.4967   -.0045393    183.7583   -343.6056
   5.400   .225460  77708.8303  13463.7420   -.0045204    269.8223   -340.5662
   7.200   .217344     101392.  12853.5194   -.0044945    352.0550   -337.4589
   9.000   .209280     123982.  12248.9505   -.0044619    430.4913   -334.2844
  10.800   .201281     145488.  11650.1555   -.0044229    505.1669   -331.0433
  12.600   .193358     165922.  11057.2539   -.0043778    576.1183   -327.7363
  14.400   .185521     185294.  10470.3639   -.0043270    643.3826   -324.3637
  16.200   .177780     203615.   9889.6030   -.0042707    706.9978   -320.9262
  18.000   .170146     220897.   9315.0879   -.0042093    767.0026   -317.4239
  19.800   .162627     237150.   8746.9348   -.0041431    823.4364   -313.8573
  21.600   .155231     252386.   8185.2594   -.0040722    876.3393   -310.2265
  23.400   .147967     266617.   7630.1771   -.0039971    925.7522   -306.5316
  25.200   .140841     279854.   7081.8032   -.0039181    971.7165   -302.7727
  27.000   .133862     292111.   6540.2529   -.0038353   1014.2747   -298.9498
  28.800   .127034     303399.   6005.6417   -.0037492   1053.4697   -295.0627
  30.600   .120365     313731.   5478.0851   -.0036599   1089.3452   -291.1112
  32.400   .113859     323120.   4957.6995   -.0035678   1121.9457   -287.0950
  34.200   .107521     331579.   4444.6018   -.0034730   1151.3165   -283.0136
  36.000   .101356     339121.   3938.9099   -.0033760   1177.5033   -278.8664
  37.800   .095367     345759.   3440.7427   -.0032769   1200.5528   -274.6527
  39.600   .089559     351508.   2950.2208   -.0031760   1220.5126   -270.3717
  41.400   .083933     356380.   2467.4663   -.0030736   1237.4306   -266.0222
  43.200   .078494     360390.   1992.6035   -.0029699   1251.3559   -261.6031
  45.000   .073242     363553.   1525.7591   -.0028652   1262.3381   -257.1128
  46.800   .068179     365883.   1067.0628   -.0027597   1270.4279   -252.5497
  48.600   .063307     367395.    616.6476   -.0026536   1275.6764   -247.9117
  50.400   .058626     368103.    174.6503   -.0025472   1278.1360   -243.1964
  52.200   .054137     368024.   -258.7873   -.0024407   1277.8596   -238.4010
  54.000   .049840     367172.   -683.5182   -.0023343   1274.9011   -233.5223
  55.800   .045734     365563.  -1099.3889   -.0022283   1269.3156   -228.5563
  57.600   .041818     363214.  -1506.2384   -.0021228   1261.1588   -223.4987
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  59.400   .038091     360140.  -1903.8967   -.0020182   1250.4876   -218.3439
  61.200   .034552     356360.  -2292.1832   -.0019145   1237.3601   -213.0855
  63.000   .031199     351889.  -2670.9045   -.0018121   1221.8353   -207.7159
  64.800   .028029     346744.  -3039.8518   -.0017110   1203.9737   -202.2256
  66.600   .025040     340945.  -3398.7978   -.0016115   1183.8372   -196.6033
  68.400   .022228     334509.  -3747.4920   -.0015138   1161.4888   -190.8347
  70.200   .019590     327454.  -4085.6553   -.0014180   1136.9935   -184.9023
  72.000   .017123     319800.  -4412.9726   -.0013244   1110.4181   -178.7836
  73.800   .014822     311567.  -4729.0825   -.0012330   1081.8313   -172.4496
  75.600   .012684     302776.  -5033.5631   -.0011441   1051.3046   -165.8621
  77.400   .010703     293447.  -5325.9114   -.0010579   1018.9118   -158.9693
  79.200   .008875     283602.  -5605.5128   -.0009744    984.7307   -151.6989
  81.000   .007195     273267.  -5871.5928   -.0008938    948.8429   -143.9456
  82.800   .005658     262465.  -6123.1372   -.0008163    911.3358   -135.5483
  84.600   .004257     251223.  -6358.7478   -.0007420    872.3037   -126.2412
  86.400   .002986     239573.  -6576.3487   -.0006710    831.8514   -115.5376
  88.200   .001841     227549.  -6772.4714   -.0006034    790.0993   -102.3765
  90.000   .000814     215192.  -6912.9702   -.0005394    747.1955    -53.7334
  91.800  -.000101     202662.  -6955.3173   -.0004789    703.6872      6.6811
  93.600  -.000910     190153.  -6894.6638   -.0004221    660.2540     60.7117
  95.400  -.001620     177841.  -6750.7816   -.0003688    617.5039     99.1573
  97.200  -.002238     165850.  -6564.7944   -.0003191    575.8693    107.4951
  99.000  -.002769     154208.  -6366.0118   -.0002728    535.4440    113.3745
 100.800  -.003220     142933.  -6158.0158   -.0002298    496.2941    117.7322
 102.600  -.003596     132039.  -5943.1280   -.0001900    458.4688    121.0321
 104.400  -.003904     121537.  -5723.0115   -.0001534    422.0050    123.5417
 106.200  -.004148     111436.  -5498.9358   -.0001197    386.9311    125.4313
 108.000  -.004335     101741.  -5271.9125 -8.8810E-05    353.2683    126.8168
 109.800  -.004468  92457.2797  -5042.7743 -6.0714E-05    321.0322    127.7812
 111.600  -.004553  83587.2915  -4812.2238 -3.5245E-05    290.2337    128.3861
 113.400  -.004595  75133.2741  -4580.8654 -1.2282E-05    260.8794    128.6788
 115.200  -.004598  67096.1761  -4349.2276  8.2955E-06    232.9728    128.6966
 117.000  -.004565  59476.0550  -4117.7783  2.6608E-05    206.5141    128.4692
 118.800  -.004502  52272.1741  -3886.9372  4.2775E-05    181.5006    128.0210
 120.600  -.004411  45483.0811  -3657.0836  5.6918E-05    157.9274    127.3719
 122.400  -.004297  39106.6731  -3428.5641  6.9156E-05    135.7871    126.5387
 124.200  -.004162  33140.2503  -3201.6975  7.9608E-05    115.0703    125.5354
 126.000  -.004010  27580.5622  -2976.7792  8.8393E-05     95.7658    124.3738
 127.800  -.003844  22423.8453  -2754.0851  9.5627E-05     77.8606    123.0640
 129.600  -.003666  17665.8557  -2533.8748    .0001014     61.3398    121.6142
 131.400  -.003479  13301.8960  -2316.3939    .0001059     46.1871    120.0313
 133.200  -.003285   9326.8378  -2101.8769    .0001092     32.3849    118.3209
 135.000  -.003086   5735.1390  -1890.5499    .0001114     19.9137    116.4870
 136.800  -.002884   2520.8583  -1682.6322    .0001126      8.7530    114.5326
 138.600  -.002681   -322.3368  -1478.3398    .0001129      1.1192    112.4589
 140.400  -.002478  -2801.1650  -1277.8877    .0001124      9.7263    110.2656
 142.200  -.002276  -4922.7326  -1081.4935    .0001113     17.0928    107.9503
 144.000  -.002077  -6694.5414   -889.3809    .0001096     23.2449    105.5082
 145.800  -.001881  -8124.5037   -701.7853    .0001075     28.2101    102.9314
 147.600  -.001690  -9220.9684   -518.9600    .0001050     32.0173    100.2079
 149.400  -.001503  -9992.7596   -341.1848    .0001022     34.6971     97.3200
 151.200  -.001322 -10449.2339   -168.7786  9.9232E-05     36.2821     94.2424
 153.000  -.001146 -10600.3626     -2.8813  9.6187E-05     36.8068     90.0879
 154.800  -.000976 -10459.6066    147.5407  9.3140E-05     36.3181     77.0476
 156.600  -.000811 -10069.2161    274.7687  9.0170E-05     34.9626     64.3168
 158.400  -.000651  -9470.4392    379.3504  8.7343E-05     32.8835     51.8851
 160.200  -.000496  -8703.5546    461.8069  8.4714E-05     30.2207     39.7332
 162.000  -.000346  -7807.9344    522.6177  8.2325E-05     27.1109     27.8344
 163.800  -.000200  -6822.1309    562.2088  8.0208E-05     23.6880     16.1558
 165.600 -5.74E-05  -5783.9827    580.9432  7.8385E-05     20.0833      4.6602
 167.400  8.21E-05  -4730.7355    579.1140  7.6863E-05     16.4262     -6.6926
 169.200   .000219  -3699.1723    556.9408  7.5644E-05     12.8443    -17.9442
 171.000   .000354  -2725.7485    514.5684  7.4714E-05      9.4644    -29.1363

Page 9



RW 630.lpo
 172.800   .000488  -1846.7262    452.0682  7.4053E-05      6.4122    -40.3084
 174.600   .000621  -1098.3030    369.4433  7.3627E-05      3.8136    -51.4971
 176.400   .000753   -516.7304    266.6355  7.3393E-05      1.7942    -62.7338
 178.200   .000885   -138.4153    143.5362  7.3298E-05    .4806086    -74.0432
 180.000   .001017      0.0000      0.0000  7.3278E-05      0.0000    -85.4415

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  1:

Pile-head deflection             =      .25000000 in
Computed slope at pile head      =     -.00455475
Maximum bending moment           =   368103.15799 lbs-in
Maximum shear force              =    15327.10878 lbs
Depth of maximum bending moment  =    50.40000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             46
Number of zero deflection points =              2

------------------------------------------------------------------------------
             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   =         .500000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =            .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  20758.1652   -.0080050      0.0000   -415.6011
   1.800   .485591  36691.4237  20012.8077   -.0079997    127.4008   -412.5739
   3.600   .471201  72046.1078  19272.9566   -.0079840    250.1601   -409.4828
   5.400   .456849     106074.  18538.7265   -.0079582    368.3127   -406.3284
   7.200   .442551     138786.  17810.2307   -.0079228    481.8942   -403.1114
   9.000   .428326     170191.  17087.5813   -.0078781    590.9406   -399.8323
  10.800   .414190     200301.  16370.8897   -.0078245    695.4889   -396.4917
  12.600   .400158     229126.  15660.2661   -.0077624    795.5767   -393.0901
  14.400   .386246     256678.  14955.8199   -.0076921    891.2423   -389.6279
  16.200   .372467     282967.  14257.6599   -.0076140    982.5245   -386.1055
  18.000   .358835     308005.  13565.8939   -.0075285   1069.4630   -382.5233
  19.800   .345364     331804.  12880.6296   -.0074360   1152.0982   -378.8815
  21.600   .332066     354376.  12201.9738   -.0073367   1230.4709   -375.1804
  23.400   .318952     375731.  11530.0333   -.0072311   1304.6228   -371.4202
  25.200   .306034     395884.  10864.9143   -.0071194   1374.5963   -367.6009
  27.000   .293322     414845.  10206.7232   -.0070021   1440.4343   -363.7226
  28.800   .280826     432628.   9555.5659   -.0068795   1502.1803   -359.7855
  30.600   .268556     449245.   8911.5487   -.0067519   1559.8788   -355.7892
  32.400   .256519     464710.   8274.7779   -.0066197   1613.5747   -351.7339
  34.200   .244725     479034.   7645.3601   -.0064832   1663.3136   -347.6192
  36.000   .233180     492233.   7023.4026   -.0063426   1709.1417   -343.4448
  37.800   .221891     504319.   6409.0128   -.0061985   1751.1061   -339.2105
  39.600   .210865     515305.   5802.2992   -.0060510   1789.2544   -334.9157
  41.400   .200108     525207.   5203.3711   -.0059004   1823.6348   -330.5600
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  43.200   .189624     534037.   4612.3389   -.0057472   1854.2965   -326.1426
  45.000   .179418     541811.   4029.3141   -.0055915   1881.2891   -321.6627
  46.800   .169495     548543.   3454.4100   -.0054338   1904.6629   -317.1196
  48.600   .159857     554247.   2887.7415   -.0052742   1924.4692   -312.5121
  50.400   .150507     558939.   2329.4256   -.0051132   1940.7597   -307.8389
  52.200   .141449     562633.   1779.5817   -.0049509   1953.5870   -303.0988
  54.000   .132684     565345.   1238.3317   -.0047877   1963.0045   -298.2901
  55.800   .124213     567091.    705.8008   -.0046239   1969.0662   -293.4109
  57.600   .116038     567886.    182.1178   -.0044597   1971.8270   -288.4591
  59.400   .108159     567747.   -332.5845   -.0042954   1971.3426   -283.4323
  61.200   .100575     566689.   -838.1685   -.0041313   1967.6697   -278.3276
  63.000   .093286     564729.  -1334.4910   -.0039676   1960.8655   -273.1419
  64.800   .086291     561885.  -1821.4028   -.0038046   1950.9885   -267.8713
  66.600   .079590     558172.  -2298.7472   -.0036425   1938.0980   -262.5114
  68.400   .073178     553609.  -2766.3590   -.0034817   1922.2542   -257.0572
  70.200   .067056     548213.  -3224.0630   -.0033223   1903.5185   -251.5028
  72.000   .061218     542003.  -3671.6724   -.0031645   1881.9534   -245.8410
  73.800   .055663     534995.  -4108.9865   -.0030087   1857.6226   -240.0635
  75.600   .050387     527210.  -4535.7880   -.0028551   1830.5911   -234.1603
  77.400   .045385     518666.  -4951.8397   -.0027037   1800.9252   -228.1194
  79.200   .040653     509384.  -5356.8806   -.0025550   1768.6931   -221.9260
  81.000   .036187     499382.  -5750.6198   -.0024091   1733.9642   -215.5620
  82.800   .031981     488681.  -6132.7299   -.0022661   1696.8103   -209.0048
  84.600   .028029     477304.  -6502.8372   -.0021264   1657.3051   -202.2255
  86.400   .024326     465271.  -6860.5086   -.0019900   1615.5249   -195.1871
  88.200   .020865     452606.  -7205.2333   -.0018572   1571.5488   -187.8404
  90.000   .017640     439332.  -7536.3964   -.0017282   1525.4594   -180.1186
  91.800   .014644     425475.  -7853.2384   -.0016030   1477.3438   -171.9281
  93.600   .011869     411061.  -8154.7920   -.0014820   1427.2940   -163.1315
  95.400   .009308     396118.  -8439.7748   -.0013652   1375.4089   -153.5160
  97.200   .006954     380677.  -8706.3905   -.0012528   1321.7968   -142.7237
  99.000   .004798     364775.  -8951.9122   -.0011450   1266.5790   -130.0781
 100.800   .002832     348451.  -9171.5970   -.0010418   1209.8979   -114.0161
 102.600   .001048     331757.  -9338.8217   -.0009434   1151.9341    -71.7892
 104.400  -.000564     314831.  -9368.4677   -.0008499   1093.1626     38.8492
 106.200  -.002012     298031.  -9239.2992   -.0007612   1034.8282    104.6715
 108.000  -.003304     281569.  -9038.4485   -.0006773    977.6714    118.4960
 109.800  -.004450     265492.  -8816.9152   -.0005982    921.8476    127.6521
 111.600  -.005458     249828.  -8581.1272   -.0005236    867.4599    134.3345
 113.400  -.006335     234600.  -8334.7337   -.0004535    814.5835    139.4360
 115.200  -.007091     219823.  -8080.1651   -.0003878    763.2758    143.4180
 117.000  -.007731     205511.  -7819.1903   -.0003263    713.5815    146.5540
 118.800  -.008265     191674.  -7553.1732   -.0002688    665.5359    149.0205
 120.600  -.008699     178320.  -7283.2096   -.0002153    619.1668    150.9391
 122.400  -.009040     165455.  -7010.2069   -.0001655    574.4958    152.3973
 124.200  -.009295     153083.  -6734.9351   -.0001195    531.5392    153.4603
 126.000  -.009470     141209.  -6458.0605 -7.6877E-05    490.3091    154.1782
 127.800  -.009572     129834.  -6180.1691 -3.7663E-05    450.8134    154.5901
 129.600  -.009606     118960.  -5901.7836 -1.6687E-06    413.0570    154.7271
 131.400  -.009578     108588.  -5623.3763  3.1252E-05    377.0412    154.6143
 133.200  -.009493  98716.2498  -5345.3786  6.1244E-05    342.7648    154.2720
 135.000  -.009357  89344.4890  -5068.1887  8.8452E-05    310.2239    153.7167
 136.800  -.009175  80470.7703  -4792.1781    .0001130    279.4124    152.9618
 138.600  -.008950  72092.6478  -4517.6965    .0001351    250.3217    152.0178
 140.400  -.008688  64207.0629  -4245.0767    .0001548    222.9412    150.8931
 142.200  -.008393  56810.3717  -3974.6383    .0001723    197.2582    149.5940
 144.000  -.008068  49898.3651  -3706.6917    .0001878    173.2582    148.1244
 145.800  -.007717  43466.2816  -3441.5418    .0002013    150.9246    146.4866
 147.600  -.007344  37508.8148  -3179.4913    .0002130    130.2389    144.6806
 149.400  -.006950  32020.1130  -2920.8451    .0002230    111.1809    142.7041
 151.200  -.006541  26993.7726  -2665.9142    .0002316     93.7284    140.5524
 153.000  -.006117  22422.8218  -2415.0212    .0002387     77.8570    138.2177
 154.800  -.005681  18299.6964  -2168.5055    .0002446     63.5406    135.6886
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 156.600  -.005236  14616.2021  -1926.7314    .0002494     50.7507    132.9492
 158.400  -.004783  11363.4632  -1690.0974    .0002531     39.4565    129.9775
 160.200  -.004325   8531.8513  -1459.0487    .0002560     29.6245    126.7433
 162.000  -.003862   6110.8879  -1234.0949    .0002581     21.2184    123.2053
 163.800  -.003395   4089.1097  -1015.8353    .0002596     14.1983    119.3053
 165.600  -.002927   2453.8806   -804.9972    .0002606      8.5204    114.9594
 167.400  -.002457   1191.1199   -602.4964    .0002611      4.1358    110.0415
 169.200  -.001987    284.8936   -409.5434    .0002613    .9892140    104.3507
 171.000  -.001517   -283.2365   -227.8452    .0002613    .9834601     97.5363
 172.800  -.001047   -535.3492    -62.3011    .0002612      1.8589     86.4017
 174.600  -.000577   -507.5204     58.4868    .0002610      1.7622     47.8071
 176.400  -.000107   -324.7966    109.5197    .0002609      1.1278      8.8961
 178.200   .000363   -113.2493     90.2213    .0002608    .3932269    -30.3389
 180.000   .000832      0.0000      0.0000    .0002608      0.0000    -69.9070

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  2:

Pile-head deflection             =      .50000000 in
Computed slope at pile head      =     -.00800504
Maximum bending moment           =   567886.17011 lbs-in
Maximum shear force              =    20758.16524 lbs
Depth of maximum bending moment  =    57.60000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             50
Number of zero deflection points =              2

------------------------------------------------------------------------------
             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   =         .750000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =            .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   .750000      0.0000  24702.7528   -.0110997      0.0000   -459.9382
   1.800   .730020  43719.8552  23877.6488   -.0110934    151.8051   -456.8440
   3.600   .710064  85959.5358  23058.1689   -.0110746    298.4706   -453.6893
   5.400   .690152     126729.  22244.4214   -.0110439    440.0322   -450.4746
   7.200   .670306     166039.  21436.5137   -.0110015    576.5259   -447.2006
   9.000   .650546     203901.  20634.5521   -.0109480    707.9886   -443.8679
  10.800   .630893     240324.  19838.6418   -.0108837    834.4578   -440.4769
  12.600   .611365     275320.  19048.8874   -.0108091    955.9716   -437.0280
  14.400   .591980     308900.  18265.3925   -.0107246   1072.5689   -433.5218
  16.200   .572756     341075.  17488.2601   -.0106306   1184.2890   -429.9586
  18.000   .553710     371858.  16717.5925   -.0105274   1291.1721   -426.3387
  19.800   .534858     401259.  15953.4914   -.0104156   1393.2589   -422.6625
  21.600   .516214     429290.  15196.0580   -.0102954   1490.5908   -418.9302
  23.400   .497794     455964.  14445.3930   -.0101673   1583.2096   -415.1420
  25.200   .479612     481294.  13701.5971   -.0100317   1671.1582   -411.2980
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  27.000   .461680     505290.  12964.7702   -.0098890   1754.4796   -407.3985
  28.800   .444011     527967.  12235.0124   -.0097395   1833.2178   -403.4435
  30.600   .426618     549336.  11512.4236   -.0095836   1907.4173   -399.4330
  32.400   .409510     569411.  10797.1037   -.0094218   1977.1231   -395.3670
  34.200   .392699     588206.  10089.1526   -.0092543   2042.3811   -391.2454
  36.000   .376195     605732.   9388.6705   -.0090816   2103.2375   -387.0681
  37.800   .360006     622005.   8695.7578   -.0089040   2159.7394   -382.8349
  39.600   .344141     637037.   8010.5154   -.0087218   2211.9345   -378.5455
  41.400   .328607     650843.   7333.0447   -.0085355   2259.8709   -374.1997
  43.200   .313413     663436.   6663.4477   -.0083453   2303.5975   -369.7970
  45.000   .298564     674831.   6001.8273   -.0081517   2343.1640   -365.3369
  46.800   .284067     685043.   5348.2871   -.0079550   2378.6204   -360.8189
  48.600   .269926     694085.   4702.9321   -.0077554   2410.0176   -356.2422
  50.400   .256147     701973.   4065.8686   -.0075535   2437.4070   -351.6062
  52.200   .242734     708722.   3437.2042   -.0073494   2460.8409   -346.9098
  54.000   .229689     714347.   2817.0483   -.0071435   2480.3721   -342.1522
  55.800   .217017     718864.   2205.5125   -.0069361   2496.0540   -337.3320
  57.600   .204719     722287.   1602.7104   -.0067276   2507.9410   -332.4480
  59.400   .192797     724633.   1008.7584   -.0065183   2516.0879   -327.4986
  61.200   .181253     725919.    423.7758   -.0063085   2520.5505   -322.4821
  63.000   .170087     726159.   -152.1149   -.0060984   2521.3851   -317.3964
  64.800   .159299     725371.   -718.7870   -.0058884   2518.6490   -312.2392
  66.600   .148889     723571.  -1276.1095   -.0056787   2512.4003   -307.0081
  68.400   .138856     720777.  -1823.9466   -.0054698   2502.6977   -301.6998
  70.200   .129198     717005.  -2362.1564   -.0052618   2489.6009   -296.3111
  72.000   .119913     712273.  -2890.5905   -.0050550   2473.1707   -290.8379
  73.800   .111000     706599.  -3409.0927   -.0048497   2453.4686   -285.2757
  75.600   .102454     700000.  -3917.4979   -.0046462   2430.5571   -279.6190
  77.400   .094273     692496.  -4415.6307   -.0044447   2404.4998   -273.8618
  79.200   .086453     684104.  -4903.3034   -.0042456   2375.3617   -267.9967
  81.000   .078989     674844.  -5380.3140   -.0040490   2343.2085   -262.0151
  82.800   .071877     664735.  -5846.4435   -.0038552   2308.1077   -255.9066
  84.600   .065111     653797.  -6301.4526   -.0036644   2270.1280   -249.6590
  86.400   .058685     642050.  -6745.0774   -.0034769   2229.3396   -243.2574
  88.200   .052594     629515.  -7177.0241   -.0032930   2185.8145   -236.6834
  90.000   .046830     616213.  -7596.9620   -.0031127   2139.6268   -229.9143
  91.800   .041388     602166.  -8004.5144   -.0029365   2090.8525   -222.9218
  93.600   .036259     587396.  -8399.2464   -.0027644   2039.5704   -215.6693
  95.400   .031436     571928.  -8780.6470   -.0025966   1985.8619   -208.1093
  97.200   .026911     555786.  -9148.1059   -.0024335   1929.8123   -200.1783
  99.000   .022676     538995.  -9500.8765   -.0022751   1871.5106   -191.7890
 100.800   .018721     521583.  -9838.0213   -.0021217   1811.0513   -182.8163
 102.600   .015038     503578. -10158.3214   -.0019733   1748.5353   -173.0727
 104.400   .011617     485013. -10460.1185   -.0018303   1684.0723   -162.2575
 106.200   .008448     465922. -10741.0063   -.0016927   1617.7839   -149.8400
 108.000   .005523     446345. -10997.1220   -.0015608   1549.8097   -134.7330
 109.800   .002830     426332. -11220.9729   -.0014345   1480.3198   -113.9902
 111.600   .000359     405950. -11346.2572   -.0013141   1409.5476    -25.2146
 113.400  -.001901     385486. -11276.0692   -.0011996   1338.4916    103.2012
 115.200  -.003960     365356. -11071.6047   -.0010910   1268.5967    123.9816
 117.000  -.005829     345628. -10837.1170   -.0009881   1200.0966    136.5603
 118.800  -.007517     326342. -10583.2372   -.0008909   1133.1327    145.5283
 120.600  -.009036     307528. -10315.1206   -.0007992   1067.8061    152.3791
 122.400  -.010394     289208. -10035.9513   -.0007128   1004.1937    157.8090
 124.200  -.011602     271399.  -9747.9376   -.0006317    942.3567    162.2062
 126.000  -.012668     254115.  -9452.7215   -.0005557    882.3445    165.8117
 127.800  -.013603     237369.  -9151.5825   -.0004846    824.1977    168.7872
 129.600  -.014413     221170.  -8845.5517   -.0004183    767.9497    171.2470
 131.400  -.015108     205525.  -8535.4811   -.0003565    713.6283    173.2759
 133.200  -.015697     190442.  -8222.0881   -.0002992    661.2562    174.9385
 135.000  -.016186     175925.  -7905.9866   -.0002462    610.8522    176.2854
 136.800  -.016583     161980.  -7587.7077   -.0001974    562.4314    177.3578
 138.600  -.016896     148610.  -7267.7157   -.0001524    516.0058    178.1889
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 140.400  -.017132     135816.  -6946.4193   -.0001113    471.5849    178.8070
 142.200  -.017297     123603.  -6624.1807 -7.3739E-05    429.1756    179.2358
 144.000  -.017397     111969.  -6301.3224 -3.9658E-05    388.7827    179.4957
 145.800  -.017439     100918.  -5978.1321 -8.8581E-06    350.4091    179.6045
 147.600  -.017429  90448.1323  -5654.8679  1.8828E-05    314.0560    179.5779
 149.400  -.017372  80560.2863  -5331.7610  4.3569E-05    279.7232    179.4298
 151.200  -.017272  71253.7926  -5009.0190  6.5533E-05    247.4090    179.1725
 153.000  -.017136  62527.8180  -4686.8280  8.4888E-05    217.1105    178.8174
 154.800  -.016967  54381.2118  -4365.3551    .0001018    188.8237    178.3747
 156.600  -.016769  46812.5397  -4044.7496    .0001164    162.5435    177.8536
 158.400  -.016547  39820.1132  -3725.1451    .0001290    138.2643    177.2626
 160.200  -.016305  33402.0175  -3406.6602    .0001396    115.9792    176.6095
 162.000  -.016045  27556.1364  -3089.4005    .0001484     95.6810    175.9014
 163.800  -.015771  22280.1758  -2773.4589    .0001556     77.3617    175.1448
 165.600  -.015485  17571.6843  -2458.9175    .0001614     61.0128    174.3456
 167.400  -.015190  13428.0727  -2145.8482    .0001658     46.6253    173.5092
 169.200  -.014888   9846.6307  -1834.3138    .0001692     34.1897    172.6402
 171.000  -.014581   6824.5430  -1524.3691    .0001716     23.6963    171.7428
 172.800  -.014270   4358.9018  -1216.0623    .0001732     15.1351    170.8204
 174.600  -.013957   2446.7188   -909.4355    .0001742      8.4956    169.8760
 176.400  -.013643   1084.9340   -604.5267    .0001747      3.7671    168.9116
 178.200  -.013328    270.4227   -301.3705    .0001749    .9389676    167.9286
 180.000  -.013013      0.0000      0.0000    .0001750      0.0000    166.9276

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  3:

Pile-head deflection             =      .75000000 in
Computed slope at pile head      =     -.01109972
Maximum bending moment           =   726158.91082 lbs-in
Maximum shear force              =    24702.75280 lbs
Depth of maximum bending moment  =    63.00000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             71
Number of zero deflection points =              1

------------------------------------------------------------------------------
             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   =        1.000000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =            .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  1.000000      0.0000  27649.6672   -.0139052      0.0000   -494.2357
   1.800   .974971  48968.7390  26762.8527   -.0138981    170.0303   -491.1137
   3.600   .949967  96346.2697  25881.7096   -.0138771    334.5357   -487.9342
   5.400   .925013     142143.  25006.3407   -.0138426    493.5517   -484.6979
   7.200   .900134     186369.  24136.8477   -.0137950    647.1149   -481.4054
   9.000   .875351     229036.  23273.3315   -.0137349    795.2623   -478.0571
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  10.800   .850688     270153.  22415.8920   -.0136627    938.0316   -474.6535
  12.600   .826165     309733.  21564.6280   -.0135788   1075.4610   -471.1953
  14.400   .801804     347786.  20719.6379   -.0134837   1207.5894   -467.6826
  16.200   .777624     384323.  19881.0191   -.0133778   1334.4564   -464.1161
  18.000   .753644     419357.  19048.8683   -.0132615   1456.1022   -460.4959
  19.800   .729883     452899.  18223.2818   -.0131353   1572.5673   -456.8225
  21.600   .706357     484961.  17404.3552   -.0129996   1683.8932   -453.0960
  23.400   .683084     515555.  16592.1835   -.0128549   1790.1217   -449.3169
  25.200   .660080     544693.  15786.8617   -.0127015   1891.2955   -445.4852
  27.000   .637359     572388.  14988.4840   -.0125399   1987.4575   -441.6011
  28.800   .614936     598652.  14197.1446   -.0123704   2078.6515   -437.6649
  30.600   .592825     623497.  13412.9373   -.0121936   2164.9218   -433.6765
  32.400   .571039     646938.  12635.9561   -.0120098   2246.3132   -429.6360
  34.200   .549590     668987.  11866.2946   -.0118194   2322.8713   -425.5434
  36.000   .528489     689657.  11104.0467   -.0116229   2394.6419   -421.3987
  37.800   .507748     708961.  10349.3062   -.0114205   2461.6718   -417.2018
  39.600   .487376     726914.   9602.1674   -.0112128   2524.0082   -412.9525
  41.400   .467382     743529.   8862.7246   -.0110000   2581.6989   -408.6506
  43.200   .447775     758820.   8131.0729   -.0107827   2634.7923   -404.2958
  45.000   .428564     772801.   7407.3078   -.0105611   2683.3373   -399.8878
  46.800   .409755     785486.   6691.5253   -.0103357   2727.3836   -395.4261
  48.600   .391356     796891.   5983.8226   -.0101067   2766.9814   -390.9103
  50.400   .373371     807028.   5284.2976   -.0098747   2802.1814   -386.3397
  52.200   .355807     815914.   4593.0495   -.0096399   2833.0351   -381.7137
  54.000   .338668     823563.   3910.1789   -.0094027   2859.5946   -377.0314
  55.800   .321957     829991.   3235.7878   -.0091635   2881.9124   -372.2920
  57.600   .305679     835212.   2569.9801   -.0089225   2900.0419   -367.4943
  59.400   .289836     839243.   1912.8618   -.0086803   2914.0371   -362.6371
  61.200   .274430     842098.   1264.5412   -.0084370   2923.9527   -357.7191
  63.000   .259463     843795.    625.1294   -.0081931   2929.8439   -352.7385
  64.800   .244935     844349.     -5.2597   -.0079489   2931.7668   -347.6937
  66.600   .230847     843776.   -626.5082   -.0077047   2929.7781   -342.5824
  68.400   .217198     842093.  -1238.4945   -.0074608   2923.9354   -337.4024
  70.200   .203988     839318.  -1841.0924   -.0072175   2914.2970   -332.1508
  72.000   .191215     835465.  -2434.1703   -.0069752   2900.9218   -326.8246
  73.800   .178877     830555.  -3017.5904   -.0067342   2883.8698   -321.4201
  75.600   .166972     824602.  -3591.2083   -.0064947   2863.2019   -315.9331
  77.400   .155496     817626.  -4154.8711   -.0062571   2838.9797   -310.3589
  79.200   .144447     809645.  -4708.4168   -.0060217   2811.2660   -304.6919
  81.000   .133818     800676.  -5251.6725   -.0057887   2780.1245   -298.9256
  82.800   .123607     790739.  -5784.4525   -.0055585   2745.6201   -293.0522
  84.600   .113808     779852.  -6306.5562   -.0053312   2707.8189   -287.0630
  86.400   .104415     768035.  -6817.7653   -.0051073   2666.7882   -280.9471
  88.200   .095422     755308.  -7317.8403   -.0048869   2622.5968   -274.6918
  90.000   .086822     741691.  -7806.5166   -.0046703   2575.3151   -268.2819
  91.800   .078608     727204.  -8283.4990   -.0044578   2525.0153   -261.6985
  93.600   .070774     711870.  -8748.4547   -.0042496   2471.7714   -254.9189
  95.400   .063310     695710.  -9201.0046   -.0040460   2415.6597   -247.9144
  97.200   .056208     678747.  -9640.7116   -.0038471   2356.7589   -240.6489
  99.000   .049460     661003. -10067.0641   -.0036533   2295.1508   -233.0761
 100.800   .043056     642505. -10479.4542   -.0034647   2230.9206   -225.1351
 102.600   .036987     623277. -10877.1452   -.0032816   2164.1576   -216.7438
 104.400   .031243     603347. -11259.2240   -.0031041   2094.9562   -207.7882
 106.200   .025812     582744. -11624.5259   -.0029325   2023.4173   -198.1028
 108.000   .020685     561499. -11971.5099   -.0027670   1949.6497   -187.4350
 109.800   .015851     539647. -12298.0322   -.0026077   1873.7734   -175.3676
 111.600   .011298     517226. -12600.8824   -.0024548   1795.9243   -161.1326
 113.400   .007014     494284. -12874.6284   -.0023084   1716.2624   -143.0296
 115.200   .002988     470878. -13107.3485   -.0021688   1634.9914   -115.5484
 117.000  -.000794     447097. -13160.3445   -.0020360   1552.4205     56.6639
 118.800  -.004342     423500. -12995.1650   -.0019100   1470.4871    126.8689
 120.600  -.007670     400315. -12749.3481   -.0017908   1389.9810    146.2610
 122.400  -.010789     377603. -12474.3553   -.0016783   1311.1202    159.2865
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 124.200  -.013712     355407. -12178.7857   -.0015722   1234.0515    169.1242
 126.000  -.016449     333759. -11867.2755   -.0014725   1158.8854    176.9983
 127.800  -.019013     312685. -11542.8047   -.0013790   1085.7106    183.5248
 129.600  -.021413     292205. -11207.4759   -.0012915   1014.6004    189.0627
 131.400  -.023662     272338. -10862.8620   -.0012098    945.6171    193.8417
 133.200  -.025769     253099. -10510.1870   -.0011338    878.8146    198.0194
 135.000  -.027744     234501. -10150.4314   -.0010633    814.2398    201.7091
 136.800  -.029597     216557.  -9784.3972   -.0009980    751.9342    204.9955
 138.600  -.031337     199277.  -9412.7514   -.0009378    691.9348    207.9443
 140.400  -.032973     182671.  -9036.0552   -.0008826    634.2748    210.6071
 142.200  -.034514     166747.  -8654.7854   -.0008320    578.9841    213.0259
 144.000  -.035968     151514.  -8269.3503   -.0007860    526.0900    215.2353
 145.800  -.037343     136978.  -7880.1011   -.0007442    475.6173    217.2639
 147.600  -.038647     123146.  -7487.3410   -.0007066    427.5887    219.1362
 149.400  -.039887     110023.  -7091.3327   -.0006729    382.0255    220.8730
 151.200  -.041070  97616.7561  -6692.3042   -.0006428    338.9471    222.4921
 153.000  -.042201  85931.0458  -6290.4529   -.0006163    298.3717    224.0092
 154.800  -.043288  74971.1255  -5885.9505   -.0005930    260.3164    225.4379
 156.600  -.044336  64741.6239  -5478.9454   -.0005728    224.7973    226.7900
 158.400  -.045350  55246.9219  -5069.5661   -.0005554    191.8296    228.0759
 160.200  -.046336  46491.1860  -4657.9234   -.0005407    161.4277    229.3049
 162.000  -.047297  38478.3978  -4244.1125   -.0005284    133.6055    230.4849
 163.800  -.048238  31212.3809  -3828.2154   -.0005183    108.3763    231.6230
 165.600  -.049163  24696.8225  -3410.3018   -.0005102     85.7529    232.7254
 167.400  -.050075  18935.2944  -2990.4314   -.0005039     65.7475    233.7973
 169.200  -.050977  13931.2694  -2568.6549   -.0004992     48.3725    234.8433
 171.000  -.051872   9688.1366  -2145.0155   -.0004958     33.6394    235.8672
 172.800  -.052762   6209.2135  -1719.5500   -.0004935     21.5598    236.8723
 174.600  -.053649   3497.7567  -1292.2898   -.0004921     12.1450    237.8612
 176.400  -.054533   1556.9703   -863.2623   -.0004913      5.4061    238.8359
 178.200  -.055417    390.0124   -432.4918   -.0004910      1.3542    239.7980
 180.000  -.056301      0.0000      0.0000   -.0004910      0.0000    240.7484

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  4:

Pile-head deflection             =     1.00000000 in
Computed slope at pile head      =     -.01390516
Maximum bending moment           =   844348.83476 lbs-in
Maximum shear force              =    27649.66720 lbs
Depth of maximum bending moment  =    64.80000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             68
Number of zero deflection points =              1

------------------------------------------------------------------------------
                        Summary of Pile-Head Response(s)
------------------------------------------------------------------------------

Definition of Symbols for Pile-Head Loading Conditions:

Type 1 = Shear and Moment,          y = pile-head displacment in
Type 2 = Shear and Slope,           M = Pile-head Moment lbs-in
Type 3 = Shear and Rot. Stiffness,  V = Pile-head Shear Force lbs
Type 4 = Deflection and Moment,     S = Pile-head Slope, radians
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Type 5 = Deflection and Slope,      R = Rot. Stiffness of Pile-head in-lbs/rad

Load   Boundary     Boundary       Axial    Pile-Head    Maximum     Maximum 
Type  Condition    Condition       Load     Deflection    Moment      Shear
          1            2            lbs         in        in-lbs       lbs
---- ------------ ------------ ----------- ----------- ----------- -----------
  4  y=   .250000 M=     0.000      0.0000    .2500000     368103.  15327.1088
  4  y=   .500000 M=     0.000      0.0000    .5000000     567886.  20758.1652
  4  y=   .750000 M=     0.000      0.0000    .7500000     726159.  24702.7528
  4  y=  1.000000 M=     0.000      0.0000   1.0000000     844349.  27649.6672

The analysis ended normally. 
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==============================================================================

                LPILE Plus for Windows, Version 5.0 (5.0.39)

               Analysis of Individual Piles and Drilled Shafts 
              Subjected to Lateral Loading Using the p-y Method

                        (c) 1985-2007 by Ensoft, Inc.          
                             All Rights Reserved               

==============================================================================

This program is licensed to: 

Hisham Nofal
CH2MHILL

Path to file locations:      C:\MyFolder\Projects\SR-57\Foundation Reports\Pre-Final 
Reports\Retaining Walls\Pile Foundation\Sign Structure 670\Lateral Pile analysis\
Name of input data file:     RW 670.lpd
Name of output file:         RW 670.lpo
Name of plot output file:    RW 670.lpp
Name of runtime file:        RW 670.lpr

------------------------------------------------------------------------------
                          Time and Date of Analysis
------------------------------------------------------------------------------

               Date:  September 28, 2009     Time:  11:19:00

------------------------------------------------------------------------------
                                Problem Title
------------------------------------------------------------------------------

Retaining Wall 670                                                              

------------------------------------------------------------------------------
                                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 uses p-y multiplers for group action
- Analysis assumes no shear resistance at pile tip
- Analysis for fixed-length pile or shaft only
- 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            =          100
- Maximum number of iterations allowed =         1000
- Deflection tolerance for convergence =   1.0000E-05 in
- Maximum allowable deflection         =   1.0000E+01 in

Printing Options:
- Values of pile-head deflection, bending moment, shear force, and 
  soil reaction are printed for full length of pile.
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- Printing Increment (spacing of output points) =  1

------------------------------------------------------------------------------
                   Pile Structural Properties and Geometry
------------------------------------------------------------------------------

Pile Length                               =     363.00 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   16.00000000    1608.0000     201.0000      3600000.
  2     363.0000   16.00000000    1608.0000     201.0000      3600000.

------------------------------------------------------------------------------
                      Soil and Rock Layering Information
------------------------------------------------------------------------------

The soil profile is modelled using  3 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 =       48.000 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  2 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =       48.000 in
Distance from top of pile to bottom of layer =      156.000 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  3 is stiff clay without free water
Distance from top of pile to top of layer    =      156.000 in
Distance from top of pile to bottom of layer =      984.000 in

(Depth of lowest layer extends  621.00 in below pile tip)

------------------------------------------------------------------------------
                   Effective Unit Weight of Soil vs. Depth
------------------------------------------------------------------------------

Effective unit weight of soil with depth defined using  6 points

Point        Depth X    Eff. Unit Weight
 No.           in          lbs/in**3
-----      ----------   ----------------
  1          -216.00         .06900
  2            48.00         .06900
  3            48.00         .03300
  4           156.00         .03300
  5           156.00         .03900
  6           984.00         .03900

------------------------------------------------------------------------------
                           Shear Strength of Soils
------------------------------------------------------------------------------
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Shear strength parameters with depth defined using  6 points

Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD
 No.       in         lbs/in**2            Deg.            k_rm        %
-----   --------     ----------     ------------------    ------    ------
  1     -216.000         .00000           38.00           ------    ------
  2       48.000         .00000           38.00           ------    ------
  3       48.000         .00000           38.00           ------    ------
  4      156.000         .00000           38.00           ------    ------
  5      156.000       38.89000             .00           .00400        .0
  6      984.000       38.89000             .00           .00400        .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.

