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REPLY TO 
ATTENTION OF 

DEPARTMENT OF THE ARMY 

U.S. ARMY ENGINEER DISTRICT, SACRAMENTO 

CORPS OF ENGINEERS 

1325 J STREET 

SACRAMENTO CA 95814-2922 

June 25, 2012 

Regulatory Division (SPK-2011-00212) 

State of California 
Department of Transportation, District 6 
Attn: Ms. Carrie Swanberg 
855 M Street, Suite 200 
Fresno, California 93721 

Dear Ms. Swanberg: 

We are responding to your, April18, 2012, request for a Department ofthe Army Nationwide 
Permit (NWP) verification for Segment 2 ofthe State Route (SR) 180 Sequoia/Kings Canyon 
Expressway Project (EA 06-34252). On April19, 2012, we notified you by email that your Pre­
construction Notification (PCN) was incomplete. Our letter requesting additional information was 
sent to you on May 14, 2012. On June 12,2012, as requested, we received additional information 
to complete your PCN. We reviewed the additional information and determined your PCN was 
complete on June 18,2012 

This approximately 6.7-acre project involves activities, including discharges of fill material, 
into waters of the U.S., specifically Fowler Switch Canal and Lone Tree Channel, to construct a 
new expressway, bridges, and water crossings. The project is located north of the existing State 
Route 180 between Academy Avenue and Smith Avenue, Section 6, Township 14 South, Range 
23 East, Mount Diablo Meridian, Latitude 36.735978°, Longitude -119.531397°, Fresno County, 
California. 

Based on available information, we concur with the amount and location of other water 
bodies on the site as depicted on the enclosed, June 1, 2012, Kings Canyon Expressway Segment 
2 Wetland Delineation Map drawing prepared by Caltrans Associate, Dena Gonzalez. The 
approximately 0.55 acre of other water bodies present within the survey area are potential waters 
of the United States regulated under Section 404 of the Clean Water Act. A copy of our RGL 
08-02 Preliminary Jurisdictional Determination Form for this site is enclosed. Please sign and 
return a copy of the completed form to this office. 

Additionally, based on the information you provided, the proposed activity, resulting in the 
permanent loss of approximately 0.320 acre and temporary impacts to approximately 0.2 acre of 
open waters, is authorized by Nationwide Permit Number 14, Linear Transportation Projects. 
However, until Section 401 Water Quality Certification for the activity has been issued or waived, 
our authorization is denied without prejudice. Once you have provided us evidence of water quality 
certification, the activity is authorized and the work may proceed subject to the conditions of 
certification and the Nationwide Permit. 
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Furthermore, we understand the State of California, Department ofTransportation (Caltrans) 
is the National Environmental Policy Act (NEPA) lead Federal agency for this project, and as such, 
will ensure the authorized work complies with the NEP A, the Endangered Species Act, the National 
Historical Preservation Act, and any other applicable federal laws. Your work must comply with 
the following General Conditions listed on the enclosed Nationwide Permit Summary sheet 
(specifically 2, 4, 8, 9, 12-14, 18-21 and 25), the Regional Conditions listed on the enclosed Final 
Sacramento District Regional Conditions for California, excluding Lake Tahoe Basin (specifically 
5-14), and the following special conditions: 

Special Conditions 

1. To mitigate for the loss of 0.023 acre of waters of the United States, you shall construct 
0.346 acre of lined canal within the project area as shown in the, May 22, 2012, Kings Canyon 
Expressway Segment 2 USACE Impact Maps document. 

2. To mitigate for the loss of the remaining 0.296 acre of waters of the United States, you 
shall submit a check in the amount of$44,400 ($150,000 per acre x 0.296 acres) payable to the 
National Fish and Wildlife Foundation (NFWF) for the creation of0.296 acre ofvegetated 
channel. Tulare-Buena Vista Lakes, Hydrologic Unit Code #18030012, must be indicated in the 
in-lieu fee agreement in order to insure the proper location of future mitigation. Within fourteen 
(14) days of receiving a receipt that your fees have been deposited, you shall submit a copy 
(typically Exhibit B) to this office for recordation. 

3. This permit is contingent upon the permittee applying for and being issued a Section 
401 Water Quality Certification. Evidence of a water quality certification must be submitted to 
this office, prior to commencing work in Waters of the U.S. All terms and conditions of the Section 
401 Water Quality Certification are expressly incorporated as conditions of this permit. 

4. This Corps permit does not authorize you to take an endangered species, in particular 
Vernal Pool Fairy Shrimp (Branchinecta lynchi), or designated critical habitat. In order to take a 
listed species legally, you must have separate authorization under the Endangered Species Act 
(e.g., an Endangered Species Act Section 10 permit, or a Biological Opinion under Endangered 
Species Act Section 7, with "incidental take" provisions with which you must comply). The 
enclosed Fish and Wildlife Service Biological Opinion (Number 1-1-03-F-0097, dated July 27, 
2005), contains mandatory terms and conditions to implement the reasonable and prudent 
measures that are associated with "incidental take" that is also specified in the Biological 
Opinion. Your authorization under this Corps permit is conditional upon your compliance with 
all of the mandatory terms and conditions associated with "incidental take" of the attached 
Biological Opinion, and any future amendments to it, which terms and conditions are 
incorporated by reference in this permit. Failure to comply with the terms and conditions 
associated with incidental take of the Biological Opinion, where a take of the listed species 
occurs, would constitute an unauthorized take, and it would also constitute non-compliance with 
your Corps permit. The U. S. Fish and Wildlife Service is the appropriate authority to determine 
compliance with the terms and conditions of their Biological Opinion, and with the Endangered 
Species Act. You must comply with all conditions of this Biological Opinion, including those 
ascribed to the Corps. 
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5. All equipment staging, including Temporary Construction Areas (TCA's), shall take 
place within Corps of Engineers approved areas within the project boundary. Prior to 
construction implementation, you shall ensure all equipment staging, TCA's, demolition and 
excavation, off pavement detours, borrow and fill areas, and upland disposal areas have been 
evaluated under National Environmental Policy Act, Section 401 and 404 of the Clean Water 
Act, Section 7 of the Endangered Species Act and Section 106 of the National Historical 
Preservation Act and all required permits have been obtained. 

6. Excavated materials shall only be placed in upland locations. The upland disposal site(s) 
shall be delineated for waters of the U.S. and must be approved by the Corps of Engineers prior 
to disposal. 

7. Within 30 days prior to initiation of construction activities within waters of the United 
States, you shall submit to this office pre-construction photographs of the proposed discharge 
areas in waters of the U.S., landscape view photographs of major project features, which have 
been taken no more than 1 year prior to initiation of construction activities. Within 30 days 
following construction activities, you shall submit post-construction photographs of the same 
locations, showing the placement and/or removal of fill, and landscape view photographs of all 
major project features. The pre & post camera positions and view angles of the photographs 
shall be identical and identified on a map, aerial photo, or project drawing. Photos may be 
submitted electronically to regulatory-info@usace.army.mil. 

8. You shall follow specifications and standards described in the Storm Water Pollution 
Prevention Plan (SWPPP) and/or Water Pollution Control Plan (WPCP), to prevent erosion and 
sedimentation during and after construction. Construction work within waters of the U. S. shall 
be performed when the flows are at their seasonal low or when they have ceased and the areas 
are dry, typically late summer through early fall. 

9. Between construction seasons all equipment and materials, with the exception of ESA 
fencing, temporary falsework, and trestles, shall be removed from waters of the U.S. and all 
disturbed areas shall be stabilized to prevent erosion and sedimentation. 

10. If any of the above conditions are violated or unauthorized activities occur, you shall 
stop work immediately and notify the Sacramento District, Regulatory Division Office. You 
shall provide us with a detailed description of the unauthorized activity(s), photo documentation, 
and any measures taken to remedy the violation. 
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11 . Within 30 days after completion ofthe authorized work, you must sign the enclosed 
Compliance Certification form and return it to this office, along with the items required in 
special condition #6. 

This verification is valid for two years from the date of this letter or until the Nationwide 
Permit is modified, reissued, or revoked, whichever comes first. Failure to comply with the General 
and Regional Conditions of this Nationwide Permit, or the project-specific Special Conditions of 
this authorization, may result in the suspension or revocation of your authorization. 

We would appreciate your feedback. At your earliest convenience, please tell us how we 
are doing by completing the customer survey on our website under Customer Service Survey. 

Please refer to identification number SPK-2011-00212 in any correspondence concerning 
this project. If you have any questions, please contact Mr. Jason Deters at our California South 
Branch Office, 1325 J Street, Room 1350, Sacramento, California 95814-2922, email 
Jason.Deters@usace.army.mil, or telephone 916-557-7152. For more information regarding our 
program, please visit our website at www.spk.usace.army.mil/Missions/Regulatory.aspx. 

s~d~ 
~Paul Maniccia 

Chief, California South Branch 

Enclosures 

Copies Furnished without enclosures 
California Regional Water Quality Control Board, Central Valley Region, Fresno Branch Office, 

1685 E Street, Suite 200, Fresno, California 93706 
California Department ofFish and Game, Central Region, 1234 East Shaw Avenue, Fresno, 

California 93 710 
U.S. Fish and Wildlife Service, San Joaquin Valley Division, 2800 Cottage Way, Sacramento, 

California 95825 
Mr. Robert Leidy, U.S. Environmental Protection Agency, Wetlands Office, WTR9, 75 Hawthorne 

Street, San Francisco, California 94105-3920 



























































































































“Caltrans improves mobility across California” 

State of California                                                                                               Business, Transportation and Housing Agency 
 DEPARTMENT OF TRANSPORTATION 
 
 

 M e m o r a n d u m          Flex your power! 
            Be energy efficient! 
  
 
 

To:  MR. GARY JOE     Date: April 10, 2012 
 Chief, Design Branch 17 
 Office of Bridge Design Services   File:  06-FRE-180 PM R71.8/74.4 
 Structure Design      EA 06-342521 
 Division of Engineering Services    ID 0600000381 
         Kings Canyon   
         Expressway Segment 2 
 Attention:  Mr. Rod Simmons    Fowler Switch Canal Bridge 
         Br. No. 42-0439  
   
From: DEPARTMENT OF TRANSPORTATION      

DIVISION OF ENGINEERING SERVICES     
GEOTECHNICAL SERVICES – MS 5      

 
Subject:  Addendum to Foundation Report 
 
 Introduction 
 

The Office of Geotechnical Design North has prepared this Addendum to Foundation 
Report to provide revised foundation recommendations to the November 10, 2011 
Foundation Report for the proposed Fowler Switch Canal Bridge, Br. No. 42-0439.  The 
revised foundation recommendations are due to design changes made by Structure Design. 

  
The following tables replace the tables in the November 10, 2011 Foundation Report.  All 
other recommendations in the November 10, 2011 Foundation Report remain applicable. 

 
Table 1.  Foundation Design Data Sheet 

 

Support No. Design 
Method Pile Type 

Finished 
Grade 

Elev. (ft) 

Cut-off 
Elev. (ft) 

Pile Cap Size (ft) Permissible 
Settlement 

Under 
Service 

Load (in) 

Number 
of Piles 

Per 
Support B L 

Abut 1 WSD Class 140 
Alt. “W” 397.0 391.42 Diaphragm Abut. 1 33 

Abut 2 WSD Class 140 
Alt. “W” 396.0 391.42 Diaphragm Abut. 1 33 
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Table 2.  Foundation Design Loads 
 

Support 
No. 

Service-I Limit State (kips) Strength Limit State (kips) Extreme Event Limit State (kips) 

Total Load Permanent 
Load Compression Tension Compression Tension 

Per 
Support 

Max 
Per 
Pile 

Per 
Support 

Per 
Support 

Max 
Per 
Pile 

Per 
Support 

Max 
Per 
Pile 

Per 
Support 

Max 
Per 
Pile 

Per 
Support 

Max 
Per 
Pile 

Abut 1 4125 125 3029 NA NA NA NA NA NA NA NA 

Abut 2 4125 125 3029 NA NA NA NA NA NA NA NA 

 
Table 3.  Foundation Recommendations for Abutments 

 

Support Pile 
Type 

 
Cut-
off 

Elev. 
(ft) 

Service Limit State 
Per Support 

(kips) 
LRFD Service-I 
Limit State Total 
Load (kips) Per 

Pile (Compression) 

Nominal 
Resistance 

(kips) 

Design 
Tip Elev 

(ft) 

Spec 
Tip 
Elev 
(ft) 

Nominal 
Driving 

Resistance 
Required 

(kips) Total Permanent 

Abut 1 
Class 

140 Alt. 
“W” 

391.42 4125 3029 125 250 327 (a) 327 250 

Abut 2 
Class 

140 Alt. 
“W” 

391.42 4125 3029 125 250 327 (a) 327 250 

 
Table 4.  Pile Data Table 

 

Support 
Location Pile Type 

Nominal Resistance (kips) Design Tip 
Elevation 

(ft) 

Specified Tip 
Elevation 

(ft) 

Nominal Driving 
Resistance (kips) Compression Tension 

Abut 1 Class 140 
Alt. “W” 250 0 327 (a) 327 250 

Abut 2 Class 140 
Alt. “W” 250 0 327 (a) 327 250 
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Project Information 
 
Standard Special Provision S5-280, “Project Information”, discloses to bidders and 
contractors a list of pertinent information available for their inspection prior to bid 
opening.  The following is an excerpt from SSP S5-280 disclosing information originating 
from Geotechnical Services.  Items listed to be included in the Information Handout will 
be provided in Acrobat (.pdf) format to the addressee(s) of this report via electronic mail. 
 
Data and information attached with the project plans are: 
A. LOTB for Fowler Switch Canal Bridge. 
 
Data and Information included in the Information Handout provided to the bidders and 

Contractors are: 
A. Addendum to Foundation Report for Fowler Switch Canal Bridge, dated 

4/10/2012. 
 
Data and Information available for inspection at the District Office: 

A. None. 
 
Data and Information available for inspection at the Transportation Laboratory are: 

A. None. 
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Disclaimer and Contact Information 
 

The foundation recommendations included in this addendum are based on specific project 
information regarding structure type, location, and design loads provided by SD.  If any 
changes are made during final project design, OGDN should review the changes to 
determine if these foundation recommendations are still applicable.  Any questions 
regarding this report should be directed to the attention of Ben Barnes at 916-227-1039. 

   
 
  
  
 BENJAMIN M. BARNES, P.E.       

Transportation Engineer, Civil     
Office of Geotechnical Design North   
Geotechnical Services     

  
c: Neil Bretz (D6 Project Manager) 
 Qiang Huang (Chief, GS/OGDN-E) 
 Shira Rajendra (Chief, GS Corporate) 
 Structure Construction R.E. Pending File 
 Rebecca Harnagel (DES Office Engineer, Office of PS&E) 
 Ted Mooradian (D6 DME) 



State of California Business, Transportation and Housing Agency 

“Caltrans improves mobility across California” 

M e m o r a n d u m Flex your power! 
 Be energy efficient! 
 

 

To: GARY JOE, CHIEF    Date: January 27, 2012 
Bridge Design Branch 17 

Office of Bridge Design Services File: 06-FRE-180 PM R71.8/74.4 

Structure Design   06-342521 

Division of Engineering Services   Project ID: 06 0000 0381 

    Kings Canyon Expwy Segt 2 

                          Attn: Rodney Simmons   Fowler Switch Canal Br. 

   Bridge No. 42-0439 

 
                

From: DEPARTMENT OF TRANSPORTATION 
Division of Engineering Services 

Geotechnical Services 

Geotechnical Design - North 

 

 

Subject: Foundation Report for Fowler Switch Canal Bridge 

 

 
Scope of Work 

 

Per you requested, dated June 7, 2011, the Office of Geotechnical Design North (OGDN) has 

prepared a Foundation Report (FR) for the proposed new Fowler Switch Canal Bridge (Bridge 

No. 42-0439).  This structure is located on Highway 180 (aka Kings Canyon Road) near the town 

of Sanger in Fresno County (PM 73.10).  The re-construction of this bridge is to conform with 

the new roadway alignments proposed for the Kings Canyon Expressway Segment 2 project.  

The purpose of this report is to provide relevant information regarding the subsurface conditions 

of the proposed site, geotechnical design recommendations, and construction considerations. 

 

 

Pertinent Reports and Investigation 

 

In preparation of this report, the following documents were reviewed: 

 

• Request for Final Foundation Recommendations, dated June 7, 2011; 

• Foundation Plan,  Fowler Switch Canal, 06-FRE-180-PM 73.10, Jun 26, 2011; 

• Planning Study, Fowler Switch Canal, Oct, 2010; 

• Geologic Map of California – Fresno Sheet, California Department of Conservation, 

1965; 

• Geotechnical Services Design Manual, Version 1.1, August 2009; 

• Groundwater Level Data Wells 14S22E14B001M, 14S22E01P001M, 

14S23E06C001M, and 13S23E31P001M from Department of Water Resources. 
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Project Description 

 

The original bridge was built in 1945.  The structure is a 3-span cast-in-place (CIP) continuous 

reinforced concrete slab bridge with stream training walls and closed end cantilever abutments.  

All abutments and bents are founded on spread footings.   

 

The Kings Canyon Expressway Segment 2 project is the second phase of the Kings Canyon Road 

Improvement project series.  The Segment 2 project proposes to re-align the existing roadway by 

shifting the new highway to the north and widen it from a 2-lane conventional highway to a 4-

lane expressway.  As part of the improvements, the existing Fowler Switch Canal bridge will be 

replaced with a new bridge which is offset about 100 ft to the north.  The proposed structure will 

be a single span cast-in-place (CIP) post-tensioned (PT) slab bridge supported on diaphragm 

abutment.  Class 140 Alternative “W” open ended pipe piles have been proposed as the 

foundations type for the abutments. 

 

Table 1 and 2 below show foundation data and load demand information provided by Structure 

Design (SD).   

 

Table 1 Foundation Design Data Sheet 

Support 

No. 

Design 

Method 
Pile Type 

Finished 

Grade 

Elevation 

(ft) 

Cut-Off 

Elevation 

(ft) 

Pile Cap Size (ft)  Permissible 

Settlement 

under Service 

Load (in) 

Number of 

Piles per 

Support B L 

Abut 1 WSD 
Class 140  

Alt. "W" 
397 395 Diaphragm Abut. 1 30 

Abut 2 WSD 
Class 140  

Alt. "W" 
396 394 Diaphragm Abut. 1 30 
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Table 2 Foundation Design Loads 

Support 

Service-I Limit State (Kips) Strength Limit State Extreme Event Limit State 

Total Load 
Permanent 

Loads 
Compression Tension Compression Tension 

Per 

Support 

Max. 

Per 

Pile 

Per Support 
Per 

Support 

Max. 

Per 

Pile 

Per 

Support 

Max. 

Per 

Pile 

Per 

Support 

Max. 

Per 

Pile 

Per 

Support 

Max. 

Per 

Pile 

Abut 1 4011 134 3511 N/A N/A N/A N/A N/A N/A N/A N/A 

Abut 2 4011 134 3511 N/A N/A N/A N/A N/A N/A N/A N/A 

 

 
Field Investigation and Testing Program 

 

Started on September 27
th

, 2011, two borings were advanced to the maximum depth of 80 ft.  

Rotary wash methods were used to advance the boreholes.  Field tests such as Standard 

Penetration Tests (SPT) and Pocket Penetrometer tests were performed to obtain soil resistance 

data. 

 

 

Laboratory Testing Program 

 

Soil samples were taken near the proposed bridge on June 15, 2011 and October 4, 2011 for 

corrosion tests.  See Section “Corrosion Evaluation” below for results.   

 

 

Site Geology and Subsurface Conditions 

 

Topography 

 

The proposed site is located in the Great Valley geomorphic province of California on the 

western side of the Sierra Nevada Mountain Range and the east of the Coastal Mountain Range.  

The flat terrain is typical for the valley region.  The ground elevations range from approximately 

383 to 398feet. 
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Geology  

 

The California Department of Conservation, Division of Mines and Geology, Geologic Map of 

California, Fresno Sheet, 1965 was used to determine the geologic formations of the project area.  

The project locations are mapped as being in an area of Pleistocene Non-marine Recent Alluvial 

Fan Deposit (Qf) and Pleistocene Non-marine (Qc).   

 

Subsurface Conditions 

 

According to the boring logs, the subsurface materials predominately consist of medium dense to 

dense sandy materials with interbedded layers of thin silt lenses on the upper 65 ft.  Rounded 

cobbles and gravels were found 65 ft below existing ground surface to the maximum depth 

explored.   

 

Bedrock was not encountered during subsurface exploration to the maximum explored depth of 

80 ft from the existing ground.  

 

Groundwater 

 

According to the subsurface investigation done in September and October of 2011, groundwater 

elevations were measured at 356.0 ft and 365.0 ft, and they correspond to the depths of 

approximately 37 ft and 32 ft below existing ground.  The State Department of Water Resources 

(DWR) has monitored groundwater level wells across California for decades. Data from four 

nearby monitoring wells are selected and used.  Based on data obtained from the monitoring 

wells, the average groundwater elevations measured for these 4 wells are 354, 347, 376, and 378 

ft. These elevations correspond to groundwater depths of 42, 29, 33, and 29 ft, respectively.  

Groundwater conditions will vary according to variations in rainfall, well pumping, and 

construction activities.   

 

For design purposes, groundwater elevation was taken at 363 ft. 

 

 

Scour Evaluation 

 

Since the proposed structure is a single span bridge which does not have any intermediate 

support.  The channel will be concrete lined.  Scour is not an issue regarding the proposed 

structure.  
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Corrosion Evaluation 

 

The minimum resistivities of the two tested soil samples were 5074 and 12,347.5 ohm-cm and 

the pH values were tested as 5.74 and 8.23.  In order for the site to be non-corrosive, the 

minimum resistivity must be 1000 ohm-cm or greater and the pH must be between 5.5 and 10.0.  

Since the minimum resistivity is tested to be above 1000 ohm-cm, testing for chloride and sulfate 

contents are not needed, and therefore, not tested.  According to the results from laboratory 

testing, the site is not anticipated to be corrosive for foundation element.   

 

 

Seismic Recommendations 

 

In accordance with Caltrans 2009 Seismic Design Procedure, the nearest active faults to the site 

are the Great Valley Fault 13(Fault ID No. 36) and Round Valley Fault (Fault ID No. 174) with 

the maximum magnitudes, Mmax, of 6.5 and 7.3.  The faults are identified as reverse and normal 

faults, respectively.  The rupture distance from the project location to the Great Valley fault is 

about 53.1 mi (85.5 km) whereas the rupture distance is 61.3 mi (98.7 km) to the Round Valley 

fault.  

 

Based on subsurface investigations, the estimated shear wave velocity (Vs30) using SPT blow 

counts and the correlation formulas is 1040 ft/s (317 m/s).  Using the estimated Vs30, the ground 

motion generated from the nearest active fault is less than the statewide minimum requirement 

and the probabilistic method.  Furthermore, the comparison between the minimum ground 

motion and the probabilistic method showed the minimum ground motion controls when the 

period is less than or equal to 0.5 second.  Probabilistic method controls when the period is 

greater than 0.5 second.  Therefore, the attached Acceleration Response Spectrum curve is based 

on the envelope of the minimum deterministic and USGS 5% probability of exceedance in 50 

years (corresponding to a 975-year return period).  The peak ground acceleration is 0.23g. 

 

Liquefaction 

 

Based on the relatively high apparent density and relatively low seismic demand, the potential for 

liquefaction at the proposed site is low. 

 

Surface Rupture 

 

Since there are no known faults projecting towards or passing directly through the project site, 

the potential for surface rupture at the site due to fault movement is considered low. 
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As-Built Foundation Data 

 

The existing structure of the Fowler Switch Canal Bridge was built in 1945.  The bridge was a 

concrete slab bridge which was founded on spread footings for both abutments and bents.   The 

Foundation Recommendation report for the existing bridge was not found and the design load 

used for the existing structure and bottom of footing elevations are not known. 

 

 

Foundation Recommendations 

 

Caltrans Standard (2006) Class 140 Alternative “W” open-ended pipe piles were selected for the 

Abutments 1 and 2.  Geotechnical capacities are derived from using the Nurdlund/Thurman 

method (1976) which is recommended by AASHTO LRFD Bridge Design Specifications (2007).  

Since the Class 140 open-ended pile has a small diameter and is considered to be a displacement 

pile type, both end bearing and skin friction were utilized for pile capacity calculations.  

Recommendations for the abutments are given below. 
 

Table 3 Foundation Recommendations for Abutments  

Support 
Pile 

Type 

Cut-off 

Elevation 

(ft) 

LRFD Service Limit 

State Load Per 

Support (kips) 

LRFD Service-1 

Limit State 

Total Load 

(kips) Per Pile 

(Compression) 

Nominal 

Resistance 

(kips) 

Design Tip 

Elevations 

(ft) 

Specified 

Tip 

Elevation 

(ft) 

Nominal 

Driving 

Resistance 

Required 

(kip) Total Permanent 

Abut 1 

Class 

140  

Alt. 

"W" 

395 4011 3511 134 270 327 (a) 327 270 

Abut 2 

Class 

140  

Alt. 

"W" 

394 4011 3511 134 270 326 (a) 326 270 

Notes: 

1. Recommendations are based on Working Stress Design (WSD) for abutment and the referenced 

foundation load data provided by SD. 

2. The Design Tip Elevations recommended herein are controlled by: (a) Compression, (c) Settlement, 

and (d) Lateral Load, respectively. 

3. Design Tip Elevations controlled by Settlement is not applicable. 

4. The Design Tip Elevation controlled by lateral load is typically provided by SD. 

5. The Specified Tip Elevation shall not be raised if controlled by lateral load. 
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Table 4 Pile Data Table 

Location 
Pile 

Type 

Nominal Resistance 

(kips) 

Design Tip 

Elevation 

(ft) 

Specified 

Tip 

Elevation 

(ft) 

Nominal 

Driving 

Resistance  

(kip) Compression Tension 

Abut. 1 

Class 

140 

Alt. 