------------------------------------------------------------------------------
                           p-y Modification Factors
------------------------------------------------------------------------------

Distribution of p-y multipliers with depth defined using  2 points

Point      Depth X         p-mult         y-mult
 No.       in
-----     ----------     ----------     ----------
  1             .000         1.0000         1.0000
  2         1000.000         1.0000         1.0000

------------------------------------------------------------------------------
                                 Loading Type
------------------------------------------------------------------------------

Cyclic loading criteria was used for computation of p-y curves.

Number of cycles of loading =        1000.

------------------------------------------------------------------------------
              Pile-head Loading and Pile-head Fixity Conditions
------------------------------------------------------------------------------

Number of loads specified =  5

Load Case Number  1

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =            .000 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =            .000 lbs

Load Case Number  2

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =            .250 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =            .000 lbs

Load Case Number  3

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
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Deflection at pile head     =            .500 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =            .000 lbs

Load Case Number  4

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =            .750 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =            .000 lbs

Load Case Number  5

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     =            .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   =         .000000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =            .000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     Es*h   
    X        y          M           V           S        Stress          p          F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- -----------
   0.000     0.000      0.0000      0.0000      0.0000      0.0000      0.0000  88209.0000
   3.630     0.000      0.0000      0.0000      0.0000      0.0000      0.0000     179383.
   7.260     0.000      0.0000      0.0000      0.0000      0.0000      0.0000     182348.
  10.890     0.000      0.0000      0.0000      0.0000      0.0000      0.0000     185312.
  14.520     0.000      0.0000      0.0000      0.0000      0.0000      0.0000     188277.
  18.150     0.000      0.0000      0.0000      0.0000      0.0000      0.0000     191242.
  21.780     0.000      0.0000      0.0000      0.0000      0.0000      0.0000     194207.
  25.410     0.000      0.0000      0.0000      0.0000      0.0000      0.0000     197172.
  29.040     0.000      0.0000      0.0000      0.0000      0.0000      0.0000     200136.
  32.670     0.000      0.0000      0.0000      0.0000      0.0000      0.0000     203101.
  36.300     0.000      0.0000      0.0000      0.0000      0.0000      0.0000     206066.
  39.930     0.000      0.0000      0.0000      0.0000      0.0000      0.0000     209031.
  43.560     0.000      0.0000      0.0000      0.0000      0.0000      0.0000     211996.
  47.190     0.000      0.0000      0.0000      0.0000      0.0000      0.0000     214960.
  50.820     0.000      0.0000      0.0000      0.0000      0.0000      0.0000     137326.
  54.450     0.000      0.0000      0.0000      0.0000      0.0000      0.0000     138973.
  58.080     0.000      0.0000      0.0000      0.0000      0.0000      0.0000     140620.
  61.710     0.000      0.0000      0.0000      0.0000      0.0000      0.0000     142268.
  65.340     0.000      0.0000      0.0000      0.0000      0.0000      0.0000     143915.
  68.970     0.000      0.0000      0.0000      0.0000      0.0000      0.0000     145562.
  72.600     0.000      0.0000      0.0000      0.0000      0.0000      0.0000     147209.
  76.230     0.000      0.0000      0.0000      0.0000      0.0000      0.0000     148856.
  79.860     0.000      0.0000      0.0000      0.0000      0.0000      0.0000     150503.
  83.490     0.000      0.0000      0.0000      0.0000      0.0000      0.0000     152150.
  87.120     0.000      0.0000      0.0000      0.0000      0.0000      0.0000     153797.
  90.750     0.000      0.0000      0.0000      0.0000      0.0000      0.0000     155444.
  94.380     0.000      0.0000      0.0000      0.0000      0.0000      0.0000     157092.
  98.010     0.000      0.0000      0.0000      0.0000      0.0000      0.0000     158739.
 101.640     0.000      0.0000      0.0000      0.0000      0.0000      0.0000     160386.
 105.270     0.000      0.0000      0.0000      0.0000      0.0000      0.0000     162033.
 108.900     0.000      0.0000      0.0000      0.0000      0.0000      0.0000     163680.
 112.530     0.000      0.0000      0.0000      0.0000      0.0000      0.0000     165327.
 116.160     0.000      0.0000      0.0000      0.0000      0.0000      0.0000     166974.
 119.790     0.000      0.0000      0.0000      0.0000      0.0000      0.0000     168621.
 123.420     0.000      0.0000      0.0000      0.0000      0.0000      0.0000     170268.
 127.050     0.000      0.0000      0.0000      0.0000      0.0000      0.0000     171916.
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 130.680     0.000      0.0000      0.0000      0.0000      0.0000      0.0000     173563.
 134.310     0.000      0.0000      0.0000      0.0000      0.0000      0.0000     175210.
 137.940     0.000      0.0000      0.0000      0.0000      0.0000      0.0000     176857.
 141.570     0.000      0.0000      0.0000      0.0000      0.0000      0.0000     178504.
 145.200     0.000      0.0000      0.0000      0.0000      0.0000      0.0000     180151.
 148.830     0.000      0.0000      0.0000      0.0000      0.0000      0.0000     181798.
 152.460     0.000      0.0000      0.0000      0.0000      0.0000      0.0000     183445.
 156.090     0.000      0.0000      0.0000      0.0000      0.0000      0.0000    6717143.
 159.720     0.000      0.0000      0.0000      0.0000      0.0000      0.0000    6717143.
 163.350     0.000      0.0000      0.0000      0.0000      0.0000      0.0000    6717143.
 166.980     0.000      0.0000      0.0000      0.0000      0.0000      0.0000    6717143.
 170.610     0.000      0.0000      0.0000      0.0000      0.0000      0.0000    6717143.
 174.240     0.000      0.0000      0.0000      0.0000      0.0000      0.0000    6717143.
 177.870     0.000      0.0000      0.0000      0.0000      0.0000      0.0000    6717143.
 181.500     0.000      0.0000      0.0000      0.0000      0.0000      0.0000    6717143.
 185.130     0.000      0.0000      0.0000      0.0000      0.0000      0.0000    6717143.
 188.760     0.000      0.0000      0.0000      0.0000      0.0000      0.0000    6717143.
 192.390     0.000      0.0000      0.0000      0.0000      0.0000      0.0000    6717143.
 196.020     0.000      0.0000      0.0000      0.0000      0.0000      0.0000    6717143.
 199.650     0.000      0.0000      0.0000      0.0000      0.0000      0.0000    6717143.
 203.280     0.000      0.0000      0.0000      0.0000      0.0000      0.0000    6717143.
 206.910     0.000      0.0000      0.0000      0.0000      0.0000      0.0000    6717143.
 210.540     0.000      0.0000      0.0000      0.0000      0.0000      0.0000    6717143.
 214.170     0.000      0.0000      0.0000      0.0000      0.0000      0.0000    6717143.
 217.800     0.000      0.0000      0.0000      0.0000      0.0000      0.0000    6717143.
 221.430     0.000      0.0000      0.0000      0.0000      0.0000      0.0000    6717143.
 225.060     0.000      0.0000      0.0000      0.0000      0.0000      0.0000    6717143.
 228.690     0.000      0.0000      0.0000      0.0000      0.0000      0.0000    6717143.
 232.320     0.000      0.0000      0.0000      0.0000      0.0000      0.0000    6717143.
 235.950     0.000      0.0000      0.0000      0.0000      0.0000      0.0000    6717143.
 239.580     0.000      0.0000      0.0000      0.0000      0.0000      0.0000    6717143.
 243.210     0.000      0.0000      0.0000      0.0000      0.0000      0.0000    6717143.
 246.840     0.000      0.0000      0.0000      0.0000      0.0000      0.0000    6717143.
 250.470     0.000      0.0000      0.0000      0.0000      0.0000      0.0000    6717143.
 254.100     0.000      0.0000      0.0000      0.0000      0.0000      0.0000    6717143.
 257.730     0.000      0.0000      0.0000      0.0000      0.0000      0.0000    6717143.
 261.360     0.000      0.0000      0.0000      0.0000      0.0000      0.0000    6717143.
 264.990     0.000      0.0000      0.0000      0.0000      0.0000      0.0000    6717143.
 268.620     0.000      0.0000      0.0000      0.0000      0.0000      0.0000    6717143.
 272.250     0.000      0.0000      0.0000      0.0000      0.0000      0.0000    6717143.
 275.880     0.000      0.0000      0.0000      0.0000      0.0000      0.0000    6717143.
 279.510     0.000      0.0000      0.0000      0.0000      0.0000      0.0000    6717143.
 283.140     0.000      0.0000      0.0000      0.0000      0.0000      0.0000    6717143.
 286.770     0.000      0.0000      0.0000      0.0000      0.0000      0.0000    6717143.
 290.400     0.000      0.0000      0.0000      0.0000      0.0000      0.0000    6717143.
 294.030     0.000      0.0000      0.0000      0.0000      0.0000      0.0000    6717143.
 297.660     0.000      0.0000      0.0000      0.0000      0.0000      0.0000    6717143.
 301.290     0.000      0.0000      0.0000      0.0000      0.0000      0.0000    6717143.
 304.920     0.000      0.0000      0.0000      0.0000      0.0000      0.0000    6717143.
 308.550     0.000      0.0000      0.0000      0.0000      0.0000      0.0000    6717143.
 312.180     0.000      0.0000      0.0000      0.0000      0.0000      0.0000    6717143.
 315.810     0.000      0.0000      0.0000      0.0000      0.0000      0.0000    6717143.
 319.440     0.000      0.0000      0.0000      0.0000      0.0000      0.0000    6717143.
 323.070     0.000      0.0000      0.0000      0.0000      0.0000      0.0000    6717143.
 326.700     0.000      0.0000      0.0000      0.0000      0.0000      0.0000    6717143.
 330.330     0.000      0.0000      0.0000      0.0000      0.0000      0.0000    6717143.
 333.960     0.000      0.0000      0.0000      0.0000      0.0000      0.0000    6717143.
 337.590     0.000      0.0000      0.0000      0.0000      0.0000      0.0000    6717143.
 341.220     0.000      0.0000      0.0000      0.0000      0.0000      0.0000    6717143.
 344.850     0.000      0.0000      0.0000      0.0000      0.0000      0.0000    6717143.
 348.480     0.000      0.0000      0.0000      0.0000      0.0000      0.0000    6717143.
 352.110     0.000      0.0000      0.0000      0.0000      0.0000      0.0000    6717143.
 355.740     0.000      0.0000      0.0000      0.0000      0.0000      0.0000    6717143.
 359.370     0.000      0.0000      0.0000      0.0000      0.0000      0.0000    6717143.
 363.000     0.000      0.0000      0.0000      0.0000      0.0000      0.0000    3358571.

Output Verification:

Computed forces and moments are within specified convergence limits.
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Output Summary for Load Case No.  1:

Pile-head deflection             =        0.00000 in
Computed slope at pile head      =        0.00000
Maximum bending moment           =        0.00000 lbs-in
Maximum shear force              =        0.00000 lbs
Depth of maximum bending moment  =        0.00000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =              5
Number of zero deflection points =              0

------------------------------------------------------------------------------
             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   =         .250000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =            .000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     Es*h   
    X        y          M           V           S        Stress          p          F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- -----------
   0.000   .250000      0.0000     131773.   -.0093051      0.0000  -7148.0495  51894.8394
   3.630   .216222     431240.     106303.   -.0091699   2145.4746  -6884.9041     115586.
   7.260   .183427     771759.  81888.0266   -.0087927   3839.5975  -6566.8203     129957.
  10.890   .152387    1025747.  58720.1234   -.0082291   5103.2212  -6197.8646     147639.
  14.520   .123683    1198067.  36977.0837   -.0075319   5960.5333  -5781.7716     169690.
  18.150   .097706    1294201.  17140.4383   -.0067505   6438.8114  -5147.5096     191242.
  21.780   .074675    1322507.    546.5494   -.0059300   6579.6357  -3995.1289     194207.
  25.410   .054654    1298169. -12092.6961   -.0051084   6458.5525  -2968.6427     197172.
  29.040   .037588    1234714. -21242.1395   -.0043142   6142.8547  -2072.3729     200136.
  32.670   .023333    1143951. -27372.9394   -.0035684   5691.2991  -1305.4783     203101.
  36.300   .011681    1035986. -30945.9403   -.0028849   5154.1605   -663.1172     206066.
  39.930   .002388     919284. -32399.0937   -.0022719   4573.5502   -137.5183     209031.
  43.560  -.004812     800769. -32138.5754   -.0017326   3983.9246    281.0545     211996.
  47.190  -.010190     685958. -30533.2011   -.0012664   3412.7240    603.4492     214960.
  50.820  -.014007     579098. -28476.1932   -.0008698   2881.0836    529.8885     137326.
  54.450  -.016505     479220. -26367.5688   -.0005380   2384.1809    631.8881     138973.
  58.080  -.017912     387669. -23961.2679   -.0002662   1928.7028    693.8975     140620.
  61.710  -.018437     305262. -21390.3259 -4.8905E-05   1518.7142    722.5994     142268.
  65.340  -.018267     232375. -18764.3317    .0001197   1156.0970    724.2294     143915.
  68.970  -.017569     169033. -16171.1981    .0002455    840.9578    704.4944     145562.
  72.600  -.016485     114973. -13679.1739    .0003346    572.0029    668.5217     147209.
  76.230  -.015140  69721.7112 -11338.9938    .0003925    346.8742    620.8337     148856.
  79.860  -.013636  32651.4954  -9186.0800    .0004246    162.4453    565.3447     150503.
  83.490  -.012057   3030.7703  -7242.7227    .0004358     15.0785    505.3756     152150.
  87.120  -.010472 -19930.6718  -5520.1837    .0004305     99.1576    443.6817     153797.
  90.750  -.008932 -37045.7638  -4020.6783    .0004126    184.3073    382.4921     155444.
  94.380  -.007477 -49120.7961  -2739.2043    .0003856    244.3821    323.5542     157092.
  98.010  -.006133 -56932.3868  -1665.1976    .0003523    283.2457    268.1850     158739.
 101.640  -.004919 -61210.1308   -784.0021    .0003153    304.5280    217.3222     160386.
 105.270  -.003844 -62624.2421    -78.1503    .0002765    311.5634    171.5769     162033.
 108.900  -.002912 -61777.5020    471.5420    .0002375    307.3508    131.2839     163680.
 112.530  -.002120 -59200.8473    885.0595    .0001995    294.5316     96.5494     165327.
 116.160  -.001463 -55351.9703   1182.4375    .0001636    275.3829     67.2952     166974.
 119.790  -.000932 -50616.3510   1383.1635    .0001304    251.8226     43.2976     168621.
 123.420  -.000516 -45310.2030   1505.7128    .0001003    225.4239     24.2226     170268.
 127.050  -.000204 -39684.8758   1567.2007  7.3658E-05    197.4372      9.6550     171916.
 130.680  1.83E-05 -33932.3258   1583.1325  5.0576E-05    168.8175   -.8771301     173563.
 134.310   .000163 -28191.3337   1567.2333  3.1098E-05    140.2554     -7.8828     175210.
 137.940   .000244 -22554.2123   1531.3393  1.5187E-05    112.2100    -11.8935     176857.
 141.570   .000274 -17073.8104   1485.3355  2.7624E-06     84.9443    -13.4530     178504.
 145.200   .000264 -11770.6769   1437.1230 -6.2814E-06     58.5606    -13.1104     180151.
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 148.830   .000228  -6640.2972   1392.6052 -1.2054E-05     33.0363    -11.4174     181798.
 152.460   .000177  -1660.3629   1355.6791 -1.4656E-05      8.2605     -8.9276     183445.
 156.090   .000122   3201.9329    931.1850 -1.4173E-05     15.9300   -224.9534    6717143.
 159.720  7.38E-05   5100.0401    275.1576 -1.1570E-05     25.3733   -136.4942    6717143.
 163.350  3.76E-05   5199.5774    -98.7526 -8.3408E-06     25.8685    -69.5170    6717143.
 166.980  1.32E-05   4383.0962   -269.2866 -5.3363E-06     21.8064    -24.4412    6717143.
 170.610 -1.17E-06   3244.5563   -309.7043 -2.9448E-06     16.1421      2.1725    6717143.
 174.240 -8.17E-06   2134.6428   -278.3193 -1.2582E-06     10.6201     15.1196    6717143.
 177.870 -1.03E-05   1223.9582   -216.2557 -2.0514E-07      6.0893     19.0753    6717143.
 181.500 -9.66E-06    564.6264   -149.1902  3.5565E-07      2.8091     17.8755    6717143.
 185.130 -7.73E-06    140.8376    -90.7965  5.7684E-07    .7006846     14.2974    6717143.
 188.760 -5.47E-06    -94.5560    -46.4679  5.9135E-07    .4704278     10.1261    6717143.
 192.390 -3.43E-06   -196.5193    -16.5583  5.0008E-07    .9777078      6.3531    6717143.
 196.020 -1.84E-06   -214.7690      1.1577  3.7113E-07      1.0685      3.4078    6717143.
 199.650 -7.39E-07   -188.1145      9.8243  2.4481E-07    .9358932      1.3672    6717143.
 203.280 -6.43E-08   -143.4449     12.5215  1.4086E-07    .7136561    .1189248    6717143.
 206.910  2.84E-07    -97.2082     11.7843  6.5402E-08    .4836227   -.5251199    6717143.
 210.540  4.11E-07    -57.8909      9.4523  1.6773E-08    .2880144   -.7597102    6717143.
 214.170  4.06E-07    -28.5843      6.7114 -1.0340E-08    .1422103   -.7504560    6717143.
 217.800  3.35E-07     -9.1663      4.2225 -2.2176E-08    .0456035   -.6208009    6717143.
 221.430  2.45E-07      2.0714      2.2744 -2.4401E-08    .0103055   -.4525361    6717143.
 225.060  1.58E-07      7.3461    .9212971 -2.1448E-08    .0365478   -.2929964    6717143.
 228.690  8.88E-08      8.7600    .0911236 -1.6398E-08    .0435822   -.1643995    6717143.
 232.320  3.93E-08      8.0077   -.3392139 -1.1141E-08    .0398392   -.0727011    6717143.
 235.950  7.96E-09      6.2973   -.4979051 -6.6556E-09    .0313300   -.0147321    6717143.
 239.580 -9.03E-09      4.3929   -.4943121 -3.3038E-09    .0218551    .0167117    6717143.
 243.210 -1.60E-08      2.7086   -.4101621 -1.0772E-09    .0134758    .0296520    6717143.
 246.840 -1.69E-08      1.4151   -.2997464  2.1574E-10    .0070403    .0311831    6717143.
 250.470 -1.45E-08    .5324738   -.1945911  8.2637E-10    .0026491    .0267537    6717143.
 254.100 -1.09E-08    .0023736   -.1095854  9.9407E-10  1.1809E-05    .0200814    6717143.
 257.730 -7.24E-09   -.2631163   -.0488184  9.1232E-10    .0013090    .0133991    6717143.
 261.360 -4.23E-09   -.3520479   -.0102966  7.1944E-10    .0017515    .0078251    6717143.
 264.990 -2.02E-09   -.3378693    .0106830  5.0313E-10    .0016809    .0037339    6717143.
 268.620 -5.76E-10   -.2744893    .0193947  3.1113E-10    .0013656    .0010659    6717143.
 272.250  2.41E-10   -.1970636    .0205201  1.6328E-10    .0009804   -.0004459    6717143.
 275.880  6.09E-10   -.1255132    .0176642  6.2140E-11    .0006244   -.0011276    6717143.
 279.510  6.92E-10   -.0688213    .0132932  1.2094E-12    .0003424   -.0012807    6717143.
 283.140  6.18E-10   -.0290048    .0088926 -2.9463E-11    .0001443   -.0011439    6717143.
 286.770  4.78E-10   -.0042611    .0052104 -3.9893E-11  2.1199E-05   -.0008849    6717143.
 290.400  3.29E-10    .0088228    .0025010 -3.8462E-11  4.3894E-05   -.0006079    6717143.
 294.030  1.99E-10    .0138959    .0007293 -3.1339E-11  6.9134E-05   -.0003682    6717143.
 297.660  1.01E-10    .0141178   -.0002781 -2.2556E-11  7.0238E-05   -.0001869    6717143.
 301.290  3.52E-11    .0118767   -.0007356 -1.4406E-11  5.9088E-05 -6.5138E-05    6717143.
 304.920 -3.57E-12    .0087773   -.0008418 -7.9299E-12  4.3668E-05  6.6146E-06    6717143.
 308.550 -2.24E-11    .0057651   -.0007547 -3.3704E-12  2.8682E-05  4.1395E-05    6717143.
 312.180 -2.80E-11    .0032983   -.0005854 -5.2863E-13  1.6410E-05  5.1893E-05    6717143.
 315.810 -2.62E-11    .0015154   -.0004032  9.8064E-13  7.5391E-06  4.8497E-05    6717143.
 319.440 -2.09E-11    .0003714   -.0002449  1.5722E-12  1.8479E-06  3.8719E-05    6717143.
 323.070 -1.48E-11   -.0002623   -.0001249  1.6064E-12  1.3051E-06  2.7376E-05    6717143.
 326.700 -9.26E-12   -.0005353 -4.4107E-05  1.3563E-12  2.6634E-06  1.7138E-05    6717143.
 330.330 -4.95E-12   -.0005825  3.6131E-06  1.0058E-12  2.8982E-06  9.1545E-06    6717143.
 333.960 -1.96E-12   -.0005091  2.6808E-05  6.6354E-13  2.5329E-06  3.6252E-06    6717143.
 337.590 -1.30E-13   -.0003879  3.3824E-05  3.8229E-13  1.9299E-06  2.4026E-07    6717143.
 341.220  8.16E-13   -.0002636  3.1518E-05  1.7803E-13  1.3112E-06 -1.5107E-06    6717143.
 344.850  1.16E-12   -.0001591  2.4871E-05  4.5518E-14  7.9152E-07 -2.1515E-06    6717143.
 348.480  1.15E-12 -8.2987E-05  1.7115E-05 -3.0383E-14  4.1287E-07 -2.1222E-06    6717143.
 352.110  9.42E-13 -3.4844E-05  1.0099E-05 -6.7328E-14  1.7335E-07 -1.7433E-06    6717143.
 355.740  6.58E-13 -9.6714E-06  4.7244E-06 -8.1285E-14  4.8117E-08 -1.2177E-06    6717143.
 359.370  3.52E-13 -5.4455E-07  1.3322E-06 -8.4488E-14  2.7092E-09 -6.5132E-07    6717143.
 363.000  4.47E-14      0.0000      0.0000 -8.4659E-14      0.0000 -8.2653E-08    3358571.

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  2:

Pile-head deflection             =      .25000000 in
Computed slope at pile head      =     -.00930511
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Maximum bending moment           =       1322507. lbs-in
Maximum shear force              =   131772.71720 lbs
Depth of maximum bending moment  =    21.78000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =              5
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   =         .500000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =            .000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     Es*h   
    X        y          M           V           S        Stress          p          F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- -----------
   0.000   .500000      0.0000     210512.   -.0174843      0.0000 -10469.5902  38004.6124
   3.630   .436532     695181.     173465.   -.0172664   3458.6096  -9941.9861  82673.0173
   7.260   .374646    1259356.     138384.   -.0166535   6265.4552  -9386.3137  90945.3140
  10.890   .315627    1699850.     105336.   -.0157257   8456.9649  -8822.1137     101462.
  14.520   .260477    2024095.  74320.0468   -.0145581  10070.1259  -8266.5233     115202.
  18.150   .209935    2239413.  45373.3431   -.0132214  11141.3607  -7682.0738     132831.
  21.780   .164490    2353506.  18653.3290   -.0117813  11708.9839  -7039.6971     155353.
  25.410   .124403    2374837.  -5630.1623   -.0102988  11815.1078  -6339.6369     184987.
  29.040   .089721    2312631. -26114.8259   -.0088291  11505.6258  -4946.6791     200136.
  32.670   .060303    2185243. -41216.8983   -.0074189  10871.8558  -3374.0219     203101.
  36.300   .035860    2013396. -51035.5161   -.0061024  10016.8961  -2035.6848     206066.
  39.930   .016000    1814725. -56402.4987   -.0049022   9028.4835   -921.3305     209031.
  43.560   .000270    1603914. -58103.3503   -.0038303   7979.6715    -15.7779     211996.
  47.190  -.011808    1392895. -56862.8159   -.0028907   6929.8252    699.2679     214960.
  50.820  -.020716    1191090. -54171.1936   -.0020805   5925.8205    783.7196     137326.
  54.450  -.026913     999612. -50878.6409   -.0013937   4973.1940   1030.3590     138973.
  58.080  -.030834     821711. -46840.5637   -.0008226   4088.1144   1194.4769     140620.
  61.710  -.032885     659549. -42333.3311   -.0003582   3281.3408   1288.8468     142268.
  65.340  -.033435     514371. -37588.1882  9.8762E-06   2559.0597   1325.5569     143915.
  68.970  -.032814     386659. -32794.0980    .0002924   1923.6779   1315.8151     145562.
  72.600  -.031312     276286. -28101.1763    .0005002   1374.5565   1269.8167     147209.
  76.230  -.029182     182645. -23624.5099    .0006441    908.6802   1196.6662     148856.
  79.860  -.026636     104772. -19448.1744    .0007342    521.2533   1104.3451     150503.
  83.490  -.023851  41450.9656 -15629.3012    .0007801    206.2237    999.7173     152150.
  87.120  -.020972  -8696.8104 -12202.0692    .0007904     43.2677    888.5648     153797.
  90.750  -.018113 -47136.0569  -9181.5240    .0007729    234.5077    775.6474     155444.
  94.380  -.015361 -75354.6747  -6567.1505    .0007345    374.8989    664.7787     157092.
  98.010  -.012781 -94813.5698  -4346.1491    .0006811    471.7093    558.9136     158739.
 101.640  -.010417    -106908.  -2496.3808    .0006179    531.8792    460.2425     160386.
 105.270  -.008296    -112937.   -988.9674    .0005489    561.8771    370.2882     162033.
 108.900  -.006431    -114088.    209.4573    .0004777    567.6001    290.0008     163680.
 112.530  -.004827    -111417.   1134.8357    .0004070    554.3116    219.8495     165327.
 116.160  -.003476    -105849.   1824.0959    .0003389    526.6105    159.9082     166974.
 119.790  -.002367 -98173.6982   2313.8580    .0002749    488.4264    109.9332     168621.
 123.420  -.001480 -89050.1043   2639.4080    .0002162    443.0353     69.4332     170268.
 127.050  -.000797 -79011.5961   2833.9069    .0001636    393.0925     37.7288     171916.
 130.680  -.000293 -68475.9399   2927.8006    .0001173    340.6763     14.0033     173563.
 134.310  5.50E-05 -57755.7640   2948.3959  7.7732E-05    287.3421     -2.6560     175210.
 137.940   .000271 -47070.5856   2919.5707  4.4865E-05    234.1820    -13.2257     176857.
 141.570   .000381 -36559.6810   2861.5838  1.8644E-05    181.8890    -18.7230     178504.
 145.200   .000407 -26295.4875   2790.9578 -1.0637E-06    130.8233    -20.1894     180151.
 148.830   .000373 -16297.3276   2720.4066 -1.4418E-05     81.0812    -18.6817     181798.
 152.460   .000302  -6545.3352   2658.7866 -2.1580E-05     32.5639    -15.2687     183445.
 156.090   .000216   3005.4631   1904.4464 -2.2690E-05     14.9526   -400.3457    6717143.
 159.720   .000137   7280.9458    716.3311 -1.9465E-05     36.2236   -254.2632    6717143.
 163.350  7.50E-05   8206.0271      2.8322 -1.4609E-05     40.8260   -138.8491    6717143.
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 166.980  3.13E-05   7301.5075   -354.4488 -9.7470E-06     36.3259    -57.9999    6717143.
 170.610  4.27E-06   5632.7290   -474.0674 -5.6916E-06     28.0235     -7.9057    6717143.
 174.240 -9.98E-06   3859.7783   -454.9063 -2.7154E-06     19.2029     18.4627    6717143.
 177.870 -1.54E-05   2330.1093   -369.5360 -7.7460E-07     11.5926     28.5732    6717143.
 181.500 -1.56E-05   1176.9469   -265.2784  3.2499E-07      5.8555     28.8690    6717143.
 185.130 -1.31E-05    404.1880   -168.9451  8.2073E-07      2.0109     24.2072    6717143.
 188.760 -9.64E-06    -49.5945    -92.6238  9.3191E-07    .2467388     17.8430    6717143.
 192.390 -6.32E-06   -268.2611    -39.0256  8.3225E-07      1.3346     11.6877    6717143.
 196.020 -3.60E-06   -332.9200     -5.7202  6.4376E-07      1.6563      6.6623    6717143.
 199.650 -1.64E-06   -309.7898     11.8883  4.4224E-07      1.5412      3.0393    6717143.
 203.280 -3.90E-07   -246.6113     18.7133  2.6779E-07      1.2269    .7211008    6717143.
 206.910  3.02E-07   -173.9309     19.0088  1.3594E-07    .8653279   -.5583211    6717143.
 210.540  5.97E-07   -108.6075     15.9896  4.7351E-08    .5403357     -1.1051    6717143.
 214.170  6.45E-07    -57.8461     11.8159 -4.8379E-09    .2877915     -1.1945    6717143.
 217.800  5.62E-07    -22.8239      7.7602 -3.0131E-08    .1135518     -1.0401    6717143.
 221.430  4.27E-07     -1.5074      4.4391 -3.7760E-08    .0074995   -.7896656    6717143.
 225.060  2.88E-07      9.4038      2.0387 -3.5284E-08    .0467850   -.5328539    6717143.
 228.690  1.71E-07     13.2936    .4986657 -2.8167E-08    .0661373   -.3156522    6717143.
 232.320  8.35E-08     13.0241   -.3545609 -1.9916E-08    .0647965   -.1544451    6717143.
 235.950  2.60E-08     10.7195   -.7221751 -1.2471E-08    .0533308   -.0480972    6717143.
 239.580 -7.08E-09      7.7811   -.7856974 -6.6707E-09    .0387120    .0130987    6717143.
 243.210 -2.24E-08      5.0153   -.6865654 -2.6586E-09    .0249519    .0415195    6717143.
 246.840 -2.64E-08      2.7966   -.5226082 -2.0926E-10    .0139136    .0488151    6717143.
 250.470 -2.40E-08      1.2212   -.3535485  1.0505E-09    .0060756    .0443308    6717143.
 254.100 -1.88E-08    .2298790   -.2101027  1.5054E-09    .0011437    .0347027    6717143.
 257.730 -1.30E-08   -.3041571   -.1033644  1.4821E-09    .0015132    .0241063    6717143.
 261.360 -7.99E-09   -.5205466   -.0327656  1.2236E-09    .0025898    .0147911    6717143.
 264.990 -4.14E-09   -.5420356    .0079985  8.9042E-10    .0026967    .0076685    6717143.
 268.620 -1.53E-09   -.4624779    .0270514  5.7546E-10    .0023009    .0028290    6717143.
 272.250  3.38E-11   -.3456428    .0320726  3.2209E-10    .0017196 -6.2467E-05    6717143.
 275.880  8.10E-10   -.2296308    .0292403  1.4172E-10    .0011424   -.0014980    6717143.
 279.510  1.06E-09   -.1333583    .0229524  2.7909E-11    .0006635   -.0019664    6717143.
 283.140  1.01E-09   -.0629962    .0159840 -3.3656E-11    .0003134   -.0018730    6717143.
 286.770  8.18E-10   -.0173141    .0098363 -5.8836E-11  8.6140E-05   -.0015142    6717143.
 290.400  5.85E-10    .0084154    .0051232 -6.1626E-11  4.1867E-05   -.0010825    6717143.
 294.030  3.71E-10    .0198802    .0019127 -5.2754E-11  9.8907E-05   -.0006863    6717143.
 297.660  2.02E-10    .0223015 -1.1477E-05 -3.9529E-11    .0001110   -.0003738    6717143.
 301.290  8.39E-11    .0197969   -.0009718 -2.6329E-11  9.8492E-05   -.0001553    6717143.
 304.920  1.09E-11    .0152462   -.0012901 -1.5342E-11  7.5852E-05 -2.0113E-05    6717143.
 308.550 -2.75E-11    .0104305   -.0012344 -7.2916E-12  5.1893E-05  5.0833E-05    6717143.
 312.180 -4.21E-11    .0062846   -.0010008 -2.0508E-12  3.1266E-05  7.7844E-05    6717143.
 315.810 -4.24E-11    .0031644   -.0007173  9.1181E-13  1.5743E-05  7.8384E-05    6717143.
 319.440 -3.54E-11    .0010771   -.0004560  2.2417E-12  5.3586E-06  6.5594E-05    6717143.
 323.070 -2.61E-11   -.0001459   -.0002493  2.5336E-12  7.2589E-07  4.8268E-05    6717143.
 326.700 -1.71E-11   -.0007329   -.0001044  2.2581E-12  3.6461E-06  3.1557E-05    6717143.
 330.330 -9.69E-12   -.0009040 -1.4596E-05  1.7449E-12  4.4975E-06  1.7932E-05    6717143.
 333.960 -4.39E-12   -.0008388  3.2681E-05  1.1985E-12  4.1733E-06  8.1157E-06    6717143.
 337.590 -9.90E-13   -.0006667  5.0737E-05  7.2641E-13  3.3170E-06  1.8321E-06    6717143.
 341.220  8.88E-13   -.0004705  5.1080E-05  3.6985E-13  2.3407E-06 -1.6431E-06    6717143.
 344.850  1.70E-12   -.0002959  4.2405E-05  1.2957E-13  1.4721E-06 -3.1366E-06    6717143.
 348.480  1.83E-12   -.0001626  3.0570E-05 -1.4187E-14  8.0906E-07 -3.3838E-06    6717143.
 352.110  1.59E-12 -7.3944E-05  1.9082E-05 -8.8359E-14  3.6788E-07 -2.9460E-06    6717143.
 355.740  1.19E-12 -2.4087E-05  9.7478E-06 -1.1910E-13  1.1983E-07 -2.1967E-06    6717143.
 359.370  7.27E-13 -3.1752E-06  3.3177E-06 -1.2764E-13  1.5797E-08 -1.3460E-06    6717143.
 363.000  2.60E-13      0.0000      0.0000 -1.2864E-13      0.0000 -4.8193E-07    3358571.

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  3:

Pile-head deflection             =      .50000000 in
Computed slope at pile head      =     -.01748432
Maximum bending moment           =       2374837. lbs-in
Maximum shear force              =   210512.09341 lbs
Depth of maximum bending moment  =    25.41000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =              6
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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   =         .750000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =            .000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     Es*h   
    X        y          M           V           S        Stress          p          F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- -----------
   0.000   .750000      0.0000     274849.   -.0251809      0.0000 -11796.7214  28548.0657
   3.630   .658593     919979.     231327.   -.0248924   4577.0098 -12182.3616  67146.0918
   7.260   .569281    1679432.     187182.   -.0240774   8355.3840 -12139.6102  77407.8034
  10.890   .483791    2278923.     144683.   -.0228363  11337.9252 -11276.2644  84608.4694
  14.520   .403489    2729828.     105305.   -.0212659  13581.2315 -10419.2189  93736.7679
  18.150   .329401    3043439.  68988.8971   -.0194558  15141.4880  -9589.7925     105680.
  21.780   .262240    3230687.  35600.2742   -.0174886  16073.0693  -8806.1430     121897.
  25.410   .202433    3301897.   5081.1925   -.0154404  16427.3487  -8008.7780     143612.
  29.040   .150143    3267576. -22417.7728   -.0133806  16256.5989  -7142.1670     172676.
  32.670   .105290    3139144. -46073.0675   -.0113719  15617.6321  -5891.0532     203101.
  36.300   .067583    2933086. -63728.5842   -.0094680  14592.4672  -3836.5042     206066.
  39.930   .036552    2676475. -74512.0915   -.0077092  13315.7937  -2104.8222     209031.
  43.560   .011614    2392128. -79563.3733   -.0061200  11901.1350   -678.2533     211996.
  47.190  -.007879    2098844. -79947.5179   -.0047120  10442.0122    466.6034     214960.
  50.820  -.022595    1811709. -77549.1846   -.0034859   9013.4783    854.7923     137326.
  54.450  -.033187    1535837. -73691.6996   -.0024363   7640.9819   1270.5438     138973.
  58.080  -.040282    1276707. -68553.3949   -.0015544   6351.7781   1560.4781     140620.
  61.710  -.044472    1038140. -62557.6654   -.0008287   5164.8742   1742.9541     142268.
  65.340  -.046298     822539. -56062.6891   -.0002453   4092.2326   1835.5452     143915.
  68.970  -.046253     631125. -49364.8681    .0002105   3139.9233   1854.7143     145562.
  72.600  -.044770     464150. -42703.2800    .0005539   2309.2031   1815.5822     147209.
  76.230  -.042231     321099. -36264.8187    .0008001   1597.5064   1731.7794     148856.
  79.860  -.038961     200867. -30189.7458    .0009638    999.3395   1615.3683     150503.
  83.490  -.035234     101921. -24577.4148    .0010587    507.0708   1476.8251     152150.
  87.120  -.031275  22435.1978 -19491.9751    .0010977    111.6179   1325.0701     153797.
  90.750  -.027265 -39590.5139 -14967.8965    .0010923    196.9677   1167.5352     155444.
  94.380  -.023345 -86231.7304 -11015.1961    .0010529    429.0136   1010.2611     157092.
  98.010  -.019621    -119561.  -7624.2784    .0009884    594.8300    858.0131     158739.
 101.640  -.016169    -141584.  -4770.3298    .0009065    704.3980    714.4104     160386.
 105.270  -.013040    -154193.  -2417.2341    .0008137    767.1315    582.0611     162033.
 108.900  -.010261    -159133.   -520.9959    .0007155    791.7070    462.6983     163680.
 112.530  -.007845    -157976.    967.3222    .0006161    785.9496    357.3117     165327.
 116.160  -.005789    -152110.   2099.1290    .0005189    756.7679    266.2733     166974.
 119.790  -.004078    -142736.   2926.2714    .0004264    710.1303    189.4525     168621.
 123.420  -.002693    -130866.   3499.3976    .0003406    651.0727    126.3196     170268.
 127.050  -.001606    -117331.   3866.6751    .0002628    583.7341     76.0372     171916.
 130.680  -.000785    -102794.   4072.8136    .0001938    511.4107     37.5377     173563.
 134.310  -.000199 -87761.9315   4158.3460    .0001340    436.6265      9.5876     175210.
 137.940   .000188 -72603.9683   4159.1188  8.3760E-05    361.2138     -9.1618     176857.
 141.570   .000409 -57566.7291   4105.9448  4.2947E-05    286.4016    -20.1352     178504.
 145.200   .000500 -42794.8088   4024.3762  1.1480E-05    212.9095    -24.8063     180151.
 148.830   .000493 -28349.7581   3934.5573 -1.0827E-05    141.0436    -24.6807     181798.
 152.460   .000421 -14229.9229   3851.1247 -2.4177E-05     70.7956    -21.2877     183445.
 156.090   .000317   -390.5929   2990.1380 -2.8761E-05      1.9432   -453.0852    5183744.
 159.720   .000212   7478.4789   1454.3167 -2.6539E-05     37.2064   -393.0974    6717143.
 163.350   .000125  10167.7460    322.3364 -2.1006E-05     50.5858   -230.5832    6717143.
 166.980  5.99E-05   9818.6412   -297.4501 -1.4740E-05     48.8490   -110.8970    6717143.
 170.610  1.76E-05   8008.2579   -557.8396 -9.1501E-06     39.8421    -32.5683    6717143.
 174.240 -6.50E-06   5768.7260   -595.1191 -4.8306E-06     28.7001     12.0286    6717143.
 177.870 -1.75E-05   3687.6936   -514.6141 -1.8656E-06     18.3467     32.3268    6717143.
 181.500 -2.00E-05   2032.6275   -388.6194 -7.2090E-08     10.1126     37.0918    6717143.
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 185.130 -1.80E-05    866.3171   -260.8668  8.3684E-07      4.3100     33.2952    6717143.
 188.760 -1.40E-05    138.7345   -153.5190  1.1520E-06    .6902212     25.8496    6717143.
 192.390 -9.63E-06   -248.2311    -74.2596  1.1176E-06      1.2350     17.8195    6717143.
 196.020 -5.86E-06   -400.3905    -22.2515  9.1426E-07      1.9920     10.8351    6717143.
 199.650 -2.99E-06   -409.7772      7.4640  6.6024E-07      2.0387      5.5371    6717143.
 203.280 -1.06E-06   -346.2018     21.0807  4.2321E-07      1.7224      1.9652    6717143.
 206.910  8.02E-08   -256.7310     24.3782  2.3417E-07      1.2773   -.1484506    6717143.
 210.540  6.38E-07   -169.2163     21.9657  1.0062E-07    .8418721     -1.1807    6717143.
 214.170  8.11E-07    -97.2599     17.0998  1.7072E-08    .4838802     -1.5002    6717143.
 217.800  7.62E-07    -45.0721     11.8175 -2.7554E-08    .2242391     -1.4101    6717143.
 221.430  6.11E-07    -11.4647      7.2072 -4.5280E-08    .0570382     -1.1301    6717143.
 225.060  4.33E-07      7.2519      3.7009 -4.6601E-08    .0360789   -.8017722    6717143.
 228.690  2.72E-07     15.4035      1.3308 -3.9498E-08    .0766344   -.5040184    6717143.
 232.320  1.47E-07     16.9138   -.0760804 -2.9365E-08    .0841481   -.2711463    6717143.
 235.950  5.92E-08     14.8512   -.7669848 -1.9406E-08    .0738864   -.1095173    6717143.
 239.580  5.64E-09     11.3455   -.9847139 -1.1192E-08    .0564451   -.0104436    6717143.
 243.210 -2.21E-08      7.7021   -.9295417 -5.2200E-09    .0383191    .0408415    6717143.
 246.840 -3.23E-08      4.5970   -.7470878 -1.3638E-09    .0228706    .0596841    6717143.
 250.470 -3.20E-08      2.2783   -.5313795  7.9183E-10    .0113348    .0591635    6717143.
 254.100 -2.65E-08    .7391771   -.3349787  1.7379E-09    .0036775    .0490464    6717143.
 257.730 -1.94E-08   -.1536558   -.1809538  1.9215E-09    .0007645    .0358158    6717143.
 261.360 -1.26E-08   -.5745476   -.0737813  1.6932E-09    .0028584    .0232324    6717143.
 264.990 -7.06E-09   -.6893081   -.0078940  1.2969E-09    .0034294    .0130691    6717143.
 268.620 -3.14E-09   -.6318581    .0263703  8.8268E-10    .0031436    .0058093    6717143.
 272.250 -6.54E-10   -.4978597    .0391120  5.2847E-10    .0024769    .0012109    6717143.
 275.880  6.97E-10   -.3479051    .0389678  2.6330E-10    .0017309   -.0012904    6717143.
 279.510  1.26E-09   -.2149536    .0324036  8.6819E-11    .0010694   -.0023263    6717143.
 283.140  1.33E-09   -.1126552    .0237224 -1.5898E-11    .0005605   -.0024567    6717143.
 286.770  1.14E-09   -.0427289    .0154289 -6.4617E-11    .0002126   -.0021127    6717143.
 290.400  8.59E-10   -.0006412    .0087110 -7.8215E-11  3.1900E-06   -.0015887    6717143.
 294.030  5.74E-10    .0205130    .0039002 -7.1984E-11    .0001021   -.0010619    6717143.
 297.660  3.36E-10    .0276743    .0008446 -5.6876E-11    .0001377   -.0006216    6717143.
 301.290  1.61E-10    .0266450   -.0008241 -3.9845E-11    .0001326   -.0002978    6717143.
 304.920  4.66E-11    .0216911   -.0015213 -2.4690E-11    .0001079 -8.6306E-05    6717143.
 308.550 -1.83E-11    .0156000   -.0016165 -1.2998E-11  7.7612E-05  3.3856E-05    6717143.
 312.180 -4.77E-11    .0099550   -.0013948 -4.9852E-12  4.9527E-05  8.8308E-05    6717143.
 315.810 -5.45E-11    .0054736   -.0010515 -1.4775E-13  2.7232E-05    .0001008    6717143.
 319.440 -4.88E-11    .0023209   -.0007046  2.2961E-12  1.1547E-05  9.0293E-05    6717143.
 323.070 -3.78E-11    .0003579   -.0004138  3.1360E-12  1.7805E-06  6.9982E-05    6717143.
 326.700 -2.60E-11   -.0006830   -.0001993  3.0341E-12  3.3978E-06  4.8163E-05    6717143.
 330.330 -1.58E-11   -.0010892 -5.8869E-05  2.4784E-12  5.4188E-06  2.9221E-05    6717143.
 333.960 -8.03E-12   -.0011104  2.1150E-05  1.7888E-12  5.5241E-06  1.4867E-05    6717143.
 337.590 -2.80E-12   -.0009356  5.7552E-05  1.1473E-12  4.6549E-06  5.1894E-06    6717143.
 341.220  2.96E-13   -.0006925  6.5978E-05  6.3684E-13  3.4454E-06 -5.4687E-07    6717143.
 344.850  1.82E-12   -.0004566  5.8876E-05  2.7654E-13  2.2718E-06 -3.3661E-06    6717143.
 348.480  2.30E-12   -.0002651  4.5031E-05  5.0259E-14  1.3188E-06 -4.2620E-06    6717143.
 352.110  2.18E-12   -.0001297  2.9960E-05 -7.3521E-14  6.4528E-07 -4.0413E-06    6717143.
 355.740  1.77E-12 -4.7572E-05  1.6683E-05 -1.2910E-13  2.3668E-07 -3.2743E-06    6717143.
 359.370  1.25E-12 -8.5870E-06  6.5526E-06 -1.4671E-13  4.2722E-08 -2.3069E-06    6717143.
 363.000  7.04E-13      0.0000      0.0000 -1.4940E-13      0.0000 -1.3033E-06    3358571.

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  4:

Pile-head deflection             =      .75000000 in
Computed slope at pile head      =     -.02518088
Maximum bending moment           =       3301897. lbs-in
Maximum shear force              =   274848.78197 lbs
Depth of maximum bending moment  =    25.41000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =              6
Number of zero deflection points =              8
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------------------------------------------------------------------------------
             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   =        1.000000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =            .000 lbs

  Depth   Deflect.    Moment      Shear       Slope      Total       Soil Res.     Es*h   
    X        y          M           V           S        Stress          p          F/L   
    in       in        lbs-in        lbs         Rad.   lbs/in**2    lbs/in      lbs/in
-------- --------- ----------- ----------- ----------- ----------- ----------- -----------
   0.000  1.000000      0.0000     318229.   -.0324135      0.0000 -11796.7214  21411.0493
   3.630   .882339    1077449.     274707.   -.0320757   5360.4446 -12182.3430  50118.9543
   7.260   .767130    1994373.     229774.   -.0311126   9922.2547 -12574.1612  59499.9261
  10.890   .656462    2745609.     183407.   -.0296264  13659.7442 -12972.1769  71731.5297
  14.520   .552043    3325911.     136895.   -.0277228  16546.8203 -12654.6692  83211.7661
  18.150   .455194    3739464.  92979.8906   -.0255075  18604.2978 -11540.8005  92033.4364
  21.780   .366858    4000945.  53015.7138   -.0230806  19905.1984 -10478.0297     103678.
  25.410   .287629    4124358.  16780.5050   -.0205330  20519.1938  -9486.2726     119721.
  29.040   .217788    4122771. -15933.5822   -.0179473  20511.3002  -8538.0178     142308.
  32.670   .157332    4008680. -45070.4459   -.0153978  19943.6823  -7515.3506     173396.
  36.300   .106001    3795560. -69632.3727   -.0129508  18883.3826  -6017.3914     206066.
  39.930   .063309    3503149. -87170.7008   -.0106624  17428.6026  -3645.5993     209031.
  43.560   .028591    3162701. -96818.0919   -.0085724  15734.8290  -1669.7676     211996.
  47.190   .001073    2800250. -99964.0523   -.0067028  13931.5909    -63.5438     214960.
  50.820  -.020071    2436962. -98701.2355   -.0050608  12124.1871    759.3107     137326.
  54.450  -.035668    2083679. -94844.6223   -.0036434  10366.5612   1365.5450     138973.
  58.080  -.046522    1748390. -89095.1715   -.0024419   8698.4559   1802.1965     140620.
  61.710  -.053396    1436848. -82025.8973   -.0014432   7148.4968   2092.7204     142268.
  65.340  -.057000    1152882. -74126.0467   -.0006312   5735.7295   2259.8144     143915.
  68.970  -.057979     898693. -65804.7066  1.2005E-05   4471.1082   2324.9460     145562.
  72.600  -.056913     675139. -57395.8961    .0005055   3358.9028   2308.0074     147209.
  76.230  -.054310     481999. -49164.7105    .0008683   2398.0027   2227.0811     148856.
  79.860  -.050609     318204. -41314.1383    .0011192   1583.1028   2098.3031     150503.
  83.490  -.046185     182058. -33992.2278    .0012760    905.7607   1935.8074     152150.
  87.120  -.041345  71420.0868 -27299.3326    .0013555    355.3238   1751.7382     153797.
  90.750  -.036344 -16135.2507 -21295.2143    .0013728     80.2749   1556.3159     155444.
  94.380  -.031379 -83183.1693 -16005.8326    .0013417    413.8466   1357.9440     157092.
  98.010  -.026603    -132338. -11429.6903    .0012741    658.3960   1163.3465     158739.
 101.640  -.022129    -166163.  -7543.6457    .0011805    826.6802    977.7248     160386.
 105.270  -.018033    -187104.  -4308.1347    .0010697    930.8680    804.9259     162033.
 108.900  -.014362    -197440.  -1671.7749    .0009492    982.2875    647.6139     163680.
 112.530  -.011142    -199242.    424.6485    .0008248    991.2515    507.4403     165327.
 116.160  -.008374    -194357.   2044.8001    .0007014    966.9494    385.2053     166974.
 119.790  -.006049    -184396.   3253.9806    .0005826    917.3945    281.0099     168621.
 123.420  -.004144    -170733.   4116.8364    .0004713    849.4176    194.3928     170268.
 127.050  -.002628    -154508.   4695.5404    .0003693    768.6969    124.4524     171916.
 130.680  -.001463    -136643.   5048.3841    .0002780    679.8175     69.9519     173563.
 134.310  -.000609    -117857.   5228.7209    .0001982    586.3522     29.4072     175210.
 137.940 -2.38E-05 -98682.7943   5284.1975    .0001303    490.9592      1.1584     176857.
 141.570   .000337 -79493.5256   5256.2149  7.4485E-05    395.4902    -16.5758     178504.
 145.200   .000517 -60522.6741   5179.5622  3.0585E-05    301.1078    -25.6571     180151.
 148.830   .000559 -41889.9042   5082.1705 -1.5253E-06    208.4075    -28.0022     181798.
 152.460   .000506 -23626.1162   4984.9430 -2.2067E-05    117.5429    -25.5667     183445.
 156.090   .000399  -5699.2178   4071.1280 -3.1262E-05     28.3543   -477.9126    4348815.
 159.720   .000279   5930.2734   2266.8342 -3.1189E-05     29.5038   -516.1887    6717143.
 163.350   .000172  10757.9982    750.6461 -2.5957E-05     53.5224   -319.1767    6717143.
 166.980  9.05E-05  11379.9641   -132.6336 -1.9016E-05     56.6167   -167.4788    6717143.
 170.610  3.44E-05   9795.0784   -552.2503 -1.2377E-05     48.7317    -63.7150    6717143.
 174.240  6.54E-07   7370.6269   -670.0879 -6.9944E-06     36.6698     -1.2094    6717143.
 177.870 -1.63E-05   4930.2399   -617.3789 -3.1377E-06     24.5286     30.2502    6717143.
 181.500 -2.21E-05   2888.4563   -488.1636 -6.8621E-07     14.3704     40.9428    6717143.
 185.130 -2.13E-05   1386.1722   -342.2163  6.5404E-07      6.8964     39.4689    6717143.
 188.760 -1.74E-05    403.9660   -212.2166  1.2153E-06      2.0098     32.1562    6717143.
 192.390 -1.25E-05   -154.5207   -111.8503  1.2935E-06    .7687595     23.1420    6717143.
 196.020 -7.99E-06   -408.0673    -43.0243  1.1171E-06      2.0302     14.7786    6717143.
 199.650 -4.40E-06   -466.8771     -1.4376  8.4281E-07      2.3228      8.1341    6717143.
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 203.280 -1.87E-06   -418.5045     19.5987  5.6521E-07      2.0821      3.4561    6717143.
 206.910 -2.92E-07   -324.5906     26.8534  3.3222E-07      1.6149    .5409634    6717143.
 210.540  5.44E-07   -223.5484     26.0076  1.6036E-07      1.1122     -1.0070    6717143.
 214.170  8.72E-07   -135.7754     21.2517  4.7697E-08    .6754994     -1.6133    6717143.
 217.800  8.90E-07    -69.2611     15.3328 -1.6589E-08    .3445827     -1.6478    6717143.
 221.430  7.51E-07    -24.4594      9.8184 -4.5974E-08    .1216886     -1.3905    6717143.
 225.060  5.57E-07      2.0202      5.4249 -5.3009E-08    .0100506     -1.0301    6717143.
 228.690  3.67E-07     14.9256      2.3241 -4.7696E-08    .0742568   -.6783289    6717143.
 232.320  2.10E-07     18.8928    .3861594 -3.7093E-08    .0939939   -.3893799    6717143.
 235.950  9.73E-08     17.7291   -.6472832 -2.5611E-08    .0882046   -.1800099    6717143.
 239.580  2.45E-08     14.1935     -1.0563 -1.5602E-08    .0706144   -.0453175    6717143.
 243.210 -1.60E-08     10.0607     -1.0848 -7.9973E-09    .0500534    .0295900    6717143.
 246.840 -3.36E-08      6.3179   -.9183439 -2.8620E-09    .0314322    .0621202    6717143.
 250.470 -3.68E-08      3.3936   -.6821054  1.8290E-10    .0168834    .0680387    6717143.
 254.100 -3.22E-08      1.3658   -.4503265  1.6751E-09    .0067949    .0596631    6717143.
 257.730 -2.46E-08    .1241857   -.2593925  2.1423E-09    .0006178    .0455346    6717143.
 261.360 -1.67E-08   -.5174065   -.1206944  2.0190E-09    .0025742    .0308831    6717143.
 264.990 -9.95E-09   -.7520555   -.0312258  1.6210E-09    .0037416    .0184109    6717143.
 268.620 -4.92E-09   -.7441059    .0187182  1.1519E-09    .0037020    .0091065    6717143.
 272.250 -1.59E-09   -.6161612    .0405759  7.2538E-10    .0030655    .0029363    6717143.
 275.880  3.45E-10   -.4495246    .0447466  3.9125E-10    .0022364   -.0006384    6717143.
 279.510  1.25E-09   -.2913009    .0393774  1.5897E-10    .0014493   -.0023198    6717143.
 283.140  1.50E-09   -.1636446    .0301320  1.6328E-11    .0008142   -.0027741    6717143.
 286.770  1.37E-09   -.0725423    .0204885 -5.7725E-11    .0003609   -.0025391    6717143.
 290.400  1.08E-09   -.0148979    .0122525 -8.5141E-11  7.4119E-05   -.0019986    6717143.
 294.030  7.54E-10    .0164111    .0060926 -8.4666E-11  8.1647E-05   -.0013953    6717143.
 297.660  4.65E-10    .0293341    .0019970 -7.0324E-11    .0001459   -.0008612    6717143.
 301.290  2.43E-10    .0309095   -.0003838 -5.1435E-11    .0001538   -.0004506    6717143.
 304.920  9.20E-11    .0265477   -.0015105 -3.3420E-11    .0001321   -.0001702    6717143.
 308.550  8.65E-13    .0199435   -.0018222 -1.8843E-11  9.9222E-05 -1.6012E-06    6717143.
 312.180 -4.48E-11    .0133182   -.0016746 -8.4146E-12  6.6260E-05  8.2970E-05    6717143.
 315.810 -6.02E-11    .0077862   -.0013217 -1.7976E-12  3.8738E-05    .0001114    6717143.
 319.440 -5.79E-11    .0037227   -.0009250  1.8109E-12  1.8521E-05    .0001071    6717143.
 323.070 -4.71E-11    .0010707   -.0005725  3.3138E-12  5.3268E-06  8.7115E-05    6717143.
 326.700 -3.38E-11   -.0004334   -.0003007  3.5136E-12  2.1564E-06  6.2601E-05    6717143.
 330.330 -2.16E-11   -.0011127   -.0001147  3.0288E-12  5.5358E-06  3.9912E-05    6717143.
 333.960 -1.18E-11   -.0012660 -2.4730E-06  2.2830E-12  6.2986E-06  2.1910E-05    6717143.
 337.590 -4.99E-12   -.0011306  5.4066E-05  1.5316E-12  5.6251E-06  9.2410E-06    6717143.
 341.220 -7.21E-13   -.0008735  7.3261E-05  9.0322E-13  4.3457E-06  1.3343E-06    6717143.
 344.850  1.56E-12   -.0005988  7.0431E-05  4.4162E-13  2.9789E-06 -2.8931E-06    6717143.
 348.480  2.49E-12   -.0003622  5.6834E-05  1.4033E-13  1.8018E-06 -4.5985E-06    6717143.
 352.110  2.58E-12   -.0001862  3.9815E-05 -3.1590E-14  9.2614E-07 -4.7783E-06    6717143.
 355.740  2.26E-12 -7.3108E-05  2.3566E-05 -1.1288E-13  3.6372E-07 -4.1741E-06    6717143.
 359.370  1.76E-12 -1.5063E-05  1.0070E-05 -1.4052E-13  7.4940E-08 -3.2619E-06    6717143.
 363.000  1.24E-12      0.0000      0.0000 -1.4525E-13      0.0000 -2.2863E-06    3358571.

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  5:

Pile-head deflection             =     1.00000000 in
Computed slope at pile head      =     -.03241352
Maximum bending moment           =       4124358. lbs-in
Maximum shear force              =   318229.05376 lbs
Depth of maximum bending moment  =    25.41000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =              7
Number of zero deflection points =              8

------------------------------------------------------------------------------
                          Summary of Pile Response(s)
------------------------------------------------------------------------------
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Definition of Symbols for Pile-Head Loading Conditions:

Type 1 = Shear and Moment,          y = pile-head displacment in
Type 2 = Shear and Slope,           M = Pile-head Moment lbs-in
Type 3 = Shear and Rot. Stiffness,  V = Pile-head Shear Force lbs
Type 4 = Deflection and Moment,     S = Pile-head Slope, radians
Type 5 = Deflection and Slope,      R = Rot. Stiffness of Pile-head in-lbs/rad

Load  Pile-Head    Pile-Head       Axial    Pile-Head    Maximum     Maximum 
Type  Condition    Condition       Load     Deflection    Moment      Shear
          1            2            lbs         in        in-lbs       lbs
---- ------------ ------------ ----------- ----------- ----------- -----------
  4  y=     0.000 M=     0.000      0.0000      0.0000      0.0000      0.0000
  4  y=   .250000 M=     0.000      0.0000    .2500000    1322507.     131773.
  4  y=   .500000 M=     0.000      0.0000    .5000000    2374837.     210512.
  4  y=   .750000 M=     0.000      0.0000    .7500000    3301897.     274849.
  4  y=  1.000000 M=     0.000      0.0000   1.0000000    4124358.     318229.

The analysis ended normally. 
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==============================================================================

                LPILE Plus for Windows, Version 5.0 (5.0.17)

               Analysis of Individual Piles and Drilled Shafts 
              Subjected to Lateral Loading Using the p-y Method

                        (c) 1985-2005 by Ensoft, Inc.          
                             All Rights Reserved               

==============================================================================

This program is licensed to: 

Hisham Nofal
CH2MHill

Path to file locations:      C:\MyFolder\Projects\SR-57\Final Reports\Retaining 
Walls\Pile Foundation\Sign Structure 698\Lateral Capacity\
Name of input data file:     RW 698.lpd
Name of output file:         RW 698.lpo
Name of plot output file:    RW 698.lpp
Name of runtime file:        RW 698.lpr

------------------------------------------------------------------------------
                          Time and Date of Analysis
------------------------------------------------------------------------------

               Date:  April 14, 2009     Time:  14:57:59

------------------------------------------------------------------------------
                                Problem Title
------------------------------------------------------------------------------

RW 698                                                                          

------------------------------------------------------------------------------
                                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 uses p-y multiplers for group action
- Analysis assumes no shear resistance at pile tip
- Analysis for fixed-length pile or shaft only
- 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            =          100

Page 1



RW 698.lpo
- Maximum number of iterations allowed =         1000
- Deflection tolerance for convergence =   10.000E-12 in
- Maximum allowable deflection         =   1.0000E+01 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                               =     240.00 in
Depth of ground surface below top of pile =    -252.00 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   16.00000000    1608.0000     201.0000      3600000.
  2     240.0000   16.00000000    1608.0000     201.0000      3600000.

------------------------------------------------------------------------------
                      Soil and Rock Layering Information
------------------------------------------------------------------------------

The soil profile is modelled using  3 layers

Layer  1 is sand, p-y criteria by Reese et al., 1974
Distance from top of pile to top of layer    =     -252.000 in
Distance from top of pile to bottom of layer =      420.000 in
p-y subgrade modulus k for top of soil layer =      115.000 lbs/in**3
p-y subgrade modulus k for bottom of layer   =      115.000 lbs/in**3

Layer  2 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 =      564.000 in

Layer  3 is stiff clay without free water
Distance from top of pile to top of layer    =      564.000 in
Distance from top of pile to bottom of layer =     1000.000 in

(Depth of lowest layer extends  760.00 in below pile tip)

------------------------------------------------------------------------------
                   Effective Unit Weight of Soil vs. Depth
------------------------------------------------------------------------------

Distribution of effective unit weight of soil with depth
is defined using  6 points

Point        Depth X    Eff. Unit Weight
 No.           in          lbs/in**3
-----      ----------   ----------------
  1          -252.00         .06900
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  2           420.00         .06900
  3           420.00         .06900
  4           564.00         .06900
  5           564.00         .03900
  6          1000.00         .03900

------------------------------------------------------------------------------
                           Shear Strength of Soils
------------------------------------------------------------------------------

Distribution of shear strength parameters with depth
defined using  6 points

Point    Depth X     Cohesion c     Angle of Friction     E50 or      RQD
 No.       in         lbs/in**2            Deg.            k_rm        %
-----   --------     ----------     ------------------    ------    ------
  1     -252.000         .00000           33.00           ------    ------
  2      420.000         .00000           33.00           ------    ------
  3      420.000       10.42000             .00           .00700        .0
  4      564.000       10.42000             .00           .00700        .0
  5      564.000       27.78000             .00           .00470        .0
  6     1000.000       27.78000             .00           .00470        .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.

------------------------------------------------------------------------------
                           p-y Modification Factors
------------------------------------------------------------------------------

Distribution of p-y multipliers with depth defined using  2 points

Point      Depth X         p-mult         y-mult
 No.       in
-----     ----------     ----------     ----------
  1             .000         1.0000         1.0000
  2         1000.000         1.0000         1.0000

------------------------------------------------------------------------------
                                 Loading Type
------------------------------------------------------------------------------

Cyclic loading criteria was used for computation of p-y curves

Number of cycles of loading =        1000.

------------------------------------------------------------------------------
              Pile-head Loading and Pile-head Fixity Conditions
------------------------------------------------------------------------------
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Number of loads specified =  4

Load Case Number  1

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =            .250 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =            .000 lbs

Load Case Number  2

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     =            .000 lbs

Load Case Number  3

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Deflection at pile head     =            .750 in
Bending moment at pile head =            .000 in-lbs
Axial load at pile head     =            .000 lbs

Load Case Number  4

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     =            .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   =         .250000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =            .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   .250000      0.0000     107775.   -.0084476      0.0000  -6189.8508
   2.400   .229726     240833.  93146.9426   -.0083977   1198.1754  -6000.2055
   4.800   .209691     447105.  78990.0005   -.0082551   2224.4046  -5797.2463
   7.200   .190101     619985.  65334.4989   -.0080339   3084.5038  -5582.3383
   9.600   .171128     760711.  52457.8248   -.0077477   3784.6314  -5148.2234
  12.000   .152912     871783.  40709.0556   -.0074093   4337.2279  -4642.4177
  14.400   .135564     956114.  30154.3961   -.0070304   4756.7880  -4153.1319
  16.800   .119167    1016524.  20750.2242   -.0066214   5057.3329  -3683.6780
  19.200   .103781    1055715.  12445.7483   -.0061919   5252.3157  -3236.7186
  21.600   .089446    1076264.   5184.5045   -.0057499   5354.5448  -2814.3180
  24.000   .076181    1080601.  -1094.2710   -.0053028   5376.1248  -2417.9950
  26.400   .063992    1071011.  -6454.3943   -.0048568   5328.4130  -2048.7744
  28.800   .052869    1049620. -10961.6098   -.0044172   5221.9900  -1707.2385
  31.200   .042790    1018395. -14682.5879   -.0039885   5066.6432  -1393.5765
  33.600   .033724     979144. -17684.0387   -.0035744   4871.3610  -1107.6326
  36.000   .025633     933512. -20031.9405   -.0031779   4644.3378   -848.9523
  38.400   .018470     882990. -21790.8744   -.0028014   4392.9863   -616.8260
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  40.800   .012186     828916. -23023.4616   -.0024465   4123.9587   -410.3301
  43.200   .006727     772478. -23789.8962   -.0021145   3843.1723   -228.3654
  45.600   .002036     714724. -24147.5664   -.0018062   3555.8418    -69.6931
  48.000  -.001943     656569. -24150.7583   -.0015220   3266.5140     67.0331
  50.400  -.005269     598801. -23850.4345   -.0012617   2979.1072    183.2367
  52.800  -.007999     542087. -23294.0806   -.0010252   2696.9514    280.3915
  55.200  -.010190     486989. -22525.6133   -.0008119   2422.8307    359.9979
  57.600  -.011896     433964. -21585.3426   -.0006210   2159.0263    423.5611
  60.000  -.013171     383379. -20509.9818   -.0004516   1907.3598    472.5730
  62.400  -.014064     335516. -19332.6992   -.0003025   1669.2357    508.4959
  64.800  -.014623     290582. -18083.2054   -.0001727   1445.6834    532.7490
  67.200  -.014893     248717. -16787.8700 -6.0953E-05   1237.3980    546.6972
  69.600  -.014916     210001. -15469.8634  3.4137E-05   1044.7791    551.6416
  72.000  -.014729     174462. -14149.3182    .0001138    867.9684    548.8128
  74.400  -.014369     142084. -12843.5048    .0001795    706.8849    539.3651
  76.800  -.013868     112813. -11567.0192    .0002323    561.2578    524.3729
  79.200  -.013254  86562.1730 -10331.9776    .0002736    430.6576    504.8285
  81.600  -.012555  63219.3329  -9148.2142    .0003047    314.5240    481.6410
  84.000  -.011792  42650.7450  -8023.4810    .0003266    212.1928    455.6367
  86.400  -.010987  24706.6243  -6963.6453    .0003406    122.9185    427.5598
  88.800  -.010157   9225.2477  -5972.8836    .0003476     45.8968    398.0750
  91.200  -.009318  -3963.2171  -5053.8698    .0003487     19.7175    367.7699
  93.600  -.008483 -15033.3275  -4207.9558    .0003448     74.7927    337.1585
  96.000  -.007663 -24161.4051  -3435.3439    .0003366    120.2060    306.6848
  98.400  -.006867 -31522.9781  -2735.2493    .0003251    156.8307    276.7273
 100.800  -.006103 -37290.6019  -2106.0529    .0003108    185.5254    247.6031
 103.200  -.005375 -41632.0320  -1545.4423    .0002945    207.1245    219.5724
 105.600  -.004689 -44708.7249  -1050.5428    .0002766    222.4315    192.8438
 108.000  -.004048 -46674.6376   -618.0364    .0002576    232.2121    167.5782
 110.400  -.003453 -47675.2998   -244.2697    .0002381    237.1905    143.8940
 112.800  -.002905 -47847.1324     74.6489    .0002183    238.0454    121.8715
 115.200  -.002405 -47316.9853    342.7631    .0001985    235.4079    101.5571
 117.600  -.001952 -46201.8694    564.1929    .0001792    229.8600     82.9678
 120.000  -.001545 -44608.8593    743.0683    .0001603    221.9346     66.0951
 122.400  -.001182 -42635.1414    883.4732    .0001423    212.1151     50.9089
 124.800  -.000862 -40368.1882    989.3969    .0001250    200.8368     37.3608
 127.200  -.000582 -37886.0365   1064.6950    .0001088    188.4877     25.3876
 129.600  -.000340 -35257.6522   1113.0571  9.3659E-05    175.4112     14.9142
 132.000  -.000133 -32543.3623   1137.9815  7.9605E-05    161.9073      5.8562
 134.400  4.22E-05 -29795.3408   1142.7562  6.6682E-05    148.2355     -1.8773
 136.800   .000187 -27058.1327   1130.4453  5.4896E-05    134.6176     -8.3817
 139.200   .000306 -24369.2035   1103.8811  4.4236E-05    121.2398    -13.7551
 141.600   .000400 -21759.5035   1065.6596  3.4673E-05    108.2562    -18.0962
 144.000   .000472 -19254.0376   1018.1403  2.6171E-05     95.7912    -21.5032
 146.400   .000525 -16872.4300    963.4496  1.8682E-05     83.9424    -24.0724
 148.800   .000562 -14629.4793    903.4862  1.2152E-05     72.7835    -25.8972
 151.200   .000584 -12535.6963    839.9291  6.5209E-06     62.3666    -27.0671
 153.600   .000593 -10597.8197    774.2478  1.7254E-06     52.7255    -27.6673
 156.000   .000592  -8819.3066    707.7136 -2.2997E-06     43.8771    -27.7779
 158.400   .000582  -7200.7943    641.4116 -5.6206E-06     35.8248    -27.4737
 160.800   .000565  -5740.5308    576.2544 -8.3033E-06     28.5599    -26.8240
 163.200   .000542  -4434.7733    512.9952 -1.0413E-05     22.0635    -25.8920
 165.600   .000515  -3278.1539    452.2420 -1.2011E-05     16.3092    -24.7356
 168.000   .000485  -2264.0118    394.4713 -1.3160E-05     11.2637    -23.4066
 170.400   .000452  -1384.6918    340.0416 -1.3917E-05      6.8890    -21.9514
 172.800   .000418   -631.8119    289.2070 -1.4335E-05      3.1433    -20.4108
 175.200   .000383      3.5016    242.1294 -1.4465E-05    .0174211    -18.8205
 177.600   .000348    530.4090    198.8912 -1.4354E-05      2.6389    -17.2112
 180.000   .000314    958.1796    159.5069 -1.4046E-05      4.7671    -15.6090
 182.400   .000281   1296.0422    123.9335 -1.3578E-05      6.4480    -14.0355
 184.800   .000249   1553.0602     92.0806 -1.2988E-05      7.7267    -12.5085
 187.200   .000219   1738.0291     63.8201 -1.2306E-05      8.6469    -11.0419
 189.600   .000190   1859.3967     38.9943 -1.1560E-05      9.2507     -9.6463
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 192.000   .000163   1925.2015     17.4234 -1.0775E-05      9.5781     -8.3294
 194.400   .000138   1943.0291     -1.0871 -9.9734E-06      9.6668     -7.0960
 196.800   .000115   1919.9836    -16.7407 -9.1726E-06      9.5522     -5.9487
 199.200  9.42E-05   1862.6739    -29.7443 -8.3885E-06      9.2670     -4.8877
 201.600  7.50E-05   1777.2108    -40.3039 -7.6340E-06      8.8418     -3.9119
 204.000  5.76E-05   1669.2151    -48.6200 -6.9195E-06      8.3046     -3.0182
 206.400  4.18E-05   1543.8347    -54.8847 -6.2535E-06      7.6808     -2.2024
 208.800  2.75E-05   1405.7685    -59.2788 -5.6420E-06      6.9939     -1.4593
 211.200  1.47E-05   1259.2967    -61.9694 -5.0896E-06      6.2652   -.7828725
 213.600  3.11E-06   1108.3155    -63.1086 -4.5988E-06      5.5140   -.1664369
 216.000 -7.38E-06    956.3756    -62.8318 -4.1708E-06      4.7581    .3970427
 218.400 -1.69E-05    806.7227    -61.2576 -3.8053E-06      4.0135    .9148317
 220.800 -2.56E-05    662.3392    -58.4867 -3.5007E-06      3.2952      1.3942
 223.200 -3.37E-05    525.9865    -54.6027 -3.2544E-06      2.6168      1.8424
 225.600 -4.13E-05    400.2463    -49.6721 -3.0624E-06      1.9913      2.2664
 228.000 -4.84E-05    287.5605    -43.7455 -2.9198E-06      1.4306      2.6725
 230.400 -5.53E-05    190.2681    -36.8585 -2.8208E-06    .9466073      3.0667
 232.800 -6.20E-05    110.6396    -29.0336 -2.7584E-06    .5504458      3.4541
 235.200 -6.85E-05     50.9066    -20.2820 -2.7249E-06    .2532665      3.8390
 237.600 -7.50E-05     13.2862    -10.6055 -2.7116E-06    .0661003      4.2247
 240.000 -8.15E-05      0.0000      0.0000 -2.7088E-06      0.0000      4.6132

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  1:

Pile-head deflection             =      .25000000 in
Computed slope at pile head      =     -.00844763
Maximum bending moment           =       1080601. lbs-in
Maximum shear force              =   107775.01023 lbs
Depth of maximum bending moment  =    24.00000000 in
Depth of maximum shear force     =        0.00000 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  2
------------------------------------------------------------------------------

Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =         .500000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =            .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     179523.   -.0162661      0.0000  -9066.1378
   2.400   .460961     404744.     158204.   -.0161822   2013.6502  -8699.5666
   4.800   .422326     759378.     137769.   -.0159409   3777.9995  -8329.1664
   7.200   .384445    1066036.     118223.   -.0155624   5303.6622  -7959.2404
   9.600   .347626    1326849.  99559.6598   -.0150664   6601.2391  -7593.6770
  12.000   .312127    1543922.  81764.1086   -.0144713   7681.2063  -7235.9490
  14.400   .278164    1719317.  64814.0331   -.0137949   8553.8149  -6889.1139
  16.800   .245911    1855030.  48686.5525   -.0130539   9229.0041  -6550.4533

Page 6



RW 698.lpo
  19.200   .215505    1953012.  33382.1395   -.0122645   9716.4788  -6203.2241
  21.600   .187042    2015264.  18922.1640   -.0114419  10026.1895  -5846.7555
  24.000   .160584    2043839.   5789.7444   -.0106005  10168.3514  -5096.9275
  26.400   .136159    2043055.  -5557.7066   -.0097533  10164.4521  -4359.2817
  28.800   .113768    2017162. -15197.4043   -.0089116  10035.6300  -3673.7997
  31.200   .093384    1970107. -23255.5550   -.0080850   9801.5290  -3041.3258
  33.600   .074960    1905535. -29859.5269   -.0072816   9480.2735  -2461.9841
  36.000   .058432    1826782. -35136.2315   -.0065079   9088.4656  -1935.2697
  38.400   .043722    1736881. -39210.7179   -.0057692   8641.1993  -1460.1356
  40.800   .030740    1638570. -42204.9704   -.0050695   8152.0903  -1035.0748
  43.200   .019388    1534297. -44236.8970   -.0044117   7633.3194   -658.1974
  45.600   .009564    1426233. -45419.4967   -.0037980   7095.6868   -327.3024
  48.000   .001158    1316284. -45860.1929   -.0032295   6548.6747    -39.9444
  50.400  -.005938    1206104. -45660.3187   -.0027066   6000.5180    206.5062
  52.800  -.011834    1097114. -44914.7418   -.0022292   5458.2791    414.8078
  55.200  -.016638     990513. -43711.6149   -.0017964   4927.9271    587.7979
  57.600  -.020457     887298. -42132.2384   -.0014072   4414.4196    728.3492
  60.000  -.023393     788279. -40251.0228   -.0010598   3921.7841    839.3305
  62.400  -.025544     694093. -38135.5385   -.0007525   3453.2011    923.5731
  64.800  -.027005     605228. -35846.6406   -.0004832   3011.0847    983.8419
  67.200  -.027863     522030. -33438.6574   -.0002495   2597.1620   1022.8108
  69.600  -.028203     444722. -30959.6328 -4.9109E-05   2212.5496   1043.0430
  72.000  -.028099     373423. -28451.6119    .0001205   1857.8274   1046.9744
  74.400  -.027624     308155. -25950.9606    .0002618   1533.1081   1036.9017
  76.800  -.026843     248859. -23488.7110    .0003772   1238.1030   1014.9729
  79.200  -.025813     195409. -21090.9262    .0004693    972.1837    983.1812
  81.600  -.024590     147622. -18779.0743    .0005405    734.4391    943.3620
  84.000  -.023219     105269. -16570.4098    .0005929    523.7282    897.1917
  86.400  -.021744  68084.2924 -14478.3535    .0006288    338.7278    846.1885
  88.800  -.020201  35773.2669 -12512.8682    .0006503    177.9765    791.7159
  91.200  -.018622   8022.5253 -10680.8250    .0006594     39.9131    734.9867
  93.600  -.017036 -15494.6929  -8986.3583    .0006579     77.0880    677.0688
  96.000  -.015465 -35111.9945  -7431.2050    .0006474    174.6865    618.8922
  98.400  -.013928 -51164.4771  -6015.0271    .0006295    254.5496    561.2561
 100.800  -.012443 -63984.1248  -4735.7149    .0006056    318.3290    504.8375
 103.200  -.011021 -73895.9086  -3589.6704    .0005770    367.6413    450.1996
 105.600  -.009673 -81214.5428  -2572.0701    .0005449    404.0525    397.8007
 108.000  -.008406 -86241.8450  -1677.1053    .0005102    429.0639    348.0032
 110.400  -.007224 -89264.6484   -898.2024    .0004738    444.1027    301.0825
 112.800  -.006132 -90553.2166   -228.2204    .0004365    450.5135    257.2358
 115.200  -.005129 -90360.1066    340.3715    .0003990    449.5528    216.5908
 117.600  -.004216 -88919.4336    815.3371    .0003619    442.3852    179.2139
 120.000  -.003392 -86446.4886   1204.5357    .0003255    430.0820    145.1183
 122.400  -.002654 -83137.6624   1515.8030    .0002903    413.6202    114.2712
 124.800  -.001999 -79170.6343   1756.8499    .0002567    393.8838     86.6012
 127.200  -.001422 -74704.7831   1935.1770    .0002248    371.6656     62.0047
 129.600  -.000920 -69881.7847   2058.0050    .0001948    347.6706     40.3520
 132.000  -.000487 -64826.3589   2132.2184    .0001669    322.5192     21.4925
 134.400  -.000118 -59647.1362   2164.3220    .0001411    296.7519      5.2605
 136.800   .000191 -54437.6133   2160.4090    .0001175    270.8339     -8.5212
 139.200   .000445 -49277.1728   2126.1396  9.5950E-05    245.1601    -20.0366
 141.600   .000651 -44232.1434   2066.7276  7.6566E-05    220.0604    -29.4733
 144.000   .000813 -39356.8801   1986.9366  5.9238E-05    195.8054    -37.0192
 146.400   .000935 -34694.8477   1891.0812  4.3888E-05    172.6112    -42.8602
 148.800   .001024 -30279.6903   1783.0356  3.0419E-05    150.6452    -47.1777
 151.200   .001081 -26136.2766   1666.2462  1.8724E-05    130.0312    -50.1468
 153.600   .001113 -22281.7086   1543.7482  8.6869E-06    110.8543    -51.9348
 156.000   .001123 -18726.2851   1418.1862  1.8609E-07     93.1656    -52.7002
 158.400   .001114 -15474.4150   1291.8360 -6.9036E-06     76.9871    -52.5916
 160.800   .001090 -12525.4725   1166.6295 -1.2708E-05     62.3158    -51.7471
 163.200   .001053  -9874.5934   1044.1799 -1.7351E-05     49.1273    -50.2942
 165.600   .001007  -7513.4089    925.8080 -2.0956E-05     37.3801    -48.3491
 168.000   .000953  -5430.7151    812.5684 -2.3639E-05     27.0185    -46.0172
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 170.400   .000893  -3613.0804    705.2761 -2.5514E-05     17.9755    -43.3930
 172.800   .000830  -2045.3896    604.5321 -2.6687E-05     10.1761    -40.5604
 175.200   .000765   -711.3266    510.7480 -2.7258E-05      3.5389    -37.5930
 177.600   .000699    406.2009    424.1708 -2.7322E-05      2.0209    -34.5547
 180.000   .000634   1324.6934    344.9050 -2.6963E-05      6.5905    -31.5002
 182.400   .000570   2061.7449    272.9343 -2.6261E-05     10.2574    -28.4754
 184.800   .000508   2634.7781    208.1418 -2.5287E-05     13.1083    -25.5183
 187.200   .000449   3060.8256    150.3285 -2.4106E-05     15.2280    -22.6595
 189.600   .000392   3356.3547     99.2301 -2.2776E-05     16.6983    -19.9225
 192.000   .000339   3537.1302     54.5332 -2.1347E-05     17.5977    -17.3249
 194.400   .000290   3618.1141     15.8887 -1.9864E-05     18.0006    -14.8788
 196.800   .000244   3613.3961    -17.0752 -1.8365E-05     17.9771    -12.5912
 199.200   .000202   3536.1529    -44.7424 -1.6883E-05     17.5928    -10.4648
 201.600   .000163   3398.6326    -67.4984 -1.5445E-05     16.9086     -8.4986
 204.000   .000128   3212.1604    -85.7228 -1.4075E-05     15.9809     -6.6883
 206.400  9.54E-05   2987.1634    -99.7813 -1.2790E-05     14.8615     -5.0271
 208.800  6.62E-05   2733.2104   -110.0204 -1.1604E-05     13.5981     -3.5055
 211.200  3.97E-05   2459.0656   -116.7623 -1.0528E-05     12.2342     -2.1127
 213.600  1.56E-05   2172.7515   -120.3011 -9.5675E-06     10.8097   -.8363257
 216.000 -6.26E-06   1881.6201   -120.9003 -8.7270E-06      9.3613    .3369944
 218.400 -2.63E-05   1592.4299   -118.7906 -8.0068E-06      7.9225      1.4211
 220.800 -4.47E-05   1311.4252   -114.1691 -7.4049E-06      6.5245      2.4301
 223.200 -6.18E-05   1044.4181   -107.1994 -6.9165E-06      5.1961      3.3780
 225.600 -7.79E-05    796.8681    -98.0119 -6.5348E-06      3.9645      4.2782
 228.000 -9.32E-05    573.9607    -86.7058 -6.2507E-06      2.8555      5.1436
 230.400  -.000108    380.6804    -73.3507 -6.0528E-06      1.8939      5.9857
 232.800  -.000122    221.8775    -57.9901 -5.9279E-06      1.1039      6.8148
 235.200  -.000136    102.3279    -40.6450 -5.8606E-06    .5090939      7.6394
 237.600  -.000150     26.7814    -21.3183 -5.8339E-06    .1332408      8.4662
 240.000  -.000164      0.0000      0.0000 -5.8283E-06      0.0000      9.2991

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  2:

Pile-head deflection             =      .50000000 in
Computed slope at pile head      =     -.01626607
Maximum bending moment           =       2043839. lbs-in
Maximum shear force              =   179522.57370 lbs
Depth of maximum bending moment  =    24.00000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             11
Number of zero deflection points =              3