"W" 

270 0 327(a) 327 270 

Abut. 2 

Class 

140 

Alt. 

"W" 

270 0 326 (a) 326 270 

Notes: 

1. Design tip elevations for Abutments are controlled by compression. 

 
Construction Considerations 

 

1. All earthwork shall follow Section 19 of the Caltrans Standard Specifications.   

2. The Gates formula (Caltrans Standard Specifications Section 49-1.08) should be used for 

pile acceptance criteria for the Class 140 open-ended pipe piles.   

3. Central relief drilling may be needed when hard driving condition occurs during pile 

driving.  If central relief is used, drilling must be stopped at least 15 ft above the specified 

tip elevations. 

4. To minimize the vibration on the canal resulting from pile driving, over-sized predrilling 

shall be utilized.  Predriling shall extend from the ground level to the elevations of the 

bottom of the canal invert.  The drilled holes shall have diameters of the piles plus 6 

inches.  Caltrans Standard Specification for predriling on embankment piles (Section 49-

1.06) shall be followed.  

 

 

Project Information 

 

Standard Special Provision S5-280, “Project Information”, discloses to bidders and contractors a 

list of pertinent information available for their inspection prior to bid opening.  The following is 

an excerpt from SSP S5-280 disclosing information originating from Geotechnical Services.  

Items listed to be included in the Information Handout will be provided in Acrobat (.pdf) format 

to the addressee(s) of this report via electronic mail. 

 



 

 
GARY JOE   Foundation Report 

January 27, 2012                06-342521 

Page 8  Project ID: 06 0000 0381                  

                           Fowler Switch Canal Br.     

 Br. No. 42-0439 

 

“Caltrans improves mobility across California” 

Data and information attached with the project plans are: 

 LOTB for Fowler Switch Canal Bridge, dated TBD. 

 

Data and information included in the Information Handout provided to the bidders and 

contractors are: 

 

Foundation Report for Fowler Switch Canal Bridge, dated January 27, 2012. 

 

Data and information available for inspection at the District Office: 

 None. 

 

Data and information available for inspection at the Transportation Laboratory are: 

None. 

 

A full-sized Log of Test Boring (LOTB) which is to be incorporated in the project plans has been 

prepared by Geotechnical Services, Office of Geotechnical Support Branch D – Contracts, 

Graphics & Records.  Mrs. Irma Gamarra-Remmen of the Contracts, Graphic & Records branch 

may be contacted directly for information on the LOTB. 

 

If you have any questions, please call me, Carolyn Zhen-Ru, at (916) 227-1055 or my supervisor, 

John Huang, at (916) 227-1037. 
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CAROLYN ZHEN-RU, P.E. JOHN HUANG, P.E. 

Transportation Engineer, Civil   Senior Materials and Research Engineer 

Office of Geotechnical Design – North   Office of Geotechnical Design – North  

Branch E      Branch E 

 

 

 

 

C: OGDN Branch Senior, John Huang 

District Project Manager, Garth Fernandez 

GS Corporate, Mark Willian 

 Structure Construction RE Pending File 

 DES Office Engineer, Office of PS&E, [to be assigned] 

 District Materials Engineer, Ted Mooradian 
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“Caltrans improves mobility across California” 

State of California                                                                                               Business, Transportation and Housing Agency 
 DEPARTMENT OF TRANSPORTATION 
 
 

 M e m o r a n d u m          Flex your power! 
            Be energy efficient! 
  
 
 

To:  MR. GARY JOE     Date: April 10, 2012 
 Chief, Design Branch 17 
 Office of Bridge Design Services   File:  06-FRE-180 PM R71.8/74.4 
 Structure Design      EA 06-342521 
 Division of Engineering Services    ID 0600000381 
         Kings Canyon   
         Expressway Segment 2 
 Attention:  Mr. Rod Simmons    Fowler Switch (N. Frontage) 
         Br. No. 42C-0660 
         
From: DEPARTMENT OF TRANSPORTATION      

DIVISION OF ENGINEERING SERVICES     
GEOTECHNICAL SERVICES – MS 5      

 
Subject:  Addendum to Foundation Report 
 
 Introduction 
 

The Office of Geotechnical Design North has prepared this Addendum to Foundation 
Report to provide revised foundation recommendations to the November 10, 2011 
Foundation Report for the proposed Fowler Switch (N. Frontage), Br. No. 42C-0660.  The 
revised foundation recommendations are due to design changes made by Structure Design.  

  
The following tables replace the tables in the November 10, 2011 Foundation Report.  All 
other recommendations in the November 10, 2011 Foundation Report remain applicable. 
 

Table 1.  Foundation Design Data Sheet 
 

Support No. Design 
Method Pile Type 

Finished 
Grade 

Elev. (ft) 

Cut-off 
Elev. (ft) 

Pile Cap Size (ft) Permissible 
Settlement 

Under 
Service 

Load (in) 

Number 
of Piles 

Per 
Support B L 

Abut 1 WSD Class 140 
Alt. “W” 395.0 391.42 Diaphragm Abut. 1 6 

Abut 2 WSD Class 140 
Alt. “W” 395.0 391.42 Diaphragm Abut. 1 6 
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Table 2.  Foundation Design Loads 
 

Support 
No. 

Service-I Limit State (kips) Strength Limit State (kips) Extreme Event Limit State (kips) 

Total Load Permanent 
Load Compression Tension Compression Tension 

Per 
Support 

Max 
Per 
Pile 

Per 
Support 

Per 
Support 

Max 
Per 
Pile 

Per 
Support 

Max 
Per 
Pile 

Per 
Support 

Max 
Per 
Pile 

Per 
Support 

Max 
Per 
Pile 

Abut 1 630 105 489 NA NA NA NA NA NA NA NA 

Abut 2 630 105 489 NA NA NA NA NA NA NA NA 

 
Table 3.  Foundation Recommendations for Abutments 

 

Support Pile 
Type 

 
Cut-
off 

Elev. 
(ft) 

Service Limit State 
Per Support 

(kips) 
LRFD Service-I 
Limit State Total 
Load (kips) Per 

Pile (Compression) 

Nominal 
Resistance 

(kips) 

Design 
Tip Elev 

(ft) 

Spec 
Tip 
Elev 
(ft) 

Nominal 
Driving 

Resistance 
Required 

(kips) Total Permanent 

Abut 1 
Class 

140 Alt. 
“W” 

391.42 630 489 105 210 330 (a) 330 210 

Abut 2 
Class 

140 Alt. 
“W” 

391.42 630 489 105 210 330 (a) 330 210 

 
Table 4.  Pile Data Table 

 

Support 
Location Pile Type 

Nominal Resistance (kips) Design Tip 
Elevation 

(ft) 

Specified Tip 
Elevation 

(ft) 

Nominal Driving 
Resistance (kips) Compression Tension 

Abut 1 Class 140 
Alt. “W” 210 0 330 (a) 330 210 

Abut 2 Class 140 
Alt. “W” 210 0 330 (a) 330 210 
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Project Information 
 
Standard Special Provision S5-280, “Project Information”, discloses to bidders and 
contractors a list of pertinent information available for their inspection prior to bid 
opening.  The following is an excerpt from SSP S5-280 disclosing information originating 
from Geotechnical Services.  Items listed to be included in the Information Handout will 
be provided in Acrobat (.pdf) format to the addressee(s) of this report via electronic mail. 
 
Data and information attached with the project plans are: 
A. LOTB for Fowler Switch (N. Frontage). 
 
Data and Information included in the Information Handout provided to the bidders and 

Contractors are: 
A. Addendum to Foundation Report for Fowler Switch (N. Frontage), dated 

4/10/2012. 
 
Data and Information available for inspection at the District Office: 

A. None. 
 
Data and Information available for inspection at the Transportation Laboratory are: 

A. None. 
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Disclaimer and Contact Information 

 
The foundation recommendations included in this addendum are based on specific project 
information regarding structure type, location, and design loads provided by SD.  If any 
changes are made during final project design, OGDN should review the changes to 
determine if these foundation recommendations are still applicable.  Any questions 
regarding this report should be directed to the attention of Ben Barnes at 916-227-1039. 

  
  
 
  
 BENJAMIN M. BARNES, P.E.       

Transportation Engineer, Civil     
Office of Geotechnical Design North   
Geotechnical Services     

  
c: Neil Bretz (D6 Project Manager) 
 Qiang Huang (Chief, GS/OGDN-E) 
 Shira Rajendra (Chief, GS Corporate) 
 Structure Construction R.E. Pending File 
 Rebecca Harnagel (DES Office Engineer, Office of PS&E) 
 Ted Mooradian (D6 DME) 



State of California Business, Transportation and Housing Agency 

“Caltrans improves mobility across California” 

M e m o r a n d u m Flex your power! 
 Be energy efficient! 
 

 

To: GARY JOE, CHIEF    Date: January 27, 2012 
Bridge Design Branch 17 

Office of Bridge Design Services File: 06-FRE-180 PM R71.8/74.4 

Structure Design   06-342521 

Division of Engineering Services   Project ID: 06 0000 0381 

    Kings Canyon Expwy Segt 2 

                    Attn: Rodney Simmons                                                        Fowler Switch Canal Br. (Frontage) 

   Bridge No. 42C0660 

 
                

From: DEPARTMENT OF TRANSPORTATION 
Division of Engineering Services 

Geotechnical Services 

Geotechnical Design - North 

 

 

Subject: Foundation Report for Fowler Switch Canal Bridge (Frontage) 

 

 
Scope of Work 

 

Per you requested, dated June 7, 2011, the Office of Geotechnical Design North (OGDN) has 

prepared a Foundation Report (FR) for the proposed Fowler Switch Canal Bridge (Frontage) 

(Bridge No. 42C0660).  This structure is located on Highway 180 (aka Kings Canyon Road) near 

the town of Sanger in Fresno County (PM 73.10).  The Kings Canyon Expressway Segment 2 

project proposes to widen and re-align a section of Highway 180.  As part of the project, a new 

frontage road will also be added on the north side of the proposed alignment from Newmark Ave 

to 0.12 mile east of Lone Tree Canal.  A bridge will be needed for the frontage road where it 

crosses Fowler Switch Canal.  The purpose of this report is to provide relevant information 

regarding the subsurface conditions of the proposed site, geotechnical design recommendations, 

and construction considerations. 

 

 

Pertinent Reports and Investigation 

 

In preparation of this report, the following documents were reviewed: 

 

• Request for Final Foundation Recommendations, dated June 7, 2011; 

• Foundation Plan (Fowler Switch N. Frontage), 06-FRE-180-PM 73.10, May 9, 2011; 

• Planning Study, Fowler Switch Canal, Oct, 2010; 

• Geologic Map of California – Fresno Sheet, California Department of Conservation, 

1965; 

• Geotechnical Services Design Manual, Version 1.1, August 2009; 
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• Groundwater Level Data Wells 14S22E14B001M, 14S22E01P001M, 

14S23E06C001M, and 13S23E31P001M from Department of Water Resources. 
 

 

Project Description 

 

The Kings Canyon Expressway Segment 2 project is the second phase of the Kings Canyon Road 

Improvement project series.  The Segment 2 project proposes to re-align the existing roadway by 

shifting the new highway to the north and widen it from a 2-lane conventional highway to a 4-

lane expressway.  As part of the improvements, a frontage road will also be added on the 

north side of the proposed alignment from Newmark Ave to 0.12 mile east of Lone Tree 

Canal.  A bridge will be added for the frontage road where it crosses Fowler Switch 

Canal.  The proposed structure will be a single span cast-in-place (CIP) post-tensioned (PT) slab 

bridge support on diaphragm footing.  Class 140 Alternative “W” open ended pipe piles have 

been proposed as the foundations type for the abutments. 

 

Table 1 and 2 below show foundation data and load demand information provided by Structure 

Design (SD).   

 

Table 1 Foundation Design Data Sheet 

Support 

No. 

Design 

Method 
Pile Type 

Finished 

Grade 

Elevation 

(ft) 

Cut-Off 

Elevation 

(ft) 

Pile Cap Size (ft)  Permissible 

Settlement 

under Service 

Load (in) 

Number of 

Piles per 

Support B L 

Abut 1 WSD 
Class 140  

Alt. "W" 
398.5 396.5 Diaphragm Abut. 1 6 

Abut 2 WSD 
Class 140  

Alt. "W" 
398.5 396.5 Diaphragm Abut. 1 6 
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Table 2 Foundation Design Loads 

Support 

Service-I Limit State (Kips) Strength Limit State Extreme Event Limit State 

Total Load 
Permanent 

Loads 
Compression Tension Compression Tension 

Per 

Support 

Max. 

Per 

Pile 

Per Support 
Per 

Support 

Max. 

Per 

Pile 

Per 

Support 

Max. 

Per 

Pile 

Per 

Support 

Max. 

Per 

Pile 

Per 

Support 

Max. 

Per 

Pile 

Abut 1 601 100 447 N/A N/A N/A N/A N/A N/A N/A N/A 

Abut 2 601 100 447 N/A N/A N/A N/A N/A N/A N/A N/A 

 

 
Field Investigation and Testing Program 

 

Started on September 28
th

, 2011, two borings were advanced to the maximum depth of 80 ft.  

Rotary wash methods were used to advance the boreholes.  Field tests such as Standard 

Penetration Tests (SPT) and Pocket Penetrometer tests were performed to obtain soil resistance 

data. 

 

 

Laboratory Testing Program 

 

Soil samples were taken near the proposed bridge on June 15, 2011 and October 4, 2011 for 

corrosion tests.  See Section “Corrosion Evaluation” below for results.   

 

 

Site Geology and Subsurface Conditions 

  

Topography 

 

The proposed site is located in the Great Valley geomorphic province of California on the 

western side of the Sierra Nevada Mountain Range and the east of the Coastal Mountain Range.  

The flat terrain is typical for the valley region.  The ground elevations range from approximately 

383 to 398feet. 
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Geology  

 

The California Department of Conservation, Division of Mines and Geology, Geologic Map of 

California, Fresno Sheet, 1965 was used to determine the geologic formations of the project area.  

The project locations are mapped as being in an area of Pleistocene Non-marine Recent Alluvial 

Fan Deposit (Qf) and Pleistocene Non-marine (Qc).   

 

Subsurface Conditions 

 

According to the boring logs, the subsurface materials predominately consist of medium dense to 

dense sandy materials with interbedded layers of thin silt lenses on the upper 65 ft.  Rounded 

cobbles and gravels were found 65 ft below existing ground surface to the maximum depth 

explored.   

 

Bedrock was not encountered during subsurface exploration to the maximum explored depth of 

80 ft from the existing ground.  

 

Groundwater 

 

According to the subsurface investigation done in September and October of 2011, groundwater 

elevation was measured at 365.0 ft, and this corresponds to the depth of approximately 33ft 

below existing ground.  The State Department of Water Resources (DWR) has monitored 

groundwater level wells across California for decades. Data from four nearby monitoring wells 

are selected and used.  Based on data obtained from the monitoring wells, the average 

groundwater elevations measured for these 4 wells are 354, 347, 376, and 378 ft. These 

elevations correspond to groundwater depths of 42, 29, 33, and 29 ft, respectively.  Groundwater 

conditions will vary according to variations in rainfall, well pumping, and construction activities.   

 

For design purposes, groundwater elevation was taken at 363 ft. 

 

 

Scour Evaluation 

 

Since the proposed structure is a single span bridge which does not have any intermediate 

support.  The channel will be concrete lined.  Scour is not an issue regarding the proposed 

structure.  

 

 



 

 
GARY JOE   Foundation Report 

January 27, 2011                06-342521 

Page 5  Project ID: 06 0000 0381                  

                    Fowler Switch Canal Bridge (Frontage)     

 Br. No. 42C0660 

 

“Caltrans improves mobility across California” 

Corrosion Evaluation 

 

The minimum resistivities of the two tested soil samples were 5074 and 12,347.5 ohm-cm and 

the pH values were tested as 5.74 and 8.23.    In order for the site to be non-corrosive, the 

minimum resistivity must be 1000 ohm-cm or greater and the pH must be between 5.5 and 10.0.  

Since the minimum resistivity is tested to be above 1000 ohm-cm, testing for chloride and sulfate 

contents are not needed, and therefore, not tested.  According to the results from laboratory 

testing, the site is not anticipated to be corrosive for foundation element.   

 

 

Seismic Recommendations 

 

In accordance with Caltrans 2009 Seismic Design Procedure, the nearest active faults to the site 

are the Great Valley Fault 13(Fault ID No. 36) and Round Valley Fault (Fault ID No. 174) with 

the maximum magnitudes, Mmax, of 6.5 and 7.3.  The faults are identified as reverse and normal 

faults, respectively.  The rupture distance from the project location to the Great Valley fault is 

about 53.1 mi (85.5 km) whereas the rupture distance is 61.3 mi (98.7 km) to the Round Valley 

fault.  

 

Based on subsurface investigations, the estimated shear wave velocity (Vs30) using SPT blow 

counts and the correlation formulas is 1040 ft/s (317 m/s).  Using the estimated Vs30, the ground 

motion generated from the nearest active fault is less than the statewide minimum requirement 

and the probabilistic method.  Furthermore, the comparison between the minimum ground 

motion and the probabilistic method showed the minimum ground motion controls when the 

period is less than or equal to 0.5 second.  Probabilistic method controls when the period is 

greater than 0.5 second.  Therefore, the attached Acceleration Response Spectrum curve is based 

on the envelope of the minimum deterministic and USGS 5% probability of exceedance in 50 

years (corresponding to a 975-year return period).  The peak ground acceleration is 0.23g. 

 

Liquefaction 

 

Based on the relatively high apparent density and relatively low seismic demand, the potential for 

liquefaction at the proposed site is low. 

 

Surface Rupture 

 

Since there are no known faults projecting towards or passing directly through the project site, 

the potential for surface rupture at the site due to fault movement is considered low. 
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As-Built Foundation Data 

 

Since this is a new bridge, there is no as-built foundation data. 

 

 

Foundation Recommendations 

 

Caltrans Standard (2006) Class 140 Alternative “W” open-ended pipe piles were selected for the 

Abutments 1 and 2.  Geotechnical capacities are derived from using the Nurdlund/Thurman 

method (1976) which is recommended by AASHTO LRFD Bridge Design Specifications (2007).  

Since the Class 140 open-ended pile has a small diameter and is considered to be a displacement 

pile type, both end bearing and skin friction were utilized for pile resistance calculations.  

Recommendations for the abutments are given below. 
 

Table 3 Foundation Recommendations for Abutments  

Support 
Pile 

Type 

Cut-off 

Elevation 

(ft) 

LRFD Service Limit 

State Load Per 

Support (kips) 

LRFD Service-

1 Limit State 

Total Load 

(kips) Per Pile 

(Compression) 

Nominal 

Resistance 

(kips) 

Design Tip 

Elevations 

(ft) 

Specified 

Tip 

Elevation 

(ft) 

Nominal 

Driving 

Resistance 

Required 

(kip) Total Permanent 

Abut 1 

Class 

140  

Alt. 

"W" 

396.5 601 447 100 200 330 (a) 330 200 

Abut 2 

Class 

140  

Alt. 

"W" 

396.5 601 447 100 200 330 (a) 330 200 

Notes: 

1. Recommendations are based on Working Stress Design (WSD) for abutment and the referenced 

foundation load data provided by SD. 

2. The Design Tip Elevations recommended herein are controlled by: (a) Compression, (c) Settlement, 

and (d) Lateral Load, respectively. 

3. Design Tip Elevations controlled by Settlement is not applicable. 

4. The Design Tip Elevation controlled by lateral load is typically provided by SD. 

5. The Specified Tip Elevation shall not be raised if controlled by lateral load. 
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Table 4 Pile Data Table 

Location 
Pile 

Type 

Nominal Resistance 

(kips) 

Design Tip 

Elevation 

(ft) 

Specified 

Tip 

Elevation 

(ft) 

Nominal 

Driving 

Resistance  

(kip) Compression Tension 

Abut. 1 

Class 

140 

Alt. 

"W" 

200 0 330 (a) 330 200 

Abut. 2 

Class 

140 

Alt. 

"W" 

200 0 330 (a) 330 200 

Notes: 

1. Design tip elevations for Abutments are controlled by compression. 

 
 

Construction Considerations 

 

1. All earthwork shall follow Section 19 of the Caltrans Standard Specifications.   

2. The Gates formula (Caltrans Standard Specifications Section 49-1.08) should be used for 

pile acceptance criteria for the Class 140 open-ended pipe piles.   

3. Central relief drilling may be needed when hard driving condition occurs during pile 

driving. If central relief is used, drilling must be stopped at least 15 ft above the specified 

tip elevations. 

4. To minimize the vibration on the canal resulting from pile driving, over-sized predrilling 

shall be utilized.  Predriling shall extend from the ground level to the elevations of the 

bottom of the canal invert.  The drilled holes shall have diameters of the piles plus 6 

inches.  Caltrans Standard Specification for predriling on embankment piles (Section 49-

1.06) shall be followed.  

 

 

Project Information 

 

Standard Special Provision S5-280, “Project Information”, discloses to bidders and contractors a 

list of pertinent information available for their inspection prior to bid opening.  The following is 

an excerpt from SSP S5-280 disclosing information originating from Geotechnical Services.  

Items listed to be included in the Information Handout will be provided in Acrobat (.pdf) format 

to the addressee(s) of this report via electronic mail. 
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Data and information attached with the project plans are: 

 LOTB for Fowler Switch Canal Bridge (Frontage), dated TBD. 

 

Data and information included in the Information Handout provided to the bidders and 

contractors are: 

 

Foundation Report for Fowler Switch Canal Bridge (Frontage), dated January 27, 2012. 

 

Data and information available for inspection at the District Office: 

 None. 

 

Data and information available for inspection at the Transportation Laboratory are: 

None. 

 

A full-sized Log of Test Boring (LOTB) which is to be incorporated in the project plans has been 

prepared by Geotechnical Services, Office of Geotechnical Support Branch D – Contracts, 

Graphics & Records.  Mrs. Irma Gamarra-Remmen of the Contracts, Graphic & Records branch 

may be contacted directly for information on the LOTB. 

 

If you have any questions, please call me, Carolyn Zhen-Ru, at (916) 227-1055 or my supervisor, 

John Huang, at (916) 227-1037. 
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CAROLYN ZHEN-RU, P.E. JOHN HUANG, P.E. 

Transportation Engineer, Civil   Senior Materials and Research Engineer 

Office of Geotechnical Design – North   Office of Geotechnical Design – North  

Branch E      Branch E 

 

 

 

 

C: OGDN Branch Senior, John Huang 

District Project Manager, Garth Fernandez 

GS Corporate, Mark Willian 

 Structure Construction RE Pending File 

 DES Office Engineer, Office of PS&E, [to be assigned] 

 District Materials Engineer, Ted Mooradian 
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State of California Business, Transportation and Housing Agency 
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M e m o r a n d u m Flex your power! 
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To: GARY JOE, CHIEF    Date: January 25, 2012 
Bridge Design Branch 17 

Office of Bridge Design Services File: 06-FRE-180 PM R71.8/74.4 

Structure Design   06-342521 

Division of Engineering Services   Project ID: 06 0000 0381 

    Kings Canyon Expwy Segt 2 

                          Attn: Rodney Simmons   Lone Tree Canal Br. 

   Bridge No. 42-0440 L/R 

 
                

From: DEPARTMENT OF TRANSPORTATION 
Division of Engineering Services 

Geotechnical Services 

Geotechnical Design - North 

 

 

Subject: Foundation Report for Lone Tree Canal Bridge 

 

 
Scope of Work 

 

Per you requested, dated June 7, 2011, the Office of Geotechnical Design North (OGDN) has 

prepared a Foundation Report (FR) for the proposed new Lone Tree Canal Bridge (Bridge No. 

42-0440).  This structure is located on Highway 180 (aka Kings Canyon Road) near the town of 

Sanger in Fresno County (PM 73.70).  The re-construction of this bridge is to conform with the 

new roadway alignments proposed for the Kings Canyon Expressway Segment 2 project.  The 

purpose of this memo is to provide relevant information regarding the subsurface conditions of 

the proposed site, geotechnical design recommendations, and construction considerations. 

 

 

Pertinent Reports and Investigation 

 

In preparation of this report, the following documents were reviewed: 

 

• Request for Final Foundation Recommendations, dated June 7, 2011; 

• Foundation Plan,  Lone Tree Canal Bridge, 06-FRE-180-PM 73.10, May 26, 2011; 

• Planning Study, Lone Tree Canal, Oct, 2010; 

• General Plan, Bridge Across Lone Tree Channel, 06-Fre-180 PM 73.7, Jul 1, 1936; 

• Geologic Map of California – Fresno Sheet, California Department of Conservation, 

1965; 

• Geotechnical Services Design Manual, Version 1.1, August 2009; 
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• Groundwater Level Data Wells 14S22E14B001M, 14S22E01P001M, 

14S23E06C001M, and 13S23E31P001M from Department of Water Resources. 
 

 

Project Description 

 

The existing bridge was built in 1936.  The structure is a single span, reinforced concrete rigid 

frame slab bridge on closed end cantilever abutments.  Both abutments were founded on spread 

footings.   

 

The Kings Canyon Expressway Segment 2 project is the second phase of the Kings Canyon Road 

Improvement project series.  The Segment 2 project proposes to re-align the existing roadway by 

shifting the new highway to the north and widen it from a 2-lane conventional highway to a 4-

lane expressway.  As part of the improvements, the existing Lone Tree Canal bridge will be 

replaced with a new bridge which is offset about 100 ft to the north.  The proposed structure will 

be a single span cast-in-place (CIP) post-tensioned (PT) slab bridge supported on diaphragm 

abutment.  Spread footings have been proposed as the foundations type for the abutments. 

 

Table 1 and 2 below show foundation data and load demand information provided by Structure 

Design (SD).   
 

Table 1 Foundation Data  

Support 

No. 

Design 

Method 

Finished 

Grade 

Elevation 

(ft) 

BOF 

Elevation 

(ft) 

Footing Size (ft)  Permissible 

Settlement 

under Service 

Load (in) 
B L 

Abut 1 WSD 384 371.05 7.5 43.97 1 

Abut 2 WSD 384 371.05 7.5 43.97 1 
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Table 2 Service Limit State I Loads 

Support No. 

Total Load Permanent Load 

Vertical 

Load 

(kips) 

Effective 

Dimensions (ft) 
Horizontal 

Load in Long. 

Direction 

(kip) 

Vertical 

Load 

(kips) 

Effective 

Dimension (ft) 

B' L' B' L' 

Abut 1 812 7.5 43.97 N/A 646 7.5 43.97 

Abut 2 812 7.5 43.97 N/A 646 7.5 43.97 

 

 
Field Investigation and Testing Program 

 

Started on October 11
th

, 2011, two borings were advanced to the maximum depth of 70 ft.  

Rotary wash method was used to advance the boreholes.  Field tests such as Standard Penetration 

Tests (SPT) and Pocket Penetrometer tests were performed to obtain soil resistance data. 

 

 

Laboratory Testing Program 

 

Soil samples were taken near the proposed bridge on June 15, 2011 and October 10, 2011 for 

corrosion tests.  See Section “Corrosion Evaluation” below for results.   

 

 

Site Geology and Subsurface Conditions 

 

Topography 

 

The proposed site is located in the Great Valley geomorphic province of California on the 

western side of the Sierra Nevada Mountain Range and the east of the Coastal Mountain Range.  

The flat terrain is typical for the valley region.  The ground elevations range from approximately 

383 to 398 feet. 

 

Geology  

 

The California Department of Conservation, Division of Mines and Geology, Geologic Map of 

California, Fresno Sheet, 1965 was used to determine the geologic formations of the project area.  
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The project locations are mapped as being in an area of Pleistocene Non-marine Recent Alluvial 

Fan Deposit (Qf) and Pleistocene Non-marine (Qc).   

 

Subsurface Conditions 

 

According to the boring logs, the subsurface materials predominately consist of medium dense to 

very dense sandy materials with interbedded layers of thin clay and silt lenses on the upper about 

18 ft.  Rounded cobbles and gravels with matrix of sand were found 18 ft below existing ground 

surface to the maximum depth explored.   

 

Bedrock was not encountered during subsurface exploration to the maximum explored depth of 

70 ft from the existing ground.  

 

Groundwater 

 

According to the subsurface investigation done in October of 2011, groundwater elevations were 

measured at 368.2 ft and 371.4 ft, and they correspond to the depths of approximately 17 ft and 

19 ft, respectively, below existing ground.  The State Department of Water Resources (DWR) 

has monitored groundwater level wells across California for decades. Data from four nearby 

monitoring wells are selected and used.  Based on data obtained from the monitoring wells, the 

average groundwater elevations measured for these 4 wells are 354, 347, 376, and 378 ft. These 

elevations correspond to groundwater depths of 42, 29, 33, and 29 ft, respectively.  Groundwater 

conditions will vary according to variations in rainfall, well pumping, and construction activities.   

 

For design purposes, groundwater elevation was taken at 372 ft. 

 

 

Scour Evaluation 

 

Since the proposed structure is a single span bridge which does not have any intermediate 

support.  The channel will be concrete lined.  Scour is not an issue regarding the proposed 

structure.  

 

 

Corrosion Evaluation 

 

The minimum resistivities of the tested soil samples were 3294 and 8362.5 ohm-cm and the pH 

values were tested as 5.71 and 7.3.  In order for the site to be non-corrosive, the minimum 

resistivity must be 1000 ohm-cm or greater and the pH must be between 5.5 and 10.0.  Since the 

minimum resistivity is tested to be above 1000 ohm-cm, testing for chloride and sulfate contents 
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are not needed, and therefore, not tested.  According to the results from laboratory testing, the 

site is not anticipated to be corrosive for foundation element.   

 

 

Seismic Recommendations 

 

In accordance with Caltrans 2009 Seismic Design Procedure, the nearest active faults to the site 

are the Great Valley Fault 13(Fault ID No. 36) and Round Valley Fault (Fault ID No. 174) with 

the maximum magnitudes, Mmax, of 6.5 and 7.3.  The faults are identified as reverse and normal 

faults, respectively.  The rupture distance from the project location to the Great Valley fault is 

about 53.6 mi (86.3 km) whereas the rupture distance is 60.3 mi (97.9km) to the Round Valley 

fault.  

 

Based on subsurface investigations, the estimated shear wave velocity (Vs30) using SPT blow 

counts and the correlation formulas is 1070 ft/s (325m/s).  Using the estimated Vs30, the ground 

motion generated from the nearest active fault is less than the statewide minimum requirement 

and the probabilistic method.  Furthermore, the comparison between the minimum ground 

motion and the probabilistic method showed the minimum ground motion controls when the 

period is less than or equal to 0.5 second.  Probabilistic method controls when the period is 

greater than 0.5 second.  Therefore, the attached Acceleration Response Spectrum curve is based 

on the envelope of the minimum deterministic and USGS 5% probability of exceedance in 50 

years (corresponding to a 975-year return period).  The peak ground acceleration is 0.23g. 

 

Liquefaction 

 

Based on the relatively high apparent density and relatively low seismic demand, the potential for 

liquefaction at the proposed site is low. 

 

Surface Rupture 

 

Since there are no known faults projecting towards or passing directly through the project site, 

the potential for surface rupture at the site due to fault movement is considered low. 

 

 

As-Built Foundation Data 

 

The existing structure of the Lone Canal Bridge was built in 1936.  The bridge was a concrete 

slab bridge which was founded on spread footings.   The Foundation Recommendation report 

was not found.  The design load used for the existing structure is not known and bottom of 

footing elevation was about 370 ft. 
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Foundation Recommendations 

 

Spread footings were selected for the Abutments 1 and 2.  Geotechnical capacities are derived 

from using the Munfakh’s method (2001) for bearing capacity and Hough method (1959) for 

settlement analyses.  These methods are recommended by AASHTO LRFD Bridge Design 

Specifications (2007).  Recommendations for the abutments are given below. 
 

 

Table 3 Foundation Recommendations for Abutments  

Support 

Location 

Footing Size (ft) 

Bottom of 

Footing 

Elevation 

(ft) 

Minimum 

Footing 

Embedment 

Depth (ft) 

WSD (LRFD Service-I 

Limit State Load 

Combination) 

LRFD 

B L 

Service 
Strength ϕb = 

0.45 

Extreme 

Event   

ϕb= 1.00  

Permissible 

Gross 

Contact 

Stress (ksf) 

Allowable 

Gross 

Bearing 

Capacity 

(KSf) 

Permissible 

Net Contact 

Stress (ksf) 

Factored 

Gross 

Nominal 

Bearing 

Resistance 

(ksf) 

Factored 

Gross 

Nominal 

Bearing 

Resistance 

(ksf) 

Abut 1 7.5 43.97 371.05 2 2.46 3.54 N/A N/A N/A 

Abut 2 7.5 43.97 371.05 2 2.46 3.54 N/A N/A N/A 

Notes: 

1. Recommendations are based on the foundation geometry and the loads provided by Structure 

Design in the Foundation Design Data Sheet.  The footing contact area is taken as equal to the 

effective footing area, where applicable. 

2. See MTD 4-1 for definitions and applications of the recommended design parameters. 

3. Minimum Footing Embedment Depth is measured from the bottom of canal. 
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Table 4 Spread Footing Data Table 

Support 

Location 

Working Stress Design 

(WSD) 

Load and Resistance Factored Design 

(LRFD) 

Permissible 

Gross 

Contact 

Stress 

(Settlement) 

(ksf) 

Allowable 

Gross 

Bearing 

Capacity 

(ksf) 

Service  Strength 
Extreme 

Event 

Permissible 

Net Contact 

Stress 

(Settlement) 

(ksf) 

Factored 

Gross 

Nominal 

Bearing 

Resistance 

ϕb=0.45 

Factored 

Gross 

Nominal 

Bearing 

Resistance 

ϕb=1.00 

Abut. 1 2.46 3.54 N/A N/A N/A 

Abut. 2 2.46 3.54 N/A N/A N/A 

 
 

Construction Considerations 

 

1. All earthwork shall follow Section 19 of the Caltrans Standard Specifications.  

2. All footing excavation shall be inspected and approved by this Office or a structural 

representative from the Caltrans Structure Construction when excavation are completed 

to the bottom of footing and prior to placement of concrete. 

3. Spread footings shall be placed neatly against competent materials.  All loose materials 

shall be removed prior to placement of concrete. 

4. Shallow groundwater and difficult excavation conditions with the presence of cobbles, 

and caving may be encountered during footing excavation.  Class “A” excavation (with 

seal course) and shoring may be required. 

5. The top 2 feet of soil below the bottom of footing at the abutments shall be removed and 

replaced with structural backfill and it shall be compacted to a 95% relative compacted.  

Lean concrete may be used as an alternative to structural backfill. 

6. During footing excavation, if unsuitable or unexpected materials are found, these 

materials shall be removed and replaced with structural backfill and be compacted to a 

95% relative compaction.  If soils are disturbed or loosen during excavation, these soil 

can be removed and re-compacted to a 95% relative compaction or bottom of footing 

elevation is to be lowered to undisturbed competent materials. Lean concrete may be used 

as an alternative to structural backfill. 
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Project Information 

 

Standard Special Provision S5-280, “Project Information”, discloses to bidders and contractors a 

list of pertinent information available for their inspection prior to bid opening.  The following is 

an excerpt from SSP S5-280 disclosing information originating from Geotechnical Services.  

Items listed to be included in the Information Handout will be provided in Acrobat (.pdf) format 

to the addressee(s) of this report via electronic mail. 

 

Data and information attached with the project plans are: 

 LOTB for Lone Tree Canal Bridge, dated TBD. 

 

Data and information included in the Information Handout provided to the bidders and 

contractors are: 

 

Foundation Report for Lone Tree Canal Bridge, dated January 25, 2012. 

 

Data and information available for inspection at the District Office: 

 None. 

 

Data and information available for inspection at the Transportation Laboratory are: 

None. 

 

A full-sized Log of Test Boring (LOTB) which is to be incorporated in the project plans has been 

prepared by Geotechnical Services, Office of Geotechnical Support Branch D – Contracts, 

Graphics & Records.  Mrs. Irma Gamarra-Remmen of the Contracts, Graphic & Records branch 

may be contacted directly for information on the LOTB. 

 

If you have any questions, please call me, Carolyn Zhen-Ru, at (916) 227-1055 or my supervisor, 

John Huang, at (916) 227-1037. 
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CAROLYN ZHEN-RU, P.E. JOHN HUANG, P.E. 

Transportation Engineer, Civil   Senior Materials and Research Engineer 

Office of Geotechnical Design – North   Office of Geotechnical Design – North  

Branch E      Branch E 

 

 

 

 

C: OGDN Branch Senior, John Huang 

District Project Manager, Garth Fernandez 

GS Corporate, Mark Willian 

 Structure Construction RE Pending File 

 DES Office Engineer, Office of PS&E, [to be assigned] 

 District Materials Engineer, Ted Mooradian 

 
 

 

Appendix:   

Recommended Acceleration Response Spectrum
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State of California Business, Transportation and Housing Agency 

“Caltrans improves mobility across California” 

M e m o r a n d u m Flex your power! 
 Be energy efficient! 
 

 

To: GARY JOE, CHIEF    Date: January 25, 2012 
Bridge Design Branch 17 

Office of Bridge Design Services File: 06-FRE-180 PM R71.8/74.4 

Structure Design   06-342521 

Division of Engineering Services   Project ID: 06 0000 0381 

    Kings Canyon Expwy Segt 2 

                          Attn: Rodney Simmons Lone Tree Canal Bridge (S. Frontage) 

   Bridge No. 42C0661 

 
                

From: DEPARTMENT OF TRANSPORTATION 
Division of Engineering Services 

Geotechnical Services 

Geotechnical Design - North 

 

 

Subject: Foundation Report for Lone Tree Canal Bridge (South Frontage) 

 

 
Scope of Work 

 

Per you requested, dated June 7, 2011, the Office of Geotechnical Design North (OGDN) has 

prepared a Foundation Report (FR) for the proposed new Lone Tree South Frontage Road 

(Bridge No. 42C0661).  This structure is located on Highway 180 (aka Kings Canyon Road) near 

the town of Sanger in Fresno County (PM 73.70).  The Kings Canyon Expressway Segment 2 

project proposes to widen and re-align a section of Highway 180.  As part of the project, a new 

frontage road will also be added on the south side of the proposed main alignment from 400 ft 

west of Lone Tree Canal to where it meets Kingburg Canal.  A bridge will be needed for the 

frontage road where the frontage road crosses Lone Tree Canal.  The purpose of this memo is to 

provide relevant information regarding the subsurface conditions of the proposed site, 

geotechnical design recommendations, and construction considerations. 

 

 

 

Pertinent Reports and Investigation 

 

In preparation of this report, the following documents were reviewed: 

 

• Request for Final Foundation Recommendations, dated June 7, 2011; 

• Foundation Plan,  Lone Tree (S. Frontage), 06-FRE-180-PM 73.10, May 9, 2011; 

• Planning Study, Lone Tree Canal, Oct, 2010; 

• General Plan, Bridge Across Lone Tree Channel, 06-Fre-180 PM 73.7, Jul 1, 1936; 
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• Geologic Map of California – Fresno Sheet, California Department of Conservation, 

1965; 

• Geotechnical Services Design Manual, Version 1.1, August 2009; 

• Groundwater Level Data Wells 14S22E14B001M, 14S22E01P001M, 

14S23E06C001M, and 13S23E31P001M from Department of Water Resources. 
 

 

Project Description 

 

The Kings Canyon Expressway Segment 2 project is the second phase of the Kings Canyon Road 

Improvement project series.  The Segment 2 project proposes to re-align the existing roadway by 

shifting the new highway to the north and widen it from a 2-lane conventional highway to a 4-

lane expressway.  As part of the improvements, a frontage road will also be added on the 

south side of the proposed alignment from 400 ft west of Lone Tree Canal to where the 

frontage road meets Kingburg Canal.  A bridge will be added for the frontage road where 

it crosses Lone Tree Canal.  This proposed structure will be a single span cast-in-place (CIP) 

post-tensioned (PT) slab bridge support on diaphragm footing.  Spread footings have been 

proposed as the foundations type for the abutments. 

 

Table 1 and 2 below show foundation data and load demand information provided by Structure 

Design (SD).   

 

Table 1 Foundation Data  

Support 

No. 

Design 

Method 

Finished 

Grade 

Elevation 

(ft) 

BOF 

Elevation 

(ft) 

Footing Size (ft)  Permissible 

Settlement 

under Service 

Load (in) 
B L 

Abut 1 WSD 384 371.05 7.5 36.96 1 

Abut 2 WSD 384 371.05 7.5 36.96 1 
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Table 2 Service Limit State I Loads 

Support No. 

Total Load Permanent Load 

Vertical 

Load 

(kips) 

Effective 

Dimensions (ft) 
Horizontal 

Load in Long. 

Direction 

(kip) 

Vertical 

Load 

(kips) 

Effective 

Dimension (ft) 

B' L' B' L' 

Abut 1 676 7.5 36.96 N/A 545 7.5 36.96 

Abut 2 676 7.5 36.96 N/A 545 7.5 36.96 

 

 
Field Investigation and Testing Program 

 

Started on October 12
th

, 2011, two borings were advanced to the maximum depth of 70 ft.  

Rotary wash method was used to advance the borehole.  Field tests such as Standard Penetration 

Tests (SPT) and Pocket Penetrometer tests were performed to obtain soil resistance data. 

 

 

Laboratory Testing Program 

 

Soil samples were taken near the proposed bridge on June 15, 2011 and October 10, 2011 for 

corrosion tests.  See Section “Corrosion Evaluation” below for results.   

 

 

Site Geology and Subsurface Conditions 

 

Topography 

 

The proposed site is located in the Great Valley geomorphic province of California on the 

western side of the Sierra Nevada Mountain Range and the east of the Coastal Mountain Range.  

The flat terrain is typical for the valley region.  The ground elevations range from approximately 

383 to 398 feet. 

 

Geology  

 

The California Department of Conservation, Division of Mines and Geology, Geologic Map of 

California, Fresno Sheet, 1965 was used to determine the geologic formations of the project area.  



 

 
GARY JOE   Foundation Report 

January 25, 2012                06-342521 

Page 4  Project ID: 06 0000 0381                  

                        Lone Tree Canal Bridge (S. Frontage)     

 Br. No. 42C0661 

 

“Caltrans improves mobility across California” 

The project locations are mapped as being in an area of Pleistocene Non-marine Recent Alluvial 

Fan Deposit (Qf) and Pleistocene Non-marine (Qc).   

 

Subsurface Conditions 

 

According to the boring logs, the subsurface materials predominately consist of medium dense to 

very dense sandy materials with layers of stiff clay and silt on the upper about 12 to 17 ft.  

Rounded cobbles and gravels with matrix of sand and silt were found 12 to 17 ft below existing 

ground surface to the maximum depth explored.   

 

Bedrock was not encountered during subsurface exploration to the maximum explored depth of 

70 ft from the existing ground.  

 

Groundwater 

 

According to the subsurface investigation done in October of 2011, groundwater elevation was 

measured at 368.2 ft, and this corresponds to the depths of approximately 17 ft below existing 

ground.  The State Department of Water Resources (DWR) has monitored groundwater level 

wells across California for decades. Data from four nearby monitoring wells are selected and 

used.  Based on data obtained from the monitoring wells, the average groundwater elevations 

measured for these 4 wells are 354, 347, 376, and 378 ft. These elevations correspond to 

groundwater depths of 42, 29, 33, and 29 ft, respectively.  Groundwater conditions will vary 

according to variations in rainfall, well pumping, and construction activities.   

 

For design purposes, groundwater elevation was taken at 372 ft. 

 

 

Scour Evaluation 

 

Since the proposed structure is a single span bridge which does not have any intermediate 

support.  The channel will be concrete lined.  Scour is not an issue regarding the proposed 

structure.  

 

 

Corrosion Evaluation 

 

The minimum resistivities of the tested soil samples were 3294 and 8362.5 ohm-cm and the pH 

values were tested as 5.71 and 7.3.  In order for the site to be non-corrosive, the minimum 

resistivity must be 1000 ohm-cm or greater and the pH must be between 5.5 and 10.0.  Since the 

minimum resistivity is tested to be above 1000 ohm-cm, testing for chloride and sulfate contents 
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are not needed, and therefore, not tested.  According to the results from laboratory testing, the 

site is not anticipated to be corrosive for foundation element.   

 

 

Seismic Recommendations 

 

In accordance with Caltrans 2009 Seismic Design Procedure, the nearest active faults to the site 

are the Great Valley Fault 13(Fault ID No. 36) and Round Valley Fault (Fault ID No. 174) with 

the maximum magnitudes, Mmax, of 6.5 and 7.3.  The faults are identified as reverse and normal 

faults, respectively.  The rupture distance from the project location to the Great Valley fault is 

about 53.6 mi (86.3 km) whereas the rupture distance is 60.3 mi (97.9km) to the Round Valley 

fault.  

 

Based on subsurface investigations, the estimated shear wave velocity (Vs30) using SPT blow 

counts and the correlation formulas is 1070 ft/s (325m/s).  Using the estimated Vs30, the ground 

motion generated from the nearest active fault is less than the statewide minimum requirement 

and the probabilistic method.  Furthermore, the comparison between the minimum ground 

motion and the probabilistic method showed the minimum ground motion controls when the 

period is less than or equal to 0.5 second.  Probabilistic method controls when the period is 

greater than 0.5 second.  Therefore, the attached Acceleration Response Spectrum curve is based 

on the envelope of the minimum deterministic and USGS 5% probability of exceedance in 50 

years (corresponding to a 975-year return period).  The peak ground acceleration is 0.23g. 

 

Liquefaction 

 

Based on the relatively high apparent density and relatively low seismic demand, the potential for 

liquefaction at the proposed site is low. 

 

Surface Rupture 

 

Since there are no known faults projecting towards or passing directly through the project site, 

the potential for surface rupture at the site due to fault movement is considered low. 

 

 

As-Built Foundation Data 

 

Since this is a new bridge, there is no as-built foundation data. 
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Foundation Recommendations 

 

Spread footings were selected for the Abutments 1 and 2.  Geotechnical capacities are derived 

from using the Munfakh’s method (2001) for bearing capacity and Hough method (1959) for 

settlement analyses.  These methods are recommended by AASHTO LRFD Bridge Design 

Specifications (2007).  Recommendations for the abutments are given below. 
 

 

Table 3 Foundation Recommendations for Abutments  

Support 

Location 

Footing Size (ft) 

Bottom 

of 

Footing 

Elevation 

(ft) 

Minimum 

Footing 

Embedment 

Depth (ft) 

WSD (LRFD Service-I 

Limit State Load 

Combination) 

LRFD 

B L 

Service 
Strength ϕb 

= 0.45 

Extreme 

Event   

ϕb= 1.00  

Permissibl

e Gross 

Contact 

Stress (ksf) 

Allowable 

Gross 

Bearing 

Capacity 

(KSf) 

Permissible 

Net Contact 

Stress (ksf) 

Factored 

Gross 

Nominal 

Bearing 

Resistance 

(ksf) 

Factored 

Gross 

Nominal 

Bearing 

Resistanc

e (ksf) 

Abut 1 7.5 36.96 371.05 2 2.44 3.52 N/A N/A N/A 

Abut 2 7.5 36.96 371.05 2 2.44 3.52 N/A N/A N/A 

Notes:  

1. Recommendations are based on the foundation geometry and the loads provided by Structure 

Design in the Foundation Design Data Sheet.  The footing contact area is taken as equal to the 

effective footing area, where applicable. 

2. See MTD 4-1 for definitions and applications of the recommended design parameters. 

3. Minimum Footing Embedment Depth is measured from the bottom of canal. 
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Table 4 Spread Footing Data Table 

Support 

Location 

Working Stress Design 

(WSD) 
Load and Resistance Factored Design (LRFD) 

Permissible 

Gross 

Contact 

Stress 

(Settlement) 

(ksf) 

Allowable 

Gross 

Bearing 

Capacity 

(ksf) 

Service  Strength 
Extreme 

Event 

Permissible 

Net Contact 

Stress 

(Settlement) 

(ksf) 

Factored 

Gross 

Nominal 

Bearing 

Resistance 

ϕb=0.45 

Factored 

Gross 

Nominal 

Bearing 

Resistance 

ϕb=1.00 

Abut. 1 2.44 3.52 N/A N/A N/A 

Abut. 2 2.44 3.52 N/A N/A N/A 

 

 
Construction Considerations 

 

1. All earthwork shall follow Section 19 of the Caltrans Standard Specifications.  

2. All footing excavation shall be inspected and approved by this Office or a structural 

representative from the Caltrans Structure Construction when excavation are completed 

to the bottom of footing and prior to placement of concrete. 

3. Spread footings shall be placed neatly against competent materials.  All loose materials 

shall be removed prior to placement of concrete. 

4. Shallow groundwater and difficult excavation conditions with the presence of cobbles, 

and caving may be encountered during footing excavation.  Class “A” excavation (with 

seal course) and shoring may be required. 

5. The top 2 feet of soil below the bottom of footing at the abutments shall be removed and 

replaced with structural backfill and it shall be compacted to a 95% relative compacted.  

Lean concrete may be used as an alternative to structural backfill. 

6. During footing excavation, if unsuitable or unexpected materials are found, these 

materials shall be removed and replaced with structural backfill and be compacted to a 

95% relative compaction.  If soils are disturbed or loosen during excavation, these soil 

can be removed and re-compacted to a 95% relative compaction or bottom of footing 

elevation is to be lowered to undisturbed competent materials.  Lean concrete may be 

used as an alternative to structural backfill. 
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Project Information 

 

Standard Special Provision S5-280, “Project Information”, discloses to bidders and contractors a 

list of pertinent information available for their inspection prior to bid opening.  The following is 

an excerpt from SSP S5-280 disclosing information originating from Geotechnical Services.  

Items listed to be included in the Information Handout will be provided in Acrobat (.pdf) format 

to the addressee(s) of this report via electronic mail. 

 

Data and information attached with the project plans are: 

 LOTB for Lone Tree Canal Bridge (South Frontage), dated TBD. 

 

Data and information included in the Information Handout provided to the bidders and 

contractors are: 

 

Foundation Report for Lone Tree Canal Bridge (South Frontage), dated January 25, 2012. 

 

Data and information available for inspection at the District Office: 

 None. 

 

Data and information available for inspection at the Transportation Laboratory are: 

None. 

 

A full-sized Log of Test Boring (LOTB) which is to be incorporated in the project plans has been 

prepared by Geotechnical Services, Office of Geotechnical Support Branch D – Contracts, 

Graphics & Records.  Mrs. Irma Gamarra-Remmen of the Contracts, Graphic & Records branch 

may be contacted directly for information on the LOTB. 

 

If you have any questions, please call me, Carolyn Zhen-Ru, at (916) 227-1055 or my supervisor, 

John Huang, at (916) 227-1037. 
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CAROLYN ZHEN-RU, P.E. JOHN HUANG, P.E. 