------------------------------------------------------------------------------
             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   =         .750000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =            .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
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-------- --------- ----------- ----------- ----------- ----------- -----------
   0.000   .750000      0.0000     235930.   -.0235650      0.0000 -10215.3665
   2.400   .693444     536811.     211296.   -.0234538   2670.6999 -10312.6557
   4.800   .637422    1014220.     186429.   -.0231322   5045.8729 -10409.9449
   7.200   .582409    1431669.     161578.   -.0226252   7122.7311 -10299.2989
   9.600   .528821    1789793.     137512.   -.0219574   8904.4452  -9755.3502
  12.000   .477014    2091727.     114740.   -.0211528  10406.6030  -9221.1121
  14.400   .427287    2340547.  93234.0631   -.0202340  11644.5140  -8700.8193
  16.800   .379890    2539251.  72955.2517   -.0192224  12633.0881  -8198.1902
  19.200   .335020    2690733.  53857.7018   -.0181383  13386.7290  -7716.4347
  21.600   .292827    2797768.  35888.0643   -.0170005  13919.2421  -7258.2632
  24.000   .253417    2862995.  18989.7265   -.0158271  14243.7574  -6823.6850
  26.400   .216857    2888918.   3136.8375   -.0146347  14372.7282  -6387.0559
  28.800   .183171    2878052. -11625.5698   -.0134392  14318.6669  -5914.9502
  31.200   .152348    2833116. -24677.5319   -.0122553  14095.1026  -4961.6849
  33.600   .124345    2759600. -35532.3463   -.0110960  13729.3527  -4083.9937
  36.000   .099088    2662560. -44371.2842   -.0099720  13246.5690  -3281.7879
  38.400   .076480    2546618. -51374.3694   -.0088921  12669.7400  -2554.1165
  40.800   .056406    2415963. -56718.4553   -.0078634  12019.7184  -1899.2885
  43.200   .038735    2274369. -60575.5879   -.0068911  11315.2694  -1314.9887
  45.600   .023328    2125201. -63111.6370   -.0059791  10573.1371   -798.3856
  48.000   .010036    1971433. -64485.1788   -.0051299   9808.1258   -346.2325
  50.400  -.001295    1815672. -64846.6091   -.0043448   9033.1926     45.0406
  52.800  -.010819    1660170. -64337.4700   -.0036243   8259.5501    379.2421
  55.200  -.018692    1506852. -63089.9688   -.0029678   7496.7754    660.3422
  57.600  -.025065    1357338. -61226.6723   -.0023740   6752.9239    892.4049
  60.000  -.030087    1212964. -58860.3547   -.0018412   6034.6459   1079.5265
  62.400  -.033903    1074808. -56093.9838   -.0013670   5347.3035   1225.7827
  64.800  -.036649     943713. -53020.8257   -.0009485   4695.0881   1335.1824
  67.200  -.038456     820308. -49724.6526   -.0005829   4081.1346   1411.6285
  69.600  -.039446     705034. -46280.0367   -.0002667   3507.6337   1458.8847
  72.000  -.039736     598164. -42752.7163  3.4814E-06   2975.9397   1480.5489
  74.400  -.039430     499821. -39200.0194    .0002311   2486.6733   1480.0319
  76.800  -.038626     410004. -35671.3323    .0004197   2039.8198   1460.5407
  79.200  -.037415     328599. -32208.6025    .0005728   1634.8206   1425.0675
  81.600  -.035877     255402. -28846.8628    .0006939   1270.6591   1376.3821
  84.000  -.034085     190134. -25614.7707    .0007862    945.9403   1317.0280
  86.400  -.032103     132452. -22535.1506    .0008531    658.9631   1249.3221
  88.800  -.029990  81965.2732 -19625.5356    .0008975    407.7874   1175.3571
  91.200  -.027795  38249.0161 -16898.6992    .0009225    190.2936   1097.0066
  93.600  -.025562    851.5172 -14363.1728    .0009306      4.2364   1015.9320
  96.000  -.023328 -30694.2133 -12023.7453    .0009244    152.7075    933.5909
  98.400  -.021125 -56862.4602  -9881.9393    .0009062    282.8978    851.2474
 100.800  -.018978 -78127.5219  -7936.4624    .0008782    388.6941    769.9833
 103.200  -.016909 -94957.4797  -6183.6307    .0008424    472.4253    690.7097
 105.600  -.014935    -107809.  -4617.7635    .0008003    536.3629    614.1797
 108.000  -.013068    -117123.  -3231.5468    .0007537    582.7002    541.0008
 110.400  -.011317    -123320.  -2016.3680    .0007039    613.5342    471.6482
 112.800  -.009689    -126801.   -962.6176    .0006520    630.8523    406.4771
 115.200  -.008187    -127941.    -59.9628    .0005992    636.5221    345.7352
 117.600  -.006813    -127089.    702.4099    .0005463    632.2842    289.5754
 120.000  -.005565    -124569.   1335.5803    .0004942    619.7481    238.0666
 122.400  -.004441    -120678.   1850.7072    .0004433    600.3898    191.2058
 124.800  -.003437    -115686.   2258.8674    .0003943    575.5521    148.9277
 127.200  -.002548    -109836.   2570.9187    .0003476    546.4467    111.1151
 129.600  -.001768    -103346.   2797.3864    .0003034    514.1570     77.6080
 132.000  -.001092 -96408.3284   2948.3698    .0002620    479.6434     48.2115
 134.400  -.000511 -89193.3916   3033.4687    .0002235    443.7482     22.7042
 136.800 -1.89E-05 -81847.6785   3061.7272    .0001881    407.2024    .8444897
 139.200   .000392 -74497.1011   3041.5930    .0001556    370.6323    -17.6230
 141.600   .000728 -67248.0323   2980.8910    .0001263    334.5673    -32.9619
 144.000   .000998 -60188.8241   2886.8095  9.9846E-05    299.4469    -45.4393
 146.400   .001207 -53391.3465   2765.8964  7.6301E-05    265.6286    -55.3216
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 148.800   .001364 -46912.5216   2624.0651  5.5508E-05    233.3956    -62.8710
 151.200   .001474 -40795.8339   2466.6089  3.7327E-05    202.9643    -68.3424
 153.600   .001543 -35072.7987   2298.2207  2.1599E-05    174.4915    -71.9811
 156.000   .001578 -29764.3745   2123.0188  8.1587E-06    148.0815    -74.0205
 158.400   .001582 -24882.3086   1944.5767 -3.1694E-06    123.7926    -74.6812
 160.800   .001562 -20430.4065   1765.9562 -1.2563E-05    101.6438    -74.1692
 163.200   .001522 -16405.7189   1589.7426 -2.0199E-05     81.6205    -72.6755
 165.600   .001465 -12799.6419   1418.0815 -2.6253E-05     63.6798    -70.3755
 168.000   .001396  -9598.9279   1252.7158 -3.0896E-05     47.7559    -67.4292
 170.400   .001317  -6786.6061   1095.0240 -3.4293E-05     33.7642    -63.9806
 172.800   .001231  -4342.8126    946.0570 -3.6600E-05     21.6060    -60.1586
 175.200   .001141  -2245.5325    806.5744 -3.7965E-05     11.1718    -56.0769
 177.600   .001049   -471.2554    677.0798 -3.8529E-05      2.3446    -51.8352
 180.000   .000957   1004.4507    557.8544 -3.8418E-05      4.9973    -47.5193
 182.400   .000865   2206.4456    448.9886 -3.7752E-05     10.9773    -43.2022
 184.800   .000775   3159.5959    350.4123 -3.6640E-05     15.7194    -38.9447
 187.200   .000689   3888.4248    261.9228 -3.5179E-05     19.3454    -34.7966
 189.600   .000606   4416.8254    183.2102 -3.3457E-05     21.9743    -30.7973
 192.000   .000528   4767.8337    113.8812 -3.1553E-05     23.7206    -26.9769
 194.400   .000455   4963.4552     53.4807 -2.9536E-05     24.6938    -23.3569
 196.800   .000387   5024.5412      1.5110 -2.7466E-05     24.9977    -19.9513
 199.200   .000323   4970.7078    -42.5514 -2.5394E-05     24.7299    -16.7673
 201.600   .000265   4820.2946    -79.2399 -2.3364E-05     23.9816    -13.8064
 204.000   .000211   4590.3565   -109.0852 -2.1413E-05     22.8376    -11.0647
 206.400   .000162   4296.6858   -132.6038 -1.9571E-05     21.3765     -8.5341
 208.800   .000117   3953.8584   -150.2884 -1.7861E-05     19.6709     -6.2030
 211.200  7.62E-05   3575.3015   -162.6002 -1.6300E-05     17.7876     -4.0568
 213.600  3.88E-05   3173.3776   -169.9623 -1.4901E-05     15.7879     -2.0784
 216.000  4.63E-06   2759.4822   -172.7556 -1.3671E-05     13.7288   -.2493460
 218.400 -2.68E-05   2344.1506   -171.3148 -1.2613E-05     11.6624      1.4500
 220.800 -5.59E-05   1937.1712   -165.9268 -1.1726E-05      9.6377      3.0399
 223.200 -8.31E-05   1547.7018   -156.8302 -1.1003E-05      7.7000      4.5406
 225.600  -.000109   1184.3862   -144.2155 -1.0437E-05      5.8925      5.9716
 228.000  -.000133    855.4673   -128.2274 -1.0014E-05      4.2561      7.3518
 230.400  -.000157    568.8948   -108.9673 -9.7188E-06      2.8303      8.6982
 232.800  -.000180    332.4242    -86.4980 -9.5319E-06      1.6539     10.0262
 235.200  -.000203    153.7042    -60.8487 -9.4311E-06    .7646976     11.3483
 237.600  -.000225     40.3502    -32.0217 -9.3909E-06    .2007472     12.6743
 240.000  -.000248      0.0000      0.0000 -9.3826E-06      0.0000     14.0105

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  3:

Pile-head deflection             =      .75000000 in
Computed slope at pile head      =     -.02356504
Maximum bending moment           =       2888918. lbs-in
Maximum shear force              =   235929.55441 lbs
Depth of maximum bending moment  =    26.40000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             12
Number of zero deflection points =              3

------------------------------------------------------------------------------
             Computed Values of Load Distribution and Deflection
                 for Lateral Loading for Load Case Number  4
------------------------------------------------------------------------------
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Pile-head boundary conditions are Displacement and Moment (BC Type 4)
Specified deflection at pile head   =        1.000000 in
Specified moment at pile head       =            .000 in-lbs
Specified axial load at pile head   =            .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  1.000000      0.0000     272842.   -.0303848      0.0000 -10215.3665
   2.400   .927076     625401.     248209.   -.0302552   3111.4488 -10312.6557
   4.800   .854775    1191402.     223342.   -.0298786   5927.3708 -10409.9449
   7.200   .783659    1697441.     198241.   -.0292797   8444.9779 -10507.2341
   9.600   .714232    2142958.     172907.   -.0284836  10661.4822 -10604.5233
  12.000   .646938    2527393.     147339.   -.0275155  12574.0957 -10701.8125
  14.400   .582158    2850186.     121798.   -.0264007  14180.0304 -10582.3391
  16.800   .520214    3112025.  97197.4054   -.0251648  15482.7100  -9918.3418
  19.200   .461367    3316734.  74160.4961   -.0238321  16501.1625  -9279.0826
  21.600   .405820    3467995.  52623.8531   -.0224257  17253.7069  -8668.1199
  24.000   .353724    3569328.  32515.9913   -.0209669  17757.8515  -8088.4316
  26.400   .305179    3624072.  13758.9561   -.0194757  18030.2082  -7542.4311
  28.800   .260241    3635371.  -3729.7132   -.0179708  18086.4236  -7031.4599
  31.200   .218919    3606169. -19999.5823   -.0164697  17941.1404  -6526.7643
  33.600   .181186    3539373. -34972.7503   -.0149884  17608.8216  -5950.8757
  36.000   .146975    3438300. -47955.1653   -.0135420  17105.9702  -4867.8034
  38.400   .116185    3309188. -58452.6502   -.0121432  16463.6236  -3880.1006
  40.800   .088687    3157727. -66692.3001   -.0108027  15710.0861  -2986.2743
  43.200   .064332    2989065. -72896.5508   -.0095285  14870.9717  -2183.9346
  45.600   .042951    2807824. -77281.1998   -.0083268  13969.2729  -1469.9395
  48.000   .024363    2618116. -80053.7633   -.0072020  13025.4505   -840.5300
  50.400   .008381    2423566. -81412.1452   -.0061569  12057.5412   -291.4549
  52.800  -.005190    2227337. -81543.5940   -.0051928  11081.2799    181.9142
  55.200  -.016544    2032157. -80623.9227   -.0043098  10110.2315    584.4785
  57.600  -.025877    1840342. -78816.9674   -.0035070   9155.9325    921.3176
  60.000  -.033378    1653835. -76274.2601   -.0027827   8228.0353   1197.6052
  62.400  -.039234    1474226. -73134.8919   -.0021343   7334.4576   1418.5349
  64.800  -.043623    1302788. -69525.5438   -.0015586   6481.5304   1589.2552
  67.200  -.046715    1140503. -65560.6616   -.0010521   5674.1461   1714.8133
  69.600  -.048673     988096. -61342.7562   -.0006109   4915.9027   1800.1079
  72.000  -.049647     846058. -56962.8071   -.0002306   4209.2445   1849.8498
  74.400  -.049780     714675. -52500.7515  9.2897E-05   3555.5968   1868.5299
  76.800  -.049201     594055. -48026.0423    .0003642   2955.4952   1860.3944
  79.200  -.048032     484150. -43598.2580    .0005877   2408.7063   1829.4258
  81.600  -.046380     384783. -39267.7510    .0007678   1914.3427   1779.3301
  84.000  -.044346     295665. -35076.3204    .0009089   1470.9689   1713.5287
  86.400  -.042018     216417. -31057.8992    .0010150   1076.6993   1635.1556
  88.800  -.039474     146587. -27239.2432    .0010903    729.2878   1547.0577
  91.200  -.036784  85668.1839 -23640.6154    .0011384    426.2099   1451.7989
  93.600  -.034009  33111.8878 -20276.4557    .0011631    164.7358   1351.6675
  96.000  -.031202 -11658.8034 -17156.0316    .0011675     58.0040   1248.6859
  98.400  -.028405 -49237.0637 -14284.0622    .0011549    244.9605   1144.6219
 100.800  -.025658 -80222.3020 -11661.3135    .0011280    399.1159   1041.0020
 103.200  -.022991    -105211.  -9285.1595    .0010896    523.4396    939.1263
 105.600  -.020428    -124791.  -7150.1077    .0010419    620.8511    840.0835
 108.000  -.017990    -139532.  -5248.2876    .0009871    694.1885    744.7666
 110.400  -.015690    -149983.  -3569.8998    .0009271    746.1833    653.8899
 112.800  -.013539    -156667.  -2103.6266    .0008635    779.4398    568.0045
 115.200  -.011545    -160080.   -837.0032    .0007979    796.4192    487.5149
 117.600  -.009710    -160685.    243.2481    .0007314    799.4280    412.6945
 120.000  -.008034    -158913.   1150.9228    .0006651    790.6103    343.7010
 122.400  -.006517    -155161.   1900.0729    .0006000    771.9432    280.5907
 124.800  -.005154    -149792.   2504.7812    .0005368    745.2354    223.3329
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 127.200  -.003940    -143138.   2978.9675    .0004761    712.1276    171.8224
 129.600  -.002869    -135493.   3336.2249    .0004183    674.0959    125.8921
 132.000  -.001932    -127124.   3589.6840    .0003639    632.4565     85.3239
 134.400  -.001122    -118263.   3751.9042    .0003130    588.3721     49.8595
 136.800  -.000430    -109115.   3834.7870    .0002659    542.8588     19.2095
 139.200   .000154 -99855.8096   3849.5122    .0002226    496.7951     -6.9384
 141.600   .000639 -90636.9630   3806.4927    .0001831    450.9302    -28.9112
 144.000   .001033 -81584.6449   3715.3460    .0001474    405.8938    -47.0444
 146.400   .001346 -72803.3023   3584.8817    .0001154    362.2055    -61.6759
 148.800   .001587 -64377.2129   3423.1010  8.6942E-05    320.2846    -73.1413
 151.200   .001763 -56372.4174   3237.2082  6.1911E-05    280.4598    -81.7694
 153.600   .001884 -48838.6137   3033.6305  4.0101E-05    242.9782    -87.8786
 156.000   .001956 -41810.9910   2818.0470  2.1310E-05    208.0149    -91.7743
 158.400   .001986 -35311.9883   2595.4224  5.3226E-06    175.6815    -93.7462
 160.800   .001982 -29352.9637   2370.0467 -8.0822E-06    146.0346    -94.0668
 163.200   .001948 -23935.7641   2145.5782 -1.9129E-05    119.0834    -92.9903
 165.600   .001890 -19054.1885   1925.0885 -2.8041E-05     94.7970    -90.7512
 168.000   .001813 -14695.3395   1711.1098 -3.5037E-05     73.1111    -87.5644
 170.400   .001722 -10840.8615   1505.6826 -4.0330E-05     53.9346    -83.6250
 172.800   .001619  -7468.0632   1310.4029 -4.4126E-05     37.1545    -79.1081
 175.200   .001510  -4550.9276   1126.4694 -4.6617E-05     22.6414    -74.1698
 177.600   .001396  -2061.0100    954.7290 -4.7988E-05     10.2538    -68.9472
 180.000   .001279     31.7716    795.7206 -4.8408E-05    .1580677    -63.5598
 182.400   .001163   1758.4488    649.7171 -4.8037E-05      8.7485    -58.1098
 184.800   .001049   3150.4135    516.7650 -4.7020E-05     15.6737    -52.6836
 187.200   .000938   4238.9209    396.7217 -4.5488E-05     21.0892    -47.3525
 189.600   .000830   5054.6779    289.2897 -4.3561E-05     25.1477    -42.1742
 192.000   .000728   5627.5113    194.0482 -4.1347E-05     27.9976    -37.1936
 194.400   .000632   5986.1094    110.4828 -3.8940E-05     29.7816    -32.4442
 196.800   .000542   6157.8288     38.0110 -3.6422E-05     30.6360    -27.9489
 199.200   .000457   6168.5623    -23.9937 -3.3867E-05     30.6894    -23.7217
 201.600   .000379   6042.6590    -76.1814 -3.1336E-05     30.0630    -19.7680
 204.000   .000307   5802.8919   -119.2068 -2.8880E-05     28.8701    -16.0865
 206.400   .000240   5470.4665   -153.7140 -2.6543E-05     27.2163    -12.6695
 208.800   .000179   5065.0649   -180.3225 -2.4359E-05     25.1993     -9.5043
 211.200   .000123   4604.9186   -199.6162 -2.2355E-05     22.9100     -6.5739
 213.600  7.21E-05   4106.9069   -212.1344 -2.0549E-05     20.4324     -3.8579
 216.000  2.48E-05   3586.6736   -218.3641 -1.8954E-05     17.8441     -1.3335
 218.400 -1.89E-05   3058.7592   -218.7357 -1.7576E-05     15.2177      1.0239
 220.800 -5.96E-05   2536.7423   -213.6191 -1.6416E-05     12.6206      3.2399
 223.200 -9.77E-05   2033.3873   -203.3227 -1.5469E-05     10.1164      5.3405
 225.600  -.000134   1560.7935   -188.0929 -1.4724E-05      7.7651      7.3510
 228.000  -.000168   1130.5413   -168.1170 -1.4166E-05      5.6246      9.2956
 230.400  -.000202    753.8319   -143.5258 -1.3775E-05      3.7504     11.1970
 232.800  -.000235    441.6174   -114.3994 -1.3527E-05      2.1971     13.0750
 235.200  -.000267    204.7148    -80.7737 -1.3394E-05      1.0185     14.9464
 237.600  -.000299     53.9038    -42.6489 -1.3340E-05    .2681780     16.8242
 240.000  -.000331      0.0000      0.0000 -1.3329E-05      0.0000     18.7166

Output Verification:

Computed forces and moments are within specified convergence limits.

Output Summary for Load Case No.  4:

Pile-head deflection             =     1.00000000 in
Computed slope at pile head      =     -.03038485
Maximum bending moment           =       3635371. lbs-in
Maximum shear force              =   272842.27842 lbs
Depth of maximum bending moment  =    28.80000000 in
Depth of maximum shear force     =        0.00000 in
Number of iterations             =             14
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RW 698.lpo
Number of zero deflection points =              3

------------------------------------------------------------------------------
                        Summary of Pile-Head Response(s)
------------------------------------------------------------------------------

Definition of Symbols for Pile-Head Loading Conditions:

Type 1 = Shear and Moment,          y = pile-head displacment in
Type 2 = Shear and Slope,           M = Pile-head Moment lbs-in
Type 3 = Shear and Rot. Stiffness,  V = Pile-head Shear Force lbs
Type 4 = Deflection and Moment,     S = Pile-head Slope, radians
Type 5 = Deflection and Slope,      R = Rot. Stiffness of Pile-head in-lbs/rad

Load   Boundary     Boundary       Axial    Pile-Head    Maximum     Maximum 
Type  Condition    Condition       Load     Deflection    Moment      Shear
          1            2            lbs         in        in-lbs       lbs
---- ------------ ------------ ----------- ----------- ----------- -----------
  4  y=   .250000 M=     0.000      0.0000    .2500000    1080601.     107775.
  4  y=   .500000 M=     0.000      0.0000    .5000000    2043839.     179523.
  4  y=   .750000 M=     0.000      0.0000    .7500000    2888918.     235930.
  4  y=  1.000000 M=     0.000      0.0000   1.0000000    3635371.     272842.

The analysis ended normally. 
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SECTION 1 

1.Introduction 

1.1 General 

The Orange County Transportation Authority (OCTA) has retained CH2M HILL to provide 
the final design for the widening of the traveled way on the northbound State Route 57 
(SR-57) in Orange County, California. The widening of the northbound lanes is proposed to 
address the congestion and improve the traffic capacity for a total of 4.9 miles along SR-57 
between south of Orangethorpe Avenue at post mile (PM) 16.2 and south of Lambert Road 
at PM 20.9. Within the project limits, the alignment is divided into the northern segment 
(EA 12-0F0321) and the southern segment (EA-0F0311). This foundation report is prepared 
as part of the Plans, Specification & Estimate (PS&E) Phase of the project. It includes our 
geotechnical design recommendations for the proposed tieback wall (RW 652), located at 
intersection of the Route 90/57 Separation (Route 90) and SR-57, Orange County, California.  
This foundation report is prepared as part of the Plans, Specifications, and Estimate (PS&E) 
phase of the project. It includes the geotechnical recommendations to aid in the foundation 
design of the Loftus Diversion Channel Box Culvert Modifications (Bridge No. 55-0528). The 
report also addresses the California Department of Transportation (Caltrans) review 
comments dated May 14, 2009 for the draft foundation report prepared by CH2MHILL. A 
copy of the review comments and the responses to the comments is provided in Attachment 
1. Separate foundation reports are prepared to address the remaining components within 
the northern segment of the project alignment.  

1.2 Project Location and Description 

The project alignment lies within the northwestern part of the Santa Ana Mountains in the 
Peninsular Ranges geomorphic province of Southern California. The northern segment of 
the alignment traverses the cities of Fullerton and Brea in Orange County, California. The 
location of the northern segment along SR-57 is shown in Figure 1-1, Site Location Map.  

The existing alignment of SR-57 was initially constructed as an eight-lane freeway and was 
later improved to include one high-occupancy vehicle (HOV) lane in each direction. To 
increase the mobility and upgrade the level of service along the northbound SR-57 main 
line, widening the existing alignment is proposed. As a result, the improvements will 
involve widening the existing bridge structures, realigning shoulders and ramps, adding 
several types of earth-retaining systems and sound walls, as well as paving the new lanes.  

In addition, the realignment of the northbound SR-57 main line at the Imperial Highway 
exit will require widening the existing concrete box culvert within the Loftus Diversion 
Channel, which is maintained by the Orange County Flood Control District. The box culvert 
modifications include widening between the proposed retaining walls RW-642 and RW-646. 
The existing culvert is a reinforced concrete structure with five 12-foot (ft) wide by 8-foot tall 
barrels. Information regarding the location and the dimensions of the proposed culvert 
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widening are presented in Table 1-1. The bottom of the culvert widening will be a 2-foot-
thick reinforced concrete mat placed directly on 4 feet of drain rock wrapped in filter fabric. 
The widening will also include extension of the existing debris walls. The general plan and 
typical section of the box culvert modifications are shown in Attachment 2 and 3.  

TABLE 1-1 

Information Summary of the Loftus Diversion Channel Modification 

Stationing Limit (ft) 

Structure From To 

Station 
Line 

Structure 
Type 

Length  
along 

Headwall 
(ft) 

Width of 
Modification 

(ft) 

Estimated 
Maximum 

Height 
(ft) 

Loftus 
Diversion 
Channel 

44+91.44 46+01.16 J-5 
Reinforced 

Concrete Box 
Culvert 

103.3 23.0 

9 
(headwall) 

12 
(culvert) 

 

1.3 Purpose and Scope 

The purpose of the investigation is to review available information pertinent to the 
widening of the existing box culvert at the Loftus Diversion Channel, perform a site 
investigation to confirm subsurface conditions, and provide geotechnical recommendations 
to aid in the design of the proposed structure modifications. The scope of work for the 
current study includes the following: 

• Review as-built drawings and geologic maps 

• Complete 1 cone penetration tests (CPT) sounding 

• Provide recommendations for seismic parameters, evaluation of the potential for 
liquefaction and lateral spread, and development of geotechnical recommendations for 
foundation design 

• Prepare this foundation report according to the Guidelines for Structures Foundation 
Reports (2006a) by California Department of Transportation (Caltrans) 

1.4 Site Description and Existing Structures 

The proposed culvert modification is located at the northbound connector from SR-57 to 
East Imperial Highway, just north of Associated Road. The terrain in the vicinity of the 
culvert modification is relatively flat. With exception of the existing culvert and channel 
wing walls, no other structures are known to exist near the culvert. Proposed retaining walls 
RW-642 and RW-646 will be located just south and north, respectively, of the proposed 
culvert head wall.  

No major utilities are known to exist within the channel modification area. 



SECTION 1 INTRODUCTION 

TB032009001SCO/031309_SR-57-LOFTUS_LW3042.DOC/090630002 1-3 

1.5 Pertinent Reports and Investigations 

Review of the as-built drawings for the channel was completed and did not indicate that 
previous soil borings were completed for the original construction. No other geotechnical 
reports or as-built log of test borings (LOTB) specific to this structure were reviewed.   

1.6 Limitations 

This draft foundation report has been prepared for the exclusive use by Caltrans, OCTA, 
and CH2M HILL design engineers for the PS&E of SR-57 northbound widening project. The 
report has been prepared in accordance with generally accepted geotechnical engineering 
practices. No other warranty, expressed or implied, is made. 

The analyses and recommendations contained in this report are based on the data obtained 
from the review of available pertinent documents and the cone penetration sounding 
advanced by CH2M HILL. The CPT sounding presented in the LOTB sheet prepared in this 
investigation indicate subsurface conditions only at specific locations at the time of 
explorations, and only within the depths penetrated. The borings do not necessarily reflect 
subsurface variations that could exist between such locations or between samples, or 
changes that could take place with time. If variations in subsurface conditions from those 
described in this report are noted during construction, the recommendations in this report 
should be re-evaluated. 

In the event that any change in the nature, design, or location of the proposed structure 
occurs, the conclusions and recommendations of this report should not be considered valid 
unless such changes are reviewed and the conclusions of this report are verified in writing 
by CH2M HILL. CH2M HILL is not responsible for any claims, damages, or liability 
associated with the reinterpretation or reuse of the subsurface data in this report by others. 

The geotechnical recommendations presented in this report are based on the as-built 
drawings for the existing box culvert structure and the structural plans for the proposed 
modifications of the existing structure at the site. 
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SECTION 2 

2.Geotechnical Investigation 

2.1 General 

The geotechnical investigation considered in the current study included the CPT sounding 
advanced by CH2M HILL for the proposed widening. The location of the CPT is presented 
on the LOTB sheet for the Loftus Channel box culvert modifications. For reference purposes, 
the LOTB sheet is provided in Attachment 4. 

2.2 Field Exploration 

CH2M HILL conducted the site exploration on July 7, 2008, to investigate and evaluate the 
subsurface conditions at the proposed culvert widening. Prior to the commencement of the 
site investigation, field reconnaissance was conducted to select the location of the 
exploration and evaluate accessibility constraints. The CH2M HILL site exploration 
included one CPT sounding. For consistency with the convention for boring identification, 
the CPT sounding is designated CPT-08-016 (Caltrans, 2007).  

The CPT consisted of pushing an instrumented cone-tipped probe into the ground while 
simultaneously recording the resistance to penetration at the cone tip and friction along the 
cone sleeve. The CPT data are used to continuously interpret subsurface stratigraphy, and 
through use correlations the test can provide data on soil engineering properties intended 
for use in design and construction of the proposed improvements. The CPT was conducted 
in general accordance with the D 5778-95 specification of the American Society for Testing 
and Materials (ASTM) (ASTM, 2007). The CPT information, including exploration number, 
station, offset, ground surface elevation, depth, and groundwater table elevation, are 
summarized in Table 2-1. The CPT log and interpretation are presented in Appendix A. 

TABLE 2-1 

Summary of Cone Penetration Tests  

Soil Boring 
Number 

Approximate 
Station  

(ft) 

Approximate 
Offset  

(ft) 

Approximate Ground 
Surface Elevation  

(ft) 

Exploration 
Depth  

(ft) 

Groundwater 
Table Elevation  

(ft) 

CPT-08-016 646+05.92 
(B-Line) 

144.0 RT 309.5 50.1 282.5 

Notes:  
RT = right 
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SECTION 3 

3.Geologic Hazard and Site Characterization 

3.1 Regional Geology 

The project site is located in the Yorba Linda-La Habra valley lowland situated south of the 
Puente Hills and immediately east of the East Coyote Hills. The Puente Hills are the result 
of uplifting between the Whittier and the Chino faults and the continuation to the northwest 
of the Santa Ana Mountains. The hills and the mountains are part of the Peninsular Ranges 
Geomorphic Province of Southern California (California Geologic Survey [CGS], 2002). The 
Puente Hills present an irregular topography and contain several peaks above 1,000 feet in 
elevation, whereas Coyote Hills are smoother and significantly lower in elevation. The 
lowlands between both hills generally consist of gentle to moderately sloping alluviated 
surfaces that, for the most part, have been heavily urbanized. The intervening lowland areas 
are part of the Los Angeles Basin. 

According to Morton (2004) and the California Division of Mines and Geology (CDMG) 
(1997), the Puente Hills are underlain by the late Miocene of the Puente Formation and the 
Pliocene age marine rock of the Fernando Formation. These bedrock units consist of 
claystone, siltstone, sandstone, and conglomerate of marine origin and represent the oldest 
bedrock units exposed in this area. The bedrock underlying the Coyote Hills consists of late 
Pleistocene La Habra Formation, Pleistocene Coyote Hills Formation, and early Pleistocene 
San Pedro Formation rocks. The bedrock units exposed in the Coyote Hills consist of 
nonmarine mudstones and pebbly sandstone. As shown in Figure 3-1, the geology of the 
project alignment is generally comprised of the very old alluvial fan deposits underlain by 
the La Habra Formation. 

3.2 Subsurface Conditions 

Based on the penetration resistance from the CPT sounding, the subsurface conditions 
below the Loftus Diversion Channel site predominately consist of stiff to hard clayey type 
soil with thin sandy lenses from elevation 290 feet to about 272 feet. A zone of more 
granular dense to very dense subsurface material is encountered below elevation 272 feet to 
265 feet. This is generally followed by inter-layered, relatively thin, lenses of dense granular 
and stiff to hard fine-grained soil. The older alluvium fan deposits are encountered from 
approximately elevation 272 feet to the maximum depth explored at the site, based on the 
relative penetration resistance shown in the CPT log.  

3.3 Groundwater 

Groundwater was encountered in the current field investigation at about 27 feet below 
ground surface (bgs), corresponding to an elevation of about 282.5 feet. Using a measuring 
device, the groundwater was measured directly in the CPT hole after the sounding was 
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completed. Review of published data reveals no information reported for the historical high 
groundwater at the bridge site (CDMG, 1997). Therefore, in the current investigation, the 
historical high groundwater at the Loftus Channel is assumed to exist 5 feet above the 
observed level or elevation 288 feet, and is the recommended level for design purposes. The 
groundwater level could fluctuate as a result of seasonal variations, nearby construction, 
irrigation, and other constructed and natural influences. 

3.4 Geologic Hazards 

3.4.1 Ground Rupture 

The proposed culvert modification and project alignment is not located within an 
established Alquist-Priolo Earthquake fault zone (CGS, 2007); therefore, the potential for 
surface rupture to occur in the area of improvements is considered low. 

3.4.2 Liquefaction 

Liquefaction is a seismic phenomenon in which loose, saturated, fine-grained granular soils 
behave like a fluid when subjected to high-intensity ground shaking. Liquefaction occurs 
when three general conditions exist—shallow groundwater, low-density sandy soils, and 
high-intensity ground motion. Studies indicate that saturated, loose and medium-dense, 
near-surface, cohesionless soils exhibit the highest liquefaction potential; whereas, dry, 
dense, cohesionless soils and cohesive soils exhibit low to negligible liquefaction potential. 
Effects of liquefaction on level ground include sand boils, settlement, and failures of bearing 
capacity below structural foundations.  

According to the Seismic Hazard Zones for the La Habra quadrangle (CGS, 1997), the 
project site is within a zone of required investigation as shown in Figure 3-2. Based on the 
result of the field investigation, sounding from CPT-08-16 indicate no liquefaction potential 
at these locations due to the stiff nature of the fine-grained soil. Therefore, the potential for 
liquefaction at the culvert modification is generally considered very low. 

3.4.3 Seismically Induced Settlement 

Seismically induced settlement at the site is expected to be negligible due to the presence of 
predominately stiff to hard clayey material. Therefore, the hazards associated with 
seismically induced settlement are considered low.  

3.4.4 Lateral Spreading 

Lateral spreading is defined as the finite lateral displacement of gently sloping ground as a 
result of pore water pressure built up or because of liquefaction in a shallow underlying 
deposit during an earthquake. Due to the low liquefaction potential at the site, lateral 
spreading is considered low.  

3.4.5 Landslide and Slope Instability 

Landslides could be generated in soil or rock when pre-existing conditions inherent within 
the soil or the rock mass can initiate the sliding failure mechanism. In addition, landslides 
could be activated from natural events such as earthquakes, rainfall, and erosion, or from 
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man-made activities such as removal of lateral supports near the base of unstable hillside 
areas.  

Based on the field reconnaissance and on the review of the available geologic maps, no 
known landslides are mapped near or at the culvert site. Therefore, the potential for 
landslides is considered low. 

3.4.6 Expansive and Compressible Soil 

The results of the field investigation indicate that the subsurface conditions at the culvert 
site are fairly uniform and predominantly consist of the clayey material of low 
compressibility, which contains low- to medium-plasticity clay layers. Therefore, the 
potential hazards from expansive material at the site are considered low to medium. 

3.5 Water 

3.5.1 Surface Water 

The project alignment traverses Loftus Diversion Channel, which drains into Fullerton Dam. 
The size of the flood control pool at the top of the dam is about 62 acres. No surface bodies 
of water exist within the project’s right-of-way near the culvert modifications. 

3.5.2 Scour 

The existing inlets and the outlets of the culvert structure in Loftus Diversion Channel are 
protected from scour either by concrete lining or by rock slope protection. Scour protection 
by concrete lining is recommended for the proposed extension of the channel.  

3.6 Engineering Parameters 

The geotechnical engineering parameters used for the design in the current investigation 
were developed from the results of the CPT sounding and experience with select fill and 
backfill materials, and are described below.  

3.6.1 Compressibility 

As discussed in Section 3.2, the subsurface conditions generally exhibit high penetration 
resistance, which suggests a low compressibility characteristic. Therefore, settlement of the 
proposed culvert modification is expected to be mostly elastic and should occur shortly after 
the application of load. In the current evaluation for the compressibility of the soil, a 
correlation between the expected natural moisture content and the compression ratio for the 
soil was used to estimate the consolidation settlement of the foundation soil. In addition, the 
over-consolidation ratio (OCR) was estimated using correlations with the estimated 
undrained shear strength and effective overburden pressures. The recommended values 
presented in Table 3-1 are considered reasonable estimate, and were used for settlement 
evaluation of the foundation soil along the culvert alignment. 
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TABLE 3-1 

Summary of the Geologic Groups Compression Ratios and OCR 

Compression Ratio (CR) OCR 

Geologic Formation 
Soil 
Type Range Average Range 

Young Alluvium Fan Deposits (Qyf) Clay 0.05 – 0.03 0.04 12.0 to 3.5 

Very Old Alluvium Fan Deposits (Qvof) Clay 0.04 – 0.02 0.03 5.0 to 3.0 

 

The recompression ratios are assumed to be 10 percent the compression ratios. 



0.5 Mile

Source: Morton, D. M., 2004, Preliminary Digital Geologic Map of Santa Ana 30' x 60' Quadrangle, Southern California, Open File Report 99-172.
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Regional Geology Map
Loftus Diversion Channel

State Route 57 Northbound Widening Project
Orange County, California
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FIGURE 3-2

Seismic Hazard Zones
State Route 57 Northbound Widening Project

Orange County, California

Source: CGS Seismic Hazard Zones, La Habra (April, 1998) and Yorba Linda (August, 2005) Quadrangles, Official Maps

MAP EXPLANATION

Zones of Required Investigation:

Liquefaction – Areas where historical occurrence of liquefaction, or local 
geological, geotechnical and ground-water conditions indicate a potential for 
permanent ground displacements such that mitigation as defined in Public 
Resources Code Section 2693(c) would be required.

Earthquake Induced Landslides – Areas where previous occurrence of 
landslide movement, or local geological, geotechnical and subsurface water 
conditions indicate a potential for permanent ground displacements such that 
mitigation as defined in Public Resources Code Section 2693(c) would be 
required.
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SECTION 4 

4.Discussion and Recommendations 

The results of the current study were used to develop the geotechnical recommendations for 
the foundation design of the proposed Loftus Diversion Channel widening along the 
alignment. The recommendations are based on data provided from the current investigation 
and those for the nearby Associated Road UC.  

4.1 Peak Bedrock Acceleration 

The seismic design methodology adopted for the current study is based on the following 
current Caltrans guidelines: 

• Seismic Design Criteria (Caltrans, 2006b) 

• Guidelines for Structures Foundation Reports (Caltrans, 2006a) 

• California Seismic Hazard Map (CSHM) (Caltrans, 1996a) 

The alignment is located within a seismically active area in Southern California. Several 
active faults have been mapped within the general vicinity of the project site. Based on the 
California Seismic Hazard Map (CSHM), significant faults close to the site include Whittier-
Elsinore fault (WEE), El Modeno-Peralta Hills fault (EMP), San Jose fault (SJE), and Chino 
fault (CNO). Other faults close to the site that are not recognized on CSHM and are known 
to be active faults include the Puente Hills (PTH) blind-thrust fault (Bilodeau et al., 2007). 
This fault was formerly known as the Lower Elysian Park blind thrust (Shaw and Shearer, 
1999). The maximum credible earthquake (MCE) magnitude and the style of faulting are 
presented in Table 4-1. The location of the alignment relative to the nearby faults is shown in 
Figure 4-1. 

TABLE 4-1 

Summary of Nearby Faults 

Fault 
Maximum Credible Earthquake 

(Mw) Style 

Whittier-Elsinore (WEE) 7.5 Strike-Slip 

Puente-Hills (PTH) 7.25
1
 Blind Thrust 

El-Modeno-Peralta Hills (EMP) 6.5 Not Known
2
 

San Jose (SJE) 6.75 Reverse 

Chino (CNO) 6.5 Strike-Slip 

1 
Magnitude 7.25 is assigned to the Maximum Credible Earthquake.  

2 
Reverse style is assumed for not known/published style of faulting. 

MW = moment magnitude 

The peak bedrock acceleration (PBA) values were determined based on the 1996 CSHM and 
were verified with Sadigh et al., 1997 attenuation relationship. The PBA along the northern 
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segment is estimated to range from 0.6 to 0.7 g. For design, a PBA value of 0.6 g and MCE 
magnitude of 7.5 are recommended. 

4.2 Scour Evaluation 

Wing walls and concrete slopes will be extended as part of culvert modifications. Scour at 
the Loftus Diversion Channel is not considered a design issue for the widening of culvert 
structure at this site.  

4.3 Corrosivity Evaluation 

As discussed in Section 5.1, the culvert foundation soil will consist of CL-2 AB material, 
which conforms to the minimum requirements for the corrosion testing. Therefore, 
corrosion is not a design consideration. The channel site is not located within 1,000 feet of 
salt or brackish water.  

4.4 Liquefaction  

Liquefaction potential at the proposed culvert modifications area is considered very low. 
Therefore, liquefaction mitigation is not required. 

4.5 Foundation Recommendations 

The existing culvert is a concrete box structure about 340 feet long and 103.3 feet wide 
(measured along the headwall) with five 12-foot by 8-foot barrels established directly on the 
channel bed. The culvert structure has approximately 10 feet of soil cover to provide the 
roadway surface for SR-57 at elevation ranging between 310 and 312 feet. The proposed 
northbound widening will modify the existing structure by extending the east inlets by 
approximately 23 feet along the full width to accommodate the realignment of the Imperial 
Highway northbound off-ramp. Approximately 10 feet of structural backfill will be placed 
on top of the culvert to achieve the proper grade for the roadway widening. 

The result of the field investigation indicates that the foundation soil for the existing 
structure consists of about 15 feet of young alluvium fan deposits underlain by the very old 
alluvium fan deposits. The young alluvium predominantly consists of lightly over-
consolidated clayey deposits, while the very old alluvium consists of hard over-consolidated 
clay deposits. For the purpose of providing geotechnical recommendation for the culvert 
design, the design high groundwater level at the culvert location is assumed to exist at 
elevation 288 feet. To limit the total settlement of the new structure to less than 1 inch, an 
allowable bearing capacity of the foundation soil of 3,800 pounds per square foot (psf) could 
be used. The maximum differential settlement between the edge and the center of the new 
culvert at the allowable pressure is expected to be less than 0.75-inch. The anticipated 
settlement is expected to occur mostly during the construction of the proposed modification 
of the culvert structure.  

A friction coefficient of 0.35 is recommended between the foundation soil and the bottom of 
the channel.   
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4.6 Lateral Earth Pressure 

4.6.1 Box Culvert 

For the design lateral earth pressures for the concrete box culvert, the recommended values 
for the equivalent fluid weights in the Bridge Design Specifications (Caltrans, 2004), Section 6.2 
should be used. The box culvert walls should be designed and constructed with proper 
drainage to allow for drained conditions throughout the backfill soil, and to prevent 
buildup of excess hydrostatic pressure. The lateral earth pressure from the retaining wall 
(RW642 and RW646) footings adjacent to the culvert wall will be approximately equivalent 
to the lateral earth pressure from the retained fill soil, and therefore, no additional lateral 
earth pressure will be applied from the retaining wall footings on the culvert box walls.   

4.6.2 Culvert Headwalls 

The culvert headwall will retain a roadway embankment fill of up to 10 feet high. The 
headwall should be designed to resist an active lateral earth pressure of 34 pounds per 
square foot per foot of wall height (psf/ft) on top of the culvert. For the seismic conditions, 
the headwalls could be designed to resist an additional active earth pressure of 26 psf/ft of 
wall height applied as an inverted triangle along the wall height with the resultant pressure 
acting at a distance of 0.4 times the wall height measured from the top of the headwall. 
These estimated pressures are based on a soil friction angle of 34 degrees and a soil unit 
weight of 120 pounds per cubic foot. The headwalls should be designed and constructed 
with proper drainage to allow for drained conditions throughout the backfill soil, and to 
prevent buildup of excess hydrostatic pressure.



FIGURE 4-1

California Seismic Hazard Map
Loftus Diversion Channel

State Route 57 Northbound Widening Project
Orange County, California
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SECTION 5 

5.Construction Consideration 

5.1 Site Preparation 

Site preparation for the proposed culvert widening will include removal of potential surface 
vegetation, organic soil, and trash or debris in the areas where the foundation will be 
located. Loose, soft, or wet material should also be removed and replaced with competent 
backfill. At minimum, a 4-foot-thick subgrade over-excavation is required under the 
proposed culvert footprint. Removed subgrade material should not be used as structure 
backfill and should be disposed of offsite. After removal, the subgrade should be graded 
level and compacted, followed by placement of 4 feet of compacted Class 2 aggregate base. 
Compaction of the subgrade and aggregate base should be completed as described in 
Section 5.4. Existing utilities, drainage structures, and other existing structures might also 
need to be removed or protected prior to construction. 

The subgrade soil consists of clayey materials that, when wet, will be difficult to work with 
and may require extraordinary efforts to dry and compact. Areas that pump or yield during 
subgrade preparation should be over-excavated, dried, and recompacted.  

Site preparation shall be performed in accordance with Sections 16 and 19 of the Caltrans 
Standard Specifications (Caltrans, 2006c). 

5.2 Temporary Cuts  

Excavation of the temporary cut slopes greater than 5 feet in height should be no steeper 
than a gradient of 1:1 horizontal to vertical (H:V) or as the field conditions dictate to provide 
safe and stable slopes. All temporary excavations should be performed in accordance with 
the safety requirements of California Occupational Safety and Health Administration 
(Cal-OSHA). Shoring, if required, could be designed in accordance with methods presented 
in the Caltrans Trenching and Shoring Manual (Caltrans, 1990b). It is the responsibility of the 
contractor to provide stable excavation for the temporary cuts at the bridge site. 

5.3 Structural Backfill  

Specifications for the structural backfill material should conform to Section 19-3.06 of 
Caltrans Standard Specifications (Caltrans, 2006c).  

5.4 Compaction 

Structural backfill for the culvert foundations and the headwalls should be compacted to a 
relative compaction of not less than 95 percent in accordance with ASTM D1557. According 
the Standard Plans (Caltrans, 2006d), the soil around the culvert within 2 feet from the side 
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walls and 1-foot above the culvert structure should consist of structure backfill compacted 
to at least 95 percent relative compaction in accordance with ASTM D1557.   

5.5 Geotechnical Observation 

Preparations for subgrade and backfill selection and placement should be observed by a 
geotechnical specialist or a technician under the supervision of a geotechnical specialist. 
Variations in soil and geologic conditions might be encountered during construction. To 
permit correlation between the exploration data and the actual conditions encountered 
during construction, a qualified geotechnical specialist should perform onsite review during 
construction. 

5.6 Review of Construction Plans and Specifications 

The geotechnical recommendations in this report are based on the as-built plans, the 
structure, and the roadway plans available at the time of the preparation of this report. The 
geotechnical designer should review construction plans and specifications to verify that the 
geotechnical recommendations have been incorporated into the final design. If the nature, 
design, or location of the proposed improvement at the Loftus Diversion Channel site varies 
from those used to develop the recommendations provided in this report, the 
recommendations should be re-evaluated.  
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ATTACHMENT 1  

Response to Caltrans Review Comments 



 
                                6 Hutton Centre Drive

          Suite 700 

          Santa Ana, CA 92707 

          Tel : 714-435-6098 

          Fax: 714-429-2050 

 

 

May 14, 2009 
 
 

Mr. Jon Hamaguchi, PE 

Structure Liaison District 12 

California Department of Transportation 

Division of Engineering Services 

Structure Design Services and Earthquake Engineering 

Office of Special Funded Projects 

 

EA-0F0321 
 

Re: Draft Foundation Review Comments  

Loftus Diversion Channel, Box Culvert Modifications, 

Bridge No. 55-0528 

 SR-57 Northbound Widening Project – North Segment 

 12-ORA-57-PM 19.66- Orange County, California 
 

Dear Jon, 

This letter present the response to draft foundation report review comments dated May 14, 

2009 for the SR-57 Northbound Widening Project, Orange County, California. The 

comments were based on Caltrans review of the draft foundation report for Loftus Diversion 

Channel, Box Culvert Modifications, Bridge No. 55-0528.   For reference, a copy of the 
review comments is attached at the end of this letter. The response to the review comments 
will be addressed in the final foundation report as discussed below. 
 
Comment  # 1 Section 1.6 – Limitations: For field exploration, only one CPT was 

performed; therefore, the first sentence of the second paragraph needs to 
be corrected. 

Response The first sentence of the second paragraph in Section 1.6 will be corrected. 

Comment # 2 Section 2.2 – Field Exploration: A boring should have been proposed to be 
drilled prior to construction to verify exact material and properties such as 
corrosion, consolidation and expansion. 

Response For the proposed box culvert modifications and the improvements for the 
realignment of the northbound off-ramp to Imperial Highway, CPT-08-
016 was planned and advanced to a depth of 50 feet below the ground 
surface. The sounding from CPT-08-016 is considered sufficient to provide 



information for the compressibility and the shear strength of the 
foundation soil near Loftus Diversion Channel, and develop the 
geotechnical recommendation for the proposed modification of the box 
culvert. As stated in the report, an overexcavation of at least 4 feet below 
the bottom of the culvert foundation is recommended. The overexcavated 
material should be replaced with Class 2 Aggregate Base (CL 2 AB) 
material compacted to relative compaction of not less than 95 % of the 
maximum dry density. The CL 2 AB material is a low expansion material 
and conforms to the minimum requirements for the corrosion testing of 
the foundation soil, therefore, both the corrosion and expansion are not 
design consideration.  

Comment # 3 Section 3.4.2 – Liquefaction: According to Figure 3-2, this site is within 
Liquefaction Zone. On page 3-2, the reason for very low potential for 
liquefaction is given as the depth of fine-grained nature of the soil. Since 
silty soil also is prone to liquefaction, please reevaluate the liquefaction 
potential.  

Response Based on the results from CPT-08-016, Liquefaction potential at the culvert 
box structure is considered very low due to the stiff nature of the fine-
grained material, which is predominately clayey soil. No additional 
reevaluation is necessary. 

Comment # 4 Section 3.6.1 – Compressibility: Please show how you estimated the 
Compression Ratio and OCR values in Table 3-1, including the references. 

Response The compression ratio used for the settlement analyses were estimated 
from the mean curve of the published correlation by Lambe and Whitman 
(Lambe, W. T., Whitman, R.V., 1979, Soil Mechanics, Wiley Eastern 
Limited, Page 321-Figure 22.1(c)) using the water content of the soil. The 
OCR was estimated from the correlation with the undrained shear 
strength obtain from CPT-08-016.  

Comment # 5 Section 4.3 – Corrosivity Evaluation: Please explain how you can use 
corrosion results from Boring A-08-016 that is about 300 feet away from 
this culvert. 

Response As stated in the response to comment # 2, corrosion is not a design 
consideration because the overexcavated material below the culvert 
foundation will be replaced with CL-2 AB material, which conforms to the 
minimum requirements for the corrosion testing of the foundation soil.   

Comment # 6 Section 4.5 – Foundation Recommendation: It has shown in the report that 
allowable bearing capacity of 2000 psf could be used to limit settlement 
less than 1-inch. Using soil strength parameters, estimate the allowable 
bearing capacity (show the calculations in Appendix B). Please check the 
lesser value of the above two values against the actual bearing pressure. 

Response The bearing limit for Lotus modification is controlled by the settlement 
consideration and not by the shear strength of the foundation soil. The 



estimated value for the bearing pressure has been revised to 2600 psf for 
0.5-inch settlement or 3800 psf for 1.0-inch settlement, depending on 
tolerable settlement of the box culvert structure. The bearing capacity has 
been revised as a result of the demand of the structure. The undrained 
shear strength of the foundation soil is estimated to be about 2500 psf 
from A-08-017 and 3800 psf (and greater) from CPT-08-016.  Using 
undrained shear strength of the foundation soil of 2500 psf (and 
conservatively ignore the 4 feet rock fill below the foundation), the 
allowable bearing capacity is about 4200 psf (with FOS = 3.0). Therefore, 
the lesser value is 2600 psf for 0.5-inch. The calculation will be presented 
in Appendix B.  

Comment # 7 Section 5.1 – Site preparation: If clayey soil has medium expansion 
potential as stated on page 3-3, remedial measures such as over-
excavation of foundation soil should be proposed. 

Response Section 5.1 – Site preparation recommends removal of 4 feet of the 
subgrade and replacing it with Class 2 aggregate base material compacted 
at 95 percent in accordance with ASTM D1557.  

Comment # 8 Section 5.4 – Compaction: The report recommends 95% relative 
compaction for foundation soil. As per Caltrans 2006 Standard Plans, soil 
around the culvert (2’ 0” for sides and 1’ 0” for the top) also needs to be 
structure backfill with 95% relative compaction. 

Response The structure backfill suggested above will be added to the report. 

Comment # 9 LOTB sheets: Please explain why you provided Sampler types as 
California modified sampler and SPT sampler, Hammer type and 
Correction factor for California modified sampler, wherease it is a CPT on 
the LOTB sheet. 

Response The information shown on the LOTB sheet for the sampler types, hammer 
types and correction factor for the California modified sampler will be 
removed. 

Comment # 

10 
General Plans and Miscellaneous Details – Spillway: The length of the 
proposed spillway is much shorter than the existing spill way. The 
original length may need to be maintain (please verify with Caltrans 
Hydraulics). 

Response The comment is forwarded to the Spillway designer. No modification 
related to the spillway length has been done in the latest plan sheet dated 
June 8, 2009. 

 
 
 
 
 
 



 
 
 
Please feel free to call the undersigned at (714) 435-6098 should you have any questions. 
 
 
 
Sincerely, 
 
 
 
 
Hisham M. Nofal, Ph.D., G.E. 
Geotechnical Task Lead 
 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Caltrans Review Comments 

 



State of California Business, Transportation and Housing Agency 

M e m o r a n d u m  

To: MR. JON HAMAGUCHI 
Office of Special Funded Projects 

From: DEPARTMENT OF TRANSPORTATION 
DIVISION OF ENGINEERING SERVICES 
Geotechnical Services 
Oflice of Geotechnical Design-South 1, Branch C 

Flex your power! 
Be energy eflclenf! 

Date: May 14,2009 
File: 12-ORA-57-PM 19.66 

12-OF032 1 

Loftus Diversion Channel , 
Box Culvert Modifications 
Bridge No. 55-0528 
SR-57 Northbound Widening 
(Northern Segment) 

Subject: Review of the Draft Foundation Report 

On April 16, 2009, the Office of Geotechnical Design-South 1 (OGDSl), Branch C 
received the Draft Foundation Report (FR), dated March 2009, and Initial PS&E Plans for 
the Loftus Diversion Channel, Box Culvert Modifications (Bridge No. 55-0528). We 
reviewed the report and plan sheets, and our comments are as follows. 

1. Section 1.6 - Limitations: For field exploration, only one CPT was performed; therefore, 
the first sentence of the second paragraph needs to be corrected. 

I 

2. Section 2.2- Field Exploration: A boring should have been proposed to be drilled prior to 
construction to verifL exact material and properties such as corrosion, consolidation and 
expansion. 

3. Section 3.4.2 - Liquefaction: According to Figure 3-2, this site is within Liquefaction 
Zone. On page 3-2, the'reason for very low potential for liquefaction is given as the depth 
of fine-grained nature of the soil. Since silty soil also is prone to liquefaction, please 
reevaluate the liquefaction potential. 

4. Section 3.6.1 - Compressibility: Please show how you estimated the Compression Ratio 
and OCR values in Table 3- 1, including the references. 

5. Section 4.3 - Corrosivity Evaluation: Please explain how you can use corrosion results 
from Boring A-8-016 that is about 300 feet away from this culvert. 

6. Section 4.5 - Foundation Recommendation: It has shown in the report that allowable 
bearing capacity of 2000 psf could be used to limit settlement less than 1 inch. Using soil 
strength parameters, estimate the allowable bearing capacity (show the calculations in 
Appendix B). Please check the lesser value of the above two values against the actual 
bearing pressure. 

"Caltrans improves mobility across California" 
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Mr. Jon Hamaauchi 
May 14,2009 - 
Page 2 

Review of the Draft FR 
Loftus Channel (Bridge No. 55-0528) 
SR-57 Northbound Widening 

7. Section 5.1 - Site Preparation: If clayey soil has medium expansion potential as stated on 
page 3-3, remedial measures such as over-excavation of foundation soil should be 
proposed. 

8. Section 5.4 - Compaction: The report recommends 95% relative compaction for 
foundation soil. As per Caltrans 2006 Standard Plans, soil around the culvert (2'0" for 
sides and 1'0" for the top) also needs to be structure backfill with 95% relative compaction. 

9. LOTB sheets: Please explain why you provided Sampler types as California modified 
sampler and SPT sampler, Hammer type and Correction factor for California modified 
sampler, whereas it is a CPT on the LOTB sheet. 

10. General Plans and Miscellaneous Details- Spillway: The length of the proposed spillway 
is much shorter than the existing spill way. The original length may need to be maintain 
(please verify with Caltrans Hydraulics). 

If you have any q,uestions, please contact Deepa Wathugala at (2 13) 620-2 134 or Faramarz 

Branch C 

Faramarz Gerami, P.G., C.E.G. 
Engineering Geologist 
Office of Geotechnical Design South 1 
Branch C 

Reviewed by: 

Chi-Tseng Ted Liu, Ph.D., P.E., G.E. 
Senior Transportation Engineer 
Office of Geotechnical Design South 1 
Branch C 

C.C. OGDS-1-Los Angeles File 
OGDS-1-Sacramento File 
GS - Sacramento File 

"Caltrans improves mobility qross California" 
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ATTACHMENT 2  

General Plan 
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ATTACHMENT 3  

Typical Section 
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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
t
i
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
t
i
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
t
i
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
t
i
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

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)

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"

Weak

Hollow Stem Auger Boring (HSA)B

SOIL LEGENDK. Reyes

H. Nofal

R. Bethapudi
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APPENDIX A  

CPT Sounding 
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Size
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UUM UW

3"

16 1.4

Elev.       GWS

P

60

500

(S)

(S)

30

P

GWS Elev. 

1"

Refusal

GWS

NC

P

2
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4
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113

154

Elev.
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180/
0-
9

200
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REPORT TITLE

DIST. COUNTY ROUTE POSTMILE

BRIDGE NUMBER PREPARED BY DATE

EA

SHEET

12 Orange SR-57 18.4/20.9 12-0F0321

1 OF 2XXX

BORING LOG LEGEND

GW

GP

GW-GM

GW-GC

GP-GM

GP-GC

GM

GC

GC-GM

SW

SP

CL

CL-ML

ML

OL

OL

CH

MH

SW-SM

SW-SC

SP-SM

SP-SC

SM

SC

SC-SM

PT

OL/OH

OH

OH

Graphic/Symbol

Well-graded GRAVEL

Well-graded GRAVEL with SAND

Group Names

Poorly graded GRAVEL

Poorly graded GRAVEL with SAND

Well-graded GRAVEL with SILT

Well-graded GRAVEL with SILT and SAND

Well-graded GRAVEL with CLAY (or SILTY CLAY)

Well-graded GRAVEL with CLAY and SAND

(or SILTY CLAY and SAND)

Poorly graded GRAVEL with SILT

Poorly graded GRAVEL with SILT and SAND

Poorly graded GRAVEL with CLAY(or SILTY CLAY)

Poorly graded GRAVEL with CLAY and

SAND (or SILTY CLAY and SAND)

SILTY GRAVEL

SILTY GRAVEL with SAND

CLAYEY GRAVEL

CLAYEY GRAVEL with SAND

SILTY, CLAYEY GRAVEL

SILTY, CLAYEY GRAVEL with SAND

Well-graded SAND

Well-graded SAND with GRAVEL

Poorly graded SAND

Poorly graded SAND with GRAVEL

Well-graded SAND with SILT and GRAVEL

Well-graded SAND with SILT

Well-graded SAND with CLAY (or SILTY CLAY)

Well-graded SAND with CLAY and GRAVEL

(or SILTY CLAY and GRAVEL)

Poorly graded SAND with SILT

Poorly graded SAND with SILT and GRAVEL

Poorly graded SAND with CLAY (or SILTY CLAY)

Poorly graded SAND with CLAY and

GRAVEL (or SILTY CLAY and GRAVEL)

SILTY SAND

SILTY SAND with GRAVEL

CLAYEY SAND

CLAYEY SAND with GRAVEL

SILTY, CLAYEY SAND

SILTY, CLAYEY SAND with GRAVEL

PEAT

COBBLES

COBBLES and BOULDERS

BOULDERS

Lean CLAY

Lean CLAY with SAND

Lean CLAY with GRAVEL

SANDY lean CLAY

SANDY lean CLAY with GRAVEL

GRAVELLY lean CLAY

GRAVELLY lean CLAY 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

SILT with SAND

SILT with GRAVEL

SANDY SILT

SANDY SILT with GRAVEL

GRAVELLY SILT with SAND

GRAVELLY SILT

ORGANIC lean CLAY

ORGANIC lean CLAY with SAND

ORGANIC lean CLAY with GRAVEL

SANDY ORGANIC lean CLAY

SANDY ORGANIC lean CLAY with GRAVEL

GRAVELLY ORGANIC lean CLAY

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

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

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

Fat CLAY

Fat CLAY with SAND

Fat CLAY with GRAVEL

Elastic SILT with SAND

Elastic SILT with GRAVEL

Elastic SILT

Graphic/Symbol Group Names

Pocket Penetrometer

Pressure Meter

Pocket Torvane

Consolidation (ASTM D 2435)

Collapse Potential (ASTM D 5333)

Compaction Curve (CTM 216)

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) 

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)

Unit Weight (ASTM D 4767)

Vane Shear (AASHTO T 223)

CP

C

UU

CU

CR

EI

UC

PI

PP

TV

M

OC

SE

UW

VS

DS

SG

PL

SL

CL

R

SW

PA

P

PM

Corrosivity Testing (CTM 643, CTM 422, CTM 417)

Consolidated Undrained Triaxial (ASTM D 4767)

Unconfined Compression-Rock (ASTM D 2938)

Unconfined Compression-Soil (ASTM D 2166)

Unconsolidated Undrained Triaxial (ASTM D 2850)

Plasticity Index (AASHTO T 90)

Liquid Limit (AASHTO T 89)

FIELD AND LABORATORY TESTINGGROUP SYMBOLS AND NAMES

DYNAMIC CONE PENETRATION BORING CONE PENETRATION TEST (CPT) SOUNDING

HAND BORINGROTARY BORING

GRAVELLY ORGANIC lean CLAY with SAND

BOREHOLE IDENTIFICATION

SAMPLER TYPES

CORRECTION FACTOR

Description
Hole

TypeSymbol

A 

R 

P

R

HD 

HA

D

B

CPT

O Other

Cone Penetration Test (ASTM D 5778-95)

Hollow Stem Auger Boring (HSA)

Dynamic Cone Penetration Boring

Hand driven (1-inch soil tube)

Hand Auger

Rotary drilled diamond core

Rotary drilled boring 

Rotary percussion boring (air)

Auger Boring

Note: Size in inches.

Standard Split-spoon Drive Sampler, 2.0-

inch Outside Diameter, 1.4 inch Inside

Diameter (Without liners)

Modified California Split-spoon Drive

Sampler 3.0-inch Outside Diameter, 2.4-

inch Inside Diameter (With Liners)

Bulk Sample Collected From Drill Cuttings

(S)

(D)

(B)

To convert from California modified ring

sampler blow count to equivalent standard

penetration test sampler blow count, for

granular and cohesive soil, multiply by 0.67.

Blows per 12"

(Using 28 lb hand 

hammer with a 12"

drop or as noted)

Top Hole El.

L
o
c
a
ti

o
n
 

Hole I.D.

Ground water surface

Pulled Pipe

Boring Date

Terminated at Elev

taken
Sample

materials
Description of 
Date measured

L
o
c
a
ti

o
n
 

Hole I.D.
Top Hole El.

Casing driven

Size of Sampler 

(inches)

SPT N-Value

(per ASTM 1586-99),

P = push sample,

or as noted

Description of material

Field & Lab Tests

Date measured
Material change

Estimated material change

Soil/Rock boundary

Boring Date

Hammer Energy Ratio (ER ) =   %
Terminated at Elev

i

L
o
c
a
ti

o
n
 

Hole I.D.
Top Hole El.

No count recorded

Pushed

Driving rate in

seconds per 12"

(using a Stanley

MB 156 percussion

hammer and a 2.2"

cone, or as noted)

Date measured

Boring Date

L
o
c
a
ti

o
n
 

Hole I.D.

Top Hole El.

Pressure measured

along sleeve friction

element (34.88 in

area) divided by 

pressure measured

on tip element.

2
on tip element

(2.33 in  area)

Friction Ratio (%)

Boring Date

Tip Bearing (MPa)

2

Pressure measured

SR-57 NORTHBOUND WIDENING

PROJECT
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Absence of moisture, dusty, dry to the 

touch

Damp but no visible water

Visible free water, usually soil is 

below water table

Dry

Moist

Wet

Description SPT N   (Blows / 12 inches)
60

0 - 4

5 - 10

11 - 30

31 - 50

   > 50

Very loose

Loose

Medium Dense

Dense

Very Dense

> 4.0Hard

Very Stiff 2 to 4 2 to 4 1.0 to 2.0 Readily indented by thumbnail

> 2.0

0.50 to 1.01 to 21 to 2Stiff

Medium Stiff

Field ApproximationTorvane

Measurement (tsf)

< 0.12

0.12 to 0.25

0.25 to 0.500.50 to 1.0

0.25 to 0.50

< 0.25< 0.25

0.25 to 0.50Soft

Very Soft

0.50 to 1.0

Description Unconfined Compressive

Strength (tsf)

Pocket Penetrometer

Measurement (tsf)

Easily penetrated several inches by fist

Easily penetrated several inches by thumb

Penetrated several inches by thumb

with moderate effort

Readily indented by thumb but penetrated

only with great effort

Indented by thumbnail with difficulty> 4.0

CONSISTENCY OF COHESIVE SOILS

APPARENT DENSITY OF COHESIONLESS SOILS MOISTURE

Description Criteria

A 1/8-inch thread cannot be rolled at any water content.Nonplastic

Description

Low

Medium

High

Description Criteria

Crumbles or breaks with handling or 

little finger pressure.
Weak

Moderate Crumbles or breaks with considerable 

finger pressure.

Will not crumble or break with finger 

pressure.
Strong

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.

Criteria

CEMENTATION

PLASTICITY OF FINE-GRAINED SOILS

Description

Trace

Few

Little

Some

Mostly 50 to 100%

30 to 45%

15 to 25%

5 to 10%

Particles are present but estimated to 

be less than 5%

Criteria Description Size

> 12"

3" to 12"

3/4" to 3"

No. 4 to 3/4"

No. 10 to No. 4

No. 40 to No. 10

No. 200 to No. 40Fine

Medium

Coarse

Fine

Coarse
Gravel

Sand

Cobble

Boulder

PARTICLE SIZEPERCENT OR PROPORTION OF SOILS

NOTE: This legend sheet provides descriptors and

associated criteria for required soil description components

only.  refer to Caltrns Soil and Rock Logging, classification,

and Presentation Manual (July 2007), section 2, for tables of

aditional soil description components and discussion of soil

description and identification.

REPORT TITLE

DIST. COUNTY ROUTE POSTMILE

BRIDGE NUMBER PREPARED BY DATE

EA

SHEET

12 Orange SR-57 18.4/20.9 12-0F0321

2 OF 2XXX

BORING LOG LEGEND

SR-57 NORTHBOUND WIDENING
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Sand with some Silt

Sand with some Silt
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Clayey silt
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Clay
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Silty clay

Clay

Very stiff fine grained *

Clay
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Clayey silt

Clay

Clay

Clay

Clay

Clay
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Clay

0

5

10

15

20

25

30

35

40

8 0

SR-57 NORTHBOUND WIDENING

LOG OF CPT NO. CPT-08-16

370900.03.GE.FR

FRICTION
(tsf)

ELEVATION:

309.52' 7/7/2008

OFFSET:PROJECT NO.: STATION:

646+05.92 143.98 Rt

INTERPRETED
SOIL DESCRIPTION

DEPTH
(feet)

Silty clay

DATE DRILLED:

DEPTH
(feet)

6 4 2

(Continued Next Page)

FRICTION
RATIO (%)
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Sand with some Silt

Gravelly sand
Gravelly sand

Gravelly sand

Sand

Gravelly sand

Sand with some Silt

Sand

CONE RESISTANCE
(tsf)

Sandy silt

Sand

Sand with some Silt

FRICTION
(tsf)

6 4 28 0

309.52' 7/7/2008

OFFSET:

SR-57 NORTHBOUND WIDENING

LOG OF CPT NO. CPT-08-16

ELEVATION:

0

370900.03.GE.FR

0 8

143.98 Rt

Fine sand

DATE DRILLED:
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CPT-016.INT
"   
"Output file from CPTINT - Version 5.2
"=====================================
"INPUT FILE: c:\temp\CPT-016.CSV
"-------------------------------
"
"Developed by: UBC In-Situ Testing FREEWARE  
"     Program: Piezocone Interpretation      
"    Web Site: www.civil.ubc.ca/home/in-situ 
"
"Interpreter Name:                             
"
"
"SUMMARY SHEET
"-------------
"'a' for calculating Qt:                 0.830
"Value for Water Table (in m):           8.180
"Valid Zone Classification based on:     Rf
"Missing unit weight to start depth:     18.860
"Method for calculating Su:              Nkt
"Value of the constant Nkt:              15.000
"Define Zone 6 for Sand Parameters?      YES
"Vertical Flow Gradient, i (- up):       +0.000
"CPT to SPT N60 Conversion:              Robertson & Campanella
"
"Soil Behavior Type Zone Numbers
"For Rf Zone & Bq Zone Classification
"------------------------------------
"Zone #1=Sensitive fine grained     Zone #7 =Sand with some Silt
"Zone #2=Organic material           Zone #8 =Fine sand
"Zone #3=Clay                       Zone #9 =Sand
"Zone #4=Silty clay                 Zone #10=Gravelly sand
"Zone #5=Clayey silt                Zone #11=Very stiff fine grained *
"Zone #6=Sandy silt                 Zone #12=Sand to clayey sand *
"   * Overconsolidated and/or cemented
"
"NOTE:
"-----
"For soil classification, Rf values > 8 are assumed to be 8.
"
"( Note: 9E9 means Out Of Range )
"
NPUT FILE: c:\temp\CPT-016.CSV  |--------------------------------------------------
" Depth     Qc(avg)   Fs(avg)   Rf        Rf Zone   Spt N     Spt N1    Su        
" (feet)    (TSF)     (TSF)     (%)       (zone #)  (blow/ft) (blow/ft) (TSF)     
"----------------------------------------------------------------------------------
    0.500     8.887     0.190     2.132     4         6         9         0.591   
    1.500   164.118     1.265     0.771     9        31        47           9E9   
    2.500    41.629     1.340     3.217     5        20        30         2.767   
    3.500    24.553     0.986     4.021     4        16        24         1.621   
    4.500    13.319     0.583     4.376     3        13        20         0.870   
    5.500    15.108     0.672     4.457     3        14        21         0.983   
    6.500    15.995     0.738     4.620     3        15        23         1.038   
    7.500    16.718     1.031     6.167     3        16        24         1.083   
    8.500    15.524     0.901     5.807     3        15        23         1.000   
    9.500    18.986     1.054     5.553     3        18        27         1.226   
   10.500    24.020     1.088     4.535     3        23        32         1.556   
   11.500    36.229     1.573     4.339     4        23        30         2.369   
   12.500    34.611     1.564     4.516     4        22        27         2.257   
   13.500    27.440     1.288     4.690     3        26        30         1.775   
   14.500    26.250     1.129     4.292     4        17        18         1.693   
   15.500    29.431     1.415     4.802     3        28        29         1.900   
   16.500    32.344     1.463     4.506     4        21        21         2.096   
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CPT-016.INT
   17.500    52.162     1.926     3.671     5        25        23         3.426   
   18.500    37.606     1.156     3.030     5        18        16         2.466   
   19.500    34.325     0.831     2.371     6        13        11           9E9   
   20.500    50.600     1.935     3.773     5        25        21         3.334   
   21.500    50.465     2.039     3.981     5        25        20         3.325   
   22.500    29.806     1.403     4.634     3        29        22         1.925   
   23.500    33.274     1.242     3.666     5        16        12         2.161   
   24.500    29.741     0.992     3.252     5        15        11         1.933   
   25.500    34.826     1.309     3.678     5        17        12         2.268   
   26.500    35.700     1.292     3.529     5        18        12         2.330   
   27.500    47.638     1.572     3.235     5        23        15         3.126   
   28.500    60.033     1.823     2.964     6        24        16           9E9   
   29.500   140.648     6.047     4.268    11        136       88           9E9   
   30.500   183.204     5.488     2.990     7        59        38           9E9   
   31.500    49.084     1.940     3.948     5        24        15         3.145   
   32.500    49.225     1.616     3.275     5        24        15         3.155   
   33.500    88.976     2.944     3.298     6        34        21           9E9   
   34.500    47.261     1.757     3.685     5        23        14         3.034   
   35.500    55.300     2.112     3.767     5        27        16         3.590   
   36.500    72.974     2.595     3.488     6        29        17           9E9   
   37.500    93.982     3.685     3.893     5        45        26         6.154   
   38.500   185.285     4.124     2.225     7        59        34           9E9   
   39.500   226.781     3.756     1.656     8        54        31           9E9   
   40.500   355.096     1.548     0.436    10        57        32           9E9   
   41.499   424.421     1.948     0.459    10        68        38           9E9   
   42.499   406.726     2.331     0.573    10        65        36           9E9   
   43.499   266.707     2.683     1.006     9        51        28           9E9   
   44.499   323.517     2.387     0.738    10        52        28           9E9   
   45.499   189.944     5.827     3.068     7        61        32           9E9   
   46.499   179.616     4.590     2.556     7        57        30           9E9   
   47.499   232.726     2.723     1.168     9        45        23           9E9   
   48.499   148.657     3.163     2.127     7        47        24           9E9   
   49.499    74.036     2.257     3.033     6        29        15           9E9   
   50.499   127.400     0.000     0.000     9        9E9       9E9          9E9   
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Project Information Single Strip dimensions Strip Loads Reference

Center Line Include Department of the Army

Project No. 370900.03.GE.FR Strip Offset Width Pressure Strip  U.S. Army Corps of Engineers

Project Name SR-57 Northbound Widening Project - Northern Segment No. (ft) (ft) (psf) (Y/N) Engineering and Design

Description Initial Stress Calculation at the Center of the new box culvert modifications 1 170 340 2000 Y Settlement Analysis - EM 1110-1-1904

assume uniform loading from the weight of the culvert plus soil cover 2 0 0 0 Y 30-Sep-90

Location Loftus Diversion Channel - Box Culvert Inlet 3 0 0 0 Y

Date 29-May-09 4 0 0 0 Y

Analysis Performed by HMN 5 0 0 0 Y

6 0 0 0 Y

7 0 0 0 Y

8 0 0 0 Y

9 0 0 0 Y

10 0 0 0 Y

Calculation Point

Global Offset (ft) 351

Depth Interval (ft) 0.5

Strip Load No. 1 2 3 4 5 6 7 8 9 10

x (ft) -181 -351 -351 -351 -351 -351 -351 -351 -351 -351

b (ft) 170 0 0 0 0 0 0 0 0 0

q (psf) 2000 0 0 0 0 0 0 0 0 0 Pressure

Depth α β Pressure α β Pressure α β Pressure α β Pressure α β Pressure α β Pressure α β Pressure α β Pressure α β Pressure α β Pressure Increase

(ft) (Radian) (Radian) (psf) (Radian) (Radian) (psf) (Radian) (Radian) (psf) (Radian) (Radian) (psf) (Radian) (Radian) (psf) (Radian) (Radian) (psf) (Radian) (Radian) (psf) (Radian) (Radian) (psf) (Radian) (Radian) (psf) (Radian) (Radian) (psf) (psf)

0.25 0.022 -1.570 0.005 0.000 -1.570 0.000 0.000 -1.570 0.000 0.000 -1.570 0.000 0.000 -1.570 0.000 0.000 -1.570 0.000 0.000 -1.570 0.000 0.000 -1.570 0.000 0.000 -1.570 0.000 0.000 -1.570 0.000 0.005

0.75 0.066 -1.569 0.134 0.000 -1.569 0.000 0.000 -1.569 0.000 0.000 -1.569 0.000 0.000 -1.569 0.000 0.000 -1.569 0.000 0.000 -1.569 0.000 0.000 -1.569 0.000 0.000 -1.569 0.000 0.000 -1.569 0.000 0.134

1.25 0.110 -1.567 0.613 0.000 -1.567 0.000 0.000 -1.567 0.000 0.000 -1.567 0.000 0.000 -1.567 0.000 0.000 -1.567 0.000 0.000 -1.567 0.000 0.000 -1.567 0.000 0.000 -1.567 0.000 0.000 -1.567 0.000 0.613

1.75 0.153 -1.566 1.658 0.000 -1.566 0.000 0.000 -1.566 0.000 0.000 -1.566 0.000 0.000 -1.566 0.000 0.000 -1.566 0.000 0.000 -1.566 0.000 0.000 -1.566 0.000 0.000 -1.566 0.000 0.000 -1.566 0.000 1.658

2.25 0.195 -1.564 3.457 0.000 -1.564 0.000 0.000 -1.564 0.000 0.000 -1.564 0.000 0.000 -1.564 0.000 0.000 -1.564 0.000 0.000 -1.564 0.000 0.000 -1.564 0.000 0.000 -1.564 0.000 0.000 -1.564 0.000 3.457

2.75 0.237 -1.563 6.165 0.000 -1.563 0.000 0.000 -1.563 0.000 0.000 -1.563 0.000 0.000 -1.563 0.000 0.000 -1.563 0.000 0.000 -1.563 0.000 0.000 -1.563 0.000 0.000 -1.563 0.000 0.000 -1.563 0.000 6.165

3.25 0.278 -1.562 9.898 0.000 -1.562 0.000 0.000 -1.562 0.000 0.000 -1.562 0.000 0.000 -1.562 0.000 0.000 -1.562 0.000 0.000 -1.562 0.000 0.000 -1.562 0.000 0.000 -1.562 0.000 0.000 -1.562 0.000 9.898

3.75 0.318 -1.560 14.730 0.000 -1.560 0.000 0.000 -1.560 0.000 0.000 -1.560 0.000 0.000 -1.560 0.000 0.000 -1.560 0.000 0.000 -1.560 0.000 0.000 -1.560 0.000 0.000 -1.560 0.000 0.000 -1.560 0.000 14.730

4.25 0.357 -1.559 20.700 0.000 -1.559 0.000 0.000 -1.559 0.000 0.000 -1.559 0.000 0.000 -1.559 0.000 0.000 -1.559 0.000 0.000 -1.559 0.000 0.000 -1.559 0.000 0.000 -1.559 0.000 0.000 -1.559 0.000 20.700

4.75 0.394 -1.557 27.806 0.000 -1.557 0.000 0.000 -1.557 0.000 0.000 -1.557 0.000 0.000 -1.557 0.000 0.000 -1.557 0.000 0.000 -1.557 0.000 0.000 -1.557 0.000 0.000 -1.557 0.000 0.000 -1.557 0.000 27.806

5.25 0.430 -1.556 36.016 0.000 -1.556 0.000 0.000 -1.556 0.000 0.000 -1.556 0.000 0.000 -1.556 0.000 0.000 -1.556 0.000 0.000 -1.556 0.000 0.000 -1.556 0.000 0.000 -1.556 0.000 0.000 -1.556 0.000 36.016

5.75 0.465 -1.554 45.272 0.000 -1.554 0.000 0.000 -1.554 0.000 0.000 -1.554 0.000 0.000 -1.554 0.000 0.000 -1.554 0.000 0.000 -1.554 0.000 0.000 -1.554 0.000 0.000 -1.554 0.000 0.000 -1.554 0.000 45.272

6.25 0.499 -1.553 55.495 0.000 -1.553 0.000 0.000 -1.553 0.000 0.000 -1.553 0.000 0.000 -1.553 0.000 0.000 -1.553 0.000 0.000 -1.553 0.000 0.000 -1.553 0.000 0.000 -1.553 0.000 0.000 -1.553 0.000 55.495

6.75 0.531 -1.552 66.592 0.000 -1.552 0.000 0.000 -1.552 0.000 0.000 -1.552 0.000 0.000 -1.552 0.000 0.000 -1.552 0.000 0.000 -1.552 0.000 0.000 -1.552 0.000 0.000 -1.552 0.000 0.000 -1.552 0.000 66.592

7.25 0.562 -1.550 78.460 0.000 -1.550 0.000 0.000 -1.550 0.000 0.000 -1.550 0.000 0.000 -1.550 0.000 0.000 -1.550 0.000 0.000 -1.550 0.000 0.000 -1.550 0.000 0.000 -1.550 0.000 0.000 -1.550 0.000 78.460

7.75 0.592 -1.549 90.993 0.000 -1.549 0.000 0.000 -1.549 0.000 0.000 -1.549 0.000 0.000 -1.549 0.000 0.000 -1.549 0.000 0.000 -1.549 0.000 0.000 -1.549 0.000 0.000 -1.549 0.000 0.000 -1.549 0.000 90.993

8.25 0.620 -1.547 104.083 0.000 -1.547 0.000 0.000 -1.547 0.000 0.000 -1.547 0.000 0.000 -1.547 0.000 0.000 -1.547 0.000 0.000 -1.547 0.000 0.000 -1.547 0.000 0.000 -1.547 0.000 0.000 -1.547 0.000 104.083

8.75 0.647 -1.546 117.625 0.000 -1.546 0.000 0.000 -1.546 0.000 0.000 -1.546 0.000 0.000 -1.546 0.000 0.000 -1.546 0.000 0.000 -1.546 0.000 0.000 -1.546 0.000 0.000 -1.546 0.000 0.000 -1.546 0.000 117.625

9.25 0.673 -1.544 131.521 0.000 -1.544 0.000 0.000 -1.544 0.000 0.000 -1.544 0.000 0.000 -1.544 0.000 0.000 -1.544 0.000 0.000 -1.544 0.000 0.000 -1.544 0.000 0.000 -1.544 0.000 0.000 -1.544 0.000 131.521

9.75 0.697 -1.543 145.679 0.000 -1.543 0.000 0.000 -1.543 0.000 0.000 -1.543 0.000 0.000 -1.543 0.000 0.000 -1.543 0.000 0.000 -1.543 0.000 0.000 -1.543 0.000 0.000 -1.543 0.000 0.000 -1.543 0.000 145.679

10.25 0.721 -1.542 160.012 0.000 -1.542 0.000 0.000 -1.542 0.000 0.000 -1.542 0.000 0.000 -1.542 0.000 0.000 -1.542 0.000 0.000 -1.542 0.000 0.000 -1.542 0.000 0.000 -1.542 0.000 0.000 -1.542 0.000 160.012

10.75 0.743 -1.540 174.445 0.000 -1.540 0.000 0.000 -1.540 0.000 0.000 -1.540 0.000 0.000 -1.540 0.000 0.000 -1.540 0.000 0.000 -1.540 0.000 0.000 -1.540 0.000 0.000 -1.540 0.000 0.000 -1.540 0.000 174.445

11.25 0.765 -1.539 188.909 0.000 -1.539 0.000 0.000 -1.539 0.000 0.000 -1.539 0.000 0.000 -1.539 0.000 0.000 -1.539 0.000 0.000 -1.539 0.000 0.000 -1.539 0.000 0.000 -1.539 0.000 0.000 -1.539 0.000 188.909

11.75 0.785 -1.537 203.345 0.000 -1.537 0.000 0.000 -1.537 0.000 0.000 -1.537 0.000 0.000 -1.537 0.000 0.000 -1.537 0.000 0.000 -1.537 0.000 0.000 -1.537 0.000 0.000 -1.537 0.000 0.000 -1.537 0.000 203.345

12.25 0.804 -1.536 217.701 0.000 -1.536 0.000 0.000 -1.536 0.000 0.000 -1.536 0.000 0.000 -1.536 0.000 0.000 -1.536 0.000 0.000 -1.536 0.000 0.000 -1.536 0.000 0.000 -1.536 0.000 0.000 -1.536 0.000 217.701

12.75 0.823 -1.534 231.932 0.000 -1.534 0.000 0.000 -1.534 0.000 0.000 -1.534 0.000 0.000 -1.534 0.000 0.000 -1.534 0.000 0.000 -1.534 0.000 0.000 -1.534 0.000 0.000 -1.534 0.000 0.000 -1.534 0.000 231.932

13.25 0.840 -1.533 246.000 0.000 -1.533 0.000 0.000 -1.533 0.000 0.000 -1.533 0.000 0.000 -1.533 0.000 0.000 -1.533 0.000 0.000 -1.533 0.000 0.000 -1.533 0.000 0.000 -1.533 0.000 0.000 -1.533 0.000 246.000

13.75 0.857 -1.532 259.875 0.000 -1.532 0.000 0.000 -1.532 0.000 0.000 -1.532 0.000 0.000 -1.532 0.000 0.000 -1.532 0.000 0.000 -1.532 0.000 0.000 -1.532 0.000 0.000 -1.532 0.000 0.000 -1.532 0.000 259.875

14.25 0.873 -1.530 273.530 0.000 -1.530 0.000 0.000 -1.530 0.000 0.000 -1.530 0.000 0.000 -1.530 0.000 0.000 -1.530 0.000 0.000 -1.530 0.000 0.000 -1.530 0.000 0.000 -1.530 0.000 0.000 -1.530 0.000 273.530