Transportation Engineer, Civil   Senior Materials and Research Engineer 

Office of Geotechnical Design – North   Office of Geotechnical Design – North  

Branch E      Branch E 

 

 

 

 

C: OGDN Branch Senior, John Huang 

District Project Manager, Garth Fernandez 

GS Corporate, Mark Willian 

 Structure Construction RE Pending File 

 DES Office Engineer, Office of PS&E, [to be assigned] 

 District Materials Engineer, Ted Mooradian 
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State of California Business, Transportation and Housing Agency 

“Caltrans improves mobility across California” 

M e m o r a n d u m Flex your power! 
 Be energy efficient! 
 

 

To: GARY JOE, CHIEF    Date: January 25, 2012 
Bridge Design Branch 17 

Office of Bridge Design Services File: 06-FRE-180 PM R71.8/74.4 

Structure Design   06-342521 

Division of Engineering Services   Project ID: 06 0000 0381 

    Kings Canyon Expwy Segt 2 

                          Attn: Rodney Simmons              Lone Tree Canal Br. (Private) 

   Bridge No. N/A 

 
                

From: DEPARTMENT OF TRANSPORTATION 
Division of Engineering Services 

Geotechnical Services 

Geotechnical Design - North 

 

 

Subject: Foundation Report for Lone Tree Canal Bridge (Private) 

 

 
Scope of Work 

 

Per you requested, dated June 7, 2011, the Office of Geotechnical Design North (OGDN) has 

prepared a Foundation Report (FR) for the proposed new Lone Tree Canal Bridge (Private) 

(Bridge No. N/A).  This structure is located on Highway 180 (aka Kings Canyon Road) near the 

town of Sanger in Fresno County (PM 73.70).  The Kings Canyon Expressway Segment 2 project 

proposes to widen and re-align a section of Highway 180.  As part of the project, a new frontage 

road will also be added on the north side of the proposed alignment from Newmark Ave to 0.12 

mile east of Lone Tree Canal.  A bridge will be needed for the frontage road where it crosses 

Lone Tree Canal.  Since this bridge will become privately owned upon construction completion, 

a bridge number will not be assigned.  The purpose of this memo is to provide relevant 

information regarding the subsurface conditions of the proposed site, geotechnical design 

recommendations, and construction considerations. 

 

 

 

Pertinent Reports and Investigation 

 

In preparation of this report, the following documents were reviewed: 

 

• Request for Final Foundation Recommendations, dated June 7, 2011; 

• Foundation Plan,  Lone Tree (N. Frontage), 06-FRE-180-PM 73.10, May 18, 2011; 

• Planning Study, Lone Tree Canal, Oct, 2010; 

• General Plan, Bridge Across Lone Tree Channel, 06-Fre-180 PM 73.7, Jul 1, 1936; 
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• Geologic Map of California – Fresno Sheet, California Department of Conservation, 

1965; 

• Geotechnical Services Design Manual, Version 1.1, August 2009; 

• Groundwater Level Data Wells 14S22E14B001M, 14S22E01P001M, 

14S23E06C001M, and 13S23E31P001M from Department of Water Resources. 
 

 

Project Description 

 

The Kings Canyon Expressway Segment 2 project is the second phase of the Kings Canyon Road 

Improvement project series.  The Segment 2 project proposes to re-align the existing roadway by 

shifting the new highway to the north and widen it from a 2-lane conventional highway to a 4-

lane expressway.  As part of the improvements, a frontage road will also be added on the 

north side of the proposed alignment from Newmark Ave to 0.12 mile east of Lone Tree 

Canal.  A bridge will be added for the frontage road where it crosses Lone Tree Canal.  
The proposed structure will be a single span cast-in-place (CIP) post-tensioned (PT) slab bridge 

support on diaphragm footing.  Spread footings have been proposed as the foundations type for 

the abutments. 

 

Table 1 and 2 below show foundation data and load demand information provided by Structure 

Design (SD).   

 

Table 1 Foundation Data  

Support 

No. 

Design 

Method 

Finished 

Grade 

Elevation 

(ft) 

BOF 

Elevation 

(ft) 

Footing Size (ft)  Permissible 

Settlement 

under Service 

Load (in) 
B L 

Abut 1 WSD 384 371.05 7.5 20.9 1 

Abut 2 WSD 384 371.05 7.5 20.9 1 
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Table 2 Service Limit State I Loads 

Support No. 

Total Load Permanent Load 

Vertical 

Load 

(kips) 

Effective 

Dimensions (ft) 
Horizontal 

Load in Long. 

Direction (kip) 

Vertical 

Load 

(kips) 

Effective 

Dimension (ft) 

B' L' B' L' 

Abut 1 478 7.5 20.9 N/A 321 7.5 20.9 

Abut 2 478 7.5 20.9 N/A 321 7.5 20.9 

 

 
Field Investigation and Testing Program 

 

Started on October 11
th

, 2011, one boring was advanced to the maximum depth of 50 ft.  Rotary 

wash method was used to advance the borehole.  Field tests such as Standard Penetration Tests 

(SPT) and Pocket Penetrometer tests were performed to obtain soil resistance data. 

 

 

Laboratory Testing Program 

 

Soil samples were taken near the proposed bridge on June 15, 2011 and October 10, 2011 for 

corrosion tests.  See Section “Corrosion Evaluation” below for results.   

 

 

Site Geology and Subsurface Conditions 

 

Topography 

 

The proposed site is located in the Great Valley geomorphic province of California on the 

western side of the Sierra Nevada Mountain Range and the east of the Coastal Mountain Range.  

The flat terrain is typical for the valley region.  The ground elevations range from approximately 

383 to 398 feet. 

 

Geology  

 

The California Department of Conservation, Division of Mines and Geology, Geologic Map of 

California, Fresno Sheet, 1965 was used to determine the geologic formations of the project area.  
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The project locations are mapped as being in an area of Pleistocene Non-marine Recent Alluvial 

Fan Deposit (Qf) and Pleistocene Non-marine (Qc).   

 

Subsurface Conditions 

 

According to the boring log, the subsurface materials predominately consist of very dense sandy 

materials with stiff clay on the upper about 12 ft.  Rounded cobbles and gravels with matrix of 

sand were found 12 ft below existing ground surface to the maximum depth explored.   

 

Bedrock was not encountered during subsurface exploration to the maximum explored depth of 

50 ft from the existing ground.  

 

Groundwater 

 

According to the subsurface investigation done in October of 2011, groundwater elevation was 

measured at 371.4 ft, and this corresponds to the depths of approximately 19 ft below existing 

ground.  The State Department of Water Resources (DWR) has monitored groundwater level 

wells across California for decades. Data from four nearby monitoring wells are selected and 

used.  Based on data obtained from the monitoring wells, the average groundwater elevations 

measured for these 4 wells are 354, 347, 376, and 378 ft. These elevations correspond to 

groundwater depths of 42, 29, 33, and 29 ft, respectively.  Groundwater conditions will vary 

according to variations in rainfall, well pumping, and construction activities.   

 

For design purposes, groundwater elevation was taken at 372 ft. 

 

 

Scour Evaluation 

 

Since the proposed structure is a single span bridge which does not have any intermediate 

support.  The channel will be concrete lined.  Scour is not an issue regarding the proposed 

structure.  

 

 

Corrosion Evaluation 

 

The minimum resistivities of the tested soil samples were 3294 and 8362.5 ohm-cm and the pH 

values were tested as 5.71 and 7.3.  In order for the site to be non-corrosive, the minimum 

resistivity must be 1000 ohm-cm or greater and the pH must be between 5.5 and 10.0.  Since the 

minimum resistivity is tested to be above 1000 ohm-cm, testing for chloride and sulfate contents 

are not needed, and therefore, not tested.  According to the results from laboratory testing, the 
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site is not anticipated to be corrosive for foundation element.   

 

 

Seismic Recommendations 

 

In accordance with Caltrans 2009 Seismic Design Procedure, the nearest active faults to the site 

are the Great Valley Fault 13(Fault ID No. 36) and Round Valley Fault (Fault ID No. 174) with 

the maximum magnitudes, Mmax, of 6.5 and 7.3.  The faults are identified as reverse and normal 

faults, respectively.  The rupture distance from the project location to the Great Valley fault is 

about 53.6 mi (86.3 km) whereas the rupture distance is 60.3 mi (97.9km) to the Round Valley 

fault.  

 

Based on subsurface investigations, the estimated shear wave velocity (Vs30) using SPT blow 

counts and the correlation formulas is 1070 ft/s (325m/s).  Using the estimated Vs30, the ground 

motion generated from the nearest active fault is less than the statewide minimum requirement 

and the probabilistic method.  Furthermore, the comparison between the minimum ground 

motion and the probabilistic method showed the minimum ground motion controls when the 

period is less than or equal to 0.5 second.  Probabilistic method controls when the period is 

greater than 0.5 second.  Therefore, the attached Acceleration Response Spectrum curve is based 

on the envelope of the minimum deterministic and USGS 5% probability of exceedance in 50 

years (corresponding to a 975-year return period).  The peak ground acceleration is 0.23g. 

 

Liquefaction 

 

Based on the relatively high apparent density and relatively low seismic demand, the potential for 

liquefaction at the proposed site is low. 

 

Surface Rupture 

 

Since there are no known faults projecting towards or passing directly through the project site, 

the potential for surface rupture at the site due to fault movement is considered low. 

 

 

As-Built Foundation Data 

 

Since this is a new bridge, there is no as-built foundation data. 
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Foundation Recommendations 

 

Spread footings were selected for the Abutments 1 and 2.  Geotechnical capacities are derived 

from using the Munfakh’s method (2001) for bearing capacity and Hough method (1959) for 

settlement analyses.  These methods are recommended by AASHTO LRFD Bridge Design 

Specifications (2007).  Recommendations for the abutments are given below. 
 

 

Table 3 Foundation Recommendations for Abutments  

Support 

Locatio

n 

Footing Size 

(ft) 

Bottom 

of 

Footing 

Elevation 

(ft) 

Minimum 

Footing 

Embedment 

Depth (ft) 

WSD (LRFD Service-I 

Limit State Load 

Combination) 

LRFD 

B L 

Service 
Strength 

ϕb = 0.45 

Extreme 

Event   

ϕb= 1.00  

Permissible 

Gross 

Contact 

Stress (ksf) 

Allowable 

Gross 

Bearing 

Capacity 

(KSf) 

Permissible 

Net Contact 

Stress (ksf) 

Factored 

Gross 

Nominal 

Bearing 

Resistance 

(ksf) 

Factored 

Gross 

Nominal 

Bearing 

Resistance 

(ksf) 

Abut 1 7.5 20.9 371.05 2 3.05 4.13 N/A N/A N/A 

Abut 2 7.5 20.9 371.05 2 3.05 4.13 N/A N/A N/A 

Notes:  

1. Recommendations are based on the foundation geometry and the loads provided by Structure 

Design in the Foundation Design Data Sheet.  The footing contact area is taken as equal to the 

effective footing area, where applicable. 

2. See MTD 4-1 for definitions and applications of the recommended design parameters. 

3. Minimum Footing Embedment Depth is measured from the bottom of canal. 
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Table 4 Spread Footing Data Table 

Support 

Location 

Working Stress Design 

(WSD) 
Load and Resistance Factored Design (LRFD) 

Permissible 

Gross 

Contact 

Stress 

(Settlement) 

(ksf) 

Allowable 

Gross 

Bearing 

Capacity 

(ksf) 

Service  Strength 
Extreme 

Event 

Permissible 

Net Contact 

Stress 

(Settlement) 

(ksf) 

Factored 

Gross 

Nominal 

Bearing 

Resistance 

ϕb=0.45 

Factored 

Gross 

Nominal 

Bearing 

Resistance 

ϕb=1.00 

Abut. 1 3.05 4.13 N/A N/A N/A 

Abut. 2 3.05 4.13 N/A N/A N/A 

 
 

Construction Considerations 

 

1. All earthwork shall follow Section 19 of the Caltrans Standard Specifications.  

2. All footing excavation shall be inspected and approved by this Office or a structural 

representative from the Caltrans Structure Construction when excavation are completed 

to the bottom of footing and prior to placement of concrete. 

3. Spread footings shall be placed neatly against competent materials.  All loose materials 

shall be removed prior to placement of concrete. 

4. Shallow groundwater and difficult excavation conditions with the presence of cobbles, 

and caving may be encountered during footing excavation.  Class “A” excavation (with 

seal course) and shoring may be required. 

5. The top 2 feet of soil below the bottom of footing at the abutments shall be removed and 

replaced with structural backfill and it shall be compacted to a 95% relative compacted.  

Lean concrete may be used as an alternative to structural backfill. 

6. During footing excavation, if unsuitable or unexpected materials are found, these 

materials shall be removed and replaced with structural backfill and be compacted to a 

95% relative compaction.  If soils are disturbed or loosen during excavation, these soil 

can be removed and re-compacted to a 95% relative compaction or bottom of footing 

elevation is to be lowered to undisturbed competent materials.  Lean concrete may be 

used as an alternative to structural backfill. 
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Project Information 

 

Standard Special Provision S5-280, “Project Information”, discloses to bidders and contractors a 

list of pertinent information available for their inspection prior to bid opening.  The following is 

an excerpt from SSP S5-280 disclosing information originating from Geotechnical Services.  

Items listed to be included in the Information Handout will be provided in Acrobat (.pdf) format 

to the addressee(s) of this report via electronic mail. 

 

Data and information attached with the project plans are: 

 LOTB for Lone Tree Canal Bridge (Private), dated TBD. 

 

Data and information included in the Information Handout provided to the bidders and 

contractors are: 

 

Foundation Report for Lone Tree Canal Bridge (Private), dated January 25, 2012. 

 

Data and information available for inspection at the District Office: 

 None. 

 

Data and information available for inspection at the Transportation Laboratory are: 

None. 

 

A full-sized Log of Test Boring (LOTB) which is to be incorporated in the project plans has been 

prepared by Geotechnical Services, Office of Geotechnical Support Branch D – Contracts, 

Graphics & Records.  Mrs. Irma Gamarra-Remmen of the Contracts, Graphic & Records branch 

may be contacted directly for information on the LOTB. 

 

If you have any questions, please call me, Carolyn Zhen-Ru, at (916) 227-1055 or my supervisor, 

John Huang, at (916) 227-1037. 
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CAROLYN ZHEN-RU, P.E. JOHN HUANG, P.E. 

Transportation Engineer, Civil   Senior Materials and Research Engineer 

Office of Geotechnical Design – North   Office of Geotechnical Design – North  

Branch E      Branch E 

 

 

 

 

C: OGDN Branch Senior, John Huang 

District Project Manager, Garth Fernandez 

GS Corporate, Mark Willian 

 Structure Construction RE Pending File 

 DES Office Engineer, Office of PS&E, [to be assigned] 

 District Materials Engineer, Ted Mooradian 
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ATTACHMENT 1 
  

 

        
   

         FIGURE 1 - Aerial Photo of Proposed Project Site  (Source: Caltrans DHIPP) 

 

 

 

         
 

          FIGURE 2 - Photo of Proposed Bridge Site  
            Standing north of existing bridge (on western canal bank), looking north towards proposed site. 
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ATTACHMENT 2 

 

                 
 

      FIGURE 3 - Geometric Data of HEC-RAS Model (Proposed Conditions) 
 

 

 

     
 

    FIGURE 4 - XYZ Perspective Plot of HEC-RAS Models (Existing & Proposed Conditions) 
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ATTACHMENT 3 
 

 

 

 
 

  FIGURE 5A - Longitudinal Channel Profile Plot of HEC-RAS Model (Existing Conditions) 

 

 

 

 
 

  FIGURE 5B - Longitudinal Channel Profile Plot of HEC-RAS Model (Proposed Conditions) 
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ATTACHMENT 1 

 

          
 

      FIGURE 1 - Aerial Photo of Proposed Project Site  (Source: Caltrans DHIPP) 

 

 

         
 

       FIGURE 2 - Geometric Data of HEC-RAS Models (Existing & Proposed Conditions) 
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ATTACHMENT 2 

 

        
 

   FIGURE 3 - XYZ Perspective Plot of HEC-RAS Models (Existing & Proposed Conditions) 
 

 

       
 

      FIGURE 4A - Longitudinal Channel Profile Plot of HEC-RAS Model (Existing Conditions) 
 

 

       
 

      FIGURE 4B - Longitudinal Channel Profile Plot of HEC-RAS Model (Proposed Conditions) 
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SYSTEM DESCRIPTION 
 
The Crash Cushion is a redirective, non-gating, bidirectional crash barrier designed to protect 
roadside hazards from out-of-control vehicles in a manner, which reduces the vehicle occupant’s 
exposure to risk.  The Crash Cushion achieves this goal while usually being completely reusable 
after each event and only requiring minimal replacement of consumable parts from a direct 
frontal or side impact. 
 
The Crash Cushion is delivered from the factory completely assembled and ready to install.  No 
field assembly is required. 
 
The Crash Cushion has been tested and certified based on the requirements of NCHRP 350 for 
Level 2 & 3  service.  This includes stopping or redirecting 2000 kg (4400 lb) pickup trucks as 
well as 820 kg (1800 lb) light passenger cars within NCHRP 350 guidelines. 
 
Proper performance within these limits depends on correct installation of the system on an 
approved foundation.  Any Crash Cushion not installed according to the drawings and the 
requirements of this installation manual may present an unsafe condition and should be re-
installed accordingly. 
 
Impacts with vehicles whose size or mass are outside of those tested according to NCHRP 350 or 
with vehicles traveling at speeds greater than those tested according to NCHRP 350 will not 
necessarily produce results within the test criteria.  While the tests account for most crash 
conditions, they do not cover all situations.  The Crash Cushion is in conformance with the 
requirements of NCHRP 350 Level 2 & 3 but is not guaranteed to safely stop a vehicle in a 
situation not encompassed by the test conditions. 
 
SAFETY 
 
All work during installation, repair and inspection of the Crash Cushion should be 
performed according to Federal, State and Local laws.   
 
The Level 2 & 3-24” Hazard Crash Cushion is described by the following drawing: 
 
Mechanism 
SCI100GM – SEE APPENDIX – FIGURE 1 - ASSEMBLY DRAWING 
SCI70GM – SEE APPENDIX – FIGURE 1A - ASSEMBLY DRAWING 
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EQUIPMENT LIST 
 
Installation and Resetting 
 
The following tools and equipment will be required to install and repair the Crash Cushion: 
 

 Standard roadside work area safety equipment 
 Personal safety equipment (gloves, eye/face protection, etc.) 
 Means of safely unloading 3500lb.   
 Compressed air source/Vaccum and bottle brush 
 Safety Goggles 
 Four Lifting Slings or Four Point Sling 
 Rotary Impact Drill for concrete 
 7/8” X 14” or longer concrete drill bit 
 Epoxy system for anchor bolts 
 Combination Wrench and Deep Sockets (Including 1 ¼”, 1 ½”, 1 5/8”)  
 Socket Wrench and Breaker Bar  
 Torque wrench (225 ft-lb capacity) with 3’ extension 
 Measuring and Layout Equipment (tape measure, chalk line, markers, etc.) 
 Two 6’ pry bars 
 7/32” Allen Wrench 
 Suitable Pulling Means (strap or chain) 
 Come-Along 
 2 – long handled flat screwdrivers 
 Misc. small tools (hammers, pliers, screw drivers, vise grips, etc.) 

 
This list is adequate for general installation and repair.  However, depending on site conditions, 
additional tools and equipment may be required. 
 
FOUNDATION 
 
Any of the following foundations will meet the requirements: 

 6” Reinforced Concrete Pad  
 8” Unreinforced Concrete Pad 
 3” Asphalt over 3” of Concrete 
 6” Asphalt over 6” of Compacted Subbase 
 8” Asphalt  

 
Note:  Concrete should be 28 Mpa or 4000 PSI minimum at full cure.   
 
Installing the Crash Cushion on an existing foundation may result in anchor bolt locations 
corresponding to rebar positions in the foundation.  It may be necessary to use more elaborate 
drilling equipment than simply an impact drill with standard concrete bits. 
 
Prior to installing the Crash Cushion on an existing foundation, the concrete must be thoroughly 
inspected for signs of cracking, surface wear, shifting from original position, undercut of earth 
below or to the sides supporting the foundation, settling, and any other signs of age or 
deterioration which may make the foundation unusable.  If any of these signs are evident, the 
foundation must be removed and a new one must be installed according to requirements stated 
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earlier.  If prior bolt patterns are present, use proper engineering calculations to assure adequate 
strength in the new holes. 
 
INSTALLATION INSTRUCTIONS 
 
Site Preparation 
 
New foundations should be installed according to APPENDIX – FIGURE 2 –
FOUNDATION DRAWING.  Concrete should reach full cure strength before use.  The 
surface of the foundation must be cleaned of all debris, dirt, mud, sand, etc., as the Crash 
Cushion must sit on a straight surface. 
 
Placement of the Crash Cushion 
 
Measure the correct distance and offset of the Crash Cushion according to the type of obstruction 
being shielded and the type of transition being used.  The dimensions shown on the transition 
drawings may be used as a guide for this. 
 
The Crash Cushion is shipped in one piece, fully assembled.  Using a choked four-point 
attachment on panel support frames #3 & #4 behind the sled, lift the Crash Cushion off of the 
transporting vehicle with a boom or forklift of sufficient capacity and place it in the position 
marked on the foundation.   
 
Once in place, double-check the measurements one more time to be sure of the proper location of 
the Crash Cushion. 
 
Warning:  Side Panels can telescope 30” beyond the last Terminal Brace at the rear of the 
Crash Cushion.  All objects that may interfere with this motion can affect the performance 
of and cause undue damage to the Crash Cushion.   
 
Anchor Installation  
 
Embedment Requirements are as follows: 
 

 6” Reinforced Concrete Pad with anchor embedment of 5.5” 
 8” Unreinforced Concrete Pad with anchor embedment of 5.5” 
 3” Asphalt over 3” of Concrete with anchor embedment of 16.5” 
 6” Asphalt over 6” of Compacted Subbase with anchor embedment of 16.5” 
 8” Asphalt with anchor embedment of 16.5” 

 
Using the holes in the base as a template, drill 7/8” holes to the proper depth as previously 
defined.  If the Crash Cushion is being installed on an existing foundation and the drills are 
hitting rebar, use a core drill or similar system to ensure that straight, vertical holes are made at 
each location.  Take care that the holes do not break out the bottom of the foundation as this may 
result in loss of epoxy during anchor placement. 
 
Once the holes are drilled, clean the hole of all debris using suitable means, then scrub out the 
hole with a bottle brush.  Remove dust one final time and ensure holes are clean of debris and 
dry.  Inject the epoxy into each hole at an angle so as to avoid air entrapment.  Use the proper 
amount of epoxy so that the hole will be filled when the bolt is inserted.  Screw the nut on the 
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anchor bolt flush with the end, put washer on the stud and immediately insert the anchor stud all 
the way to the bottom while turning the anchor.  This method assures the anchor bolts are 
vertically plumb and the threads are coated with epoxy.   
 
Our Epoxy will be ready for bolt tightening after 90 minutes at 78 degrees F (25 degrees C), with 
full cure at 24 Hours, see the container label for other temperatures and bolt up times.  After 
sufficient time has passed to allow the epoxy to cure, torque the anchor nuts to 170 N-m (125FT-
LB). 
 
Nose Piece Installation 
 
Installation of the front delineation plate will be determined by the use of the attenuator and state 
regulations.  A delineation plate is shipped with the yellow background applied and no striping.  
It is attached by four bolts.  Applying the striping to the plate is easier while it is removed from 
the attenuator due to the holes that need trimming.  Examples of the delineation plate are as 
follows: 
 

               
        Right Shoulder   Gore Area   Left Shoulder 
 
Transition Installation 
 
Transitions may be required.  Any use of a Crash Cushion with a possible reverse direction 
impact will require a transition.  In all applications, be sure to install the transition anchors so 
that there is no extension of the studs beyond the outside face of the nut.  Refer to the transition 
drawings for details of the required anchor locations.  For horizontal stud installation in concrete, 
use mechanical anchors or repeat the same epoxy installation process as the anchor bolts using 
plugs to retain the epoxy to secure the transition to the barrier.   
 
APPENDIX – FIGURE 4 Jersey Barrier           APPENDIX – FIGURE 9 30” Concrete  
APPENDIX – FIGURE 5 Concrete Barrier      APPENDIX – FIGURE 10 36” Concrete 
APPENDIX – FIGURE 6 W-Beam          APPENDIX – FIGURE 11 36” Concrete 
APPENDIX – FIGURE 7 Thrie-Beam   APPENDIX – FIGURE 12 Wide Taper 
APPENDIX – FIGURE 8 30” Concrete 
 
Final Inspection 
 
After the anchor bolts have been tightened to the proper torque value, check that the Crash 
Cushion is not distorted in any way as might happen if the unit is secured to a foundation, which 
is not a straight surface.  Check that the front section is pulled out all the way to the front stop 
bolts and that no part of the unit has been damaged by shipping and handling.  Verify that all 
assembly bolts are tight and have not come loose during shipping or installation.  Finally, check 
that no tools or other equipment have been left within the Crash Cushion structure. 
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RESETTING CRASH CUSHION AFTER IMPACT 
 
In the event of any impact, the Crash Cushion will require a full evaluation to determine the 
necessary repairs to return it to service.  To do this, proceed as follows: 
 
Site Preparation 
 
Do not begin work until all accident debris has been cleared and the area declared safe and 
accessible by government authorities. 
 
Re-Extension and Inspection after Frontal Hit  
 

 Remove the Spelter Socket pin from the front sled by removing the cotter pin and pulling it 
out.  If there is tension, pull out the sled a few inches to relieve the tension. 

 Use two long handled flat screw drivers to break cable loose from the sheave at the front of 
the attenuator if the zinc coating has attached the cable to the sheave.   This procedure may 
also be needed on the rear sheaves. The cable must move freely.   