14.75 0.888 -1.529 286.944 0.000 -1.529 0.000 0.000 -1.529 0.000 0.000 -1.529 0.000 0.000 -1.529 0.000 0.000 -1.529 0.000 0.000 -1.529 0.000 0.000 -1.529 0.000 0.000 -1.529 0.000 0.000 -1.529 0.000 286.944

15.25 0.902 -1.527 300.102 0.000 -1.527 0.000 0.000 -1.527 0.000 0.000 -1.527 0.000 0.000 -1.527 0.000 0.000 -1.527 0.000 0.000 -1.527 0.000 0.000 -1.527 0.000 0.000 -1.527 0.000 0.000 -1.527 0.000 300.102

15.75 0.916 -1.526 312.990 0.000 -1.526 0.000 0.000 -1.526 0.000 0.000 -1.526 0.000 0.000 -1.526 0.000 0.000 -1.526 0.000 0.000 -1.526 0.000 0.000 -1.526 0.000 0.000 -1.526 0.000 0.000 -1.526 0.000 312.990

16.25 0.929 -1.525 325.599 0.000 -1.525 0.000 0.000 -1.525 0.000 0.000 -1.525 0.000 0.000 -1.525 0.000 0.000 -1.525 0.000 0.000 -1.525 0.000 0.000 -1.525 0.000 0.000 -1.525 0.000 0.000 -1.525 0.000 325.599

16.75 0.942 -1.523 337.924 0.000 -1.523 0.000 0.000 -1.523 0.000 0.000 -1.523 0.000 0.000 -1.523 0.000 0.000 -1.523 0.000 0.000 -1.523 0.000 0.000 -1.523 0.000 0.000 -1.523 0.000 0.000 -1.523 0.000 337.924

17.25 0.954 -1.522 349.959 0.000 -1.522 0.000 0.000 -1.522 0.000 0.000 -1.522 0.000 0.000 -1.522 0.000 0.000 -1.522 0.000 0.000 -1.522 0.000 0.000 -1.522 0.000 0.000 -1.522 0.000 0.000 -1.522 0.000 349.959

17.75 0.965 -1.520 361.703 0.000 -1.520 0.000 0.000 -1.520 0.000 0.000 -1.520 0.000 0.000 -1.520 0.000 0.000 -1.520 0.000 0.000 -1.520 0.000 0.000 -1.520 0.000 0.000 -1.520 0.000 0.000 -1.520 0.000 361.703

18.25 0.976 -1.519 373.156 0.000 -1.519 0.000 0.000 -1.519 0.000 0.000 -1.519 0.000 0.000 -1.519 0.000 0.000 -1.519 0.000 0.000 -1.519 0.000 0.000 -1.519 0.000 0.000 -1.519 0.000 0.000 -1.519 0.000 373.156

18.75 0.987 -1.517 384.319 0.000 -1.517 0.000 0.000 -1.517 0.000 0.000 -1.517 0.000 0.000 -1.517 0.000 0.000 -1.517 0.000 0.000 -1.517 0.000 0.000 -1.517 0.000 0.000 -1.517 0.000 0.000 -1.517 0.000 384.319

19.25 0.997 -1.516 395.195 0.000 -1.516 0.000 0.000 -1.516 0.000 0.000 -1.516 0.000 0.000 -1.516 0.000 0.000 -1.516 0.000 0.000 -1.516 0.000 0.000 -1.516 0.000 0.000 -1.516 0.000 0.000 -1.516 0.000 395.195

19.75 1.006 -1.515 405.788 0.000 -1.515 0.000 0.000 -1.515 0.000 0.000 -1.515 0.000 0.000 -1.515 0.000 0.000 -1.515 0.000 0.000 -1.515 0.000 0.000 -1.515 0.000 0.000 -1.515 0.000 0.000 -1.515 0.000 405.788

20.25 1.016 -1.513 416.102 0.000 -1.513 0.000 0.000 -1.513 0.000 0.000 -1.513 0.000 0.000 -1.513 0.000 0.000 -1.513 0.000 0.000 -1.513 0.000 0.000 -1.513 0.000 0.000 -1.513 0.000 0.000 -1.513 0.000 416.102

20.75 1.024 -1.512 426.142 0.000 -1.512 0.000 0.000 -1.512 0.000 0.000 -1.512 0.000 0.000 -1.512 0.000 0.000 -1.512 0.000 0.000 -1.512 0.000 0.000 -1.512 0.000 0.000 -1.512 0.000 0.000 -1.512 0.000 426.142

21.25 1.033 -1.510 435.913 0.000 -1.510 0.000 0.000 -1.510 0.000 0.000 -1.510 0.000 0.000 -1.510 0.000 0.000 -1.510 0.000 0.000 -1.510 0.000 0.000 -1.510 0.000 0.000 -1.510 0.000 0.000 -1.510 0.000 435.913

21.75 1.041 -1.509 445.423 0.000 -1.509 0.000 0.000 -1.509 0.000 0.000 -1.509 0.000 0.000 -1.509 0.000 0.000 -1.509 0.000 0.000 -1.509 0.000 0.000 -1.509 0.000 0.000 -1.509 0.000 0.000 -1.509 0.000 445.423

22.25 1.048 -1.507 454.676 0.000 -1.507 0.000 0.000 -1.507 0.000 0.000 -1.507 0.000 0.000 -1.507 0.000 0.000 -1.507 0.000 0.000 -1.507 0.000 0.000 -1.507 0.000 0.000 -1.507 0.000 0.000 -1.507 0.000 454.676

22.75 1.056 -1.506 463.679 0.000 -1.506 0.000 0.000 -1.506 0.000 0.000 -1.506 0.000 0.000 -1.506 0.000 0.000 -1.506 0.000 0.000 -1.506 0.000 0.000 -1.506 0.000 0.000 -1.506 0.000 0.000 -1.506 0.000 463.679

23.25 1.063 -1.505 472.440 0.000 -1.505 0.000 0.000 -1.505 0.000 0.000 -1.505 0.000 0.000 -1.505 0.000 0.000 -1.505 0.000 0.000 -1.505 0.000 0.000 -1.505 0.000 0.000 -1.505 0.000 0.000 -1.505 0.000 472.440

23.75 1.069 -1.503 480.964 0.000 -1.503 0.000 0.000 -1.503 0.000 0.000 -1.503 0.000 0.000 -1.503 0.000 0.000 -1.503 0.000 0.000 -1.503 0.000 0.000 -1.503 0.000 0.000 -1.503 0.000 0.000 -1.503 0.000 480.964

24.25 1.076 -1.502 489.259 0.000 -1.502 0.000 0.000 -1.502 0.000 0.000 -1.502 0.000 0.000 -1.502 0.000 0.000 -1.502 0.000 0.000 -1.502 0.000 0.000 -1.502 0.000 0.000 -1.502 0.000 0.000 -1.502 0.000 489.259

24.75 1.082 -1.500 497.331 0.000 -1.500 0.000 0.000 -1.500 0.000 0.000 -1.500 0.000 0.000 -1.500 0.000 0.000 -1.500 0.000 0.000 -1.500 0.000 0.000 -1.500 0.000 0.000 -1.500 0.000 0.000 -1.500 0.000 497.331

25.25 1.088 -1.499 505.187 0.000 -1.499 0.000 0.000 -1.499 0.000 0.000 -1.499 0.000 0.000 -1.499 0.000 0.000 -1.499 0.000 0.000 -1.499 0.000 0.000 -1.499 0.000 0.000 -1.499 0.000 0.000 -1.499 0.000 505.187

25.75 1.094 -1.498 512.833 0.000 -1.498 0.000 0.000 -1.498 0.000 0.000 -1.498 0.000 0.000 -1.498 0.000 0.000 -1.498 0.000 0.000 -1.498 0.000 0.000 -1.498 0.000 0.000 -1.498 0.000 0.000 -1.498 0.000 512.833

26.25 1.099 -1.496 520.276 0.000 -1.496 0.000 0.000 -1.496 0.000 0.000 -1.496 0.000 0.000 -1.496 0.000 0.000 -1.496 0.000 0.000 -1.496 0.000 0.000 -1.496 0.000 0.000 -1.496 0.000 0.000 -1.496 0.000 520.276

26.75 1.105 -1.495 527.522 0.000 -1.495 0.000 0.000 -1.495 0.000 0.000 -1.495 0.000 0.000 -1.495 0.000 0.000 -1.495 0.000 0.000 -1.495 0.000 0.000 -1.495 0.000 0.000 -1.495 0.000 0.000 -1.495 0.000 527.522

27.25 1.110 -1.493 534.577 0.000 -1.493 0.000 0.000 -1.493 0.000 0.000 -1.493 0.000 0.000 -1.493 0.000 0.000 -1.493 0.000 0.000 -1.493 0.000 0.000 -1.493 0.000 0.000 -1.493 0.000 0.000 -1.493 0.000 534.577

27.75 1.115 -1.492 541.448 0.000 -1.492 0.000 0.000 -1.492 0.000 0.000 -1.492 0.000 0.000 -1.492 0.000 0.000 -1.492 0.000 0.000 -1.492 0.000 0.000 -1.492 0.000 0.000 -1.492 0.000 0.000 -1.492 0.000 541.448

28.25 1.119 -1.490 548.140 0.000 -1.490 0.000 0.000 -1.490 0.000 0.000 -1.490 0.000 0.000 -1.490 0.000 0.000 -1.490 0.000 0.000 -1.490 0.000 0.000 -1.490 0.000 0.000 -1.490 0.000 0.000 -1.490 0.000 548.140

28.75 1.124 -1.489 554.660 0.000 -1.489 0.000 0.000 -1.489 0.000 0.000 -1.489 0.000 0.000 -1.489 0.000 0.000 -1.489 0.000 0.000 -1.489 0.000 0.000 -1.489 0.000 0.000 -1.489 0.000 0.000 -1.489 0.000 554.660

29.25 1.128 -1.488 561.011 0.000 -1.488 0.000 0.000 -1.488 0.000 0.000 -1.488 0.000 0.000 -1.488 0.000 0.000 -1.488 0.000 0.000 -1.488 0.000 0.000 -1.488 0.000 0.000 -1.488 0.000 0.000 -1.488 0.000 561.011

29.75 1.132 -1.486 567.201 0.000 -1.486 0.000 0.000 -1.486 0.000 0.000 -1.486 0.000 0.000 -1.486 0.000 0.000 -1.486 0.000 0.000 -1.486 0.000 0.000 -1.486 0.000 0.000 -1.486 0.000 0.000 -1.486 0.000 567.201

30.25 1.136 -1.485 573.234 0.000 -1.485 0.000 0.000 -1.485 0.000 0.000 -1.485 0.000 0.000 -1.485 0.000 0.000 -1.485 0.000 0.000 -1.485 0.000 0.000 -1.485 0.000 0.000 -1.485 0.000 0.000 -1.485 0.000 573.234

30.75 1.140 -1.483 579.116 0.000 -1.483 0.000 0.000 -1.483 0.000 0.000 -1.483 0.000 0.000 -1.483 0.000 0.000 -1.483 0.000 0.000 -1.483 0.000 0.000 -1.483 0.000 0.000 -1.483 0.000 0.000 -1.483 0.000 579.116

31.25 1.144 -1.482 584.850 0.000 -1.482 0.000 0.000 -1.482 0.000 0.000 -1.482 0.000 0.000 -1.482 0.000 0.000 -1.482 0.000 0.000 -1.482 0.000 0.000 -1.482 0.000 0.000 -1.482 0.000 0.000 -1.482 0.000 584.850

31.75 1.147 -1.481 590.443 0.000 -1.481 0.000 0.000 -1.481 0.000 0.000 -1.481 0.000 0.000 -1.481 0.000 0.000 -1.481 0.000 0.000 -1.481 0.000 0.000 -1.481 0.000 0.000 -1.481 0.000 0.000 -1.481 0.000 590.443

32.25 1.150 -1.479 595.898 0.000 -1.479 0.000 0.000 -1.479 0.000 0.000 -1.479 0.000 0.000 -1.479 0.000 0.000 -1.479 0.000 0.000 -1.479 0.000 0.000 -1.479 0.000 0.000 -1.479 0.000 0.000 -1.479 0.000 595.898
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32.75 1.154 -1.478 601.220 0.000 -1.478 0.000 0.000 -1.478 0.000 0.000 -1.478 0.000 0.000 -1.478 0.000 0.000 -1.478 0.000 0.000 -1.478 0.000 0.000 -1.478 0.000 0.000 -1.478 0.000 0.000 -1.478 0.000 601.220

33.25 1.157 -1.476 606.413 0.000 -1.476 0.000 0.000 -1.476 0.000 0.000 -1.476 0.000 0.000 -1.476 0.000 0.000 -1.476 0.000 0.000 -1.476 0.000 0.000 -1.476 0.000 0.000 -1.476 0.000 0.000 -1.476 0.000 606.413

33.75 1.160 -1.475 611.481 0.000 -1.475 0.000 0.000 -1.475 0.000 0.000 -1.475 0.000 0.000 -1.475 0.000 0.000 -1.475 0.000 0.000 -1.475 0.000 0.000 -1.475 0.000 0.000 -1.475 0.000 0.000 -1.475 0.000 611.481

34.25 1.163 -1.474 616.429 0.000 -1.474 0.000 0.000 -1.474 0.000 0.000 -1.474 0.000 0.000 -1.474 0.000 0.000 -1.474 0.000 0.000 -1.474 0.000 0.000 -1.474 0.000 0.000 -1.474 0.000 0.000 -1.474 0.000 616.429

34.75 1.166 -1.472 621.260 0.000 -1.472 0.000 0.000 -1.472 0.000 0.000 -1.472 0.000 0.000 -1.472 0.000 0.000 -1.472 0.000 0.000 -1.472 0.000 0.000 -1.472 0.000 0.000 -1.472 0.000 0.000 -1.472 0.000 621.260

35.25 1.168 -1.471 625.977 0.000 -1.471 0.000 0.000 -1.471 0.000 0.000 -1.471 0.000 0.000 -1.471 0.000 0.000 -1.471 0.000 0.000 -1.471 0.000 0.000 -1.471 0.000 0.000 -1.471 0.000 0.000 -1.471 0.000 625.977

35.75 1.171 -1.469 630.585 0.000 -1.469 0.000 0.000 -1.469 0.000 0.000 -1.469 0.000 0.000 -1.469 0.000 0.000 -1.469 0.000 0.000 -1.469 0.000 0.000 -1.469 0.000 0.000 -1.469 0.000 0.000 -1.469 0.000 630.585

36.25 1.173 -1.468 635.086 0.000 -1.468 0.000 0.000 -1.468 0.000 0.000 -1.468 0.000 0.000 -1.468 0.000 0.000 -1.468 0.000 0.000 -1.468 0.000 0.000 -1.468 0.000 0.000 -1.468 0.000 0.000 -1.468 0.000 635.086

36.75 1.176 -1.466 639.485 0.000 -1.466 0.000 0.000 -1.466 0.000 0.000 -1.466 0.000 0.000 -1.466 0.000 0.000 -1.466 0.000 0.000 -1.466 0.000 0.000 -1.466 0.000 0.000 -1.466 0.000 0.000 -1.466 0.000 639.485

37.25 1.178 -1.465 643.784 0.000 -1.465 0.000 0.000 -1.465 0.000 0.000 -1.465 0.000 0.000 -1.465 0.000 0.000 -1.465 0.000 0.000 -1.465 0.000 0.000 -1.465 0.000 0.000 -1.465 0.000 0.000 -1.465 0.000 643.784

37.75 1.180 -1.464 647.985 0.000 -1.464 0.000 0.000 -1.464 0.000 0.000 -1.464 0.000 0.000 -1.464 0.000 0.000 -1.464 0.000 0.000 -1.464 0.000 0.000 -1.464 0.000 0.000 -1.464 0.000 0.000 -1.464 0.000 647.985

38.25 1.182 -1.462 652.093 0.000 -1.462 0.000 0.000 -1.462 0.000 0.000 -1.462 0.000 0.000 -1.462 0.000 0.000 -1.462 0.000 0.000 -1.462 0.000 0.000 -1.462 0.000 0.000 -1.462 0.000 0.000 -1.462 0.000 652.093

38.75 1.184 -1.461 656.110 0.000 -1.461 0.000 0.000 -1.461 0.000 0.000 -1.461 0.000 0.000 -1.461 0.000 0.000 -1.461 0.000 0.000 -1.461 0.000 0.000 -1.461 0.000 0.000 -1.461 0.000 0.000 -1.461 0.000 656.110

39.25 1.186 -1.459 660.039 0.000 -1.459 0.000 0.000 -1.459 0.000 0.000 -1.459 0.000 0.000 -1.459 0.000 0.000 -1.459 0.000 0.000 -1.459 0.000 0.000 -1.459 0.000 0.000 -1.459 0.000 0.000 -1.459 0.000 660.039

39.75 1.188 -1.458 663.882 0.000 -1.458 0.000 0.000 -1.458 0.000 0.000 -1.458 0.000 0.000 -1.458 0.000 0.000 -1.458 0.000 0.000 -1.458 0.000 0.000 -1.458 0.000 0.000 -1.458 0.000 0.000 -1.458 0.000 663.882

40.25 1.190 -1.457 667.643 0.000 -1.457 0.000 0.000 -1.457 0.000 0.000 -1.457 0.000 0.000 -1.457 0.000 0.000 -1.457 0.000 0.000 -1.457 0.000 0.000 -1.457 0.000 0.000 -1.457 0.000 0.000 -1.457 0.000 667.643

40.75 1.192 -1.455 671.322 0.000 -1.455 0.000 0.000 -1.455 0.000 0.000 -1.455 0.000 0.000 -1.455 0.000 0.000 -1.455 0.000 0.000 -1.455 0.000 0.000 -1.455 0.000 0.000 -1.455 0.000 0.000 -1.455 0.000 671.322

41.25 1.193 -1.454 674.923 0.000 -1.454 0.000 0.000 -1.454 0.000 0.000 -1.454 0.000 0.000 -1.454 0.000 0.000 -1.454 0.000 0.000 -1.454 0.000 0.000 -1.454 0.000 0.000 -1.454 0.000 0.000 -1.454 0.000 674.923

41.75 1.195 -1.452 678.448 0.000 -1.452 0.000 0.000 -1.452 0.000 0.000 -1.452 0.000 0.000 -1.452 0.000 0.000 -1.452 0.000 0.000 -1.452 0.000 0.000 -1.452 0.000 0.000 -1.452 0.000 0.000 -1.452 0.000 678.448

42.25 1.196 -1.451 681.900 0.000 -1.451 0.000 0.000 -1.451 0.000 0.000 -1.451 0.000 0.000 -1.451 0.000 0.000 -1.451 0.000 0.000 -1.451 0.000 0.000 -1.451 0.000 0.000 -1.451 0.000 0.000 -1.451 0.000 681.900

42.75 1.198 -1.450 685.280 0.000 -1.450 0.000 0.000 -1.450 0.000 0.000 -1.450 0.000 0.000 -1.450 0.000 0.000 -1.450 0.000 0.000 -1.450 0.000 0.000 -1.450 0.000 0.000 -1.450 0.000 0.000 -1.450 0.000 685.280

43.25 1.199 -1.448 688.590 0.000 -1.448 0.000 0.000 -1.448 0.000 0.000 -1.448 0.000 0.000 -1.448 0.000 0.000 -1.448 0.000 0.000 -1.448 0.000 0.000 -1.448 0.000 0.000 -1.448 0.000 0.000 -1.448 0.000 688.590

43.75 1.200 -1.447 691.832 0.000 -1.447 0.000 0.000 -1.447 0.000 0.000 -1.447 0.000 0.000 -1.447 0.000 0.000 -1.447 0.000 0.000 -1.447 0.000 0.000 -1.447 0.000 0.000 -1.447 0.000 0.000 -1.447 0.000 691.832

44.25 1.202 -1.445 695.008 0.000 -1.445 0.000 0.000 -1.445 0.000 0.000 -1.445 0.000 0.000 -1.445 0.000 0.000 -1.445 0.000 0.000 -1.445 0.000 0.000 -1.445 0.000 0.000 -1.445 0.000 0.000 -1.445 0.000 695.008

44.75 1.203 -1.444 698.121 0.000 -1.444 0.000 0.000 -1.444 0.000 0.000 -1.444 0.000 0.000 -1.444 0.000 0.000 -1.444 0.000 0.000 -1.444 0.000 0.000 -1.444 0.000 0.000 -1.444 0.000 0.000 -1.444 0.000 698.121

45.25 1.204 -1.443 701.172 0.000 -1.443 0.000 0.000 -1.443 0.000 0.000 -1.443 0.000 0.000 -1.443 0.000 0.000 -1.443 0.000 0.000 -1.443 0.000 0.000 -1.443 0.000 0.000 -1.443 0.000 0.000 -1.443 0.000 701.172

45.75 1.205 -1.441 704.161 0.000 -1.441 0.000 0.000 -1.441 0.000 0.000 -1.441 0.000 0.000 -1.441 0.000 0.000 -1.441 0.000 0.000 -1.441 0.000 0.000 -1.441 0.000 0.000 -1.441 0.000 0.000 -1.441 0.000 704.161

46.25 1.206 -1.440 707.093 0.000 -1.440 0.000 0.000 -1.440 0.000 0.000 -1.440 0.000 0.000 -1.440 0.000 0.000 -1.440 0.000 0.000 -1.440 0.000 0.000 -1.440 0.000 0.000 -1.440 0.000 0.000 -1.440 0.000 707.093

46.75 1.207 -1.438 709.966 0.000 -1.438 0.000 0.000 -1.438 0.000 0.000 -1.438 0.000 0.000 -1.438 0.000 0.000 -1.438 0.000 0.000 -1.438 0.000 0.000 -1.438 0.000 0.000 -1.438 0.000 0.000 -1.438 0.000 709.966

47.25 1.208 -1.437 712.784 0.000 -1.437 0.000 0.000 -1.437 0.000 0.000 -1.437 0.000 0.000 -1.437 0.000 0.000 -1.437 0.000 0.000 -1.437 0.000 0.000 -1.437 0.000 0.000 -1.437 0.000 0.000 -1.437 0.000 712.784

47.75 1.209 -1.436 715.548 0.000 -1.436 0.000 0.000 -1.436 0.000 0.000 -1.436 0.000 0.000 -1.436 0.000 0.000 -1.436 0.000 0.000 -1.436 0.000 0.000 -1.436 0.000 0.000 -1.436 0.000 0.000 -1.436 0.000 715.548

48.25 1.210 -1.434 718.259 0.000 -1.434 0.000 0.000 -1.434 0.000 0.000 -1.434 0.000 0.000 -1.434 0.000 0.000 -1.434 0.000 0.000 -1.434 0.000 0.000 -1.434 0.000 0.000 -1.434 0.000 0.000 -1.434 0.000 718.259

48.75 1.211 -1.433 720.919 0.000 -1.433 0.000 0.000 -1.433 0.000 0.000 -1.433 0.000 0.000 -1.433 0.000 0.000 -1.433 0.000 0.000 -1.433 0.000 0.000 -1.433 0.000 0.000 -1.433 0.000 0.000 -1.433 0.000 720.919

49.25 1.212 -1.431 723.528 0.000 -1.431 0.000 0.000 -1.431 0.000 0.000 -1.431 0.000 0.000 -1.431 0.000 0.000 -1.431 0.000 0.000 -1.431 0.000 0.000 -1.431 0.000 0.000 -1.431 0.000 0.000 -1.431 0.000 723.528

49.75 1.212 -1.430 726.089 0.000 -1.430 0.000 0.000 -1.430 0.000 0.000 -1.430 0.000 0.000 -1.430 0.000 0.000 -1.430 0.000 0.000 -1.430 0.000 0.000 -1.430 0.000 0.000 -1.430 0.000 0.000 -1.430 0.000 726.089



Job Name: SR-57 Northbound Widening Project

Job No. 370900.03.GE.FR

Location: Northern Segment

Subject: Allowable bearing pressure for box culvert modifications - use the average compression ratios - Center

Date: 5/29/2009 Surface

Soil Profile Data Unit Compression Recompression Soil Preconsolidation

Layer Layer Weight Ratio Ratio Type Pressure

No. Top Bottom Thickness γt CCR CRR (N/O) Pc

(ft) (ft) (ft) (pcf) (psf)

Depth to Ground Water 0 ft 1 0 4 4 130 0.010 0.002 O 2000.00

Unit Weight of Water 62.4 pcf 2 4 15 11 120 0.040 0.004 O 2000.00

Depth Interval 0.5 ft 3 15 50 35 130 0.030 0.003 O 2000.00

Footing Length 66 ft

Footing Width 23 ft

Footing Depth of Embedment 0 ft

Calculation Point offset Along Length 33 ft

Calculation Point offset Along Width 11.5 ft

Ground Surface Elevation 289 ft Loading

Embankment Stress Included (Y/N) Y Case Length Pressure

Fill Height 20 ft No. (ft) (psf) Westergaard

Embankment Width at the top 100 ft 1 23 2600

Fill Unit Weight 120 pcf 2 0 0

Stress distribution (1/2) 2 3 0 0

4 0 0

5 0 0

Top Bottom Middle Total Total Pore Effective 
1

Compression Recompression Stress 
2

Soil Preconsolidation Consolidation

of of Height of Elevation Unit Overburden Water Overburden Ratio Ratio Increase Type Pressure OCR Settlement

Layer Layer Layer Weight Pressure Pressure Pressure CCR CRR ∆p (N/O) Pc

(ft) (ft) (ft) (ft) (pcf) (psf) (psf) (psf) (psf) (psf) (inch)

0 0.5 0.25 288.75 130.00 32.50 15.60 26.45 0.010 0.002 2573.06 O 2026.45 76.6 0.03

0.5 1 0.75 288.25 130.00 97.50 46.80 79.47 0.010 0.002 2519.22 O 2079.47 26.2 0.02

1 1.5 1.25 287.75 130.00 162.50 78.00 132.80 0.010 0.002 2465.53 O 2132.80 16.1 0.02

1.5 2 1.75 287.25 130.00 227.50 109.20 186.63 0.010 0.002 2412.08 O 2186.63 11.7 0.02

2 2.5 2.25 286.75 130.00 292.50 140.40 241.14 0.010 0.002 2358.97 O 2241.14 9.3 0.02

2.5 3 2.75 286.25 130.00 357.50 171.60 296.44 0.010 0.002 2306.28 O 2296.44 7.7 0.01

3 3.5 3.25 285.75 130.00 422.50 202.80 352.65 0.010 0.002 2254.09 O 2352.65 6.7 0.01

3.5 4 3.75 285.25 130.00 487.50 234.00 409.81 0.010 0.002 2202.49 O 2409.81 5.9 0.01

4 4.5 4.25 284.75 120.00 550.00 265.20 465.43 0.040 0.004 2151.56 O 2465.43 5.3 0.02

4.5 5 4.75 284.25 120.00 610.00 296.40 519.50 0.040 0.004 2101.35 O 2519.50 4.8 0.02

5 5.5 5.25 283.75 120.00 670.00 327.60 574.47 0.040 0.004 2051.93 O 2574.47 4.5 0.02

5.5 6 5.75 283.25 120.00 730.00 358.80 630.26 0.040 0.004 2003.36 O 2630.26 4.2 0.02

6 6.5 6.25 282.75 120.00 790.00 390.00 686.79 0.040 0.004 1955.67 O 2686.79 3.9 0.01

6.5 7 6.75 282.25 120.00 850.00 421.20 743.93 0.040 0.004 1908.92 O 2743.93 3.7 0.01

7 7.5 7.25 281.75 120.00 910.00 452.40 801.59 0.040 0.004 1863.12 O 2801.59 3.5 0.01

7.5 8 7.75 281.25 120.00 970.00 483.60 859.63 0.040 0.004 1818.32 O 2859.63 3.3 0.01

8 8.5 8.25 280.75 120.00 1030.00 514.80 917.95 0.040 0.004 1774.53 O 2917.95 3.2 0.01

8.5 9 8.75 280.25 120.00 1090.00 546.00 976.42 0.040 0.004 1731.77 O 2976.42 3.0 0.01

9 9.5 9.25 279.75 120.00 1150.00 577.20 1034.96 0.040 0.004 1690.04 O 3034.96 2.9 0.01

9.5 10 9.75 279.25 120.00 1210.00 608.40 1093.44 0.040 0.004 1649.36 O 3093.44 2.8 0.01

10 10.5 10.25 278.75 120.00 1270.00 639.60 1151.80 0.040 0.004 1609.71 O 3151.80 2.7 0.01

10.5 11 10.75 278.25 120.00 1330.00 670.80 1209.94 0.040 0.004 1571.10 O 3209.94 2.7 0.01

11 11.5 11.25 277.75 120.00 1390.00 702.00 1267.80 0.040 0.004 1533.52 O 3267.80 2.6 0.01

11.5 12 11.75 277.25 120.00 1450.00 733.20 1325.31 0.040 0.004 1496.96 O 3325.31 2.5 0.01

12 12.5 12.25 276.75 120.00 1510.00 764.40 1382.43 0.040 0.004 1461.41 O 3382.43 2.4 0.01

12.5 13 12.75 276.25 120.00 1570.00 795.60 1439.11 0.040 0.004 1426.84 O 3439.11 2.4 0.01

13 13.5 13.25 275.75 120.00 1630.00 826.80 1495.30 0.040 0.004 1393.25 O 3495.30 2.3 0.01

13.5 14 13.75 275.25 120.00 1690.00 858.00 1551.00 0.040 0.004 1360.61 O 3551.00 2.3 0.01

14 14.5 14.25 274.75 120.00 1750.00 889.20 1606.16 0.040 0.004 1328.90 O 3606.16 2.2 0.01

14.5 15 14.75 274.25 120.00 1810.00 920.40 1660.77 0.040 0.004 1298.10 O 3660.77 2.2 0.01

15 15.5 15.25 273.75 130.00 1872.50 951.60 1717.33 0.030 0.003 1268.19 O 3717.33 2.2 0.00

15.5 16 15.75 273.25 130.00 1937.50 982.80 1775.81 0.030 0.003 1239.15 O 3775.81 2.1 0.00

16 16.5 16.25 272.75 130.00 2002.50 1014.00 1833.73 0.030 0.003 1210.95 O 3833.73 2.1 0.00

16.5 17 16.75 272.25 130.00 2067.50 1045.20 1891.06 0.030 0.003 1183.57 O 3891.06 2.1 0.00

17 17.5 17.25 271.75 130.00 2132.50 1076.40 1947.82 0.030 0.003 1156.98 O 3947.82 2.0 0.00

17.5 18 17.75 271.25 130.00 2197.50 1107.60 2004.02 0.030 0.003 1131.16 O 4004.02 2.0 0.00

18 18.5 18.25 270.75 130.00 2262.50 1138.80 2059.64 0.030 0.003 1106.10 O 4059.64 2.0 0.00

18.5 19 18.75 270.25 130.00 2327.50 1170.00 2114.71 0.030 0.003 1081.75 O 4114.71 1.9 0.00

19 19.5 19.25 269.75 130.00 2392.50 1201.20 2169.23 0.030 0.003 1058.11 O 4169.23 1.9 0.00

19.5 20 19.75 269.25 130.00 2457.50 1232.40 2223.20 0.030 0.003 1035.15 O 4223.20 1.9 0.00

20 20.5 20.25 268.75 130.00 2522.50 1263.60 2276.65 0.030 0.003 1012.85 O 4276.65 1.9 0.00

1-D CONSOLIDATION SETTLEMENT ANALYSIS

Depth (bgs)

Description

0.50Estimated Settlement (inch)
Pressure 1

Pressure 2

Pressure 3

Pressure 4

Pressure 5

------------     Depth to     ------------



20.5 21 20.75 268.25 130.00 2587.50 1294.80 2329.57 0.030 0.003 991.19 O 4329.57 1.9 0.00

21 21.5 21.25 267.75 130.00 2652.50 1326.00 2381.99 0.030 0.003 970.14 O 4381.99 1.8 0.00

21.5 22 21.75 267.25 130.00 2717.50 1357.20 2433.91 0.030 0.003 949.69 O 4433.91 1.8 0.00

22 22.5 22.25 266.75 130.00 2782.50 1388.40 2485.34 0.030 0.003 929.81 O 4485.34 1.8 0.00

22.5 23 22.75 266.25 130.00 2847.50 1419.60 2536.30 0.030 0.003 910.49 O 4536.30 1.8 0.00

23 23.5 23.25 265.75 130.00 2912.50 1450.80 2586.80 0.030 0.003 891.71 O 4586.80 1.8 0.00

23.5 24 23.75 265.25 130.00 2977.50 1482.00 2636.86 0.030 0.003 873.46 O 4636.86 1.8 0.00

24 24.5 24.25 264.75 130.00 3042.50 1513.20 2686.47 0.030 0.003 855.70 O 4686.47 1.7 0.00

24.5 25 24.75 264.25 130.00 3107.50 1544.40 2735.67 0.030 0.003 838.43 O 4735.67 1.7 0.00

25 25.5 25.25 263.75 130.00 3172.50 1575.60 2784.45 0.030 0.003 821.63 O 4784.45 1.7 0.00

25.5 26 25.75 263.25 130.00 3237.50 1606.80 2832.83 0.030 0.003 805.29 O 4832.83 1.7 0.00

26 26.5 26.25 262.75 130.00 3302.50 1638.00 2880.82 0.030 0.003 789.39 O 4880.82 1.7 0.00

26.5 27 26.75 262.25 130.00 3367.50 1669.20 2928.43 0.030 0.003 773.91 O 4928.43 1.7 0.00

27 27.5 27.25 261.75 130.00 3432.50 1700.40 2975.67 0.030 0.003 758.85 O 4975.67 1.7 0.00

27.5 28 27.75 261.25 130.00 3497.50 1731.60 3022.56 0.030 0.003 744.18 O 5022.56 1.7 0.00

28 28.5 28.25 260.75 130.00 3562.50 1762.80 3069.10 0.030 0.003 729.90 O 5069.10 1.7 0.00

28.5 29 28.75 260.25 130.00 3627.50 1794.00 3115.31 0.030 0.003 715.99 O 5115.31 1.6 0.00

29 29.5 29.25 259.75 130.00 3692.50 1825.20 3161.19 0.030 0.003 702.45 O 5161.19 1.6 0.00

29.5 30 29.75 259.25 130.00 3757.50 1856.40 3206.75 0.030 0.003 689.25 O 5206.75 1.6 0.00

30 30.5 30.25 258.75 130.00 3822.50 1887.60 3252.01 0.030 0.003 676.39 O 5252.01 1.6 0.00

30.5 31 30.75 258.25 130.00 3887.50 1918.80 3296.97 0.030 0.003 663.85 O 5296.97 1.6 0.00

31 31.5 31.25 257.75 130.00 3952.50 1950.00 3341.64 0.030 0.003 651.64 O 5341.64 1.6 0.00

31.5 32 31.75 257.25 130.00 4017.50 1981.20 3386.02 0.030 0.003 639.73 O 5386.02 1.6 0.00

32 32.5 32.25 256.75 130.00 4082.50 2012.40 3430.14 0.030 0.003 628.12 O 5430.14 1.6 0.00

32.5 33 32.75 256.25 130.00 4147.50 2043.60 3473.99 0.030 0.003 616.79 O 5473.99 1.6 0.00

33 33.5 33.25 255.75 130.00 4212.50 2074.80 3517.58 0.030 0.003 605.75 O 5517.58 1.6 0.00

33.5 34 33.75 255.25 130.00 4277.50 2106.00 3560.92 0.030 0.003 594.97 O 5560.92 1.6 0.00

34 34.5 34.25 254.75 130.00 4342.50 2137.20 3604.02 0.030 0.003 584.46 O 5604.02 1.6 0.00

34.5 35 34.75 254.25 130.00 4407.50 2168.40 3646.88 0.030 0.003 574.20 O 5646.88 1.5 0.00

35 35.5 35.25 253.75 130.00 4472.50 2199.60 3689.51 0.030 0.003 564.19 O 5689.51 1.5 0.00

35.5 36 35.75 253.25 130.00 4537.50 2230.80 3731.92 0.030 0.003 554.41 O 5731.92 1.5 0.00

36 36.5 36.25 252.75 130.00 4602.50 2262.00 3774.11 0.030 0.003 544.87 O 5774.11 1.5 0.00

36.5 37 36.75 252.25 130.00 4667.50 2293.20 3816.09 0.030 0.003 535.56 O 5816.09 1.5 0.00

37 37.5 37.25 251.75 130.00 4732.50 2324.40 3857.86 0.030 0.003 526.46 O 5857.86 1.5 0.00

37.5 38 37.75 251.25 130.00 4797.50 2355.60 3899.44 0.030 0.003 517.57 O 5899.44 1.5 0.00

38 38.5 38.25 250.75 130.00 4862.50 2386.80 3940.82 0.030 0.003 508.89 O 5940.82 1.5 0.00

38.5 39 38.75 250.25 130.00 4927.50 2418.00 3982.02 0.030 0.003 500.41 O 5982.02 1.5 0.00

39 39.5 39.25 249.75 130.00 4992.50 2449.20 4023.02 0.030 0.003 492.13 O 6023.02 1.5 0.00

39.5 40 39.75 249.25 130.00 5057.50 2480.40 4063.85 0.030 0.003 484.03 O 6063.85 1.5 0.00

40 40.5 40.25 248.75 130.00 5122.50 2511.60 4104.51 0.030 0.003 476.12 O 6104.51 1.5 0.00

40.5 41 40.75 248.25 130.00 5187.50 2542.80 4145.00 0.030 0.003 468.38 O 6145.00 1.5 0.00

41 41.5 41.25 247.75 130.00 5252.50 2574.00 4185.32 0.030 0.003 460.82 O 6185.32 1.5 0.00

41.5 42 41.75 247.25 130.00 5317.50 2605.20 4225.47 0.030 0.003 453.42 O 6225.47 1.5 0.00

42 42.5 42.25 246.75 130.00 5382.50 2636.40 4265.48 0.030 0.003 446.19 O 6265.48 1.5 0.00

42.5 43 42.75 246.25 130.00 5447.50 2667.60 4305.33 0.030 0.003 439.12 O 6305.33 1.5 0.00

43 43.5 43.25 245.75 130.00 5512.50 2698.80 4345.03 0.030 0.003 432.20 O 6345.03 1.5 0.00

43.5 44 43.75 245.25 130.00 5577.50 2730.00 4384.58 0.030 0.003 425.43 O 6384.58 1.5 0.00

44 44.5 44.25 244.75 130.00 5642.50 2761.20 4423.99 0.030 0.003 418.81 O 6423.99 1.5 0.00

44.5 45 44.75 244.25 130.00 5707.50 2792.40 4463.27 0.030 0.003 412.33 O 6463.27 1.4 0.00

45 45.5 45.25 243.75 130.00 5772.50 2823.60 4502.41 0.030 0.003 405.99 O 6502.41 1.4 0.00

45.5 46 45.75 243.25 130.00 5837.50 2854.80 4541.41 0.030 0.003 399.79 O 6541.41 1.4 0.00

46 46.5 46.25 242.75 130.00 5902.50 2886.00 4580.29 0.030 0.003 393.71 O 6580.29 1.4 0.00

46.5 47 46.75 242.25 130.00 5967.50 2917.20 4619.05 0.030 0.003 387.76 O 6619.05 1.4 0.00

47 47.5 47.25 241.75 130.00 6032.50 2948.40 4657.68 0.030 0.003 381.94 O 6657.68 1.4 0.00

47.5 48 47.75 241.25 130.00 6097.50 2979.60 4696.19 0.030 0.003 376.24 O 6696.19 1.4 0.00

48 48.5 48.25 240.75 130.00 6162.50 3010.80 4734.58 0.030 0.003 370.65 O 6734.58 1.4 0.00

48.5 49 48.75 240.25 130.00 6227.50 3042.00 4772.86 0.030 0.003 365.18 O 6772.86 1.4 0.00

49 49.5 49.25 239.75 130.00 6292.50 3073.20 4811.03 0.030 0.003 359.83 O 6811.03 1.4 0.00

49.5 50 49.75 239.25 130.00 6357.50 3104.40 4849.09 0.030 0.003 354.58 O 6849.09 1.4 0.00

Estimated Settlement 0.50

Notes:

1 The stress from the end-of-construction of a roadway embankment, if selected, will be added to the effective overburden pressure.

2 Stress increase is calculated using Boussinesq/Westergaard equation.



Job Name: SR-57 Northbound Widening Project

Job No. 370900.03.GE.FR

Location: Northern Segment

Subject: Allowable bearing pressure for box culvert modifications - use the average compression ratios - Center

Date: 5/29/2009 Surface

Soil Profile Data Unit Compression Recompression Soil Preconsolidation

Layer Layer Weight Ratio Ratio Type Pressure

No. Top Bottom Thickness γt CCR CRR (N/O) Pc

(ft) (ft) (ft) (pcf) (psf)

Depth to Ground Water 0 ft 1 0 4 4 130 0.010 0.002 O 2000.00

Unit Weight of Water 62.4 pcf 2 4 15 11 120 0.040 0.004 O 2000.00

Depth Interval 0.5 ft 3 15 50 35 130 0.030 0.003 O 2000.00

Footing Length 66 ft

Footing Width 23 ft

Footing Depth of Embedment 0 ft

Calculation Point offset Along Length 33 ft

Calculation Point offset Along Width 11.5 ft

Ground Surface Elevation 289 ft Loading

Embankment Stress Included (Y/N) Y Case Length Pressure

Fill Height 20 ft No. (ft) (psf) Westergaard

Embankment Width at the top 100 ft 1 23 3800

Fill Unit Weight 120 pcf 2 0 0

Stress distribution (1/2) 2 3 0 0

4 0 0

5 0 0

Top Bottom Middle Total Total Pore Effective 
1

Compression Recompression Stress 
2

Soil Preconsolidation Consolidation

of of Height of Elevation Unit Overburden Water Overburden Ratio Ratio Increase Type Pressure OCR Settlement

Layer Layer Layer Weight Pressure Pressure Pressure CCR CRR ∆p (N/O) Pc

(ft) (ft) (ft) (ft) (pcf) (psf) (psf) (psf) (psf) (psf) (inch)

0 0.5 0.25 288.75 130.00 32.50 15.60 26.45 0.010 0.002 3760.62 O 2026.45 76.6 0.04

0.5 1 0.75 288.25 130.00 97.50 46.80 79.47 0.010 0.002 3681.94 O 2079.47 26.2 0.03

1 1.5 1.25 287.75 130.00 162.50 78.00 132.80 0.010 0.002 3603.47 O 2132.80 16.1 0.03

1.5 2 1.75 287.25 130.00 227.50 109.20 186.63 0.010 0.002 3525.35 O 2186.63 11.7 0.03

2 2.5 2.25 286.75 130.00 292.50 140.40 241.14 0.010 0.002 3447.72 O 2241.14 9.3 0.02

2.5 3 2.75 286.25 130.00 357.50 171.60 296.44 0.010 0.002 3370.71 O 2296.44 7.7 0.02

3 3.5 3.25 285.75 130.00 422.50 202.80 352.65 0.010 0.002 3294.44 O 2352.65 6.7 0.02

3.5 4 3.75 285.25 130.00 487.50 234.00 409.81 0.010 0.002 3219.03 O 2409.81 5.9 0.02

4 4.5 4.25 284.75 120.00 550.00 265.20 465.43 0.040 0.004 3144.59 O 2465.43 5.3 0.06

4.5 5 4.75 284.25 120.00 610.00 296.40 519.50 0.040 0.004 3071.20 O 2519.50 4.8 0.05

5 5.5 5.25 283.75 120.00 670.00 327.60 574.47 0.040 0.004 2998.98 O 2574.47 4.5 0.05

5.5 6 5.75 283.25 120.00 730.00 358.80 630.26 0.040 0.004 2927.98 O 2630.26 4.2 0.05

6 6.5 6.25 282.75 120.00 790.00 390.00 686.79 0.040 0.004 2858.29 O 2686.79 3.9 0.04

6.5 7 6.75 282.25 120.00 850.00 421.20 743.93 0.040 0.004 2789.95 O 2743.93 3.7 0.04

7 7.5 7.25 281.75 120.00 910.00 452.40 801.59 0.040 0.004 2723.03 O 2801.59 3.5 0.04

7.5 8 7.75 281.25 120.00 970.00 483.60 859.63 0.040 0.004 2657.55 O 2859.63 3.3 0.03

8 8.5 8.25 280.75 120.00 1030.00 514.80 917.95 0.040 0.004 2593.55 O 2917.95 3.2 0.03

8.5 9 8.75 280.25 120.00 1090.00 546.00 976.42 0.040 0.004 2531.05 O 2976.42 3.0 0.03

9 9.5 9.25 279.75 120.00 1150.00 577.20 1034.96 0.040 0.004 2470.06 O 3034.96 2.9 0.03

9.5 10 9.75 279.25 120.00 1210.00 608.40 1093.44 0.040 0.004 2410.60 O 3093.44 2.8 0.02

10 10.5 10.25 278.75 120.00 1270.00 639.60 1151.80 0.040 0.004 2352.65 O 3151.80 2.7 0.02

10.5 11 10.75 278.25 120.00 1330.00 670.80 1209.94 0.040 0.004 2296.22 O 3209.94 2.7 0.02

11 11.5 11.25 277.75 120.00 1390.00 702.00 1267.80 0.040 0.004 2241.30 O 3267.80 2.6 0.02

11.5 12 11.75 277.25 120.00 1450.00 733.20 1325.31 0.040 0.004 2187.87 O 3325.31 2.5 0.02

12 12.5 12.25 276.75 120.00 1510.00 764.40 1382.43 0.040 0.004 2135.90 O 3382.43 2.4 0.01

12.5 13 12.75 276.25 120.00 1570.00 795.60 1439.11 0.040 0.004 2085.38 O 3439.11 2.4 0.01

13 13.5 13.25 275.75 120.00 1630.00 826.80 1495.30 0.040 0.004 2036.28 O 3495.30 2.3 0.01

13.5 14 13.75 275.25 120.00 1690.00 858.00 1551.00 0.040 0.004 1988.58 O 3551.00 2.3 0.01

14 14.5 14.25 274.75 120.00 1750.00 889.20 1606.16 0.040 0.004 1942.24 O 3606.16 2.2 0.01

14.5 15 14.75 274.25 120.00 1810.00 920.40 1660.77 0.040 0.004 1897.23 O 3660.77 2.2 0.01

15 15.5 15.25 273.75 130.00 1872.50 951.60 1717.33 0.030 0.003 1853.51 O 3717.33 2.2 0.01

15.5 16 15.75 273.25 130.00 1937.50 982.80 1775.81 0.030 0.003 1811.07 O 3775.81 2.1 0.01

16 16.5 16.25 272.75 130.00 2002.50 1014.00 1833.73 0.030 0.003 1769.85 O 3833.73 2.1 0.01

16.5 17 16.75 272.25 130.00 2067.50 1045.20 1891.06 0.030 0.003 1729.83 O 3891.06 2.1 0.01

17 17.5 17.25 271.75 130.00 2132.50 1076.40 1947.82 0.030 0.003 1690.97 O 3947.82 2.0 0.00

17.5 18 17.75 271.25 130.00 2197.50 1107.60 2004.02 0.030 0.003 1653.24 O 4004.02 2.0 0.00

18 18.5 18.25 270.75 130.00 2262.50 1138.80 2059.64 0.030 0.003 1616.60 O 4059.64 2.0 0.00

18.5 19 18.75 270.25 130.00 2327.50 1170.00 2114.71 0.030 0.003 1581.03 O 4114.71 1.9 0.00

19 19.5 19.25 269.75 130.00 2392.50 1201.20 2169.23 0.030 0.003 1546.47 O 4169.23 1.9 0.00

19.5 20 19.75 269.25 130.00 2457.50 1232.40 2223.20 0.030 0.003 1512.92 O 4223.20 1.9 0.00

20 20.5 20.25 268.75 130.00 2522.50 1263.60 2276.65 0.030 0.003 1480.32 O 4276.65 1.9 0.00

1-D CONSOLIDATION SETTLEMENT ANALYSIS

Depth (bgs)

Description

0.98Estimated Settlement (inch)
Pressure 1

Pressure 2

Pressure 3

Pressure 4

Pressure 5

------------     Depth to     ------------



20.5 21 20.75 268.25 130.00 2587.50 1294.80 2329.57 0.030 0.003 1448.66 O 4329.57 1.9 0.00

21 21.5 21.25 267.75 130.00 2652.50 1326.00 2381.99 0.030 0.003 1417.90 O 4381.99 1.8 0.00

21.5 22 21.75 267.25 130.00 2717.50 1357.20 2433.91 0.030 0.003 1388.01 O 4433.91 1.8 0.00

22 22.5 22.25 266.75 130.00 2782.50 1388.40 2485.34 0.030 0.003 1358.96 O 4485.34 1.8 0.00

22.5 23 22.75 266.25 130.00 2847.50 1419.60 2536.30 0.030 0.003 1330.72 O 4536.30 1.8 0.00

23 23.5 23.25 265.75 130.00 2912.50 1450.80 2586.80 0.030 0.003 1303.27 O 4586.80 1.8 0.00

23.5 24 23.75 265.25 130.00 2977.50 1482.00 2636.86 0.030 0.003 1276.59 O 4636.86 1.8 0.00

24 24.5 24.25 264.75 130.00 3042.50 1513.20 2686.47 0.030 0.003 1250.64 O 4686.47 1.7 0.00

24.5 25 24.75 264.25 130.00 3107.50 1544.40 2735.67 0.030 0.003 1225.40 O 4735.67 1.7 0.00

25 25.5 25.25 263.75 130.00 3172.50 1575.60 2784.45 0.030 0.003 1200.85 O 4784.45 1.7 0.00

25.5 26 25.75 263.25 130.00 3237.50 1606.80 2832.83 0.030 0.003 1176.97 O 4832.83 1.7 0.00

26 26.5 26.25 262.75 130.00 3302.50 1638.00 2880.82 0.030 0.003 1153.72 O 4880.82 1.7 0.00

26.5 27 26.75 262.25 130.00 3367.50 1669.20 2928.43 0.030 0.003 1131.11 O 4928.43 1.7 0.00

27 27.5 27.25 261.75 130.00 3432.50 1700.40 2975.67 0.030 0.003 1109.09 O 4975.67 1.7 0.00

27.5 28 27.75 261.25 130.00 3497.50 1731.60 3022.56 0.030 0.003 1087.65 O 5022.56 1.7 0.00

28 28.5 28.25 260.75 130.00 3562.50 1762.80 3069.10 0.030 0.003 1066.78 O 5069.10 1.7 0.00

28.5 29 28.75 260.25 130.00 3627.50 1794.00 3115.31 0.030 0.003 1046.45 O 5115.31 1.6 0.00

29 29.5 29.25 259.75 130.00 3692.50 1825.20 3161.19 0.030 0.003 1026.65 O 5161.19 1.6 0.00

29.5 30 29.75 259.25 130.00 3757.50 1856.40 3206.75 0.030 0.003 1007.36 O 5206.75 1.6 0.00

30 30.5 30.25 258.75 130.00 3822.50 1887.60 3252.01 0.030 0.003 988.57 O 5252.01 1.6 0.00

30.5 31 30.75 258.25 130.00 3887.50 1918.80 3296.97 0.030 0.003 970.25 O 5296.97 1.6 0.00

31 31.5 31.25 257.75 130.00 3952.50 1950.00 3341.64 0.030 0.003 952.39 O 5341.64 1.6 0.00

31.5 32 31.75 257.25 130.00 4017.50 1981.20 3386.02 0.030 0.003 934.99 O 5386.02 1.6 0.00

32 32.5 32.25 256.75 130.00 4082.50 2012.40 3430.14 0.030 0.003 918.01 O 5430.14 1.6 0.00

32.5 33 32.75 256.25 130.00 4147.50 2043.60 3473.99 0.030 0.003 901.46 O 5473.99 1.6 0.00

33 33.5 33.25 255.75 130.00 4212.50 2074.80 3517.58 0.030 0.003 885.32 O 5517.58 1.6 0.00

33.5 34 33.75 255.25 130.00 4277.50 2106.00 3560.92 0.030 0.003 869.57 O 5560.92 1.6 0.00

34 34.5 34.25 254.75 130.00 4342.50 2137.20 3604.02 0.030 0.003 854.21 O 5604.02 1.6 0.00

34.5 35 34.75 254.25 130.00 4407.50 2168.40 3646.88 0.030 0.003 839.21 O 5646.88 1.5 0.00

35 35.5 35.25 253.75 130.00 4472.50 2199.60 3689.51 0.030 0.003 824.58 O 5689.51 1.5 0.00

35.5 36 35.75 253.25 130.00 4537.50 2230.80 3731.92 0.030 0.003 810.30 O 5731.92 1.5 0.00

36 36.5 36.25 252.75 130.00 4602.50 2262.00 3774.11 0.030 0.003 796.35 O 5774.11 1.5 0.00

36.5 37 36.75 252.25 130.00 4667.50 2293.20 3816.09 0.030 0.003 782.74 O 5816.09 1.5 0.00

37 37.5 37.25 251.75 130.00 4732.50 2324.40 3857.86 0.030 0.003 769.44 O 5857.86 1.5 0.00

37.5 38 37.75 251.25 130.00 4797.50 2355.60 3899.44 0.030 0.003 756.45 O 5899.44 1.5 0.00

38 38.5 38.25 250.75 130.00 4862.50 2386.80 3940.82 0.030 0.003 743.77 O 5940.82 1.5 0.00

38.5 39 38.75 250.25 130.00 4927.50 2418.00 3982.02 0.030 0.003 731.38 O 5982.02 1.5 0.00

39 39.5 39.25 249.75 130.00 4992.50 2449.20 4023.02 0.030 0.003 719.27 O 6023.02 1.5 0.00

39.5 40 39.75 249.25 130.00 5057.50 2480.40 4063.85 0.030 0.003 707.43 O 6063.85 1.5 0.00

40 40.5 40.25 248.75 130.00 5122.50 2511.60 4104.51 0.030 0.003 695.86 O 6104.51 1.5 0.00

40.5 41 40.75 248.25 130.00 5187.50 2542.80 4145.00 0.030 0.003 684.56 O 6145.00 1.5 0.00

41 41.5 41.25 247.75 130.00 5252.50 2574.00 4185.32 0.030 0.003 673.50 O 6185.32 1.5 0.00

41.5 42 41.75 247.25 130.00 5317.50 2605.20 4225.47 0.030 0.003 662.70 O 6225.47 1.5 0.00

42 42.5 42.25 246.75 130.00 5382.50 2636.40 4265.48 0.030 0.003 652.13 O 6265.48 1.5 0.00

42.5 43 42.75 246.25 130.00 5447.50 2667.60 4305.33 0.030 0.003 641.79 O 6305.33 1.5 0.00

43 43.5 43.25 245.75 130.00 5512.50 2698.80 4345.03 0.030 0.003 631.68 O 6345.03 1.5 0.00

43.5 44 43.75 245.25 130.00 5577.50 2730.00 4384.58 0.030 0.003 621.79 O 6384.58 1.5 0.00

44 44.5 44.25 244.75 130.00 5642.50 2761.20 4423.99 0.030 0.003 612.11 O 6423.99 1.5 0.00

44.5 45 44.75 244.25 130.00 5707.50 2792.40 4463.27 0.030 0.003 602.64 O 6463.27 1.4 0.00

45 45.5 45.25 243.75 130.00 5772.50 2823.60 4502.41 0.030 0.003 593.37 O 6502.41 1.4 0.00

45.5 46 45.75 243.25 130.00 5837.50 2854.80 4541.41 0.030 0.003 584.30 O 6541.41 1.4 0.00

46 46.5 46.25 242.75 130.00 5902.50 2886.00 4580.29 0.030 0.003 575.42 O 6580.29 1.4 0.00

46.5 47 46.75 242.25 130.00 5967.50 2917.20 4619.05 0.030 0.003 566.73 O 6619.05 1.4 0.00

47 47.5 47.25 241.75 130.00 6032.50 2948.40 4657.68 0.030 0.003 558.22 O 6657.68 1.4 0.00

47.5 48 47.75 241.25 130.00 6097.50 2979.60 4696.19 0.030 0.003 549.89 O 6696.19 1.4 0.00

48 48.5 48.25 240.75 130.00 6162.50 3010.80 4734.58 0.030 0.003 541.72 O 6734.58 1.4 0.00

48.5 49 48.75 240.25 130.00 6227.50 3042.00 4772.86 0.030 0.003 533.73 O 6772.86 1.4 0.00

49 49.5 49.25 239.75 130.00 6292.50 3073.20 4811.03 0.030 0.003 525.90 O 6811.03 1.4 0.00

49.5 50 49.75 239.25 130.00 6357.50 3104.40 4849.09 0.030 0.003 518.23 O 6849.09 1.4 0.00

Estimated Settlement 0.98

Notes:

1 The stress from the end-of-construction of a roadway embankment, if selected, will be added to the effective overburden pressure.

2 Stress increase is calculated using Boussinesq/Westergaard equation.



Project Information Single Strip dimensions Strip Loads Reference

Center Line Include Department of the Army

Project No. 370900.03.GE.FR Strip Offset Width Pressure Strip  U.S. Army Corps of Engineers

Project Name SR-57 Northbound Widening Project - Northern Segment No. (ft) (ft) (psf) (Y/N) Engineering and Design

Description Initial Stress Calculation at the edge of the new box culvert modifications 1 170 340 2000 Y Settlement Analysis - EM 1110-1-1904

assume uniform loading from the weight of the culvert plus soil cover 2 0 0 0 Y 30-Sep-90

Location Loftus Diversion Channel - Box Culvert Inlet 3 0 0 0 Y

Date 29-May-09 4 0 0 0 Y

Analysis Performed by HMN 5 0 0 0 Y

6 0 0 0 Y

7 0 0 0 Y

8 0 0 0 Y

9 0 0 0 Y

10 0 0 0 Y

Calculation Point

Global Offset (ft) 341

Depth Interval (ft) 0.5

Strip Load No. 1 2 3 4 5 6 7 8 9 10

x (ft) -171 -341 -341 -341 -341 -341 -341 -341 -341 -341

b (ft) 170 0 0 0 0 0 0 0 0 0

q (psf) 2000 0 0 0 0 0 0 0 0 0 Pressure

Depth α β Pressure α β Pressure α β Pressure α β Pressure α β Pressure α β Pressure α β Pressure α β Pressure α β Pressure α β Pressure Increase

(ft) (Radian) (Radian) (psf) (Radian) (Radian) (psf) (Radian) (Radian) (psf) (Radian) (Radian) (psf) (Radian) (Radian) (psf) (Radian) (Radian) (psf) (Radian) (Radian) (psf) (Radian) (Radian) (psf) (Radian) (Radian) (psf) (Radian) (Radian) (psf) (psf)

0.25 0.244 -1.570 6.165 0.000 -1.570 0.000 0.000 -1.570 0.000 0.000 -1.570 0.000 0.000 -1.570 0.000 0.000 -1.570 0.000 0.000 -1.570 0.000 0.000 -1.570 0.000 0.000 -1.570 0.000 0.000 -1.570 0.000 6.165

0.75 0.641 -1.569 104.088 0.000 -1.569 0.000 0.000 -1.569 0.000 0.000 -1.569 0.000 0.000 -1.569 0.000 0.000 -1.569 0.000 0.000 -1.569 0.000 0.000 -1.569 0.000 0.000 -1.569 0.000 0.000 -1.569 0.000 104.088

1.25 0.892 -1.567 259.900 0.000 -1.567 0.000 0.000 -1.567 0.000 0.000 -1.567 0.000 0.000 -1.567 0.000 0.000 -1.567 0.000 0.000 -1.567 0.000 0.000 -1.567 0.000 0.000 -1.567 0.000 0.000 -1.567 0.000 259.900

1.75 1.047 -1.566 395.265 0.000 -1.566 0.000 0.000 -1.566 0.000 0.000 -1.566 0.000 0.000 -1.566 0.000 0.000 -1.566 0.000 0.000 -1.566 0.000 0.000 -1.566 0.000 0.000 -1.566 0.000 0.000 -1.566 0.000 395.265

2.25 1.146 -1.564 497.479 0.000 -1.564 0.000 0.000 -1.564 0.000 0.000 -1.564 0.000 0.000 -1.564 0.000 0.000 -1.564 0.000 0.000 -1.564 0.000 0.000 -1.564 0.000 0.000 -1.564 0.000 0.000 -1.564 0.000 497.479

2.75 1.214 -1.563 573.503 0.000 -1.563 0.000 0.000 -1.563 0.000 0.000 -1.563 0.000 0.000 -1.563 0.000 0.000 -1.563 0.000 0.000 -1.563 0.000 0.000 -1.563 0.000 0.000 -1.563 0.000 0.000 -1.563 0.000 573.503

3.25 1.263 -1.561 631.028 0.000 -1.561 0.000 0.000 -1.561 0.000 0.000 -1.561 0.000 0.000 -1.561 0.000 0.000 -1.561 0.000 0.000 -1.561 0.000 0.000 -1.561 0.000 0.000 -1.561 0.000 0.000 -1.561 0.000 631.028

3.75 1.299 -1.560 675.600 0.000 -1.560 0.000 0.000 -1.560 0.000 0.000 -1.560 0.000 0.000 -1.560 0.000 0.000 -1.560 0.000 0.000 -1.560 0.000 0.000 -1.560 0.000 0.000 -1.560 0.000 0.000 -1.560 0.000 675.600

4.25 1.327 -1.558 710.947 0.000 -1.558 0.000 0.000 -1.558 0.000 0.000 -1.558 0.000 0.000 -1.558 0.000 0.000 -1.558 0.000 0.000 -1.558 0.000 0.000 -1.558 0.000 0.000 -1.558 0.000 0.000 -1.558 0.000 710.947

4.75 1.349 -1.557 739.566 0.000 -1.557 0.000 0.000 -1.557 0.000 0.000 -1.557 0.000 0.000 -1.557 0.000 0.000 -1.557 0.000 0.000 -1.557 0.000 0.000 -1.557 0.000 0.000 -1.557 0.000 0.000 -1.557 0.000 739.566

5.25 1.367 -1.555 763.157 0.000 -1.555 0.000 0.000 -1.555 0.000 0.000 -1.555 0.000 0.000 -1.555 0.000 0.000 -1.555 0.000 0.000 -1.555 0.000 0.000 -1.555 0.000 0.000 -1.555 0.000 0.000 -1.555 0.000 763.157

5.75 1.382 -1.554 782.912 0.000 -1.554 0.000 0.000 -1.554 0.000 0.000 -1.554 0.000 0.000 -1.554 0.000 0.000 -1.554 0.000 0.000 -1.554 0.000 0.000 -1.554 0.000 0.000 -1.554 0.000 0.000 -1.554 0.000 782.912

6.25 1.394 -1.552 799.678 0.000 -1.552 0.000 0.000 -1.552 0.000 0.000 -1.552 0.000 0.000 -1.552 0.000 0.000 -1.552 0.000 0.000 -1.552 0.000 0.000 -1.552 0.000 0.000 -1.552 0.000 0.000 -1.552 0.000 799.678

6.75 1.404 -1.551 814.075 0.000 -1.551 0.000 0.000 -1.551 0.000 0.000 -1.551 0.000 0.000 -1.551 0.000 0.000 -1.551 0.000 0.000 -1.551 0.000 0.000 -1.551 0.000 0.000 -1.551 0.000 0.000 -1.551 0.000 814.075

7.25 1.412 -1.550 826.567 0.000 -1.550 0.000 0.000 -1.550 0.000 0.000 -1.550 0.000 0.000 -1.550 0.000 0.000 -1.550 0.000 0.000 -1.550 0.000 0.000 -1.550 0.000 0.000 -1.550 0.000 0.000 -1.550 0.000 826.567

7.75 1.420 -1.548 837.503 0.000 -1.548 0.000 0.000 -1.548 0.000 0.000 -1.548 0.000 0.000 -1.548 0.000 0.000 -1.548 0.000 0.000 -1.548 0.000 0.000 -1.548 0.000 0.000 -1.548 0.000 0.000 -1.548 0.000 837.503

8.25 1.426 -1.547 847.154 0.000 -1.547 0.000 0.000 -1.547 0.000 0.000 -1.547 0.000 0.000 -1.547 0.000 0.000 -1.547 0.000 0.000 -1.547 0.000 0.000 -1.547 0.000 0.000 -1.547 0.000 0.000 -1.547 0.000 847.154

8.75 1.431 -1.545 855.732 0.000 -1.545 0.000 0.000 -1.545 0.000 0.000 -1.545 0.000 0.000 -1.545 0.000 0.000 -1.545 0.000 0.000 -1.545 0.000 0.000 -1.545 0.000 0.000 -1.545 0.000 0.000 -1.545 0.000 855.732

9.25 1.436 -1.544 863.405 0.000 -1.544 0.000 0.000 -1.544 0.000 0.000 -1.544 0.000 0.000 -1.544 0.000 0.000 -1.544 0.000 0.000 -1.544 0.000 0.000 -1.544 0.000 0.000 -1.544 0.000 0.000 -1.544 0.000 863.405

9.75 1.440 -1.542 870.309 0.000 -1.542 0.000 0.000 -1.542 0.000 0.000 -1.542 0.000 0.000 -1.542 0.000 0.000 -1.542 0.000 0.000 -1.542 0.000 0.000 -1.542 0.000 0.000 -1.542 0.000 0.000 -1.542 0.000 870.309

10.25 1.443 -1.541 876.552 0.000 -1.541 0.000 0.000 -1.541 0.000 0.000 -1.541 0.000 0.000 -1.541 0.000 0.000 -1.541 0.000 0.000 -1.541 0.000 0.000 -1.541 0.000 0.000 -1.541 0.000 0.000 -1.541 0.000 876.552

10.75 1.447 -1.539 882.224 0.000 -1.539 0.000 0.000 -1.539 0.000 0.000 -1.539 0.000 0.000 -1.539 0.000 0.000 -1.539 0.000 0.000 -1.539 0.000 0.000 -1.539 0.000 0.000 -1.539 0.000 0.000 -1.539 0.000 882.224

11.25 1.449 -1.538 887.400 0.000 -1.538 0.000 0.000 -1.538 0.000 0.000 -1.538 0.000 0.000 -1.538 0.000 0.000 -1.538 0.000 0.000 -1.538 0.000 0.000 -1.538 0.000 0.000 -1.538 0.000 0.000 -1.538 0.000 887.400

11.75 1.451 -1.536 892.142 0.000 -1.536 0.000 0.000 -1.536 0.000 0.000 -1.536 0.000 0.000 -1.536 0.000 0.000 -1.536 0.000 0.000 -1.536 0.000 0.000 -1.536 0.000 0.000 -1.536 0.000 0.000 -1.536 0.000 892.142

12.25 1.453 -1.535 896.501 0.000 -1.535 0.000 0.000 -1.535 0.000 0.000 -1.535 0.000 0.000 -1.535 0.000 0.000 -1.535 0.000 0.000 -1.535 0.000 0.000 -1.535 0.000 0.000 -1.535 0.000 0.000 -1.535 0.000 896.501

12.75 1.455 -1.533 900.523 0.000 -1.533 0.000 0.000 -1.533 0.000 0.000 -1.533 0.000 0.000 -1.533 0.000 0.000 -1.533 0.000 0.000 -1.533 0.000 0.000 -1.533 0.000 0.000 -1.533 0.000 0.000 -1.533 0.000 900.523

13.25 1.457 -1.532 904.245 0.000 -1.532 0.000 0.000 -1.532 0.000 0.000 -1.532 0.000 0.000 -1.532 0.000 0.000 -1.532 0.000 0.000 -1.532 0.000 0.000 -1.532 0.000 0.000 -1.532 0.000 0.000 -1.532 0.000 904.245

13.75 1.458 -1.530 907.698 0.000 -1.530 0.000 0.000 -1.530 0.000 0.000 -1.530 0.000 0.000 -1.530 0.000 0.000 -1.530 0.000 0.000 -1.530 0.000 0.000 -1.530 0.000 0.000 -1.530 0.000 0.000 -1.530 0.000 907.698

14.25 1.459 -1.529 910.911 0.000 -1.529 0.000 0.000 -1.529 0.000 0.000 -1.529 0.000 0.000 -1.529 0.000 0.000 -1.529 0.000 0.000 -1.529 0.000 0.000 -1.529 0.000 0.000 -1.529 0.000 0.000 -1.529 0.000 910.911

14.75 1.460 -1.528 913.908 0.000 -1.528 0.000 0.000 -1.528 0.000 0.000 -1.528 0.000 0.000 -1.528 0.000 0.000 -1.528 0.000 0.000 -1.528 0.000 0.000 -1.528 0.000 0.000 -1.528 0.000 0.000 -1.528 0.000 913.908

15.25 1.461 -1.526 916.709 0.000 -1.526 0.000 0.000 -1.526 0.000 0.000 -1.526 0.000 0.000 -1.526 0.000 0.000 -1.526 0.000 0.000 -1.526 0.000 0.000 -1.526 0.000 0.000 -1.526 0.000 0.000 -1.526 0.000 916.709

15.75 1.461 -1.525 919.334 0.000 -1.525 0.000 0.000 -1.525 0.000 0.000 -1.525 0.000 0.000 -1.525 0.000 0.000 -1.525 0.000 0.000 -1.525 0.000 0.000 -1.525 0.000 0.000 -1.525 0.000 0.000 -1.525 0.000 919.334

16.25 1.462 -1.523 921.798 0.000 -1.523 0.000 0.000 -1.523 0.000 0.000 -1.523 0.000 0.000 -1.523 0.000 0.000 -1.523 0.000 0.000 -1.523 0.000 0.000 -1.523 0.000 0.000 -1.523 0.000 0.000 -1.523 0.000 921.798

16.75 1.462 -1.522 924.116 0.000 -1.522 0.000 0.000 -1.522 0.000 0.000 -1.522 0.000 0.000 -1.522 0.000 0.000 -1.522 0.000 0.000 -1.522 0.000 0.000 -1.522 0.000 0.000 -1.522 0.000 0.000 -1.522 0.000 924.116

17.25 1.462 -1.520 926.299 0.000 -1.520 0.000 0.000 -1.520 0.000 0.000 -1.520 0.000 0.000 -1.520 0.000 0.000 -1.520 0.000 0.000 -1.520 0.000 0.000 -1.520 0.000 0.000 -1.520 0.000 0.000 -1.520 0.000 926.299

17.75 1.463 -1.519 928.360 0.000 -1.519 0.000 0.000 -1.519 0.000 0.000 -1.519 0.000 0.000 -1.519 0.000 0.000 -1.519 0.000 0.000 -1.519 0.000 0.000 -1.519 0.000 0.000 -1.519 0.000 0.000 -1.519 0.000 928.360

18.25 1.463 -1.517 930.308 0.000 -1.517 0.000 0.000 -1.517 0.000 0.000 -1.517 0.000 0.000 -1.517 0.000 0.000 -1.517 0.000 0.000 -1.517 0.000 0.000 -1.517 0.000 0.000 -1.517 0.000 0.000 -1.517 0.000 930.308

18.75 1.463 -1.516 932.152 0.000 -1.516 0.000 0.000 -1.516 0.000 0.000 -1.516 0.000 0.000 -1.516 0.000 0.000 -1.516 0.000 0.000 -1.516 0.000 0.000 -1.516 0.000 0.000 -1.516 0.000 0.000 -1.516 0.000 932.152

19.25 1.463 -1.514 933.900 0.000 -1.514 0.000 0.000 -1.514 0.000 0.000 -1.514 0.000 0.000 -1.514 0.000 0.000 -1.514 0.000 0.000 -1.514 0.000 0.000 -1.514 0.000 0.000 -1.514 0.000 0.000 -1.514 0.000 933.900

19.75 1.462 -1.513 935.560 0.000 -1.513 0.000 0.000 -1.513 0.000 0.000 -1.513 0.000 0.000 -1.513 0.000 0.000 -1.513 0.000 0.000 -1.513 0.000 0.000 -1.513 0.000 0.000 -1.513 0.000 0.000 -1.513 0.000 935.560

20.25 1.462 -1.511 937.137 0.000 -1.511 0.000 0.000 -1.511 0.000 0.000 -1.511 0.000 0.000 -1.511 0.000 0.000 -1.511 0.000 0.000 -1.511 0.000 0.000 -1.511 0.000 0.000 -1.511 0.000 0.000 -1.511 0.000 937.137

20.75 1.462 -1.510 938.639 0.000 -1.510 0.000 0.000 -1.510 0.000 0.000 -1.510 0.000 0.000 -1.510 0.000 0.000 -1.510 0.000 0.000 -1.510 0.000 0.000 -1.510 0.000 0.000 -1.510 0.000 0.000 -1.510 0.000 938.639

21.25 1.462 -1.509 940.069 0.000 -1.509 0.000 0.000 -1.509 0.000 0.000 -1.509 0.000 0.000 -1.509 0.000 0.000 -1.509 0.000 0.000 -1.509 0.000 0.000 -1.509 0.000 0.000 -1.509 0.000 0.000 -1.509 0.000 940.069

21.75 1.461 -1.507 941.433 0.000 -1.507 0.000 0.000 -1.507 0.000 0.000 -1.507 0.000 0.000 -1.507 0.000 0.000 -1.507 0.000 0.000 -1.507 0.000 0.000 -1.507 0.000 0.000 -1.507 0.000 0.000 -1.507 0.000 941.433

22.25 1.461 -1.506 942.735 0.000 -1.506 0.000 0.000 -1.506 0.000 0.000 -1.506 0.000 0.000 -1.506 0.000 0.000 -1.506 0.000 0.000 -1.506 0.000 0.000 -1.506 0.000 0.000 -1.506 0.000 0.000 -1.506 0.000 942.735

22.75 1.460 -1.504 943.980 0.000 -1.504 0.000 0.000 -1.504 0.000 0.000 -1.504 0.000 0.000 -1.504 0.000 0.000 -1.504 0.000 0.000 -1.504 0.000 0.000 -1.504 0.000 0.000 -1.504 0.000 0.000 -1.504 0.000 943.980

23.25 1.460 -1.503 945.171 0.000 -1.503 0.000 0.000 -1.503 0.000 0.000 -1.503 0.000 0.000 -1.503 0.000 0.000 -1.503 0.000 0.000 -1.503 0.000 0.000 -1.503 0.000 0.000 -1.503 0.000 0.000 -1.503 0.000 945.171

23.75 1.459 -1.501 946.311 0.000 -1.501 0.000 0.000 -1.501 0.000 0.000 -1.501 0.000 0.000 -1.501 0.000 0.000 -1.501 0.000 0.000 -1.501 0.000 0.000 -1.501 0.000 0.000 -1.501 0.000 0.000 -1.501 0.000 946.311

24.25 1.459 -1.500 947.403 0.000 -1.500 0.000 0.000 -1.500 0.000 0.000 -1.500 0.000 0.000 -1.500 0.000 0.000 -1.500 0.000 0.000 -1.500 0.000 0.000 -1.500 0.000 0.000 -1.500 0.000 0.000 -1.500 0.000 947.403

24.75 1.458 -1.498 948.451 0.000 -1.498 0.000 0.000 -1.498 0.000 0.000 -1.498 0.000 0.000 -1.498 0.000 0.000 -1.498 0.000 0.000 -1.498 0.000 0.000 -1.498 0.000 0.000 -1.498 0.000 0.000 -1.498 0.000 948.451

25.25 1.457 -1.497 949.456 0.000 -1.497 0.000 0.000 -1.497 0.000 0.000 -1.497 0.000 0.000 -1.497 0.000 0.000 -1.497 0.000 0.000 -1.497 0.000 0.000 -1.497 0.000 0.000 -1.497 0.000 0.000 -1.497 0.000 949.456

25.75 1.457 -1.495 950.422 0.000 -1.495 0.000 0.000 -1.495 0.000 0.000 -1.495 0.000 0.000 -1.495 0.000 0.000 -1.495 0.000 0.000 -1.495 0.000 0.000 -1.495 0.000 0.000 -1.495 0.000 0.000 -1.495 0.000 950.422

26.25 1.456 -1.494 951.350 0.000 -1.494 0.000 0.000 -1.494 0.000 0.000 -1.494 0.000 0.000 -1.494 0.000 0.000 -1.494 0.000 0.000 -1.494 0.000 0.000 -1.494 0.000 0.000 -1.494 0.000 0.000 -1.494 0.000 951.350

26.75 1.455 -1.493 952.243 0.000 -1.493 0.000 0.000 -1.493 0.000 0.000 -1.493 0.000 0.000 -1.493 0.000 0.000 -1.493 0.000 0.000 -1.493 0.000 0.000 -1.493 0.000 0.000 -1.493 0.000 0.000 -1.493 0.000 952.243

27.25 1.454 -1.491 953.103 0.000 -1.491 0.000 0.000 -1.491 0.000 0.000 -1.491 0.000 0.000 -1.491 0.000 0.000 -1.491 0.000 0.000 -1.491 0.000 0.000 -1.491 0.000 0.000 -1.491 0.000 0.000 -1.491 0.000 953.103

27.75 1.454 -1.490 953.930 0.000 -1.490 0.000 0.000 -1.490 0.000 0.000 -1.490 0.000 0.000 -1.490 0.000 0.000 -1.490 0.000 0.000 -1.490 0.000 0.000 -1.490 0.000 0.000 -1.490 0.000 0.000 -1.490 0.000 953.930

28.25 1.453 -1.488 954.728 0.000 -1.488 0.000 0.000 -1.488 0.000 0.000 -1.488 0.000 0.000 -1.488 0.000 0.000 -1.488 0.000 0.000 -1.488 0.000 0.000 -1.488 0.000 0.000 -1.488 0.000 0.000 -1.488 0.000 954.728

28.75 1.452 -1.487 955.497 0.000 -1.487 0.000 0.000 -1.487 0.000 0.000 -1.487 0.000 0.000 -1.487 0.000 0.000 -1.487 0.000 0.000 -1.487 0.000 0.000 -1.487 0.000 0.000 -1.487 0.000 0.000 -1.487 0.000 955.497

29.25 1.451 -1.485 956.239 0.000 -1.485 0.000 0.000 -1.485 0.000 0.000 -1.485 0.000 0.000 -1.485 0.000 0.000 -1.485 0.000 0.000 -1.485 0.000 0.000 -1.485 0.000 0.000 -1.485 0.000 0.000 -1.485 0.000 956.239

29.75 1.450 -1.484 956.955 0.000 -1.484 0.000 0.000 -1.484 0.000 0.000 -1.484 0.000 0.000 -1.484 0.000 0.000 -1.484 0.000 0.000 -1.484 0.000 0.000 -1.484 0.000 0.000 -1.484 0.000 0.000 -1.484 0.000 956.955

30.25 1.449 -1.482 957.647 0.000 -1.482 0.000 0.000 -1.482 0.000 0.000 -1.482 0.000 0.000 -1.482 0.000 0.000 -1.482 0.000 0.000 -1.482 0.000 0.000 -1.482 0.000 0.000 -1.482 0.000 0.000 -1.482 0.000 957.647

30.75 1.448 -1.481 958.315 0.000 -1.481 0.000 0.000 -1.481 0.000 0.000 -1.481 0.000 0.000 -1.481 0.000 0.000 -1.481 0.000 0.000 -1.481 0.000 0.000 -1.481 0.000 0.000 -1.481 0.000 0.000 -1.481 0.000 958.315

31.25 1.447 -1.479 958.961 0.000 -1.479 0.000 0.000 -1.479 0.000 0.000 -1.479 0.000 0.000 -1.479 0.000 0.000 -1.479 0.000 0.000 -1.479 0.000 0.000 -1.479 0.000 0.000 -1.479 0.000 0.000 -1.479 0.000 958.961

31.75 1.446 -1.478 959.585 0.000 -1.478 0.000 0.000 -1.478 0.000 0.000 -1.478 0.000 0.000 -1.478 0.000 0.000 -1.478 0.000 0.000 -1.478 0.000 0.000 -1.478 0.000 0.000 -1.478 0.000 0.000 -1.478 0.000 959.585

32.25 1.446 -1.477 960.190 0.000 -1.477 0.000 0.000 -1.477 0.000 0.000 -1.477 0.000 0.000 -1.477 0.000 0.000 -1.477 0.000 0.000 -1.477 0.000 0.000 -1.477 0.000 0.000 -1.477 0.000 0.000 -1.477 0.000 960.190
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32.75 1.445 -1.475 960.775 0.000 -1.475 0.000 0.000 -1.475 0.000 0.000 -1.475 0.000 0.000 -1.475 0.000 0.000 -1.475 0.000 0.000 -1.475 0.000 0.000 -1.475 0.000 0.000 -1.475 0.000 0.000 -1.475 0.000 960.775

33.25 1.444 -1.474 961.341 0.000 -1.474 0.000 0.000 -1.474 0.000 0.000 -1.474 0.000 0.000 -1.474 0.000 0.000 -1.474 0.000 0.000 -1.474 0.000 0.000 -1.474 0.000 0.000 -1.474 0.000 0.000 -1.474 0.000 961.341

33.75 1.443 -1.472 961.890 0.000 -1.472 0.000 0.000 -1.472 0.000 0.000 -1.472 0.000 0.000 -1.472 0.000 0.000 -1.472 0.000 0.000 -1.472 0.000 0.000 -1.472 0.000 0.000 -1.472 0.000 0.000 -1.472 0.000 961.890

34.25 1.442 -1.471 962.421 0.000 -1.471 0.000 0.000 -1.471 0.000 0.000 -1.471 0.000 0.000 -1.471 0.000 0.000 -1.471 0.000 0.000 -1.471 0.000 0.000 -1.471 0.000 0.000 -1.471 0.000 0.000 -1.471 0.000 962.421

34.75 1.440 -1.469 962.937 0.000 -1.469 0.000 0.000 -1.469 0.000 0.000 -1.469 0.000 0.000 -1.469 0.000 0.000 -1.469 0.000 0.000 -1.469 0.000 0.000 -1.469 0.000 0.000 -1.469 0.000 0.000 -1.469 0.000 962.937

35.25 1.439 -1.468 963.436 0.000 -1.468 0.000 0.000 -1.468 0.000 0.000 -1.468 0.000 0.000 -1.468 0.000 0.000 -1.468 0.000 0.000 -1.468 0.000 0.000 -1.468 0.000 0.000 -1.468 0.000 0.000 -1.468 0.000 963.436

35.75 1.438 -1.466 963.921 0.000 -1.466 0.000 0.000 -1.466 0.000 0.000 -1.466 0.000 0.000 -1.466 0.000 0.000 -1.466 0.000 0.000 -1.466 0.000 0.000 -1.466 0.000 0.000 -1.466 0.000 0.000 -1.466 0.000 963.921

36.25 1.437 -1.465 964.391 0.000 -1.465 0.000 0.000 -1.465 0.000 0.000 -1.465 0.000 0.000 -1.465 0.000 0.000 -1.465 0.000 0.000 -1.465 0.000 0.000 -1.465 0.000 0.000 -1.465 0.000 0.000 -1.465 0.000 964.391

36.75 1.436 -1.463 964.847 0.000 -1.463 0.000 0.000 -1.463 0.000 0.000 -1.463 0.000 0.000 -1.463 0.000 0.000 -1.463 0.000 0.000 -1.463 0.000 0.000 -1.463 0.000 0.000 -1.463 0.000 0.000 -1.463 0.000 964.847

37.25 1.435 -1.462 965.290 0.000 -1.462 0.000 0.000 -1.462 0.000 0.000 -1.462 0.000 0.000 -1.462 0.000 0.000 -1.462 0.000 0.000 -1.462 0.000 0.000 -1.462 0.000 0.000 -1.462 0.000 0.000 -1.462 0.000 965.290

37.75 1.434 -1.461 965.720 0.000 -1.461 0.000 0.000 -1.461 0.000 0.000 -1.461 0.000 0.000 -1.461 0.000 0.000 -1.461 0.000 0.000 -1.461 0.000 0.000 -1.461 0.000 0.000 -1.461 0.000 0.000 -1.461 0.000 965.720

38.25 1.433 -1.459 966.138 0.000 -1.459 0.000 0.000 -1.459 0.000 0.000 -1.459 0.000 0.000 -1.459 0.000 0.000 -1.459 0.000 0.000 -1.459 0.000 0.000 -1.459 0.000 0.000 -1.459 0.000 0.000 -1.459 0.000 966.138

38.75 1.432 -1.458 966.544 0.000 -1.458 0.000 0.000 -1.458 0.000 0.000 -1.458 0.000 0.000 -1.458 0.000 0.000 -1.458 0.000 0.000 -1.458 0.000 0.000 -1.458 0.000 0.000 -1.458 0.000 0.000 -1.458 0.000 966.544