 You then should hand pull the Spelter Socket side of the cable all the way out of the front of 
the attenuator to eliminate friction during pull out.  You must first remove the front cable 
bracket then you can push the cable from behind while prying in front to start a loop.   

 Inspect front part of the cable from the Spelter Socket, as it will be partially obscured after 
extension of the mobile frames and sheaves. See the cable inspection procedure. 

 Remove the front delineator panel and attach pulling means to the bottom brace of the front 
sled.  Pull the unit out until it reaches the front stop bolts. When fully pulled out, reattach the 
Spelter Socket onto the sled. 

 Remove the front and rear sheave cover plates located on each end of the cylinder by 
removing the two cap screws that hold them down.  See APPENDIX - FIGURE 3 

 Remove the anti-rotation pins, which are the two outer pins, inserted through the holes in the 
sheaves from both the front and back sheaves.  Caution: do not remove the center pin.  
Also, the rear pins are longer than the front sheave pins and cannot be intermixed. 

 Check for shear bolt remnants in the holes on both sides of the mobile sheaves.  
 Attach pulling means to the mobile sheaves.  
 Slowly pull out the mobile sheaves while inspecting the cable.  Be sure the cable doesn’t 

ride up over the front sheave as the slack is reduced.  Do not stand inside the cable loop or 
be in the pulling strap danger zone. 

 Finish pulling out the mobile sheaves.  They are in the proper position when you can replace 
two 1/4” Grade 8 shear bolts in the front corners of the mobile sheaves.   Loosen the cable 
adjustment bolt if necessary to install shear bolts.  

 If the cable passes inspection, reinstall the anti-rotation pins in the front and back sheave 
assemblies and reinstall the cap screws in the cover plates for those sheaves.  The sheaves 
may be aligned by inserting a pry bar into the sheave holes. 

 Tighten the cable adjustment bolt to remove any slack in the cable.  If there is too much 
slack to tighten the cable, replace the cable as repositioning the wire rope clips should not be 
performed because the cable is stretched beyond tolerances.   

 Inspect the cylinder, anchor bolts and side panels according to the procedures listed after this 
section.  
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Side Hit Inspection and Repair 
 

 Inspect and replace any damaged side panels. 
 Inspect and replace any damaged side keeper bolts on all panels.  There are three styles of 

keeper bolts.  The winged style is for the panel connected to the sled and bolts through the 
first frame behind the sled.  The center keepers have a .5” shoulder while the last keeper, 
which is bolted to the terminal frame, has a .25” shoulder. 

 Inspect and repair any damaged side guides.  
 
Cable Inspection and Replacement Procedure 
 
The cable should be visually inspected for damage.  The most common sign of rope deterioration 
is broken wires.  The wire must be clean and not under tension to perform a visual inspection.  
Visual inspection should include looking for broken wire strands, localized wear or crowns.  A 
sharp awl or marlin spike can be used to separate wires to check if internal damage is present, 
indicated by loose wires or crowns.  If internal inspection shows any damage to any core wires, 
the cable should be replaced.  If there are more than six random broken wires in one rope lay or 
three broken wires in one strand in one rope lay, the wire rope should be replaced.  A rope lay is 
the length along the rope in which one strand makes a complete revolution around the rope. 
 
Inspect the Spelter Socket for broken wires, damaged eyes or other fatigue.  Any signs of broken 
wires at the Spelter Socket will require a new cable.   
 
Replacement of the cable may be required.  The anti-rotation pins in the sheaves will need to be 
removed for this procedure.  Remove the wire rope clips on the old cable and pull the unattached 
Spelter Socket out through the front of the attenuator.  Feed the new cable through the front 
sheave bell reducer, wrap around the sheave and back to the bottom rear sheave.   Insert a pry bar 
through the holes to the rear of the sheaves to help guide the cable around the sheave.  The cable 
arrangement travel path is as follows:  bottom rear sheave, bottom front sheave, middle rear 
sheave, middle front sheave, top rear sheave, top front sheave to cable adjustment bolt.  The 
cable will be marked where the Cable Adjustment bend will be.  Attach the Spelter Socket.  
Adjust the cable adjuster eyebolt all the way out and thread cable through the eye loop.  Wrap 
cable back against itself with the mark at the bolt eye.  Start wire rope clips on the ends of the 
large loop.  Work the wire rope clips up by clamping the wire rope loop in front of the clips.   
Work the last clip up to 4” from the eyebolt loop.  Then position the other three wire rope clips 
back at 3” intervals. When the wire clips are all positioned, tighten them to 225 ft. lbs or 305 n-
m. 
 
Cylinder Inspection 
 
The cylinder should be inspected for: 

 Dented or swollen tube jacket 
 Visible cracks in any welds and fluid leakage from the welds 
 Piston rod surface damage, bending or fluid leakage in seal area 
 If fully collapsed or over design impact speed, disconnect piston rod from the mobile 

sheave after the unit is pulled out and push the piston rod in checking for free movement. 
 
If any of these inspections are suspect, replace cylinder and have it examined by the 
manufacturer.  Once the cylinder seal is seated in oil, the field life is 15+ years per manufacturer.  
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Anchor Bolt Inspection 
 
Anchor bolts may come loose or damaged upon impact.  These bolts can be replaced by welding 
a nut or putting a double nut on them and backing them out of the hole.  Drill out the old epoxy 
and reinstall new bolts with new epoxy.   
 
Side Panel Inspection 
 
Side Panels are designed to nest and collapse with minimal or no damage upon frontal impact.  
The side panel bolts do sustain a shock upon impact.  These bolts should be replaced if there are 
any signs of fatigue, bending or other visible damage.  Inspect the side panels for any bending or 
torn metal.  If damage is found, all side panels are removable by removing four bolts.  It may be 
necessary to remove the bolts on the panel upstream to slide out a panel located in the middle of 
the unit.  The side panel bolts used to hold the large front sled panels are different than the bolts 
on the center panels.  Also, the panel side bolts used on the last terminal brace, which is the 
rearmost support, has a shorter shoulder (.23” vs .49”), as it does not have a panel overlap.  
These shoulders must seat into the outer overlapping panel and pin the inside panel to the frames 
using a torque value of 270 N-m (200 FT-LB).  Be careful not to pin the edge of the outside 
panel as it will restrict free sliding of that panel.    
 
Side Guide Inspection 
 
At the bottom of each support frame, there is a guide to stabilize and guide collapse of the 
attenuator.  Inspect each side guide for damage.  These guide assemblies are very rugged.  The 
attachment bolt should be removed and inspected on all frames impacted during a side impact.  
The guides should be inspected for any damage and if they are not damaged, they can be reused.  
Upon frontal impact, these guides should be inspected for damage.  The Torque value for the 
Side Guides is 920 N-m (680 FT-LB). 
 
Final Inspection 
 
After the resetting of the Crash Cushion is complete, verify by visual inspection that all assembly 
bolts are tight and show no sign of damage. Finally, check that no tools and other equipment or 
debris have been left within the Crash Cushion structure.  Verify that no other damage unrelated 
to the most recent impact has occurred and that no significant corrosion or other deterioration has 
taken place. 
 
 
Non-Repairable Impacts 
 
There can be instances where the impact is outside the scope of the Crash Cushion’s design.  
This may render the Crash Cushion unsafe to reuse and it should be replaced. 
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PART NUMBERS AND DESCRIPTIONS 

    Qty Per   Spare  
Part   Unit Unit of  Parts Kit 
No. Description TL2/TL3 Measure TL2/TL3 

9400 Attenuator - w/ Concrete Anchors 24" Wide   TL3   SCI100GM       
9450 Attenuator - w/ Asphalt Anchors   24" Wide   TL3   SCI100GM       
9451 Attenuator - w/ Concrete Anchors 24" Wide   TL2   SCI70GM       
9452 Attenuator - w/ Asphalt Anchors   24" Wide   TL2   SCI70GM       
9401 Bolt Concrete Anchor 3/4" X 7"  TL3     *( Included in P/N 9400 ) * KIT/48 pcs.   
9402 Bolt Asphalt Anchor 3/4" x 18"  TL3     *( Included in P/N 9450 )  * KIT/48 pcs.   
9453 Bolt Concrete Anchor 3/4" X 7"  TL2    **( Included in P/N 9451 ) ** KIT/34 pcs.   
9454 Bolt Asphalt Anchor 3/4" x 18"  TL2     **( Included in P/N 9452 )  ** KIT/34 pcs.   
9403 Bolt Cable Adjuster     1 EACH   
9404 Bolt Sled Side Panel    8 EACH   
9405 Bolt Front Stop           2 EACH   
9406 Bolt Shear                   2 EACH 2/2 
9407 Bolt Side Guide           12 EACH 2/2 
9408 Bolt Terminal Brace     4 EACH 2/2 
9409 Brace Terminal            1 EACH 1/1 
9410 Cable - 1-1/8" with Spelter Socket  TL3   1 EACH   
9455 Cable - 1-1/8" with Spelter Socket  TL2   1 EACH   
9411 Clip Wire Rope   TL2 & TL3         4 EACH   
9412 Cylinder Shock Arresting   TL3                   1 EACH   
9445 Cylinder Shock Arresting   TL2                   1 EACH   
9482 Cylinder Shock Arresting  Cold Temp  TL3                   1 EACH   
9483 Cylinder Shock Arresting Cold Temp  TL2                   1 EACH   
9413 Strap Cylinder    TL2 & TL3        1 EACH   
9414 Frame Mobile #1   TL3      0/1 EACH 0/1 
9415 Frame Mobile #2   TL3           0/1 EACH 0/1 
9416 Frame Mobile #3   TL3        0/1 EACH 0/1 
9417 Frame Mobile #4   TL2 & TL3       1 EACH 1/1 
9418 Frame Mobile #5   TL2 & TL3       1 EACH 1/1 
9419 Frame Mobile #6   TL2 & TL3 1 EACH 1/1 
9420 Guide Side  TL2 & TL3                6/12 EACH 2/2 
9421 Keeper Side #1  (Sled Panels)  TL2 & TL3         4 EACH 2/2 
9422 Keeper Side #2  (Side Panels)  TL2 & TL3            8/20 EACH 4/4 
9423 Keeper Side #3  (Rear Panels)   TL2 & TL3         4 EACH 2/2 
9424 Panel Delineator (Painted Yellow)  TL3          0/1 EACH 0/1 
9456 Panel Delineator (Painted Yellow)  TL2          1/0 EACH 1/0 
9425 Panel Side  TL2 & TL3                   4/10 EACH 2/2 
9426 Panel Sled                   2 EACH 1/1 
9427 Panel Rear                   2 EACH 1/1 
9428 Sheave (Pulley)                        6 EACH   
9429 Sled (with guide rollers)  24"  TL3                            0/1 EACH   
9457 Sled (with guide rollers)  24"  TL2                            1/0 EACH   
9430 Tape Delineator    (Optional)           O EACH   
9439 Epoxy 22 oz. Cartridge     ***   *** EACH   
9440 Nozzle Epoxy Mixing        *** *** EACH   
9441 Dispenser Epoxy O EACH   
9443 Boot Cylinder 1 EACH   
9444 Spare Parts Kit  TL3 O EACH   
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9458 Spare Parts Kit  TL2 O EACH   
          
  *** P/N 9400 - Includes 4-Epoxy Cartridges & 4-Mixing Nozzles       
  *** P/N 9450 - Includes 12-Epoxy Cartridges & 12-Mixing Nozzles       
  *** P/N 9451 - Includes 3-Epoxy Cartridges & 3-Mixing Nozzles       
  *** P/N 9452 - Includes 9-Epoxy Cartridges & 9-Mixing Nozzles       

Transitions and Transition Parts 
9431 Transition  Jersey Barrier - Right  O EACH   
9432 Transition  Jersey Barrier - Left   O EACH   
9433 Transition  24" Concrete - Left & Right O EACH   
9437 Transition  Thrie & W Beam - Right       O EACH   
9438 Transition  Thrie & W Beam - Left       O EACH   
9459 Transition Assembly 30" Concrete Straight Connection O EACH   
9460 Transition Assembly 36" Concrete Straight Connection O EACH   
9461 Transition Assembly 30" Concrete Outside Connection O EACH   
9462 Transition Assembly 36" Concrete Outside Connection O EACH   
9475 Transition Assembly Gore to End of Flared Transition O EACH   
9476 Transition Assembly 42" Double Sided Median Barrier O EACH   
9463 Transition 30" Concrete Straight Connection O EACH   
9464 Transition36" Concrete Straight Connection O EACH   
9465 Transition 30" Concrete Outside Connection O EACH   
9466 Transition 36" Concrete Outside Connection O EACH   
9467 Transition  Thrie & W Beam 10 Degree Flare - Right       O EACH   
9468 Transition  Thrie & W Beam 10 Degree Flare - Left       O EACH   
9469 Transition Concrete Spanner Brace O EACH   
9470 Transition Concrete #1 Tapered Spanner Brace O EACH   
9471 Transition Concrete #2 Tapered Spanner Brace O EACH   
9472 Transition Gore Tapered #1 Spanner Brace O EACH   
9473 Transition Gore Tapered #2 Spanner Brace O EACH   
9474 Thrie Beam Concrete Leg Brace O EACH   
9477 Transition 42" Double Sided Median Barrier-Right O EACH   
9478 Transition 42" Double Sided Median Barrier-Left O EACH   
9479 Transition 42" Double Sided Median Barrier Spanner Brace O EACH   
9480 Transition 42" Double Sided Median Barrier Rub Rail-Right O EACH   
9481 Transition 42" Double Sided Median Barrier Rub Rail-Left O EACH   

  O = Optional        Revised 4-6-05       
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APPENDIX - FIGURE 1A - TL2 ASSEMBLY DRAWING
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Cross Slope at Top Surface Not to Exceed 1 in 12
Cross Slope Not to Vary More Than 1 in 48
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APPENDIX - FIGURE 3 - MOVEABLE SHEAVE ASSEMBLY
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APPENDIX - FIGURE 4 - JERSEY BARRIER TRANSITION 
Right Hand Model Shown
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Text Box
Parts List:                                         
Transition Jersey Barrier - Right #9431
Transition Jersey Barrier - Left #9432   
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APPENDIX - FIGURE 5 - CONCRETE BARRIER TRANSITION
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Parts List:                                         
Transition 24" Concrete Block Right & Left #9431
  
    

       




 

Start of standard  
w-beam guardrail 

Thrie beam to w-beam 
transition section 
RWT01a 

2 Spaces at 37 ½” 

Overlap rails such that 
exposed edges do not 
cause snagging with 
incoming traffic 

5 Spaces at 18 ¾” 3 Spaces at 37 ½” 18 ¾” 

Posts 1-9: PDE03 with the two optional 
holes, 78” length, 44 ¾” embedment 

SCI__GM 

Blockouts for posts 1 and 2: PDB01 
(two per post), or use similar to Part 15 
(figure 7) in original design 

SCI__GM to thrie 
beam transition section 

33 ¼” 1 ¼” 

Blockouts for posts 3- 9: PDB02 

Nested (2) thrie beam rails: 
RTM02a (gauge 12)  

Post 10: PDE03, 
Trim 2” from top of post 

Blockout for post 10: PDB02, 
Trim 2” from top and bottom of 
blockout  
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Text Box
APPENDIX - FIGURE 6 W-BEAM TRANSITION ASSEMBLY
Right Hand Transition Shown
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Text Box
Part List
Transition Thrie & W Beam - Right #9437
Transition Thrie & W Beam - Left #9438



 
 
 
 
 
 
 
 
 Overlap rails such that exposed 

edges do not cause snagging 
with incoming traffic 

5 Spaces at 18 ¾” 3 Spaces at 37 ½” 

SCI__GM 

SCI__GM to thrie 
beam transition section Nested (2) thrie beam rails: 

RTM02a (gauge 12)  

Start of Standard  
thrie beam guardrail 

18 ¾” 

33 ¼” 1 ¼” 

Blockouts for posts 1 and 2: PDB01 
(two per post), or use similar to Part 15 
(figure 7) in original design 

Blockouts for posts 3- 8: PDB02 

Posts 1-8: PDE03 with the two optional 
holes, 78” length, 44 ¾” embedment  
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Text Box
APPENDIX - FIGURE 7 - THRIE BEAM TRANSITION ASSEMBLY
Right Hand Transition Shown
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Text Box
Part List
Transition Thrie & W Beam - Right #9437
Transition Thrie & W Beam - Left #9438
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APPENDIX - FIGURE 8 - 30" CONCRETE TRANSITION ASSEMBLY

jsmith
Text Box
Parts List:     
     Two Sided Full Assembly #9459 
01-Transition 36" Concrete Straight Connection #9463
12-Transition Concrete Spanner Brace #9469
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APPENDIX - FIGURE 9 - 30" CONCRETE TRANSITION ASSEMBLY 
Outboard Connection

jsmith
Text Box
Parts List:     
     Two Sided Full Assembly #9461
01-Transition 30" Concrete Outside Connection #9465
10-Transition Concrete Spanner Brace #9469 
11-Transition Concrete #1 Tapered Spanner Brace #9470
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APPENDIX - FIGURE 10 - 36" CONCRETE TRANSITION ASSEMBLY

jsmith
Text Box
Parts List:     
     Two Sided Full Assembly #9460 
01-Transition 36" Concrete Straight Connection #9464
12-Transition Concrete Spanner Brace #9469 
13-Transition Concrete #1 Tapered Spanner Brace #9470
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APPENDIX - FIGURE 11 - 36" CONCRETE TRANSITION ASSEMBLY 
Outboard Connection

jsmith
Text Box
Parts List:     
     Two Sided Full Assembly #9462
01-Transition 36" Concrete Outside Connection #9466
10-Transition Concrete Spanner Brace #9469 
11-Transition Concrete #1 Tapered Spanner Brace #9470 
12-Transition Concrete #2 Tapered Spanner Brace #9471
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Text Box
APPENDIX - FIGURE 12 - WIDE TAPER TRANSITION ASSEMBLY FOR CONCRETE AND ASPHALT 

jsmith
Text Box
NOTES:
DIMENSIONS SHOWN ARE FOR  60" WIDTH   
FOR EACH 1" OF WIDTH CHANGE ADD OR SUBTRACT THE FOLLOWING:
2.88" (73.15MM) TO LENGTH OF EACH GUARDRAIL
2.84" (72.13MM) TO OVERALL LENGTH
ADD OR SUBTRACT ADDITONAL POST ON EACH SIDE FOR EACH 13" (330 MM) CHANGE IN WIDTH


jsmith
Text Box
The use of the last brace will be determined by whether the Thrie Beam can be attached to the obstruction or not.  If the Thrie beam distance from the last brace is 40 inches or less and can be attached, you will not need a brace at the obstruction.  If you cannot attach to the obstruction, you may need a brace and drill holes in the Thrie Beam at the furthest rearward location.

jsmith
Text Box
Parts List:
01-Transition Thrie 10 Degree Flare Right #9467
01-Transition Thrie 10 Degree Flare Left #9468
10-Transition Concrete Spanner Brace #9469  
11-Transition Concrete #1 Tapered Spanner Brace # 9470
12-Transition Gore Tapered #1 Spanner Brace #9472
13-Transition Gore Tapered #2 Spanner Brace #9473
14-Thrie Beam Concrete Leg Brace #9474  
15-Thrie Beam Blockout AASHTO PWB02
16-Hardware AASHTO FBX16a
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APPENDIX - FIGURE 13 - 42" Double Sided Concrete Median Barrier Transition with 36" Base


jsmith
Text Box
Parts List:     
     Two Sided Full Assembly #9476
01-Transition 42" Double Sided Median Barrier-Right  #9477
01-Transition 42" Double Sided Median Barrier-Left  #9478
09-Transition 42" Double Sided Median Barrier Spanner Brace #9479
13-Transition 42" Double Sided Median Barrier Rub Rail-Right #9480
13-Transition 42" Double Sided Median Barrier Rub Rail-Left #9481
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1.  The energy absorbing system represented on this Qualified Products List (QPL) drawing is a proprietary design by

  Energy Absorption Systems, Inc. and marketed under the name Quadguard CZ System On A Plate.  Any infringement

  on the rights of the designer shall be the sole responsibility of the user.

2.  The Quadguard CZ System On A Plate is for temporary use and is limited to construction zones.

  The system may be used at any location where a temporary redirective crash cushion is called for in the plans.

3.  The Quadguard CZ System On A Plate is a redirective, non-gating crash cushion.

4.  The Quadguard CZ System On A Plate may be configured for design speeds up to 70 mph.

5.  The Quadguard CZ System On A Plate shall be installed in accordance with the manufacturer’s details, drawings,

  procedures and specifications as referenced in these drawings.  The Contractor shall certify that all materials

  furnished meet the specified requirements.

  Temporary Concrete barrier walls abutting the Quadguard CZ System On A Plate must be adequately anchored

  for proper impact performance in accordance with Index No. 415.

6.  Length of need and transitions shall be in accordance with the respective Quadguard drawings in the Design

  Standards or posted on the QPL. 

7.  The number of bays to be used in a specific unit will be determined by the design speed, except where the

  Engineer determines another speed is more applicable.

8.  A yellow Type ~  object marker shall be centered 3’ in front of the nose of the Quadguard CZ System On A Plate.

  Mounting hardware shall be in conformance with Index Nos. 11860 and 11865.  The cost of the object marker

  shall be included in the cost of the Quadguard CZ System On A Plate.

9.  The drivable pile anchor system may be used as an alternative to the other foundation options shown.  The cost

  of the drivable pile anchor system shall be included in the cost of the Quadguard CZ System On A Plate.

10.  Temporary Quadguard CZ System On A Plate units will be paid for under the contract unit price for Impact 

  Attenuator-Crash Cushion (Temporary) (Redirective Option), LO.

QUADGUARD SYSTEM CZ ON A PLATE FOR 

CONSTRUCTION ZONES W/DRIVABLE PILE 

ANCHORAGE

QPCZDPA-U/1 of 1

35-40-70/1 of 1QUADGUARD SYSTEM CZ ON A PLATE 

DRIVABLE PILE ANCHOR (DPA)

ASSEMBLY

The contractor has the option to install reflective sheeting on the nose of the crash 

cushion in lieu of placing the yellow Type I Object Marker 3 feet in front of the nose 

of the crash cushion. The sheeting to be used must be solid yellow, Type III or better, 

and must be a product listed on the Department’s Qualified Products List (QPL). The 

sheeting to be applied to the nose of the crash cushion shall be a minimum of 360 

square inches with a minimum height of 15 inches.

                         April 30, 2009

CZ ON A PLATE, MP-3 ANCHOR KIT,

QG, 3 BAY B/U, 3 BAY ADAPTOR PLATES

CZ ON A PLATE, MP-3 ANCHOR KIT,

QG, 3 BAY B/U, 3 BAY ADAPTOR PLATES

24" & 30" SYSTEMS

CZ ON A PLATE, MP-3 ANCHOR KIT,

QG, 3 BAY B/U, 3 BAY ADAPTOR PLATES

36" SYSTEM

QUADGUARD SYSTEM

DIAPHRAGM ASSY., QG
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FENDER PANEL ASSY., QG
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24 & 30 BACKUP ASSY.,
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36 BACKUP ASSY.,
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LIFTING KIT & INSTRUCTIONS

QUADGUARD SYSTEM

NOSE ASSY., QG

NOTE 8 ALTERNATIVE:



























      Page 1   

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Patents Pending 

Copyright © 2001 BSI 

Copyright © 2001 BSI

“Advancing Safety Through Innovation” 

I n s t a l l a t i o n  a n d  A s s e m b l y  M a n u a l  

UNIVERSAL TAU-II® Crash Cushion 
 

Step By Step Instructions For Parallel & Tapered Systems 

An ISO 9001:2000 Company 

UNIVERSAL TAU-II® Crash Cushion 
 

Step By Step Instructions For Parallel & Tapered Systems 
 

UT2-I&M v27 050407 



  

  Page 2 

U n i v e r s a l  T A U - I I ®  C r a s h  C u s h i o n            I N T R O D U C T I O N  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

This page left blank 



 

      Page 3   

U n i v e r s a l  T A U - I I ®  C r a s h  C u s h i o n            I N T R O D U C T I O N  

 
TABLE OF CONTENTS       
 
Preface  ………………………..…………… 4 

Introduction ………………………………… 4 

System Overview ……….………………… 4 

Required Tools  ………..…………………. 4 

Before Installation ………………………… 5 

Limitations and Warnings………………… 5 

 

Parts Index ………………….………….. 6,7 

 

PARALLEL SYSTEM INSTALLATION 
Preparing for installation  …………………. 8 

Step 1.  Backstop Installation  ……………. 10 

Step 2.  Rear Cable Anchor Installation  ...  11 

Step 3.  Front Cable Anchor Installation  …   12 

Step 4.  Install Diaphragms  ………………..  13 

Step 5.  Install Guide Cables  …………….   14 

Step 6.  Attach Pipe Panel Mounts  ………   15 

Step 7.  Install Side Panels  ……..………..    16 

Step 8.  Assemble Nose Assembly  ……..     18 

Step 9.  Install Energy Absorbing  

             Cartridges  ………………………… 19 

Step 10. Tension Guide Cables ………….     20 

Step 11.  Final Inspection ………………… 20 

 

TAPERED SYSTEM INSTALLATION 
Introduction  ………………………………. 21 

System Overview  ……………………….. 22 

Required Tools  ………………………….. 22 

Step 1.  Foundation Requirements ……… 23 

Step 2.  Anchoring System  .……………… 24 

Step 3.  Assemble Bulkheads .…………… 25 

 

 

   

The Front Support  ……..… 26 

  Middle Assembly …... …….    27 

Step 4.  Backstop Assemblies …. …..…… 30 

  Compact Backstop  ……….  31 

  Flush Mount Backstop  …… 32 

  Wide Flange Backstop  …… 33 

Step 5.  Attach Side Panels ………. …….. 35 

Step 6.  Attach Nose Piece ………………. 36 

Step 7.  Install Cables / Guides …………..   37 

Step 8.  Stretch and Align System …….…   39 

Step 9.  Tension Cables / Torque 

  Sliders bolts ………………..……. 39 

Step 10. Install Lateral Support Cables ..... 40 

Step 11. Insert Energy Absorbing 

  Cartridges …………………………  42 

Step 12. Final Inspection …………….……   43 

 
APPENDIX 
 

A.  System Configuration Chart  …….. 44 

B. System Torque Chart  ………….... 46 

C. System Foundation Drawings….… 47 

D. System Transition Drawings  ……. 63 

E. Installation Instructions to BarrierGuard 

800 Steel Barrier  ………………….. 76 

 
 
 
 
 
 
 
 
 



 

      Page 4   

U n i v e r s a l  T A U - I I ®  C r a s h  C u s h i o n            I N T R O D U C T I O N  

 
PREFACE 

 
The Barrier Systems, Inc. (BSI), Universal TAU-II 
crash cushion system incorporates the newest 
roadside safety materials and engineering processes.   

 
As with any roadside safety device, the Universal 
TAU-II system must be installed properly to insure 
proper performance.  Thoroughly review and fully 
understand the installation instructions and product 
limitations before starting the installation.  Do not start 
the installation without the proper plans and tools 
required for installation. 

 
If you need additional information, or have 
questions about the Universal TAU-II Crash 
Cushion, please call the BSI Customer Service 
Department at (888) 800-3691 (U.S. toll free) or 
(707) 374-6800. 

 

INTRODUCTION 
 
The TAU-II system has been tested to meet the 
rigorous requirements of NCHRP Report 350, Test 
Levels 2 and 3.  The systems will be provided in 
lengths and capacities for both low speed and high 
speed applications. 
 
The TAU-II system is redirective and non-gating, and 
is ideally suited for narrow hazards such as the ends 
of rigid barriers, tollbooths, utility poles and more.  
Ease of installation, numerous transition options, low 
maintenance requirements, and reusability of system 
components make the TAU-II system ideal for 
treating many roadside hazards. 
 
Redirective, non-gating crash cushions are highway 
safety devices whose primary function is to improve 
the safety for occupants of errant vehicles that impact 
the end of rigid or semi-rigid barriers or fixed roadside 
hazards by absorbing the kinetic energy of impact or 
by allowing controlled redirection of the vehicle. 
These devices are designed to safely decelerate an 
errant vehicle to a safe stop or redirect an errant 
vehicle away from roadside or median hazards.  
These types of systems are typically applied to 
locations where head-on and angled impacts are 
likely to occur and it is desirable to have the majority 
of post impact trajectories on the impact side of the 
system. 
 

 
SYSTEM OVERVIEW 

 
The Universal TAU-II system is designed and 
constructed to provide acceptable structural 
adequacy, minimal occupant risk and safe vehicle 
trajectory as set forth in NCHRP 350 for redirective, 
non-gating crash cushions.  Refer to Figure 1 to 
familiarize yourself with the basic parts and part 
names of the system. 
 
The Universal TAU-II system is designed to shield the 
ends of median barriers and other fixed objects likely 
to be struck head-on, by absorbing and dissipating 
the kinetic energy of impacting vehicles.  Universal 
TAU-II systems utilize disposable Energy Absorbing 
Cartridges (EACs) to absorb the kinetic energy of the 
impacting vehicle.  The EACs are separated by 
diaphragms and held in place with a framework of 
thrie-beam corrugated steel rail panels that 
“telescope” rearward during head-on impacts.  As the 
vehicle compresses the cushion, it exerts a force on 
the first bay containing an EAC.  The diaphragms 
distribute the impact forces uniformly to all the 
remaining cartridges in each bay until the vehicle 
eventually stops.  The depth of penetration is 
dependent upon both the original impact speed and 
the mass of the impacting vehicle.  Only the Energy 
Absorbing Cartridges are expended after most head-
on impacts.   
 
When hit at an angle along the side, the system is 
restrained laterally by guidance cables that run the 
length of the system and attach to the bottoms of the 
diaphragms and terminate at the anchors at each end 
of the system.  The front and rear cable anchors are 
attached to the foundation as described in Appendix 
A Foundation Requirements.   
 
 
BEFORE TAU-II INSTALLATION 
 
Placement and use of the TAU-II system should be 
accomplished in accordance with the guidelines and 
recommendations set forth in the “AASHTO Roadside 
Design Guide,” FHWA memoranda and other state 
and local standards. 
 
Depending on the application and circumstances at 
the job site, installation and assembly of a Test Level 
3 system should take a two-person crew less than 3 
hours. 
 
The TAU-II is a highly engineered safety device made 
up of a relatively small amount of parts. Before 
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starting the assembly, become familiar with the basic 
elements that make up the TAU-II system.  The TAU-
II system components are illustrated separately in 
Figure 1 (Pages 6-7). 
 
 
Limitations and Warnings 
 
The Universal TAU-II system has been rigorously 
tested and evaluated per the recommendations in the 
NCHRP Report 350 Guidelines for terminals and 
crash cushions.  The impact conditions 
recommended in NCHRP 350 are intended to 
address typical in-service collisions.  
 
When properly installed and maintained, the system 
is capable of stopping or containing and redirecting 
impacting vehicles in a predictable and safe manner 
under the NCHRP 350 impact conditions. 
 
Vehicle impacts that vary from the NCHRP 350 
impact conditions described for redirective, non-
gating, crash cushions may result in significantly 
different results than those experienced in testing.  
Vehicle impact characteristics different than or in 
excess of those encountered in NCHRP 350 testing 
(speed and angle) may result in system performance 
that may not meet the NCHRP 350 evaluation 
criteria. 
 
If you need additional information, or have 
questions about the Universal TAU-II Crash 
Cushion, please call the BSI Customer Service 
Department at (888) 800-3691 (U.S. toll free) or 
(707) 374-6800. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
PROVIDED TOOLS 
 

� Long bolt for nested slider panel installation 
� Allen socket for the slider bolt assembly 
� Cable socket 
 

 
REQUIRED TOOLS 
 

� ½” [12 mm] drive deep sockets: 
3/4” [19 mm], 13/16”, [20 mm],  
15/16”, [24 mm], 1 1/8” [30 mm] 
3/4” [20 mm] deep socket 

� 3/4” [19mm] combination end wrench 
� ½” (12 mm) drive ratchet with extensions 
� Rotohammer for drilling holes in concrete: 
� 7/8” [22 mm] X 10” [250 mm] bit for chemical 

anchors 
� ½” Torque wrenchs: 
� 20 ft-lbs [27 N-m] and 500 ft-lbs [680 N-m] 

capacity 
� Measuring tape 
� Safety Equipment: Glasses, Gloves 
� ½” (12 mm) Air impact wrench (Optional) 

 
 
Note:  The tools list is a general recommendation.  
Depending on the specific characteristics of the 
job site, more or less tools may be necessary.  
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Figure 1. Illustrated parts list 

Flush Mount 
Backstop 

Pt# FMB30-kit 
Pt#FMB36-Kit 

Asphalt Anchoring Kit  For PCB Backstop 
PT# K001009 

PCB Backstop 
Pt# B040425 

Compact Backstop 
Pt# B040430 

Asphalt Anchoring Kit for Compact Backstop 
Pt# K001007 

Wide Flange 
Backstop 

Pt# B030668 

Parallel Cable Wide Cable 

Nose Piece Only  
(Parallel) 

Pt# B030516 (Black) 
 

Hardware Kit 
Pt# K001013 

Nose Piece – (wide) 
Pt# K001034 Y (Black) 

with rivet Kit 
Energy Absorbing 
Cartridge - Type B 

Pt# B010722 

Rear Cable Anchor 
(Backstop Mount) 

Pt# B031020 

Front Cable Anchor, 
Universal Cable 

Pt# B030935 

Rear Cable Anchor, 
(Independent) 
Pt# B030938 

Front Cable Anchor 
(Reverse) 

Pt# B040412 

Front Cable Anchor 
Asphalt Anchor 

Pt# B020425 

Flush Mount Wide Flange Compact or PCB 

Sliding Panel 
Pt# B010202

Energy Absorbing 
Cartridge - Type A 

Pt# B010802 

End Panel 
Pt# B010659

 Angled End Panel 
Pt# B040203 

Front Cable Anchor, 
Compact Cable 

Pt# B010248 

Cable Key Front 
Pt# B040501

Cable Key 
Pt# B030942

B020424 

B020423 
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Leg Adapter 
(wide) 

Pt# A040223 

Cable Guide Assembly 
Kit (x4) 

Pt# K001004 
Cable Guide Mounting 

Plate – (wide) 
Pt# B030411 

Leg (wide) 
Pt# B030425 

Wing Assembly 
Pt# B030509 

XL Bulkhead 
Pt# B030521 

 

XXL Bulkhead 
Pt# B030528 

Backing Plate 
(wide) 

Pt# A041216 
Level Spacer 
Pt# B030551 

Front Collision Plate 
(wide) 

Pt# B030801 
Wing Brace 

(wide) 
Pt# B030821 

Spacer - Wing Brace 
(wide) 

Pt# B030823 

Transition Wing Assy. 
Pt# B030910 

Lateral support Mount, 
(Backstop Mount - wide) 

Pt# B031011 
Bulkhead Mount, 

Lateral Support – (wide) 
Pt# B031010

Lateral Support 
Cable Assembly Kit 

Pt# K001031 

Bumper Assembly 
(wide) 

Pt# B031035 
36 Inch Adapter Assy 

Pt# B031201

EAC Locator Kit (X4) 
Pt# K001028 

Slider Assembly Kit (x4) 
Pt# K001003

Front Support 
Pt# B030704  

 
Leg Kit Pt# K001005 Middle Support 

Pt# B030703 

Pipe Panel Mount 
Pt# B010651 

 
Hardware Kit 
Pt# K001017 

XXXL Bulkhead 
Pt# B030529 

Backstop Blockout 
(wide) 

Pt# B030713 
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Sign Conventions 
The picture of the TAU-II system above is labeled to 
show the descriptive terms that will be used 
throughout this manual.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Preparing for installation 
 
Depending on the size of the system ordered, the 
parts will be shipped on two to five pallets.  Assembly 
of the TAU-II system is typically done at the worksite.  
(If preferred, the system can be assembled “off-site” 
and set into position as one piece, with a forklift or 
crane.)   
 
Before beginning the assembly of the TAU-II system, 
check the packing list to be certain that all of the 
system components were included in the shipment. 
 
The TAU-II Crash Cushion system has been 
designed to attach to concrete or asphalt foundations.  
BSI recommends that at a minimum, the system be 
anchored to standard six-inch reinforced 4,000 psi  
(28 MPa) Portland Cement Concrete (PCC) pad or 
roadway, or 8” (200 mm) AR-4000 Asphalt Concrete.  
When installing to concrete, care must be taken when 
building the concrete pad to space the rebar so as to 
minimize interference with the anchor bolt holes.  
 
(See Appendix “C”, Page 47, for BSI 
recommended foundation options and material 
specifications.) 
 
NOTE: 
It is important to determine the system’s installation 
position and angle, to optimize proper function and 
transition.   
 
This system is available in two configurations: 
 

1) The system can be attached directly to the 
end of a concrete barrier, utilizing the “PCB 
Backstop” (BSI part # B040425) or the “Flush 
Mount Backstop” (BSI part # B040219). 

 
2) The second configuration utilizes a “Compact 

Backstop” (BSI part # B010537) which is a 
free standing back support.     

 
 

This manual describes the installation procedure for 
an 8 bay (Test Level 3) system.   
 
(See the System Configuration Chart in Appendix 
“A”, Page 44, for guidelines on choosing a 
system length to accommodate different traffic 
criteria.) 
 
 
 

Left Side 

Rear or Back 
- Downstream -  

Front or Nose 
- Upstream - 

Right  Side

Concrete pad in front of hazard 

Wide system on pallets for shipment 
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Depending on the installation design, transition 
hardware may be necessary.  Because each 
transition is unique, BSI recommends that the 
transition hardware be properly fitted before 
anchoring the system.  Pre-assemble the transition  
 
 

 
hardware before setting the system base plates to 
assure the proper spacing between the system and 
the object being treated. 
 
(NOTE: See Appendix “D”, Page 63, for some 
recommended transition types) 
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CONCRETE PAD INSTALLATION 
 
 
 
 
 
 
 
 
 
 
 
 
 
Step 1. (Compact Backstop to Concrete 
Foundation) 
Place the Compact Backstop in the desired final 
installation position.  Use the holes in the base plate 
as a template to mark the location of the anchor 
points.  Remove the backstop and drill the anchor 
bolt holes.  The holes should be 6” (150 mm) deep 
and 7/8” (22 mm) diameter.  Install the anchors into 
the pad following the instructions included with the 
anchor epoxy.  When the epoxy is fully cured, install 
the nuts and flat washers.  Tighten to 120 ft-lbs (160 
N-m). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Step 1. (PCB Backstop to Concrete Foundation) 
Place the PCB Backstop in the desired final 
installation position.  Use the holes in the backstop as 
a template to mark the location of the anchor points.   
The holes should be 6” (150 mm) deep and 7/8” (22 
mm) diameter.  Use a caulking gun and gun insert 
filled with anchoring compound to secure the ¾” x 8 
¼” (20 mm x 610 mm) galvanized anchors.  Torque 
to 120 ft-lbs (160 N-m). 
 
 

 
ASPHALT INSTALLATION 
 
 
 
 
 
 
 
 
 
 
 
 
 
Step 1. (Compact Backstop to Asphalt) 
If the unit is being installed on asphalt, the Asphalt 
Adapter must be attached to the Compact Backstop.  
Use the base as a template to mark the anchor point 
locations.  All holes should be 15 to 16½” (380 to 420 
mm) deep.  Use 18” (460 mm) anchors for the 
Compact Backstop and the Asphalt Adapter.  Install 
the anchors into the foundation following the 
instructions included with the anchor epoxy.  When 
the epoxy is fully cured, install the nuts and flat 
washers.  Tighten to 120 ft-lbs (160 N-m). 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Step 1. (PCB Backstop to Asphalt Foundation) 
Place the PCB Backstop in the desired final 
installation position.  Use the holes in the backstop as 
a template to mark the location of the anchor points.  
The holes should be 6” (150 mm) deep and 7/8” (22 
mm) diameter.  Use a caulking gun and gun insert 
filled with anchoring compound to secure the ¾” x 8 
¼” (20 mm x 610 mm) galvanized anchors.  Torque 
to 120 ft-lbs. (160 N-m) 
 
 

Use the Base Plate of the Compact Backstop as a template 

Use the P.C.B. Backstop as a template to drill the holes 

Compact Backstop Base with Asphalt Adapter 

 

Use the P.C.B. Backstop as a template to drill the holes

PCB Backstop 
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CONCRETE PAD INSTALLATION 
 

Step 2. (Concrete Rear Cable Anchors) 
 

NOTE: IF YOU ARE USING THE COMPACT 
BACKSTOP, SKIP TO STEP 3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Use the holes in the plate as a template to mark the 
location of the holes for the anchor studs.  (There is 
one Cable Anchor for each side of the P.C.B.).  The 
holes should be drilled 6” (150 mm) deep and 7/8” 
(22 mm) in diameter.  Install the (all thread) studs into 
the PCB following the instructions included with the 
anchor epoxy.  When the epoxy is fully cured, install 
the nuts and flat washers.  Tighten to 120 ft-lbs (160 
N-m). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
NOTE:  For proper system performance, the 
concrete barrier must be rigidly attached to an 
adequate foundation.  See Appendix “C” for 
Anchor Foundation Options and Page 24 for 
anchoring material options.. 
 
 

 
ASPHALT INSTALLATION 
 

Step 2. (Asphalt Rear Cable Anchors) 
 

NOTE: IF YOU ARE USING THE COMPACT 
BACKSTOP, SKIP TO STEP 3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Refer to the Installation Drawings in Appendix “C” to 
determine the correct Cable Anchor installation 
position.  Use the holes in the plate as a template to 
mark the location of the holes for the anchor studs.  
(There is one Cable Anchor for each side of the 
P.C.B.).  The holes should be drilled 6” (150 mm) 
deep and 7/8” (22 mm) in diameter.  Install the (all 
thread) studs into the PCB following the instructions 
included with the anchor epoxy.  When the epoxy is 
fully cured, install the nuts and flat washers.  Tighten 
to 120 ft-lbs (160 N-m) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
Attach the PCB Asphalt Adapter.  Drill holes 6” (150 
mm) deep and 7/8” (22 mm) in diameter in the 
concrete barrier.  Drill 15 to 16 ½” (380 to 420 mm) in 
the foundation and install 18” (460 mm) anchors 
following the instructions included with the anchor 
epoxy.  When the epoxy is fully cured, install the nuts 
and flat washers.  Tighten to 120 ft-lbs (160 N-m).  

Use the Cable Anchor Plate as a template for the bolt holes (Right Side)

Front 

Cable Anchor Bolts (4)

P.C.B. Backstop 

Front 

Cable Anchor Bolts (4) 

P.C.B. Backstop 

Use the Cable Anchor Plate as a template for the bolt holes (Left Side)

PCB Backstop 

Attach the PCB Asphalt Adapter. 

PCB Asphalt Adapter 

Use the Anchor Plate as a template for the bolt holes (Right Side)

PCB Backstop 

Cable Anchor Bolts (4)
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CONCRETE PAD INSTALLATION 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Step 3. (Concrete Front Cable Anchor) 
Place the Front Cable Anchor in the desired final 
installation position.  Use Appendix C for layout 
dimensions.  Use the holes in the plate as a template 
to mark the location of the anchor points.  Remove 
the plate and drill the anchor bolt holes to the desired 
size and depth.  The holes should be 6” (150 mm) 
deep and 7/8” (22 mm) diameter.   
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
NOTE: 
It is important that the holes are drilled straight and in 
the correct position so that the plate will fit back over 
the bolts after they have been set with anchoring 
material.  If the total hole depth cannot be reached 
due to rebar interference, a “diamond tip” drill or 
equivalent should be used to reach the total hole 
depth. 
 

 
ASPHALT INSTALLATION 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Step 3. (Asphalt Front Cable Anchor) 
The Asphalt Front Cable Anchor is a three piece unit.  
Place the Front Cable Anchor and the Front Anchor 
Backup Plate in the desired final installation position.  
Use the holes in the plates as a template to mark the 
location of the anchor points.  Remove the plates and 
drill the anchor bolt holes to the desired size and 
depth.  The holes should be 15 to 16 ½” (380 to 420 
mm) deep and 7/8” (22 mm) diameter.  Install the 
cable and clevis pin before installing the Front 
Anchor Tie Channel.  Install the Front Anchor Tie 
Channel on top of the Front Cable Anchor and the 
Front Anchor Backup Plate. 
 
 
NOTE: 
It is important that the holes are drilled straight and in 
the correct position so that the plate will fit back over 
the bolts after they have been set with anchoring 
material.  If the total hole depth cannot be reached 
due to interference, a “diamond tip” drill or equivalent 
should be used to reach the total hole depth. 
 
 
 
 
 
 
 
 
 
 
 
 

Use the Front Anchor Plate as a template 

Drill the anchor bolt holes to the proper size and depth 

Install and torque nuts on the anchor bolts 

Front Cable Anchor Front Anchor 
Backup Plate

Front Anchor Tie Channel 
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After the anchoring epoxy is properly cured, install a 
nut and washer on each of the anchor bolts extending 
through the base plates of the Backstop and Front 
Cable Anchor plate.   
 
For PC Concrete foundations, torque the nuts to 
120 ft-lbs (160 N-m). 
 
For Asphaltic Concrete foundations, torque the 
nuts to 5 ft-lbs (8 N-m). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This photo shows a view of how the installation would 
look after the Backstop and Front Cable Anchor are 
securely fastened. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Step 4. 
The Diaphragms should be spaced (one by one) 
evenly between the Front Cable Anchor and the 
Backstop.  It is not important that they be exactly 
spaced at this point as they can easily be moved into 
the desired final assembly position when necessary. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The photo above shows what the installation would 
look like after the diaphragms have been placed 
between the Backstop and the Front Cable Anchor. 
 
NOTE:  Do not install the Front Support Assembly 
and nose piece at this time, it will be installed later. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Step 5. 
Starting at the upstream end of the system, thread 
the Guide Cable through the space in the bottom of 
the Diaphragms.  Make sure to pull the threaded 
cable end through first so that it will end up at the 
back of the unit.  (Make sure that the Guide Cable is 
threaded through the bottom of each Diaphragm.) 
 

Thread the Guide Cable through the Diaphragms

Thread through the bottom of each DiaphragmSpace Diaphragms between Anchors 

View of foundation with Diaphragms 

Diaphragms spaced between Backstop and Front Cable Anchor

Compact Backstop and Front Cable Anchor installed

Compact Backstop  
or P.C.B. Backstop 

Front Cable Anchor 

ALL FOUNDATIONS 
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Push the threaded end of the cable through the hole 
in the anchor tab on the left side of the Compact 
Backstop.  Install the nut on the end of the adjusting 
screw.   
 
NOTE:  Do not thread the nut beyond the end of the 
adjusting screw at this time.  The nut will be tightened 
later. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Attach the other end of the Guide Cable to the left 
side of the Front Cable Anchor by first removing the 
pin from the clevis (shackle).  Place the clevis over 
the anchor eye and re-install the pin through the eye, 
making sure that the handle portion of the pin is on 
the inside of the anchor assembly.  Firmly tighten the 
pin. 
 
For asphalt installations, the cable and clevis 
pin have been attached in Step 3 (Page 12). 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Repeat the process outlined in steps 6, 7, and 8, for 
the other cable. Install the second cable along the 
right side of the system without crossing the first 
cable. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Use the Cable Guide Assembly blocks to attach the 
Guide Cable to the bottom cross rail of the 
Diaphragms.  The cable blocks consist of two 
grooved halves that, when put together, provide a 
path for the Guide Cable to move through. 
 
It is easiest to install the Cable Guides by first placing 
the two halves of the blocks together around the 
cable.  Next, hold the blocks and cable up to the plate 
on the bottom of the Diaphragm.  Push the bolt from 
the top down through the plate and then through the 
blocks. 
 
NOTE: See Page 28, Figure 9 for cable guide 
positions for wide flange systems. 
 
 

Guide Cable to Front Cable Anchor 

Pin handle of clevis is on the 
inside of the anchor assembly

Thread the second cable

Attach cables to bottom of Diaphragms 

Compact Backstop 

P.C.B. Backstop 
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Install a lock washer and nut to secure the bolt.   
Continue the process until all four of the attachment 
bolts are installed on each Cable Guide Assembly.  
 
NOTE:  If properly installed, the Guide Cable should 
slide freely through the Cable Guide blocks and the  
Diaphragm should slide freely along the cable. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Use an impact wrench (or hand tools) to securely 
tighten the (4) bolts holding the Cable Guide blocks to 
the plate on the bottom of each Diaphragm.  Use the 
Cable Guide Hardware Kit #K001004. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The photo above shows what the Diaphragms should 
look like after the Cable Guide blocks have been 
installed. 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Step 6. 
Attach the Pipe Panel Mounts to the sides of the 
Backstop.  (The End Panels are not attached directly 
to the Backstop Diaphragm.)  The Pipe Panel Mount 
attaches between the Backstop Diaphragm and the 
End Panel to facilitate proper system performance 
during side impacts in this area.  
 
The Pipe Panel Mount is made from a piece of 6” 
(150 mm) diameter galvanized pipe with angles of 
material cut out of the top and bottom of one end. 
 
NOTE:  It is important that the end of the mount that 
is cut flat be facing the back (downstream) end of the 
system and that the cut out end of the Pipe Panel 
Mount be facing toward the front (upstream). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
To attach the Pipe Panel Mount to the Backstop 
Diaphragm, place a washer on the attachment bolt 
and push the bolt through the inside hole on the Pipe 
Panel Mount and continue the bolt through the hole 
located on the side of the Diaphragm that is a part of 
the Backstop as shown in the photo above.  Use the 
Pipe Panel Hardware Kit #K001017. 
 
 

Tighten Cable Guide bolts 

Pipe Panel Mounts attach to the compact backstop Diaphragm

Compact Cables run thru the Cable Guide blocks on the Diaphragm bottoms
Install all four Pipe Panel Mounts 

Cut Out
Facing Front 

Cut Out
Facing Front 

Front of Backstop
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Step 7. 
At this point you will start assembling the sides of the 
system.  The first two side panels are installed 
together as the Sliding Bolt attaches both of the 
panels to the Pipe Panel Mount located on the side of 
the Backstop Diaphragm.  Attach the right side End 
Panel and right side rear-most Sliding Panel to the 
Pipe Panel Mount using the Sliding Bolt.   
 
Insert the Slider Bolt through the slotted portion of the 
last bay Sliding Panel.  Continue the bolt through the 
front hole of the End Panel.  Continue the bolt 
through the bolt hole in the outside of the Pipe Panel 
Mount as shown in the photo above. 
 
NOTE:  For the system to telescope properly, the 
slotted Sliding Panel MUST be on the outside of 
the End Panel. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The photo above shows the end of the Slider Bolt 
coming through (from the outside) the slot in the last 
left bay side Sliding Panel, through the front hole of 
the End Panel and through the outer hole of the Pipe 
Panel Mount. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
NOTE:  For ease in assembly of the rest of the 
system, hand tighten the nut on the Slider Bolts.  The 
bolts will be tightened in a later step.  Use Slider Bolt 
Hardware Kit #K001003. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
You will now attach the right side panels one-by-one, 
moving towards the front of the system.  Attach the 
rear bay and second-to-last bay Sliding Panels to the 
first diaphragm using Sliding Bolts.  Insert the Sliding 
Bolt through the slot in the second-to-last bay Sliding 
Panel. Continue pushing the bolt through the hole in 
the front of the last Sliding Panel and finally push the 
bolt through the hole in the side of the corresponding 
Diaphragm. 
 