39.25 1.431 -1.456 966.938 0.000 -1.456 0.000 0.000 -1.456 0.000 0.000 -1.456 0.000 0.000 -1.456 0.000 0.000 -1.456 0.000 0.000 -1.456 0.000 0.000 -1.456 0.000 0.000 -1.456 0.000 0.000 -1.456 0.000 966.938

39.75 1.430 -1.455 967.321 0.000 -1.455 0.000 0.000 -1.455 0.000 0.000 -1.455 0.000 0.000 -1.455 0.000 0.000 -1.455 0.000 0.000 -1.455 0.000 0.000 -1.455 0.000 0.000 -1.455 0.000 0.000 -1.455 0.000 967.321

40.25 1.428 -1.453 967.693 0.000 -1.453 0.000 0.000 -1.453 0.000 0.000 -1.453 0.000 0.000 -1.453 0.000 0.000 -1.453 0.000 0.000 -1.453 0.000 0.000 -1.453 0.000 0.000 -1.453 0.000 0.000 -1.453 0.000 967.693

40.75 1.427 -1.452 968.055 0.000 -1.452 0.000 0.000 -1.452 0.000 0.000 -1.452 0.000 0.000 -1.452 0.000 0.000 -1.452 0.000 0.000 -1.452 0.000 0.000 -1.452 0.000 0.000 -1.452 0.000 0.000 -1.452 0.000 968.055

41.25 1.426 -1.450 968.407 0.000 -1.450 0.000 0.000 -1.450 0.000 0.000 -1.450 0.000 0.000 -1.450 0.000 0.000 -1.450 0.000 0.000 -1.450 0.000 0.000 -1.450 0.000 0.000 -1.450 0.000 0.000 -1.450 0.000 968.407

41.75 1.425 -1.449 968.750 0.000 -1.449 0.000 0.000 -1.449 0.000 0.000 -1.449 0.000 0.000 -1.449 0.000 0.000 -1.449 0.000 0.000 -1.449 0.000 0.000 -1.449 0.000 0.000 -1.449 0.000 0.000 -1.449 0.000 968.750

42.25 1.424 -1.448 969.083 0.000 -1.448 0.000 0.000 -1.448 0.000 0.000 -1.448 0.000 0.000 -1.448 0.000 0.000 -1.448 0.000 0.000 -1.448 0.000 0.000 -1.448 0.000 0.000 -1.448 0.000 0.000 -1.448 0.000 969.083

42.75 1.423 -1.446 969.407 0.000 -1.446 0.000 0.000 -1.446 0.000 0.000 -1.446 0.000 0.000 -1.446 0.000 0.000 -1.446 0.000 0.000 -1.446 0.000 0.000 -1.446 0.000 0.000 -1.446 0.000 0.000 -1.446 0.000 969.407

43.25 1.422 -1.445 969.722 0.000 -1.445 0.000 0.000 -1.445 0.000 0.000 -1.445 0.000 0.000 -1.445 0.000 0.000 -1.445 0.000 0.000 -1.445 0.000 0.000 -1.445 0.000 0.000 -1.445 0.000 0.000 -1.445 0.000 969.722

43.75 1.420 -1.443 970.029 0.000 -1.443 0.000 0.000 -1.443 0.000 0.000 -1.443 0.000 0.000 -1.443 0.000 0.000 -1.443 0.000 0.000 -1.443 0.000 0.000 -1.443 0.000 0.000 -1.443 0.000 0.000 -1.443 0.000 970.029

44.25 1.419 -1.442 970.327 0.000 -1.442 0.000 0.000 -1.442 0.000 0.000 -1.442 0.000 0.000 -1.442 0.000 0.000 -1.442 0.000 0.000 -1.442 0.000 0.000 -1.442 0.000 0.000 -1.442 0.000 0.000 -1.442 0.000 970.327

44.75 1.418 -1.440 970.617 0.000 -1.440 0.000 0.000 -1.440 0.000 0.000 -1.440 0.000 0.000 -1.440 0.000 0.000 -1.440 0.000 0.000 -1.440 0.000 0.000 -1.440 0.000 0.000 -1.440 0.000 0.000 -1.440 0.000 970.617

45.25 1.417 -1.439 970.900 0.000 -1.439 0.000 0.000 -1.439 0.000 0.000 -1.439 0.000 0.000 -1.439 0.000 0.000 -1.439 0.000 0.000 -1.439 0.000 0.000 -1.439 0.000 0.000 -1.439 0.000 0.000 -1.439 0.000 970.900

45.75 1.416 -1.437 971.175 0.000 -1.437 0.000 0.000 -1.437 0.000 0.000 -1.437 0.000 0.000 -1.437 0.000 0.000 -1.437 0.000 0.000 -1.437 0.000 0.000 -1.437 0.000 0.000 -1.437 0.000 0.000 -1.437 0.000 971.175

46.25 1.414 -1.436 971.443 0.000 -1.436 0.000 0.000 -1.436 0.000 0.000 -1.436 0.000 0.000 -1.436 0.000 0.000 -1.436 0.000 0.000 -1.436 0.000 0.000 -1.436 0.000 0.000 -1.436 0.000 0.000 -1.436 0.000 971.443

46.75 1.413 -1.435 971.704 0.000 -1.435 0.000 0.000 -1.435 0.000 0.000 -1.435 0.000 0.000 -1.435 0.000 0.000 -1.435 0.000 0.000 -1.435 0.000 0.000 -1.435 0.000 0.000 -1.435 0.000 0.000 -1.435 0.000 971.704

47.25 1.412 -1.433 971.958 0.000 -1.433 0.000 0.000 -1.433 0.000 0.000 -1.433 0.000 0.000 -1.433 0.000 0.000 -1.433 0.000 0.000 -1.433 0.000 0.000 -1.433 0.000 0.000 -1.433 0.000 0.000 -1.433 0.000 971.958

47.75 1.411 -1.432 972.205 0.000 -1.432 0.000 0.000 -1.432 0.000 0.000 -1.432 0.000 0.000 -1.432 0.000 0.000 -1.432 0.000 0.000 -1.432 0.000 0.000 -1.432 0.000 0.000 -1.432 0.000 0.000 -1.432 0.000 972.205

48.25 1.410 -1.430 972.445 0.000 -1.430 0.000 0.000 -1.430 0.000 0.000 -1.430 0.000 0.000 -1.430 0.000 0.000 -1.430 0.000 0.000 -1.430 0.000 0.000 -1.430 0.000 0.000 -1.430 0.000 0.000 -1.430 0.000 972.445

48.75 1.408 -1.429 972.679 0.000 -1.429 0.000 0.000 -1.429 0.000 0.000 -1.429 0.000 0.000 -1.429 0.000 0.000 -1.429 0.000 0.000 -1.429 0.000 0.000 -1.429 0.000 0.000 -1.429 0.000 0.000 -1.429 0.000 972.679

49.25 1.407 -1.427 972.907 0.000 -1.427 0.000 0.000 -1.427 0.000 0.000 -1.427 0.000 0.000 -1.427 0.000 0.000 -1.427 0.000 0.000 -1.427 0.000 0.000 -1.427 0.000 0.000 -1.427 0.000 0.000 -1.427 0.000 972.907

49.75 1.406 -1.426 973.129 0.000 -1.426 0.000 0.000 -1.426 0.000 0.000 -1.426 0.000 0.000 -1.426 0.000 0.000 -1.426 0.000 0.000 -1.426 0.000 0.000 -1.426 0.000 0.000 -1.426 0.000 0.000 -1.426 0.000 973.129



Job Name: SR-57 Northbound Widening Project

Job No. 370900.03.GE.FR

Location: Northern Segment

Subject: Allowable bearing pressure for box culvert modifications - use the average compression ratios - Edge

Date: 5/29/2009 Surface

Soil Profile Data Unit Compression Recompression Soil Preconsolidation

Layer Layer Weight Ratio Ratio Type Pressure

No. Top Bottom Thickness γt CCR CRR (N/O) Pc

(ft) (ft) (ft) (pcf) (psf)

Depth to Ground Water 0 ft 1 0 4 4 130 0.010 0.002 O 2000.00

Unit Weight of Water 62.4 pcf 2 4 15 11 120 0.040 0.004 O 2000.00

Depth Interval 0.5 ft 3 15 50 35 130 0.030 0.003 O 2000.00

Footing Length 66 ft

Footing Width 23 ft

Footing Depth of Embedment 0 ft

Calculation Point offset Along Length 33 ft

Calculation Point offset Along Width 0 ft

Ground Surface Elevation 289 ft Loading

Embankment Stress Included (Y/N) Y Case Length Pressure

Fill Height 20 ft No. (ft) (psf) Westergaard

Embankment Width at the top 100 ft 1 23 2600

Fill Unit Weight 120 pcf 2 0 0

Stress distribution (1/2) 2 3 0 0

4 0 0

5 0 0

Top Bottom Middle Total Total Pore Effective 
1

Compression Recompression Stress 
2

Soil Preconsolidation Consolidation

of of Height of Elevation Unit Overburden Water Overburden Ratio Ratio Increase Type Pressure OCR Settlement

Layer Layer Layer Weight Pressure Pressure Pressure CCR CRR ∆p (N/O) Pc

(ft) (ft) (ft) (ft) (pcf) (psf) (psf) (psf) (psf) (psf) (inch)

0 0.5 0.25 288.75 130.00 32.50 15.60 32.62 0.010 0.002 1292.25 O 2032.62 62.3 0.02

0.5 1 0.75 288.25 130.00 97.50 46.80 183.56 0.010 0.002 1276.74 O 2183.56 11.9 0.01

1 1.5 1.25 287.75 130.00 162.50 78.00 392.70 0.010 0.002 1261.25 O 2392.70 6.1 0.01

1.5 2 1.75 287.25 130.00 227.50 109.20 581.90 0.010 0.002 1245.78 O 2581.90 4.4 0.01

2 2.5 2.25 286.75 130.00 292.50 140.40 738.62 0.010 0.002 1230.33 O 2738.62 3.7 0.01

2.5 3 2.75 286.25 130.00 357.50 171.60 869.95 0.010 0.002 1214.91 O 2869.95 3.3 0.00

3 3.5 3.25 285.75 130.00 422.50 202.80 983.68 0.010 0.002 1199.54 O 2983.68 3.0 0.00

3.5 4 3.75 285.25 130.00 487.50 234.00 1085.41 0.010 0.002 1184.21 O 3085.41 2.8 0.00

4 4.5 4.25 284.75 120.00 550.00 265.20 1176.38 0.040 0.004 1168.93 O 3176.38 2.7 0.01

4.5 5 4.75 284.25 120.00 610.00 296.40 1259.07 0.040 0.004 1153.71 O 3259.07 2.6 0.01

5 5.5 5.25 283.75 120.00 670.00 327.60 1337.63 0.040 0.004 1138.56 O 3337.63 2.5 0.01

5.5 6 5.75 283.25 120.00 730.00 358.80 1413.18 0.040 0.004 1123.49 O 3413.18 2.4 0.01

6 6.5 6.25 282.75 120.00 790.00 390.00 1486.47 0.040 0.004 1108.49 O 3486.47 2.3 0.01

6.5 7 6.75 282.25 120.00 850.00 421.20 1558.01 0.040 0.004 1093.58 O 3558.01 2.3 0.01

7 7.5 7.25 281.75 120.00 910.00 452.40 1628.15 0.040 0.004 1078.76 O 3628.15 2.2 0.01

7.5 8 7.75 281.25 120.00 970.00 483.60 1697.13 0.040 0.004 1064.03 O 3697.13 2.2 0.01

8 8.5 8.25 280.75 120.00 1030.00 514.80 1765.10 0.040 0.004 1049.41 O 3765.10 2.1 0.00

8.5 9 8.75 280.25 120.00 1090.00 546.00 1832.16 0.040 0.004 1034.89 O 3832.16 2.1 0.00

9 9.5 9.25 279.75 120.00 1150.00 577.20 1898.36 0.040 0.004 1020.49 O 3898.36 2.1 0.00

9.5 10 9.75 279.25 120.00 1210.00 608.40 1963.75 0.040 0.004 1006.20 O 3963.75 2.0 0.00

10 10.5 10.25 278.75 120.00 1270.00 639.60 2028.35 0.040 0.004 992.04 O 4028.35 2.0 0.00

10.5 11 10.75 278.25 120.00 1330.00 670.80 2092.16 0.040 0.004 978.00 O 4092.16 2.0 0.00

11 11.5 11.25 277.75 120.00 1390.00 702.00 2155.20 0.040 0.004 964.09 O 4155.20 1.9 0.00

11.5 12 11.75 277.25 120.00 1450.00 733.20 2217.45 0.040 0.004 950.31 O 4217.45 1.9 0.00

12 12.5 12.25 276.75 120.00 1510.00 764.40 2278.93 0.040 0.004 936.67 O 4278.93 1.9 0.00

12.5 13 12.75 276.25 120.00 1570.00 795.60 2339.63 0.040 0.004 923.16 O 4339.63 1.9 0.00

13 13.5 13.25 275.75 120.00 1630.00 826.80 2399.55 0.040 0.004 909.80 O 4399.55 1.8 0.00

13.5 14 13.75 275.25 120.00 1690.00 858.00 2458.69 0.040 0.004 896.59 O 4458.69 1.8 0.00

14 14.5 14.25 274.75 120.00 1750.00 889.20 2517.07 0.040 0.004 883.52 O 4517.07 1.8 0.00

14.5 15 14.75 274.25 120.00 1810.00 920.40 2574.68 0.040 0.004 870.60 O 4574.68 1.8 0.00

15 15.5 15.25 273.75 130.00 1872.50 951.60 2634.04 0.030 0.003 857.84 O 4634.04 1.8 0.00

15.5 16 15.75 273.25 130.00 1937.50 982.80 2695.15 0.030 0.003 845.23 O 4695.15 1.7 0.00

16 16.5 16.25 272.75 130.00 2002.50 1014.00 2755.52 0.030 0.003 832.77 O 4755.52 1.7 0.00

16.5 17 16.75 272.25 130.00 2067.50 1045.20 2815.18 0.030 0.003 820.47 O 4815.18 1.7 0.00

17 17.5 17.25 271.75 130.00 2132.50 1076.40 2874.12 0.030 0.003 808.33 O 4874.12 1.7 0.00

17.5 18 17.75 271.25 130.00 2197.50 1107.60 2932.38 0.030 0.003 796.34 O 4932.38 1.7 0.00

18 18.5 18.25 270.75 130.00 2262.50 1138.80 2989.95 0.030 0.003 784.52 O 4989.95 1.7 0.00

18.5 19 18.75 270.25 130.00 2327.50 1170.00 3046.86 0.030 0.003 772.85 O 5046.86 1.7 0.00

19 19.5 19.25 269.75 130.00 2392.50 1201.20 3103.13 0.030 0.003 761.34 O 5103.13 1.6 0.00

19.5 20 19.75 269.25 130.00 2457.50 1232.40 3158.76 0.030 0.003 750.00 O 5158.76 1.6 0.00

20 20.5 20.25 268.75 130.00 2522.50 1263.60 3213.78 0.030 0.003 738.81 O 5213.78 1.6 0.00

1-D CONSOLIDATION SETTLEMENT ANALYSIS

Depth (bgs)

Description

0.23Estimated Settlement (inch)
Pressure 1

Pressure 2

Pressure 3

Pressure 4

Pressure 5

------------     Depth to     ------------



20.5 21 20.75 268.25 130.00 2587.50 1294.80 3268.21 0.030 0.003 727.79 O 5268.21 1.6 0.00

21 21.5 21.25 267.75 130.00 2652.50 1326.00 3322.06 0.030 0.003 716.92 O 5322.06 1.6 0.00

21.5 22 21.75 267.25 130.00 2717.50 1357.20 3375.34 0.030 0.003 706.21 O 5375.34 1.6 0.00

22 22.5 22.25 266.75 130.00 2782.50 1388.40 3428.08 0.030 0.003 695.67 O 5428.08 1.6 0.00

22.5 23 22.75 266.25 130.00 2847.50 1419.60 3480.28 0.030 0.003 685.28 O 5480.28 1.6 0.00

23 23.5 23.25 265.75 130.00 2912.50 1450.80 3531.98 0.030 0.003 675.04 O 5531.98 1.6 0.00

23.5 24 23.75 265.25 130.00 2977.50 1482.00 3583.17 0.030 0.003 664.97 O 5583.17 1.6 0.00

24 24.5 24.25 264.75 130.00 3042.50 1513.20 3633.88 0.030 0.003 655.05 O 5633.88 1.6 0.00

24.5 25 24.75 264.25 130.00 3107.50 1544.40 3684.12 0.030 0.003 645.28 O 5684.12 1.5 0.00

25 25.5 25.25 263.75 130.00 3172.50 1575.60 3733.90 0.030 0.003 635.67 O 5733.90 1.5 0.00

25.5 26 25.75 263.25 130.00 3237.50 1606.80 3783.25 0.030 0.003 626.21 O 5783.25 1.5 0.00

26 26.5 26.25 262.75 130.00 3302.50 1638.00 3832.17 0.030 0.003 616.90 O 5832.17 1.5 0.00

26.5 27 26.75 262.25 130.00 3367.50 1669.20 3880.67 0.030 0.003 607.73 O 5880.67 1.5 0.00

27 27.5 27.25 261.75 130.00 3432.50 1700.40 3928.78 0.030 0.003 598.72 O 5928.78 1.5 0.00

27.5 28 27.75 261.25 130.00 3497.50 1731.60 3976.49 0.030 0.003 589.85 O 5976.49 1.5 0.00

28 28.5 28.25 260.75 130.00 3562.50 1762.80 4023.83 0.030 0.003 581.13 O 6023.83 1.5 0.00

28.5 29 28.75 260.25 130.00 3627.50 1794.00 4070.81 0.030 0.003 572.55 O 6070.81 1.5 0.00

29 29.5 29.25 259.75 130.00 3692.50 1825.20 4117.43 0.030 0.003 564.11 O 6117.43 1.5 0.00

29.5 30 29.75 259.25 130.00 3757.50 1856.40 4163.71 0.030 0.003 555.81 O 6163.71 1.5 0.00

30 30.5 30.25 258.75 130.00 3822.50 1887.60 4209.66 0.030 0.003 547.65 O 6209.66 1.5 0.00

30.5 31 30.75 258.25 130.00 3887.50 1918.80 4255.28 0.030 0.003 539.62 O 6255.28 1.5 0.00

31 31.5 31.25 257.75 130.00 3952.50 1950.00 4300.60 0.030 0.003 531.73 O 6300.60 1.5 0.00

31.5 32 31.75 257.25 130.00 4017.50 1981.20 4345.61 0.030 0.003 523.97 O 6345.61 1.5 0.00

32 32.5 32.25 256.75 130.00 4082.50 2012.40 4390.33 0.030 0.003 516.34 O 6390.33 1.5 0.00

32.5 33 32.75 256.25 130.00 4147.50 2043.60 4434.76 0.030 0.003 508.84 O 6434.76 1.5 0.00

33 33.5 33.25 255.75 130.00 4212.50 2074.80 4478.92 0.030 0.003 501.47 O 6478.92 1.4 0.00

33.5 34 33.75 255.25 130.00 4277.50 2106.00 4522.81 0.030 0.003 494.22 O 6522.81 1.4 0.00

34 34.5 34.25 254.75 130.00 4342.50 2137.20 4566.44 0.030 0.003 487.10 O 6566.44 1.4 0.00

34.5 35 34.75 254.25 130.00 4407.50 2168.40 4609.81 0.030 0.003 480.10 O 6609.81 1.4 0.00

35 35.5 35.25 253.75 130.00 4472.50 2199.60 4652.94 0.030 0.003 473.21 O 6652.94 1.4 0.00

35.5 36 35.75 253.25 130.00 4537.50 2230.80 4695.84 0.030 0.003 466.45 O 6695.84 1.4 0.00

36 36.5 36.25 252.75 130.00 4602.50 2262.00 4738.50 0.030 0.003 459.80 O 6738.50 1.4 0.00

36.5 37 36.75 252.25 130.00 4667.50 2293.20 4780.94 0.030 0.003 453.26 O 6780.94 1.4 0.00

37 37.5 37.25 251.75 130.00 4732.50 2324.40 4823.16 0.030 0.003 446.84 O 6823.16 1.4 0.00

37.5 38 37.75 251.25 130.00 4797.50 2355.60 4865.16 0.030 0.003 440.53 O 6865.16 1.4 0.00

38 38.5 38.25 250.75 130.00 4862.50 2386.80 4906.96 0.030 0.003 434.32 O 6906.96 1.4 0.00

38.5 39 38.75 250.25 130.00 4927.50 2418.00 4948.56 0.030 0.003 428.22 O 6948.56 1.4 0.00

39 39.5 39.25 249.75 130.00 4992.50 2449.20 4989.96 0.030 0.003 422.23 O 6989.96 1.4 0.00

39.5 40 39.75 249.25 130.00 5057.50 2480.40 5031.18 0.030 0.003 416.34 O 7031.18 1.4 0.00

40 40.5 40.25 248.75 130.00 5122.50 2511.60 5072.20 0.030 0.003 410.55 O 7072.20 1.4 0.00

40.5 41 40.75 248.25 130.00 5187.50 2542.80 5113.05 0.030 0.003 404.86 O 7113.05 1.4 0.00

41 41.5 41.25 247.75 130.00 5252.50 2574.00 5153.72 0.030 0.003 399.27 O 7153.72 1.4 0.00

41.5 42 41.75 247.25 130.00 5317.50 2605.20 5194.22 0.030 0.003 393.77 O 7194.22 1.4 0.00

42 42.5 42.25 246.75 130.00 5382.50 2636.40 5234.56 0.030 0.003 388.37 O 7234.56 1.4 0.00

42.5 43 42.75 246.25 130.00 5447.50 2667.60 5274.73 0.030 0.003 383.06 O 7274.73 1.4 0.00

43 43.5 43.25 245.75 130.00 5512.50 2698.80 5314.75 0.030 0.003 377.84 O 7314.75 1.4 0.00

43.5 44 43.75 245.25 130.00 5577.50 2730.00 5354.61 0.030 0.003 372.71 O 7354.61 1.4 0.00

44 44.5 44.25 244.75 130.00 5642.50 2761.20 5394.32 0.030 0.003 367.67 O 7394.32 1.4 0.00

44.5 45 44.75 244.25 130.00 5707.50 2792.40 5433.88 0.030 0.003 362.72 O 7433.88 1.4 0.00

45 45.5 45.25 243.75 130.00 5772.50 2823.60 5473.31 0.030 0.003 357.85 O 7473.31 1.4 0.00

45.5 46 45.75 243.25 130.00 5837.50 2854.80 5512.59 0.030 0.003 353.06 O 7512.59 1.4 0.00

46 46.5 46.25 242.75 130.00 5902.50 2886.00 5551.74 0.030 0.003 348.36 O 7551.74 1.4 0.00

46.5 47 46.75 242.25 130.00 5967.50 2917.20 5590.75 0.030 0.003 343.73 O 7590.75 1.4 0.00

47 47.5 47.25 241.75 130.00 6032.50 2948.40 5629.63 0.030 0.003 339.19 O 7629.63 1.4 0.00

47.5 48 47.75 241.25 130.00 6097.50 2979.60 5668.39 0.030 0.003 334.72 O 7668.39 1.4 0.00

48 48.5 48.25 240.75 130.00 6162.50 3010.80 5707.03 0.030 0.003 330.33 O 7707.03 1.4 0.00

48.5 49 48.75 240.25 130.00 6227.50 3042.00 5745.54 0.030 0.003 326.01 O 7745.54 1.3 0.00

49 49.5 49.25 239.75 130.00 6292.50 3073.20 5783.94 0.030 0.003 321.76 O 7783.94 1.3 0.00

49.5 50 49.75 239.25 130.00 6357.50 3104.40 5822.22 0.030 0.003 317.59 O 7822.22 1.3 0.00

Estimated Settlement 0.23

Notes:

1 The stress from the end-of-construction of a roadway embankment, if selected, will be added to the effective overburden pressure.

2 Stress increase is calculated using Boussinesq/Westergaard equation.



Job Name: SR-57 Northbound Widening Project

Job No. 370900.03.GE.FR

Location: Northern Segment

Subject: Allowable bearing pressure for box culvert modifications - use the average compression ratios - Edge

Date: 5/29/2009 Surface

Soil Profile Data Unit Compression Recompression Soil Preconsolidation

Layer Layer Weight Ratio Ratio Type Pressure

No. Top Bottom Thickness γt CCR CRR (N/O) Pc

(ft) (ft) (ft) (pcf) (psf)

Depth to Ground Water 0 ft 1 0 4 4 130 0.010 0.002 O 2000.00

Unit Weight of Water 62.4 pcf 2 4 15 11 120 0.040 0.004 O 2000.00

Depth Interval 0.5 ft 3 15 50 35 130 0.030 0.003 O 2000.00

Footing Length 66 ft

Footing Width 23 ft

Footing Depth of Embedment 0 ft

Calculation Point offset Along Length 33 ft

Calculation Point offset Along Width 0 ft

Ground Surface Elevation 289 ft Loading

Embankment Stress Included (Y/N) Y Case Length Pressure

Fill Height 20 ft No. (ft) (psf) Westergaard

Embankment Width at the top 100 ft 1 23 3800

Fill Unit Weight 120 pcf 2 0 0

Stress distribution (1/2) 2 3 0 0

4 0 0

5 0 0

Top Bottom Middle Total Total Pore Effective 
1

Compression Recompression Stress 
2

Soil Preconsolidation Consolidation

of of Height of Elevation Unit Overburden Water Overburden Ratio Ratio Increase Type Pressure OCR Settlement

Layer Layer Layer Weight Pressure Pressure Pressure CCR CRR ∆p (N/O) Pc

(ft) (ft) (ft) (ft) (pcf) (psf) (psf) (psf) (psf) (psf) (inch)

0 0.5 0.25 288.75 130.00 32.50 15.60 32.62 0.010 0.002 1888.67 O 2032.62 62.3 0.02

0.5 1 0.75 288.25 130.00 97.50 46.80 183.56 0.010 0.002 1866.01 O 2183.56 11.9 0.01

1 1.5 1.25 287.75 130.00 162.50 78.00 392.70 0.010 0.002 1843.37 O 2392.70 6.1 0.01

1.5 2 1.75 287.25 130.00 227.50 109.20 581.90 0.010 0.002 1820.75 O 2581.90 4.4 0.01

2 2.5 2.25 286.75 130.00 292.50 140.40 738.62 0.010 0.002 1798.17 O 2738.62 3.7 0.01

2.5 3 2.75 286.25 130.00 357.50 171.60 869.95 0.010 0.002 1775.64 O 2869.95 3.3 0.01

3 3.5 3.25 285.75 130.00 422.50 202.80 983.68 0.010 0.002 1753.17 O 2983.68 3.0 0.01

3.5 4 3.75 285.25 130.00 487.50 234.00 1085.41 0.010 0.002 1730.76 O 3085.41 2.8 0.00

4 4.5 4.25 284.75 120.00 550.00 265.20 1176.38 0.040 0.004 1708.44 O 3176.38 2.7 0.01

4.5 5 4.75 284.25 120.00 610.00 296.40 1259.07 0.040 0.004 1686.20 O 3259.07 2.6 0.01

5 5.5 5.25 283.75 120.00 670.00 327.60 1337.63 0.040 0.004 1664.06 O 3337.63 2.5 0.01

5.5 6 5.75 283.25 120.00 730.00 358.80 1413.18 0.040 0.004 1642.02 O 3413.18 2.4 0.01

6 6.5 6.25 282.75 120.00 790.00 390.00 1486.47 0.040 0.004 1620.10 O 3486.47 2.3 0.01

6.5 7 6.75 282.25 120.00 850.00 421.20 1558.01 0.040 0.004 1598.31 O 3558.01 2.3 0.01

7 7.5 7.25 281.75 120.00 910.00 452.40 1628.15 0.040 0.004 1576.64 O 3628.15 2.2 0.01

7.5 8 7.75 281.25 120.00 970.00 483.60 1697.13 0.040 0.004 1555.12 O 3697.13 2.2 0.01

8 8.5 8.25 280.75 120.00 1030.00 514.80 1765.10 0.040 0.004 1533.75 O 3765.10 2.1 0.01

8.5 9 8.75 280.25 120.00 1090.00 546.00 1832.16 0.040 0.004 1512.54 O 3832.16 2.1 0.01

9 9.5 9.25 279.75 120.00 1150.00 577.20 1898.36 0.040 0.004 1491.48 O 3898.36 2.1 0.01

9.5 10 9.75 279.25 120.00 1210.00 608.40 1963.75 0.040 0.004 1470.60 O 3963.75 2.0 0.01

10 10.5 10.25 278.75 120.00 1270.00 639.60 2028.35 0.040 0.004 1449.90 O 4028.35 2.0 0.01

10.5 11 10.75 278.25 120.00 1330.00 670.80 2092.16 0.040 0.004 1429.38 O 4092.16 2.0 0.01

11 11.5 11.25 277.75 120.00 1390.00 702.00 2155.20 0.040 0.004 1409.05 O 4155.20 1.9 0.01

11.5 12 11.75 277.25 120.00 1450.00 733.20 2217.45 0.040 0.004 1388.91 O 4217.45 1.9 0.01

12 12.5 12.25 276.75 120.00 1510.00 764.40 2278.93 0.040 0.004 1368.97 O 4278.93 1.9 0.00

12.5 13 12.75 276.25 120.00 1570.00 795.60 2339.63 0.040 0.004 1349.24 O 4339.63 1.9 0.00

13 13.5 13.25 275.75 120.00 1630.00 826.80 2399.55 0.040 0.004 1329.71 O 4399.55 1.8 0.00

13.5 14 13.75 275.25 120.00 1690.00 858.00 2458.69 0.040 0.004 1310.40 O 4458.69 1.8 0.00

14 14.5 14.25 274.75 120.00 1750.00 889.20 2517.07 0.040 0.004 1291.30 O 4517.07 1.8 0.00

14.5 15 14.75 274.25 120.00 1810.00 920.40 2574.68 0.040 0.004 1272.42 O 4574.68 1.8 0.00

15 15.5 15.25 273.75 130.00 1872.50 951.60 2634.04 0.030 0.003 1253.76 O 4634.04 1.8 0.00

15.5 16 15.75 273.25 130.00 1937.50 982.80 2695.15 0.030 0.003 1235.33 O 4695.15 1.7 0.00

16 16.5 16.25 272.75 130.00 2002.50 1014.00 2755.52 0.030 0.003 1217.13 O 4755.52 1.7 0.00

16.5 17 16.75 272.25 130.00 2067.50 1045.20 2815.18 0.030 0.003 1199.15 O 4815.18 1.7 0.00

17 17.5 17.25 271.75 130.00 2132.50 1076.40 2874.12 0.030 0.003 1181.40 O 4874.12 1.7 0.00

17.5 18 17.75 271.25 130.00 2197.50 1107.60 2932.38 0.030 0.003 1163.88 O 4932.38 1.7 0.00

18 18.5 18.25 270.75 130.00 2262.50 1138.80 2989.95 0.030 0.003 1146.60 O 4989.95 1.7 0.00

18.5 19 18.75 270.25 130.00 2327.50 1170.00 3046.86 0.030 0.003 1129.55 O 5046.86 1.7 0.00

19 19.5 19.25 269.75 130.00 2392.50 1201.20 3103.13 0.030 0.003 1112.73 O 5103.13 1.6 0.00

19.5 20 19.75 269.25 130.00 2457.50 1232.40 3158.76 0.030 0.003 1096.15 O 5158.76 1.6 0.00

20 20.5 20.25 268.75 130.00 2522.50 1263.60 3213.78 0.030 0.003 1079.80 O 5213.78 1.6 0.00

1-D CONSOLIDATION SETTLEMENT ANALYSIS

Depth (bgs)

Description

0.31Estimated Settlement (inch)
Pressure 1

Pressure 2

Pressure 3

Pressure 4

Pressure 5

------------     Depth to     ------------



20.5 21 20.75 268.25 130.00 2587.50 1294.80 3268.21 0.030 0.003 1063.69 O 5268.21 1.6 0.00

21 21.5 21.25 267.75 130.00 2652.50 1326.00 3322.06 0.030 0.003 1047.81 O 5322.06 1.6 0.00

21.5 22 21.75 267.25 130.00 2717.50 1357.20 3375.34 0.030 0.003 1032.16 O 5375.34 1.6 0.00

22 22.5 22.25 266.75 130.00 2782.50 1388.40 3428.08 0.030 0.003 1016.74 O 5428.08 1.6 0.00

22.5 23 22.75 266.25 130.00 2847.50 1419.60 3480.28 0.030 0.003 1001.56 O 5480.28 1.6 0.00

23 23.5 23.25 265.75 130.00 2912.50 1450.80 3531.98 0.030 0.003 986.60 O 5531.98 1.6 0.00

23.5 24 23.75 265.25 130.00 2977.50 1482.00 3583.17 0.030 0.003 971.88 O 5583.17 1.6 0.00

24 24.5 24.25 264.75 130.00 3042.50 1513.20 3633.88 0.030 0.003 957.38 O 5633.88 1.6 0.00

24.5 25 24.75 264.25 130.00 3107.50 1544.40 3684.12 0.030 0.003 943.10 O 5684.12 1.5 0.00

25 25.5 25.25 263.75 130.00 3172.50 1575.60 3733.90 0.030 0.003 929.05 O 5733.90 1.5 0.00

25.5 26 25.75 263.25 130.00 3237.50 1606.80 3783.25 0.030 0.003 915.22 O 5783.25 1.5 0.00

26 26.5 26.25 262.75 130.00 3302.50 1638.00 3832.17 0.030 0.003 901.62 O 5832.17 1.5 0.00

26.5 27 26.75 262.25 130.00 3367.50 1669.20 3880.67 0.030 0.003 888.23 O 5880.67 1.5 0.00

27 27.5 27.25 261.75 130.00 3432.50 1700.40 3928.78 0.030 0.003 875.05 O 5928.78 1.5 0.00

27.5 28 27.75 261.25 130.00 3497.50 1731.60 3976.49 0.030 0.003 862.09 O 5976.49 1.5 0.00

28 28.5 28.25 260.75 130.00 3562.50 1762.80 4023.83 0.030 0.003 849.34 O 6023.83 1.5 0.00

28.5 29 28.75 260.25 130.00 3627.50 1794.00 4070.81 0.030 0.003 836.80 O 6070.81 1.5 0.00

29 29.5 29.25 259.75 130.00 3692.50 1825.20 4117.43 0.030 0.003 824.47 O 6117.43 1.5 0.00

29.5 30 29.75 259.25 130.00 3757.50 1856.40 4163.71 0.030 0.003 812.34 O 6163.71 1.5 0.00

30 30.5 30.25 258.75 130.00 3822.50 1887.60 4209.66 0.030 0.003 800.41 O 6209.66 1.5 0.00

30.5 31 30.75 258.25 130.00 3887.50 1918.80 4255.28 0.030 0.003 788.68 O 6255.28 1.5 0.00

31 31.5 31.25 257.75 130.00 3952.50 1950.00 4300.60 0.030 0.003 777.14 O 6300.60 1.5 0.00

31.5 32 31.75 257.25 130.00 4017.50 1981.20 4345.61 0.030 0.003 765.80 O 6345.61 1.5 0.00

32 32.5 32.25 256.75 130.00 4082.50 2012.40 4390.33 0.030 0.003 754.66 O 6390.33 1.5 0.00

32.5 33 32.75 256.25 130.00 4147.50 2043.60 4434.76 0.030 0.003 743.70 O 6434.76 1.5 0.00

33 33.5 33.25 255.75 130.00 4212.50 2074.80 4478.92 0.030 0.003 732.92 O 6478.92 1.4 0.00

33.5 34 33.75 255.25 130.00 4277.50 2106.00 4522.81 0.030 0.003 722.33 O 6522.81 1.4 0.00

34 34.5 34.25 254.75 130.00 4342.50 2137.20 4566.44 0.030 0.003 711.92 O 6566.44 1.4 0.00

34.5 35 34.75 254.25 130.00 4407.50 2168.40 4609.81 0.030 0.003 701.68 O 6609.81 1.4 0.00

35 35.5 35.25 253.75 130.00 4472.50 2199.60 4652.94 0.030 0.003 691.62 O 6652.94 1.4 0.00

35.5 36 35.75 253.25 130.00 4537.50 2230.80 4695.84 0.030 0.003 681.73 O 6695.84 1.4 0.00

36 36.5 36.25 252.75 130.00 4602.50 2262.00 4738.50 0.030 0.003 672.01 O 6738.50 1.4 0.00

36.5 37 36.75 252.25 130.00 4667.50 2293.20 4780.94 0.030 0.003 662.46 O 6780.94 1.4 0.00

37 37.5 37.25 251.75 130.00 4732.50 2324.40 4823.16 0.030 0.003 653.07 O 6823.16 1.4 0.00

37.5 38 37.75 251.25 130.00 4797.50 2355.60 4865.16 0.030 0.003 643.84 O 6865.16 1.4 0.00

38 38.5 38.25 250.75 130.00 4862.50 2386.80 4906.96 0.030 0.003 634.78 O 6906.96 1.4 0.00

38.5 39 38.75 250.25 130.00 4927.50 2418.00 4948.56 0.030 0.003 625.86 O 6948.56 1.4 0.00

39 39.5 39.25 249.75 130.00 4992.50 2449.20 4989.96 0.030 0.003 617.10 O 6989.96 1.4 0.00

39.5 40 39.75 249.25 130.00 5057.50 2480.40 5031.18 0.030 0.003 608.49 O 7031.18 1.4 0.00

40 40.5 40.25 248.75 130.00 5122.50 2511.60 5072.20 0.030 0.003 600.03 O 7072.20 1.4 0.00

40.5 41 40.75 248.25 130.00 5187.50 2542.80 5113.05 0.030 0.003 591.72 O 7113.05 1.4 0.00

41 41.5 41.25 247.75 130.00 5252.50 2574.00 5153.72 0.030 0.003 583.54 O 7153.72 1.4 0.00

41.5 42 41.75 247.25 130.00 5317.50 2605.20 5194.22 0.030 0.003 575.51 O 7194.22 1.4 0.00

42 42.5 42.25 246.75 130.00 5382.50 2636.40 5234.56 0.030 0.003 567.62 O 7234.56 1.4 0.00

42.5 43 42.75 246.25 130.00 5447.50 2667.60 5274.73 0.030 0.003 559.86 O 7274.73 1.4 0.00

43 43.5 43.25 245.75 130.00 5512.50 2698.80 5314.75 0.030 0.003 552.23 O 7314.75 1.4 0.00

43.5 44 43.75 245.25 130.00 5577.50 2730.00 5354.61 0.030 0.003 544.74 O 7354.61 1.4 0.00

44 44.5 44.25 244.75 130.00 5642.50 2761.20 5394.32 0.030 0.003 537.37 O 7394.32 1.4 0.00

44.5 45 44.75 244.25 130.00 5707.50 2792.40 5433.88 0.030 0.003 530.13 O 7433.88 1.4 0.00

45 45.5 45.25 243.75 130.00 5772.50 2823.60 5473.31 0.030 0.003 523.01 O 7473.31 1.4 0.00

45.5 46 45.75 243.25 130.00 5837.50 2854.80 5512.59 0.030 0.003 516.02 O 7512.59 1.4 0.00

46 46.5 46.25 242.75 130.00 5902.50 2886.00 5551.74 0.030 0.003 509.14 O 7551.74 1.4 0.00

46.5 47 46.75 242.25 130.00 5967.50 2917.20 5590.75 0.030 0.003 502.38 O 7590.75 1.4 0.00

47 47.5 47.25 241.75 130.00 6032.50 2948.40 5629.63 0.030 0.003 495.74 O 7629.63 1.4 0.00

47.5 48 47.75 241.25 130.00 6097.50 2979.60 5668.39 0.030 0.003 489.20 O 7668.39 1.4 0.00

48 48.5 48.25 240.75 130.00 6162.50 3010.80 5707.03 0.030 0.003 482.78 O 7707.03 1.4 0.00

48.5 49 48.75 240.25 130.00 6227.50 3042.00 5745.54 0.030 0.003 476.47 O 7745.54 1.3 0.00

49 49.5 49.25 239.75 130.00 6292.50 3073.20 5783.94 0.030 0.003 470.27 O 7783.94 1.3 0.00

49.5 50 49.75 239.25 130.00 6357.50 3104.40 5822.22 0.030 0.003 464.16 O 7822.22 1.3 0.00

Estimated Settlement 0.31

Notes:

1 The stress from the end-of-construction of a roadway embankment, if selected, will be added to the effective overburden pressure.

2 Stress increase is calculated using Boussinesq/Westergaard equation.



Job Name SR-57 Northbound Widening Project

Job No.   370900

Location  Orange County, California

Description Bearing Capacity Calculation for Loftus diversion channel - box culvert modification

Groundwater is assumed at the channel invert

By            HMN

Date        

Footing Dimensions: Calculations:

Length (L) 103 Effective Stress at The Bottom of Footing 0

Width (B) 23 Weighted Average Unit Weight of Soil 57.60

Embedment 0.00 Reduced Footing Length 103

Base inclination 0 Reduced Footing Width 23.00

Ground inclination 0

Include shape factors correction (Y/N) N

Include depth factors correction (Y/N) N

Loads, Eccentricity and Factor of Safety:

Shear Force 0.00 N c N q N γ

Normal Force 0.00 5.14 1.00 0.00

Eccentricity eL 0

Eccentricity eB 0.00 i c i q i γ

Eccentricity Angle 0 1.00 1.00 1.00

Factor of Safety 3

S c S q S γ

Soil Parameters: 1.00 1.00 1.00

Unit Weight 120

Cohesion 2500 d c d q d γ

Friction Angle 0.0 1.00 1.00 1.00

Adhesion 2500.0

Angle of Shear Resistance 0.0 b c b q b γ

1.00 1.00 1.00

Ground Water:

Unit Weight 62.4 g c g q g γ

Depth 0 1.00 1.00 1.00

Ultimate Bearing Capacity

 Gross 12850

Net 12850

Allowable Bearing Capacity

Gross 4283

Net 4283

Shape Factors

Depth Factors

Base Inclination Factors

Ground Inclination Factors

BEARING CAPACITY CALCULATION

6/1/2009

Bearing Capacity Factors
2

Load Inclination Factors
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