NOTE:  For the system to telescope properly, the 
forward most slotted Sliding Panel MUST be on 
the outside. 
 
 
 

View from outside showing the End Panel and Sliding Panel attached with the 
Slider Bolt.  

Sliding PanelEnd Panel

Sliding Bolts

Install the End Panel and the last bay Sliding Panel together 

Front of 
Backstop 
Diaphragm 

Last Bay 
Sliding Panel 

End Panel 

The Slider Bolt holds on the (last bay) Slider Panel and End Panel

Sliding Panel 
On outside 

End Panel 

Sliding Bolts Pipe Panel Mounts

Front of Backstop 
Diaphragm Install each of the Sliding Panels 

NOTE: See configuration chart to determine if you 
have “stacked” or “nested” slider panels in some 
locations.
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Repeat this step until all Sliding Panels have been 
mounted to the Diaphragms.  The forward-most 
Sliding Panel must always be on the outside of the 
system (next to the mushroom head of the sliding 
bolt).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The photo above shows what the system will look like 
after the End Panel and all of the Sliding Panels have 
been installed on the right side as well as the End 
Panel and rear-most Sliding Panel on the left side. 
 
Continue attaching the Sliding Panels along the left 
side of the system until all of the Sliding Panels are 
installed. 
 
NOTE:  For the system to telescope properly, the 
forward most slotted Sliding Panel MUST be on 
the outside. 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The photo above shows what the system will look like 
after both of the End Panels and all of the Sliding 
Panels have been installed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The final bay will be assembled separately from the 
rest of the system and then installed as a complete 
unit.  The components that make up the final bay are 
two Sliding Panels, the Front Diaphragm, the Nose 
Cover and the Leg Supports. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Hand tighten the nuts of the Slider Bolts 

Downstream 
Sliding Panel 

Sliding Bolt 

Upstream 
Sliding Panel 

Right side Sliding Panels installed – Left side End Panel and last Sliding 
Panel installed. 

All End Panels and Sliding Panels installed 

Nose Bay components

Sliding Panel

Sliding Panel

Nose Cover

Support Legs 

Front Diaphragm
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Step 8. 
Attach the Nose Cover and left Slider Panel to the 
Front Support.  Install the bushing in the hole of the 
nose piece.  Install the fender washer on the machine 
bolt (Slider Bolt not used) and push the bolt through 
the bushing in the Nose Cover hole.  Continue the 
bolt through the hole in the front edge of the last-bay 
Slider Panel and finally push the bolt through the hole 
in the Front Diaphragm.  Install the washer and hand 
tighten the nut. (The nut will be tightened later.)  Use 
Nose Piece Hardware Kit #K001013. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Repeat the process outlined in Step 8 with the right 
side of the assembly. 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The final step in the assembly of the nose bay is to 
install the Support Legs.  Place the nose assembly on 
its side.  Push one of the leg support machine bolts 
and washer through the hole in the bottom rail of the 
Front Support.  Screw the Leg Support onto the bolt 
and tighten the bolt with a wrench or socket.  
Warning:  DO NOT OVER-TIGHTEN THIS BOLT.  
Use the Front Support Leg Hardware Kit #K001005. 
 
 
 

 
 
 
 
Carry the complete nose bay assembly to the front of 
the system.  Attach the Slider Panels to the 
diaphragm by pushing the Slider Bolt through the 
slots in the final bay Slider Panels and then through 
the hole in the front of next bay Slider Panel.  Finally, 
push the Slider Bolt through the hole in the side of the 
Diaphragm and attach the flat washer and nut. 
 
 

Repeat with the right side 

Front View of Assembled Nose Assembly                      Rear View

Bolt the Support Legs to the bottom of the Front Support Assembly.  

Carry the assembled Front Support Assembly into position to attach.  

Attach Nose Cover and Slider Panel to Front Support  

The solid plate on Front Assembly must
 be on the bottom and facing the front  
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NOTE:  For the system to telescope properly, the 
forward most slotted Sliding Panel MUST be on 
the outside. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
It is important to make sure that the system bays are 
fully extended to ensure that the Energy Absorbing 
Cartridges will fit properly.  Pull the Slider Panels of 
each bay until fully extended, working from the base 
toward the nose assembly. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Torque all of the Sliding Bolts to 20 ft-lbs (27 N-m). 
Torque the Front Panel Bolts (holding nose cover) to 
200 ft-lbs (270 N-m).  Do not overtighten. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Step 9. 
Insert a Type “A” Energy Absorbing Cartridge into 
each of the first three (3) bays of the 8 bay (TL-3) 
system.  The Type “A” cartridges have holes and 
slots on the sides toward the end of the cartridge.  
Install each cartridge on its side with the holes and 
slots facing the front (upstream) of the system. 
 
Insert a Type “B” Energy Absorbing Cartridge into the 
remaining five (5) bays.  The Type “B” Cartridges 
have three holes on one end of the cartridge.  Install 
each cartridge on its side with the holes facing the 
back (downstream) of the system. 
 
Refer to the matrix in Appendix “A” for proper 
cartridge configurations. 
 
NOTE: For proper system performance, the 
Energy Absorbing Cartridges must be installed in 
the proper order and in the proper direction as 
shown in Appendix “A”.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

View of assembled system (except Cartridges) 

Install Energy  Absorbing Cartridges 

Torque each of the Slider Bolts 

Type “A” EACs

Type “B” EACs
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Step 10. 
The final step in the installation of the TAU-II system 
is to apply tension to the Guide Cables that run 
underneath the system.   
 
CONCRETE INSTALLATION: 
Torque the nut on the end of the threaded cable end 
to 500 ft-lbs (680 N-m). 

 
 
ASPHALT INSTALLATION 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The above photo shows what a completely installed 
Test Level 3 TAU-II system with a compact backstop 
will look like. 
 
 
 

Torque the nut on the end of the adjustable Eye Bolt 
to 120 ft-lbs (160 N-m). 
 
NOTE:  For proper performance, the cables must 
be tensioned properly. 
 
Step 11. 
Use the check list on page 43 to confirm that all of the 
installation steps have been completed. 
   
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Tension the Guide Cables with a torque wrench. 

Complete Test Level 3 system (8 bay) 
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INTRODUCTION 

 
This manual is organized in steps that address 
each of the different installation options that are 
available.  The Universal TAU-II system is very 
versatile and also easy to assemble and install if 
these basic guidelines are followed. 

 
The Universal TAU-II system has been tested to 
meet the rigorous requirements of NCHRP 
Report 350, Test Levels 2 and 3.  The systems 
are provided in lengths and capacities for both 
low speed and high speed applications and 
hazard widths up to 8.5 feet [2.6m]. 
 
The Universal TAU-II system is redirective, non-
gating, and is ideally suited for hazards such as 
the ends of rigid barriers, tollbooths, utility poles,  
and more.  Ease of installation, numerous non-
proprietary transition options, low maintenance 
requirements, very low life cycle costs and 
reusability of system components make the 
Universal TAU-II system ideal for treating many 
roadside hazards. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
Redirective, non-gating crash cushions are 
highway safety devices whose primary function 
is to improve the safety for occupants of errant 
vehicles that impact the end of rigid or semi-rigid 
barriers or fixed roadside hazards by absorbing 
the kinetic energy of impact or by allowing 
controlled redirection of the vehicle. These 
devices are designed to safely decelerate an 
errant vehicle to a safe stop or redirect an errant 
vehicle away from roadside or median hazards.  
These types of systems are typically applied to 
locations where head-on and angled impacts are 
likely to occur and it is desirable to have the 
majority of post impact trajectories on the impact 
side of the system. 
 

  
          Figure 1.  Names of Basic System Parts 
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SYSTEM OVERVIEW 

 
The Universal TAU-II system is designed and 
constructed to provide acceptable structural 
adequacy, minimal occupant risk and safe vehicle 
trajectory as set forth in NCHRP 350 for redirective, 
non-gating crash cushions.  Refer to Figure 1 to 
familiarize yourself with the basic parts and part 
names of the system. 
 
The Universal TAU-II system is designed to shield the 
ends of median barriers and other fixed objects likely 
to be struck head-on, by absorbing and dissipating 
the kinetic energy of impacting vehicles.  Universal 
TAU-II systems utilize disposable Energy Absorbing 
Cartridges (EACs) to absorb the kinetic energy of the 
impacting vehicle.  The EACs are separated by 
diaphragms and held in place with a framework of 
thrie-beam corrugated steel rail panels that 
“telescope” rearward during head-on impacts.  As the 
vehicle compresses the cushion, it exerts a force on 
the first bay containing an EAC.  The diaphragms 
distribute the impact forces uniformly to all the 
remaining cartridges in each bay until the vehicle 
eventually stops.  The depth of penetration is 
dependent upon both the original impact speed and 
the mass of the impacting vehicle.  Only the Energy 
Absorbing Cartridges are expended after most head-
on impacts.   
 
When hit at an angle along the side, the system is 
restrained laterally by guidance cables that run the 
length of the system and attach to the bottoms of the 
diaphragms and terminate at the anchors at each end 
of the system.  The front and rear cable anchors are 
attached to the foundation as described in Appendix 
“C” Foundation Requirements.   
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STEP 1 
 
FOUNDATION REQUIREMENTS 

Foundation Requirements 
The Universal TAU-II crash cushion is designed to be 
compatible with a variety of foundations.  If an 
existing foundation is present, verify dimensions and 
system layout.  If modification is required, use the BSI 
specifications as a guideline and adapt accordingly.  
If no foundation is present or currently does not meet 
the system requirements, construct the foundation 
per these BSI specifications. 
 
There are different foundation configurations 
depending on the system used and the type of  
backstop selected.  Systems up to 36” [910mm] can 
have a P.C.B. (Portable Concrete Barrier) Backstop, 
Flush Mount Backstop or a stand-alone Compact 
Backstop.  PCB and Compact Backstop systems are 
compatible with the optional Asphalt Anchoring Kits.  
Systems 42” [1070mm] and greater use a Wide 
Flange Backstop and require a PCC (Portland 
Concrete) foundation and anchoring kit.   
 
NOTE: Recommended maximum 8% cross slope 
on all foundation options. 
 
Foundation options for all configurations are specified 
in the following drawings contained in APPENDIX 
“C”, Page 47: 
 

� General Foundation and Anchorage Specs. 
Drawing No. A040113…………..  Page 48 

 
� Universal TAU-II Foundation,  

PCB Backstop-PCC Concrete Pad:  
Drawing No. A040105 ……….    Page 49 

 
� Universal TAU-II Foundation  

PCB Backstop-PCC Block:  
Drawing No. A040117 ………. Page 50 

 
� Universal TAU-II Foundation 

PCB Backstop-Asphalt Anchoring: Drawing 
No. A040112 …….…  Page 51 

 
� Universal TAU-II Foundation 

Compact Backstop-PCC Concrete Pad: 
Drawing No. A040102 ….……  Page 52 
 

� Universal TAU-II Foundation 
Flush Mount Backstop-PCC Pad:  
Drawing No. A040420 …….…  Page 53 

 
 
 
 
 

� Universal TAU-II Foundation 
Compact Backstop-PCC Blocks: Drawing 
No. A040115 …………………… Page 54 

 
� Universal TAU-II Foundation 

Compact Backstop-Asphalt Anchor: 
Drawing No. A040110 …………  Page 55 

 
� Universal TAU-II Foundation 

Wide Flange Backstop-PCC Concrete Pad: 
Drawing No. A040108 …………. Page 56 
 

� Universal TAU-II Foundation  
Dimensions – US Standard Units – Inches: 
Chart 1 ……………………… Page 57-59 

 
� Universal TAU-II Foundation  

Dimensions – Metric Units – Millimeters: 
Charts  ………………………Pages 60-62 

 
Variations of these foundations may be reviewed and 
determinations made as to equivalence by the project 
engineer. 
 
If you need additional information, or have 
questions about the Universal TAU-II Crash 
Cushion, please call the BSI Customer Service 
Department at (888) 800-3691 (U.S. toll free) or 
(707) 374-6800. 
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STEP 2 
 
Anchor System to Foundation 
 
With the proper foundation in place, anchor the 
Backstop, Rear Cable Anchors, and Front Cable 
Anchors according to the particular foundation detail 
(refer to Step 1). 
 
The anchorage of the system must be in accordance 
with BSI foundation specifications found in Appendix 
“C". 
 
To anchor the Universal TAU-II system: 
 

1.) Determine the backstop components and 
Front Cable Anchor positions about the 
centerline of the system.  The foundation 
drawings show positioning. 

 
2.) Using the actual parts as templates, either 

mark the holes to be drilled or drill through 
the parts acting as guides.   

 
3.) Hole diameter and depth depends on the 

foundation and the anchoring compound 
used.  See chart below for the hole diameter 
as specified by the anchoring compound 
manufacturer.  Reference BSI Foundation 
and Anchorage Specifications in APPENDIX 
“C” for specific embedment depths. 

 
4.) Prepare the holes as specified by the 

anchoring compound manufacturer. 
 

5.) With the Front Cable Anchor and backstop 
components in place, apply the anchoring 
compound to the holes as specified by the 
manufacturer.  Insert the anchors into the 
holes with the nuts and washers attached. 

 
6.) Allow anchoring compound to cure before 

tightening the anchors. 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
The anchoring package supplied with the Universal 
TAU-II system contains the necessary threaded rods 
and anchoring compound needed to install the 
system.  Follow the instructions on the supplied 
package and reference the guidelines outlined below. 
 
Anchor holes should be drilled using air-flushed or 
water-flushed rotary percussive drilling equipment.  If 
diamond core or non-percussive drills are used, the 
hole must be thoroughly scoured using a coarse wire 
flue brush.   
 
Other anchoring materials can be used if they comply 
with the following specifications:  material should 
meet the ASTM C307 tensile strength of 2,000 psi 
(14 Mpa) and compressive strength of 10,000 psi (70 
Mpa) per ASTM C109 or C579.  The anchoring 
compound should provide a pull out strength of 
20,000 lbf (89 kN) minimum in 4,000 psi (28 Mpa) 
concrete.  Products such as HILTI HIT HY150 
injection Adhesive Anchor, RE500 injection Adhesive 
Anchor or HVA Adhesive Anchoring System fit these 
criteria.  Refer to Table 1 below for required hole size 
for recommended anchor compounds. 
 
Mechanical / Removable Anchors 
  
When standard chemical anchors cannot be used to 
secure Barrier System products as a result of state, 
local, site or other requirements, mechanical anchors 
may be used. Various mechanical anchors are 
available that use wedge, self-undercutting, or 
expansion coils to establish the locking bond with the 
concrete. A minimum of 18,000 lbf [80kN] ultimate 
load in the tension (pull out) and a shear of 22,000 lbf 
[98kN] is required for use with BSI products. One 
product recommended is the Hilti HCA item number 
00252018 HCA 3/4" x 6". 
 
Torque anchors set in PCC concrete to 120 ft-lbf 
[160 N-m].   Torque anchors set in asphalt to 5 ft-
lbf [8 N-m]. 

 

ANCHORING COMPOUND HOLE DIAMETER 
US Anchor Ultra Bond Speed Set 7/8” [22 mm]  
HILTI - HIT HY 150 13/16” [20.5mm] 
HILTI - HVA Adhesive Anchor System 7/8” [22 mm] 
HILTI - RE 500 13/16” [20.5 mm] to 1” [25 mm] 

IMPORTANT: FOLLOW MANUFACTURER’S SPECIFICATIONS 
FOR HOLE SIZE AND PREPARATION 
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STEP 3 
Assemble Bulkheads 
 
The Universal TAU-II is comprised of multiple 
bulkheads assembled to create a variety of 
different system lengths and widths.  Systems 
are constructed with different bulkheads 
depending on the size of the system that is 
needed.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
As illustrated in Figure 2, systems can be fully 
parallel, fully tapered or a combination.   
 
Every system requires a Front Support, a series 
of Middle Bulkhead Assemblies and a Backstop 
Assembly.   

Figure 3. Middle Bulkheads 

Middle Support Assy.       XL Middle Blukhead Assy.              XXL Middle Bulkhead Assy.                   XXXL Middle Bulkhead Assy. 
  Front Panel Support                        (1X)                                               (2X)                                                           (3X)        

MIDDLE 
BULKHEADS 

REAR 
BULKHEAD 

Figure 2. 

FRONT 
PANEL 
SUPPORT
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The Front Support 
 
The Front Support is different from a bulkhead in that 
it has polymer front support Legs and it doesn’t attach 
to the cables underneath the system.  The Front 
Support also has metal plates called Collision Plates, 
attached in the impact area on the front of the 
assembly.  The Front Support can be built in different 
variations depending on the system size.   
 

Using a Front Support: 
(parallel and combination systems) 
 
Parallel and combination systems use the Front 
Support  (Figure 4).  A tapered system designed with 
a large nose section may use a modified 1X, 2X or 
3X bulkhead for the Front Support (Figure 5).   
 
The polymer front support legs bolt directly to the 
bottom of the Front Support using the hardware 
provided. All fasteners use a lock washer or Locktite. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
Using a modified Bulkhead  for Front Support  
(Tapered systems) 
 
An X style bulkhead can also be used as a Front 
Panel Support.  The X style bulkheads are 
assembled according to the specific system 
requirements (Figure 5).  Refer to the system drawing 
for the front bulkhead size needed.  The Wing 
Assemblies slide over the ends of the bulkhead 
weldment and adjust to the width needed.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A Single X Bulkhead (1X) provides for Front Support 
widths of 30” [760] (using Transition Wing Assembly), 
36” [910], 42” [1070], and 48” [1220].   
 
A Double X Bulkhead (2X) provides for Front 
Support widths of 54” [1370], 60” [1525], 66” [1680], 
and 72” [1830].   
 
A Triple X Bulkhead (3X) provides for Front Support 
widths of 78” [1980], 84” [2130], 90” [2290], and 96” 
[2440].   

  
          Figure 4.  Use the Front Support for a parallel or 

combination systems. 

  
          Figure 5.  A 1X Style Middle Bulkhead converted into a 

Front Support 



 

      Page 27   

U n i v e r s a l  T A U - I I ®  C r a s h  C u s h i o n      T A P E R E D  S Y S T E M  

 
 
The Wing Assemblies are bolted in the appropriate 
location using Backing Plates and the hardware 
provided.  All fasteners use a lock washer or Locktite 
(Figure 5). 
 
The polymer front support legs bolt directly to the 
bottom of the assembly using free holes on the Wing 
Assemblies and the hardware provided (Figure 4,5).  
Some configurations require a leg adapter (Figure 6).   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
EAC Locating Tabs are bolted to the back of the 
assembly and Front Collision Plates are bolted to the 
front of the assembly.  All fasteners use a lock 
washer and Locktite.  
 

 
Middle Bulkhead Assemblies 
 
The Middle Bulkheads come in two different styles: 
fixed and adjustable X-style.  Depending on the 
system’s cable location, the Cable Guide Mounting 
plates bolt to the bottom of the assembly at one of 
three positions.   
 
 

Parallel Middle Bulkhead 
The width of the Parallel Middle Bulkhead is not 
adjustable and is used in systems that are totally 
parallel or systems that start out parallel and finish 
with a rear taper (Figure 7).    

 

 

 

Adjustable Middle Bulkheads 
The Adjustable Middle Bulkheads come in three 
different widths and are designated by the number of 
X patterns on the face of the bulkhead  (Figure 3).  
The narrowest has a single X in its structure, the 
double X has two and the largest bulkhead has three 
X’s.    
 
All of the bulkheads have adjustable wings that are 
rigidly bolted on to each side (Figure 8).  Using the 
adjustable wings, the different sized bulkheads can 
accommodate hazard widths up to 102” [2.6m].  The 
bulkheads can descend in 6” [150mm] increments 
until reaching the desired width.   
 
The adjustable Middle Bulkheads are assembled 
according to the specific system requirements.  Refer 
to the system drawing for the middle bulkhead sizes 
needed.  The Wing Assemblies slide over the ends of 
the bulkhead and adjust to the width needed.   
 

Single X (1) Middle Bulkheads provide for 
assembly widths of 30” [760] (using 
Transition Wing Assembly), 36” [910],   
42” [1070], and 48” [1220].   

Double X (2X) Middle Bulkheads provide 
for assembly widths of 54” [1370mm], 60” 
[1520mm], 66” [1680mm], and 72” [1830mm].   

 
 

  
          Figure 6.  Leg Adapters 

  
          Figure 7.  Parallel Middle Bulkhead 



 

      Page 28   

U n i v e r s a l  T A U - I I ®  C r a s h  C u s h i o n      T A P E R E D  S Y S T E M  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Triple X (3X) Middle Bulkheads provide for 
assembly widths of 78” [1980mm], 84” 
[2130mm], 90” [2290mm], 96” [2440mm], 
102” [2.6m].   

The Wing Assemblies are bolted in the 
appropriate location using Backing Plates and the 
hardware provided.  The Legs bolt directly to the 
bottom of the assembly where the Wing 
Assemblies attach using the same hardware.  All 
fasteners use a lock washer or Locktite. 

Cable Guide Mounts 
If a parallel or 1X bulkhead is used as the Front 
Bulkhead Assembly, the cable is in the 1st position 
(Figure 9) and the Cable Guide Mounts would bolt in 
the corresponding location.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
If a 2X or 3X bulkhead is used as the Front Bulkhead 
Assembly, the cable is in position 2 or 3 (Figure 9) 
respectively and the Cable Guide Mounts attach 
accordingly.  If said cable position alignswith the leg 
mounting position the Cable Guide Mount bolts 
through the leg using the hardware provided for the 
Cable Guide Mount.   
 
Backing Plates are used on all Leg, Wing Assembly, 
and Cable Guide fastenings.  A Level Spacer is used 
when attaching components across the step between 
the Bulkhead  

  
          Figure 8.  Adjustable Middle Bulkheads  a) Single X (1X)    b) Double X (2X) 

  
a) 

  
b) 

Figure 9   Guide Cable position 
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Weldment and the Wing Assembly. 

EAC Locating Tabs 

EAC Locating Tabs are bolted to the front and back 
of each Middle Bulkhead Assembly.  All fasteners use 
a lock washer or Locktite (Figure 8). 

 

 

 

  
 
 
 

 

 

 

 

 
 
 
 

 

 

 

 

 
 
 
 

 

Lateral Cable Support 
Some systems require a Lateral Cable Support Kit 
(Refer to Step 10 of this manual).  The Lateral Cable 
Support Kit contains Bulkhead Mounts that attach to 
the last two bulkhead assemblies of required 
systems.  They bolt to the outermost free  

 
 
holes in the Wing Assemblies (Figure 10).  They do fit 
inside the Legs if necessary (Figure 11).   
 
 
NOTE: Refer to the System Configuration chart in 
Appendix “A” to determine if Lateral Cable 
supports are required. 

Empty Bay Bumpers 
Some systems require an empty bay (no Energy 
Absorbing Cartridges).  These systems utilize a 
Bumper Kit to minimize damage in an impact (Figure 
12).  The kit includes (4) Bumpers that mount to the 
rear bulkhead assembly of the empty bay.  Two 
Bumpers mount to the top of the assembly at the 
Wing to Bulkhead joint using the same hardware.  
The other two Bumpers mount through the Leg to the 
Wing – Bulkhead joint.  
 
NOTE:  Refer to the System Configuration chart in 
Appendix “A” to determine if empty bays are 
required. 
 
Following complete assembly of the Front, Middle, 
and Backstop Bulkhead assemblies, position them in 
order.  Space them at approximately 34” [860mm] 
apart, center to center.  Also, align them through the 
centerline of the system.  Accuracy and care taken 
here will improve ease of assembly and reduce 
efforts to straighten the system. 
 

Figure 11.   Lateral Cable Supports mounted inside and 
outside the leg 

  
          Figure 10.  Lateral Cable Support 

Figure 12  Empty Bay Bumpers 
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STEP 4 
 
Backstop Assemblies 
 
The Backstop Assembly is selected per application 
and can be configured to protect hazards up to 8.5’ 
[2.6m] in width.  Backstops can either be attached 
directly to a barrier wall or a suitable structure 
(Portable Concrete Barrier (PCB) Backstop, Flush 
Mount Backstop) or installed as a stand-alone system 
(Compact Backstop, Wide Flange Backstop).  All 
backstops require minimum assembly if they are not 
pre-assembled.   
 

PCB Backstop 
The PCB Backstop (Figure 13) is configured from 
parts anchored directly to an existing concrete barrier 
wall.  Refer to Step 1 and Step 2 for PCB Backstop 
layout and anchorage details.  Pipe Panel Mounts 
bolt to the sides of the backstop and provide a 
mounting point for the Slider and End Panels. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
Refer to the System Configuration Chart in Appendix 
“A” to determine system widths  
and Capacity Limitations. 
 
If a 36” [910mm] Backstop is desired, attach the 36” 
[910mm] Backstop Adapters (Figure 14) to the sides 
of the backstops and bolt the Pipe Panel Mounts to 
the pivoting sections. 
 
If the system is installed on an asphalt foundation, the 
portable concrete barrier must be anchored using the 
supplied brackets.   Also, the Backstop Brace 
Weldment must be bolted to the Compact Backstop 
prior to anchoring. 
 
For additional information or questions about the 
Universal TAU-II Crash Cushion, please call the 
BSI Customer Service Department at (888) 800-
3691 (U.S. toll free) or (707) 374-6800.  

Figure 13  PCB Backstop (Parallel System) 
Figure 14  PCB Backstop  (Tapered System) 
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Compact Backstop 
The Compact Backstop (Figure 15) is bolted together 
in two halves and is usually pre-assembled.  The 
Backstop is a stand alone design is not anchored to 
the hazard being protected.   
 
Refer to Step 1 and Step 2 for Backstop layout and 
anchorage details. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Pipe Panel Mounts bolt to the sides of the backstop 
and provide a mounting point for the Slider and End 
Panels.  Refer to the system drawing for the backstop 
assembly size needed. 
 
If a 36” [910mm] Backstop is desired, attach the 36” 
[910mm] Backstop Adapters (Figure 16) to the sides 
of the backstops and bolt the Pipe Panel Mounts to 
the pivoting sections. 
 
 
For additional information or questions about the 
Universal TAU-II Crash Cushion, please call the 
BSI Customer Service Department at (888) 800-
3691 (U.S. toll free) or (707) 374-6800.  

Figure 15  Compact Backstop  (Parallel Systems) 
Figure 16  Compact Backstop  (Tapered Systems) 
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Flush Mount Backstop 
The Flush Mount Backstop system (Figure 17) is 
intended for applications where the hazard width 
exceeds the limitations of the PCB Backstop and are 
applicable in locations with limited foundation size.  
The Flush Mount Backstop can be attached to 
reinforced safety shape or vertical concrete structures 
up to 36” [910mm].  Systems over 24” [610mm] wide 
require the 36” [910mm] adapter.  Edges of vertical 
concrete may require chamfer according to local 
standards.   
 
The Cable Tensioning is moved to the front of the 
system so the rear cable anchors do not protrude 
outside of the rear extension panels. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
The backstop is attached to the foundation and to the 
concrete backstop.  Install anchors in accordance 
with BSI specifications.  Vertical slots on the backstop 
allow removal replacement of the backstop.  Anchors 
must be placed at the top of said slots to be effective.  
Flush Mount Backstop systems use the same cable 
used in all parallel systems.  The cable is installed 
with the threaded tensioning end forward.  The 
looped end is pinned in place at the backstop.  The 
Front Cable Anchor uses an inserted key to keep the 
threaded stud from rotating during tensioning. 
 
For additional information or questions about the 
Universal TAU-II Crash Cushion, please call the 
BSI Customer Service Department at (888) 800-
3691 (U.S. toll free) or (707) 374-6800. 
 

Figure 17  Flush Mount Backstop  
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Wide Flange Backstop 
 
The Wide Flange Backstop (Figure 18) uses a 
combination of backstop elements to protect wide 
hazards.   
 
The Wide Flange Backstop incorporates XL, XXL, or 
XXXL bulkhead assemblies attached to two Wide 
Flange Backstop Weldments.   
 
The backstop bulkheads are assembled according to 
the specific system requirements.  The Wing 
Assemblies slide over the ends of the bulkhead 
weldment and adjust to the width needed.   
 

XL Bulkheads provide for backstop bulkhead 
assembly widths of 42” [1070] (using 
Transition Wing Assembly), 48” [1220], 54” 
[1370], and 60” [1525].   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

XXL Bulkheads provide for backstop 
bulkhead assembly widths of 66” [1680], 72” 
[1830], 78” [1980], and 84” [2130].   

 
XXXL Bulkheads provide for backstop 
bulkhead assembly widths of 90” [2290], 96” 
[2440], and 102” [2290].   

 
Backstop Block-outs mount to the bulkhead 
assemblies at the Wing Assembly to Bulkhead 
Weldment joint.  The block-outs are bolted through 
the Wing Assemblies and bulkhead weldment and 
fastened using Backing Plates and the hardware 
provided.  The bulkhead assembly and block-outs are 
then bolted to the Wide Flange Backstop Weldments.  
Pipe Panel Mounts are fastened to the pivoting 
section of the Wing Assemblies.  EAC Locating Tabs 
bolt to the front of the bulkhead assembly.  All 
fasteners use a lock washer or Locktite. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 18  Wide Flange Backstop – 3X 
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Depending on the position of the cables in reference 
to the Wide Flange Backstop positioning, either an 
independent rear cable anchor (Figure 18) or a 
backstop mounted rear cable anchor (Figure 19) will 
be used.   The independent rear cable anchor stands 
alone and requires no assembly.  (Reference Step 1 
and Step 2 for layout and anchorage specifications).  
The backstop mounted rear cable anchor bolts 
between the flanges of the Wide Flange Backstop.  
They are mounted to the interior of the system.  All 
fasteners use a lock washer or Locktite.  When the 
front support bulkhead and backstop utilize the same 
bulkhead, the rear cable anchors are mounted to the 
backstops.  When the front support bulkhead and 
backstop bulkheads are different, the system is 
supplied with independent rear cable anchors 
mounted on the pad surface. 
 
Some systems require a Lateral Cable Support Kit.  
The Lateral Cable Support Kit contains Lateral 
Support Mounts that attach to the backstop assembly 
of required systems.  They bolt to the front of the 
Wide Flange Backstop Weldments in the lowest hole 
set.  If backstop mounted rear cable anchors are 
used, one of the bolts will be shared.  All fasteners 
use a lock washer or Locktite. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Refer to the System Configuration Chart in 
Appendix “A” to determine if Lateral Cable 
supports are required. 
 
If the Wing Assemblies of the particular backstop are 
adjusted to one of their two most extended positions 
(54” [1370mm], 60” [1525mm], 78” [1980mm], 84” 
[2130mm], and 102” [2290mm] backstops), Wing 
Braces and Spacers are required (Figure 19).  The 
Wing Braces attach to the Wing Assemblies and the 
Backstop Block-outs on the top and bottom.  The 
Spacers level their mounting surfaces.  All fasteners 
use a lock washer or Locktite. 
 
For additional information or questions about the 
Universal TAU-II Crash Cushion, please call the 
BSI Customer Service Department at (888) 800-
3691 (U.S. toll free) or (707) 374-6800. 

Figure 19  Backstop – 1X with Wing Braces 
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STEP 5 
  
Attach Panels 
 
The Universal TAU-II system uses two types of 
panels: Sliding Panels (Figure 20) and End Panels 
(Figure 21).  Sliding Panels have a pair of holes 
forward and two long slots running the length of the 
panels.  End Panels have a pair of holes at each end 
and do not have slots.  Sliding panels are used on all 
collapsing bays.  End panels are attached to the 
backstop only (Call BSI for non-proprietary transition 
options). Slider Bolts hold the panels to the 
bulkheads.  Some systems require nested panels 
(doubled) on rearward bays.   
 
NOTE: Refer to the System Configuration Chart in 
Appendix “A” to determine if/where nested 
panels are required.  A long bolt is supplied to 
assist in the assembly to nest the panels. 
 
Install the panels from back to front staggering from 
each side.  Place the End Panels first.  While holding 
the End Panel in place, lap the forward Sliding Panel 
over it and bolt through the slot, End Panel, and Pipe 
Panel Mount (Figure 22).  Leave the nuts of the Slider 
Bolts loose and perform on both sides.  Lap the next 
forward Sliding Panel and bolt through the slot, hole 
set in rearward Sliding Panel, and bulkhead.  Leave 
the Slider Bolt nuts loose and progress forward 
alternating sides (Figure 23).  If the bay requires 
nested panels, perform procedure with (2) panels, 
one nested inside the other.   
 
The last panels to be installed will be on the first bay 
of the system, the Front Support.  These panels lap 
the rearward panel and fasten to the 2nd bulkhead 
from the front as instructed above.  The front of these 
panels will mount to the Front Support through the 
Nose Piece.  Refer to Section 6 for this connection 
(Figure 26). 
 
Leave the Slider Bolt nuts loose until the system is 
almost completely assembled and installed. 

Figure 21   End Panel (no slots) 

Figure 20   Slider Panel 

Figure 22   Attach Rear Panel 

Figure 23   Attach Side Panels 
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STEP 6 
Attach Nose Piece / Delineation Marker 
 
Narrow systems (up to 36” [910mm] Front Support) 
use a one-piece polyurethane nose (Figure 24) with 
molded thrie beam corrugations on both ends.  Wider 
Front Support Assemblies (42” [1070mm] and above) 
use two polyurethane  parts (Figure 25) riveted 
together.  The two part nose pieces have thrie beam 
corrugations on one side and a series of holes 
through the flat section. Guide Cable Torque 
 
The Nose Piece attaches to the Front Support 
assembly through the Sliding Panels (Figure 26).  
Thick flat round washers are inserted in the mounting 
holes of the nose piece to limit compression of the 
polyurethane.  Two ¾” [20mm] bolts with fender 
washers clamp the nose piece and Sliding Panel to 
the Front Support on each side.  Fasteners use lock 
washers or Locktite.   
 
Torque to 200 ft-lbf [270 N-m]. 
 
The two part nose pieces overlap across the width of 
the system.  Adjust to desired profile and align holes.  
Using the supplied pop-rivets and washers, rivet two 
columns of holes.  Rivets should pass through the 
overlapping nose pieces at the furthest possible 
columns apart (Figure 26). 
 
Apply delineation markings as required (not 
supplied). 

Figure 26   Wide Nose Piece Assembly 

Figure 24   Nose Piece (up to 36”)  

Figure 25   Nose Piece (wide) 
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STEP 7 
 
Install Cables and  Cable Guides 

Cable Location 
Every system has a set of cables that run through the 
cable guides that attach underneath each bulkhead.   
The Cable Guides clamp around the cable and bolt to 
the bottom of the bulkheads.  The Cable Guide is 
universal and fits all bulkhead and cable 
configurations.  Two Cable Guide assemblies are 
used on every middle bulkhead assembly (Figure 27).  
 
The cables are tentioned between the Backstop and 
Front Cable Anchor.   The Front Cable Anchor is 
mounted under the first bay.   
 
IMPORTANT NOTE: The Front Support Assembly 
is not attached to the cable.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Systems using a PCB, Compact Backstop or 
Flush Mount Backstop. 
 
Systems using a PCB, Flush Mount or Compact 
Backstop use 1” [25mm] diameter cable (Figure 28).  
These Cables are identified by the loop and shackle 
on one end and a threaded stud swaged to the other 
end.  (The shackle is not used on the Flush Mount 
Backstop). 
 
 
 
 
 
 
 
 
 
 

 

Systems with Wide Flange Backstops 
Systems with Wide Flange Backstops use a  
1 1/8” [28mm] diameter cable (Figure 29).  These 
cables have a threaded stud swaged to the rear end 
and a large “open swage socket” on the front end.  A 
Key is also included which limits rotation of the cable 
during tensioning at the Rear Cable Anchor. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 27   Cable Guide Clamp 

Figure 28   Compact Cable 

Figure 29   Universal Cable 
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The cables are fed through the bulkheads from the 
front.  On parallel style bulkheads, the cables thread 
between the legs.  On XL-XXXL bulkheads, the 
cables can go between the legs or through the legs, 
depending on the configuration.  Lead with the rear of 
the cable.  Place the rear cable end through the Rear 
Cable Anchor, PCB Backstop, or Compact Backstop.  
Start the tensioning nut with about 1” [25mm] of 
thread. 
 
Without pinning the Front Cable Anchor, attach the 
Cable Guides to the bulkheads.  Start from the last 
bulkhead and move forward.  Cable Guides attach 
with ½” [12mm] hardware provided.  Fasteners use 
lock washers or Locktite.   
 
When all the Cable Guides are installed, pin the front 
cable end to the Front Cable Anchor.  On Wide 
Flange Backstop configurations, install the Key to the 
Rear Cable Anchor (Figure 30). 

Figure 30   Backstop Cable Mount 
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STEP 8 
 
Stretch and Align the System 
 
This step can be avoided or reduced if care is taken 
to align and space the bulkheads properly during 
assembly. 
 
Attach a pair of chains or straps to the Front 
Bulkhead assembly.  Using a truck or other tow 
vehicle, pull the system forward to fully extend the 
bays.  The bays are fully extended when the Slider 
Bolts are bottomed out in the slots of the Sliding 
Panels. 
 
If necessary, bump or nudge the system into 
alignment.  Each bulkhead should be aligned along 
the centerline of the system. 
 
Recommended attachment points for straps or chains 
are at the corners of Front Support on the top and 
bottom horizontal channels.  When attaching to XL-
XXXL bulkheads, secure as close to the Wing 
Assembly attachment points as possible. 
 
NOTE: Be sure not to jerk or pull on the backstop 
anchors before the anchoring compound has 
cured and the backstop is secured to the 
foundation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
STEP 9 
Tension Cables and Torque Slider Bolts 
 
Tension the Cables.  Torque the cables in 50 ft-lbf [65 
N-m] increments alternating between the two.  
Reference Torque Chart below (Table 2) for torque 
requirements.  Use the deep socket provided. 
 
Tighten Slider Bolts to approximately 100 ft-lbf [130 
N-m], loosen, and then torque to 20 ft-lbf [27 N-m].  
This procedure ensures proper nesting of the panels 
and torque accuracy. 
 
NOTE:  Care must be taken to not over tighten the 
sliders.  Follow the procedure outlined above. 
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STEP 10 
 
Install Lateral Support Cables 
 
Skip this section if the system does not require a 
Lateral Cable Support Kit.  
 
NOTE: Refer to the System Configuration chart in 
Appendix “A” to determine if Lateral Support 
Cables are required. 
 
If the system requires a Lateral Cable Support Kit, the 
cable mounts should be installed on the last two 
bulkhead assemblies and the Wide Flange 
Backstops.  Refer to Figure 9 and Figure 10 of Step 
3. 
 
The Lateral Support Cables are ½” [12mm] diameter 
and have a ½” [12mm] shackle on one end.  There 
are eight (8) cable assemblies in the kit.  The 
shackles pin to the cable mounts on the bulkheads 
and Wide Flange Backstops (Figure 31, 32, 33, 34, 
35).  The two cables from each backstop are routed 
to the opposite sides of the last two bulkheads 
(Figure 35).   
 
These cables are attached to the cables pined to the 
bulkheads with cable clamps.  Six cable clamps are 
used in series of three.  Place the clamps at the 
furthest extents of the overlapping cables.  The first 
cable clamp should be approximately 3” [75mm] from 
the cable end.  Subsequent clamps should be spaced 
at 3” [75mm] (Figure 33). 
 
Cables should be taught with minimal slack, but do 
not require tensioning.  Routing above or below the 
main system cables is acceptable.  Bundle access 
cable and use provided plastic wrap ties to secure the 
bundles to the suspended cables. 

Figure 32   Lateral Support Cables 

Figure 33   Install Cable Clamps 

Figure 31   Lateral Support Cable 
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Figure 34   Cable Mounts 

Figure 35   Install Cable Clamps 
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STEP 11 
 
Insert Energy Absorbing Cartridges 
 
 
There are two types of Energy Absorbing Cartridges 
(EAC).  Each EAC has a forward and rearward end.  
Type “A” EAC’s (Figure 36) have eight (8) 3” [75mm] 
diameter holes around the circumference of the front 
half of the cylinder.  Type “B” EAC’s (Figure 37) have 
a solid cylinder wall with three (3) vent holes on the 
rearward end.     
 
When installing the EAC’s in a system it is important 
to ensure that they are placed according to 
manufacturer specification.   
 
 
NOTE: Refer the System Configuration Chart in 
Appendix “A” for proper EAC placement. 
 
 
When placed in the system, the front of the EAC will 
face the front of the system (narrow end).  Text on 
the EAC reading “This Side Up” should be legible and 
at the top of the inserted EAC.  The EAC should rest 
on the EAC Locating Tabs.   
 
Note that bays capable of holding (2) EAC’s will 
always use (2) EAC’s except in specified empty bays.  
They will also always be placed in the widest 
locations available.   
 
NOTE: A single bay will never have more than (2) 
EAC’s in it.  Refer the System Configuration Chart 
in Appendix “A” for proper placement. 

Figure 36   Energy Absorbing Cartridge – Type A 

Figure 37   Energy Absorbing Cartridge – Type B 
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STEP 12 
 
Final Inspection 
 
Use the check list below to confirm that all of the 
installation steps have been completed. 

Inspection 
Date 

Inspection By: Item 

 
 All front cable anchor plate and backstop anchor 

bolts in place and epoxy cured. 

 

 Clevis and pin, mounted to the front cable anchor, is 
installed with the handle portion of the pin on the 
inside of the anchor assembly, firmly tightened. 
(This may be different depending on the type of 
foundation, ie, asphalt or PCC.) 

  All cable guide assemblies securely fastened. 

 
 System cables tightened to meet torque 

specifications. 

 
 

Pipe panel mounts positioned properly, flat end 
facing back, cut out facing forward. 

 
 Sliding panels installed properly to allow for 

stacking. 

 
 Sliding panels should have no more than a ¾” 

(19mm) gap between stacked panels. 

 
 Nose cover properly installed with thick spacer and 

tightened to specifications. 

 
 Torque Sliding Bolt assemblies to specifications.  

Do NOT over tighten. 

 
 Energy Absorbing Cartridges (EAC) installed in 

proper A-B position and sequence.  See 
Configuration Chart. 

 
 EAC air discharge holes positioned properly.  

Rotate cast ID to the top of the cartridge. 

 
 Asphalt adapter installed on both sides of portable 

concrete barrier when applicable. 

  Torque all fasteners to meet specifications. 
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APPENDIX  A   -   System Configuration Chart 
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APPENDIX  B   -   System Torque Chart 

 
 
 
CONCRETE INSTALLATION 
 

Compact Backstop Anchors ……………….. 
PCB Backstop Anchors ………………………. 
Cable Anchor (Rear) …………………………… 
Cable Anchor (Front) ………………………….. 
Cable Adj. Eye Bolt …………………………….. 

 
 
ASPHALT INSTALLATION 
 

Compact Backstop Anchors ……………….. 
PCB Backstop Anchors ………………………. 
PCB Asphalt Adapter …………………………. 
Cable Anchor (Front) ………………………….. 
Cable Adj. Eye Bolt …………………………….. 

 
 
SYSTEM COMPONENT INSTALLATION 
 

Sliding Bolt Assembly ………………………… 
Front Panel Holding Nose Cover …………. 
Pipe Panel Mount to Backstop …………... 

 Cable Guide Bolts ……………………………… 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
120 ft-lbs (160 N-m) 
120 ft-lbs (160 N-m) 
120 ft-lbs (160 N-m) 
120 ft-lbs (160 N-m) 
500 ft-lbs (675 N-m) 
 
 
 
 
5 ft-lbs (8 N-m) 
5 ft-lbs (8 N-m) 
5 ft-lbs (8 N-m) 
5 ft-lbs (8 N-m) 
120 ft-lbs (160 N-m) 
 
 
 
 
20 ft-lbs (27 N-m) 
200 ft-lbs (270 N-m) 
70 ft-lbs (95 N-m) 
30 ft-lbs (48 N-m)

The Universal TAU-II Crash Cushion has been successfully tested in various configurations 
having the cable torque ranging from 120 ft-lbs for asphalt installation, to 500 ft-lbs of torque for 
concrete applications. The system will function properly under this full range of torque. If a torque 
wrench is not available, refer to the table below for an alternate method of reaching the desired 
torque range. 
  
 Ways of creating approximately 500 ft-lbs of torque: 
 

�  6 ft. [1. 8 m] wrench extension with entire weight of 100 lbs [45 kg] applied 12" from 
the end  

� 42 in. [1.1 m] wrench extension with entire weight of 200 lbs [90 kg] applied 12" from the 
end  

� Use free weights or human weight   
 
These methods should ensure torque within tested range and manufacturer tolerances.  
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APPENDIX C 
Anchoring Foundation Options 
 
There are three approved anchoring foundation 
configurations for the TAU-II system.  The first 
method utilizes a solid concrete pad over the length 
of the system.  The second utilizes concrete blocks at 
the Backstop and Front Cable Anchor locations.  The 
third is on Asphaltic Concrete foundation. 
 
(Variations of these foundations may be reviewed 
and determinations made as to equivalence by the 
Project Engineer.) 
 
There are different foundation configurations 
depending on which backstop you are using 
(Compact or P.C.B.).  Foundation options for both of 
the Backstop systems are shown in the following 
drawings. 
 
 
 
 
     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
DRAWINGS 
 
Foundation Specifications  ……… 48 
DWG# A040113 
 
PCB Backstop  …………………… 49 
DWG# A040105 
 
PCB Backstop – PCC Block  …… 50 
DWG# A040117 
 
Asphalt with PCB Backstop  ……. 51 
DWG# S040112 
 
Compact Backstop  ……………… 52 
DWG# A040102 
 
Flush Mount Backstop – PCC Pad 53 
DWG# A040420 
 
Compact Backstop, PCC Blocks  . 54 
DWG# A040115 
 
Asphalt with Compact Backstop  . 55 
DWG# A040110 
 
Wide Flange Backstop  …………... 56 
DWG# A040108 
 
Foundation Dimension Charts 
English Units  …….………………… 57-59 
Metric Units  ………………………... 60-62 
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APPENDIX D 
TRANSITIONS    
 
There are a variety of transition options available for 
the TAU-II system.  The system was designed to be 
compatible with a variety of generic transitions 
already available to the industry.   
 
Placement and installation of the TAU-II system 
and transitions must be accomplished in 
accordance with the guidelines and 
recommendations set forth in the “AASHTO 
Roadside Design Guide,” FHWA memoranda and 
other state and local standards. 
 
There are different transition configurations 
depending on which backstop you are using 
(Compact or P.C.B.).  Transition options for either of 
the backstop systems are shown in the following 
drawings. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
DRAWINGS 
 
PCB Backstop to Vertical  Concrete  ……. 64 
DWG# B010727 
 
PCB Backstop to Safety Shape PCB  …... 65 
DWG# B10809 
 
Compact Backstop to Safety Shape PCB  ..  66 
DWG# B010725 
 
Compact Backstop to Safety Shape PCB 
One Side……………………………………..    67 
DWG# B010811    
 
Compact backstop to Safety shape PCB 
Offset  …….. ………………………………    68 
DWG# B010726   
 
Compact Backstop to Concrete End Shoe 69 
DWG# B010806 
 
Compact Backstop to Thrie Beam Rail  …. 70 
DWG# B010724 
 
Compact Backstop to W-Beam Rail  …… 71 
DWG# B010728 
 
Transition to Median Barrier……………….    72 
DWG # B050606 
 
Transition to Concrete Block ..……………     73 
DWG#AP070406 
 
Wide System to Bridge Pier 
with Concrete Barrier ………………………    74 
DWG#AP070405 
 
Transition to Cylindrical Bridge Pier ………   75 
DWG#AP070301
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Universal TAU-II® 
Attachment to BarrierGuard 800TM  
Installation Guide 
 
Refer to the Universal TAU-II Installation and 
Maintenance Manual for more information, 
introduction, system overview, required tools, and 
other considerations for the Universal TAU-II 
systems. 
 
The Universal TAU-II system is installed after the 
BarrierGuard 800 is fully deployed, installed, and 
anchored.  Reference the BarrierGuard 800 Design, 
Installation, and Maintenance Manual for complete 
information on the BarrierGuard 800 barrier system 
implementation and installation. 
 
The Universal TAU-II system utilizes a monolithic 
backstop that bolts directly in place of the terminal 
cover of the BarrierGuard 800.  The front cable 
anchor remains as the only foundation anchorage 
required for the Universal TAU-II system.  The front 
cable anchor is to be anchored to the same 
foundation type as the end of the BarrierGuard 800 
that it is attached to (PC Concrete or Asphaltic 
Concrete).  Anchorage shall be in accordance with 
BSI specifications A040113. 
 
Installation Procedure:  Each Procedure references 
a page number from the Universal TAU-II Installation 
Manual for further information –  
 

1.) Remove terminal cover from BarrierGuard 
800 end section (if in place). 

 
2.) Install and fasten Universal TAU-II 

BarrierGuard 800 Backstop in place. (See 
diagram on next page). 

 
3.) Locate and position Front Cable anchor (see 

below).  Drill and secure the appropriate 
anchors for the foundation used per BSI 
specification A040113.  Use the Front Cable 
anchor as the drilling template.  Use a BSI 
approved anchoring compound.  See pages 
12 &13. 

 
4.) Place the Middle Bulkheads along the 

centerline of the system spaced  
 

 
 

 
approximately 34” [865mm] apart.  See page 
13. 

 
5.) Thread the guide Cables through the legs of 

the Middle Bulkheads, threaded end first, 
starting from the front of the system.  Loosely 
place the threaded end into the backstop lugs 
and spin the nut on to hold it in place.  See 
pages 13 & 14. 

 
6.) Pin the guide Cables to the Front Cable 

Anchor with the shackles. See page 14.  
 

7.) Install Cable Guides.  See pages 14 & 15. 
 

8.) Attach Pipe Panel Mounts.  See page 15. 
 

9.) Install the End Panels and first Slider Panels 
starting at the Pipe Panel Mounts.  If a 
transition is to be installed the End Panel will 
be replaced by the Angled End Panel.  See 
page 16 & 72. 

 
10.) Install Slider Panels.  Start from the back of 

the system and move forward, overlapping 
the rearward panel.  Secure the panels in 
place with the Slider Bolts.  See pages 16 & 
17. 

 
11.) Install the Front Support, attach the Slider 

Panels, Nose Cover, and Leg Supports and 
connect to the first Middle Support with Slider 
Bolts.  See page 18. 

 
12.) Torque Slider Bolts and Front Panel Bolts 

and install Energy Absorbing Cartridges.  
See page 19. 

 
13.) Apply tension to cables – Torque to 

specification.  Ensure foundation anchors are 
properly cured.  See page 20. 

 
 
 (See Installation Diagram on Next Page) 
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Barrier Systems Sales and Service 
180 River Road, Rio Vista, CA 94571 

Tel: (707) 374-6800    Fax: (707) 374-6801 
www.barriersystemsinc.com   �   info@barriersystemsinc.com 
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