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REVIEW REPORT of MSE Plus Wall System 

March 2021; Revised October 2021 
HIGHWAY INNOVATIONS, DEVELOPMENTS, ENHANCEMENTS AND ADVANCEMENTS 

(IDEA) 

 

The MSE Plus Wall System has been evaluated in accordance with the IDEA protocol. Key 
information regarding this system re-evaluation is presented in this final review report. 
Comprehensive and important details of the system’s components, design, construction and 
quality control measures are presented in the MSE Plus Wall Submittal. 
 

Applicant Information 
SSL, LLC 
4740 Scotts Valley Drive 
Suite E 
Scotts Valley, CA 95066 
 
Review Summary 
This re-evaluation IDEA report of the MSE Plus system exclusively focuses on the updated 
structural connection between the facing panels and the inextensible steel reinforcement. The 
system was previously evaluated by the Highway Innovative Technology Evaluation Center 
(HITEC), and findings and conclusions are noted in the 1999 HITEC report which is included as 
part of the MSE Plus submittal. A review of the HITEC evaluation and a re-examination of the 
overall system are not part of this IDEA re-evaluation.  
 
During the IDEA review process of the MSE Plus system the review team requested two 
resubmissions of the submittal, to provide more specific ties between the checklist responses 
and the independent connection test report (2003) and current AASHTO Bridge Design 
Specification requirements. The current version of the submittal reflects the revised content and 
all comments have been satisfactorily resolved. The applicant has been thorough in its 
responses and there are no outstanding issues that should be brought to the attention of 
the transportation agencies. Rather, the agencies are encouraged to rely upon the final 
MSE Plus Wall System submittal for projects where this system is proposed.  
 
Submittal Checklist 
The checklist used from the IDEA protocol for this re-evaluation is D3 – Technical Re-evaluation 
Checklist for Precast Concrete Panel with Inextensible Reinforcement. This is the first updated 
system with a precast (wet cast) concrete panel paired with inextensible metallic reinforcements 
evaluated by IDEA.  
 
Confidential Information 
The applicant has the option to omit information from the version of its submittal that is attached 
to this final report if it believes that such information is confidential. In such instances, the applicant 
will notify the IDEA review team. However, for MSE Plus wall system, no information has been 
designated by the applicant as confidential. 
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System Innovations 
SSL does not claim any innovations for the MSE Plus Wall system as part of the IDEA       
evaluation. 
 
System Description 
The components for the MSE Plus Wall system consist of wet precast concrete facing units and 
inextensible steel mesh soil reinforcements. The facing unit connection which is the focus of this 
IDEA re-evaluation is a structural mechanical connection consisting of loop embeds cast in the 
facing and a tie bar detail (pin connection) which engages the mesh reinforcement layers which 
are field assembled. There are additional components used with the system including, 
compacted select backfill, coping and barriers, geotextile and drainage systems. 
 
System History and Pertinent Connection Reference Information 
The system was originally developed in 1997 using the Allowable Stress design platform. Other 
than the face panel connection the design methodology remains unchanged since that time. 
The introduction of the revised connection detail (subject of this re-evaluation) and transition to 
the current AASHTO LRFD design platform are the only substantive system changes. 
 
The MSE Plus Wall system evaluation report was originally issued by HITEC in August 1999. 
The original connection evaluated by HITEC was internal to the panel. The current connection, 
subject to the IDEA evaluation has been tested by SSL in October 2003 and December 2012.  
 
In 2003, the face panel to soil reinforcing connection was revised to a conventional structural 
connection using metallic steel cast into the facing panel by joining the soil reinforcement steel 
mesh to the panel via embedded loops in the facing and a pin connector. Refer to Section 1.2.5 
of the submittal for details and Section 1.2.10 for a drawing of the connection. 
 
In 2012, additional testing of the connection was performed to be in accordance with the 
AASHTO LRFD design platform. Connection testing was performed by SSL in December 2012 
and was witnessed by an independent testing firm. The six connection pullout tests showed that 
the connection capacity met or exceeded the current AASHTO requirements. 
 
The MSE Plus connection includes a pair of loops embedded in the concrete to resist the load 
for each wire as shown in the submittal drawing. The pullout capacity of the loop embeds is 
enhanced by the transverse W4.5 cross wires welded to six pairs of loops. 
 
Section 1.1.6 of the submittal provides panel details for MSE Plus standard 5’ x 6’ x 6” panels, 
Type A, X and Y. The submittal notes that the panel reinforcement details will vary by local 
owner requirements. Face panel design calculations are provided in Appendix B and are 
considered satisfactory. 
 
Section 1.2.7 and 1.2.8 provide the corrosion protection details and design for the connection 
components for a 75- and 100-year service life and are in accordance with AASHTO. 
 
Section 1.2.11 provides a detailed and comprehensive report of the connection test program 
conducted in 2012. SSL's system currently uses W11, W20 and W24 welded wire mesh as soil 
reinforcement. The test results indicate the connection meets minimum strength requirements at 
tolerable serviceability deformations. 
 
Section 1.3.1 addresses the MSE Plus HITEC report and is included as Appendix A of the 
submittal. 
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The system’s quality control measures also changed in 2012 due to system refinements. The 
current MSE Plus Wall system QC manual, dated October 2013, is included as part of the 
submittal (Section 4.1). That report is comprehensive and meets the minimum standard of care.  
 
Since 2003, in excess of 10 million square feet of the MSE Plus Wall system, using the current 
connection system, have been constructed. Section 5.1 provides a current list of projects which 
used the revised connection system. Section 5.1.4 provides a list of private- and public sector 
users who have approved the use of the system. Also provided is contact information for a 
person at the user agency who may be contacted regarding the wall system’s performance.  
The following provides several notable details of MSE Plus retaining walls completed using the 
new connection. 

• Three of the oldest structures are in California. They are the SR22 Project in Orange 
County, SR 101 Ralston in San Mateo County and Route 116 / 101 in San Ramon.  

• Two of the tallest structures are also in California. The tallest structure was on SR 91 for 
a widening project in Corona California. Wall 115C was 52 feet tall and wall 115B had a 
similar height. The third tallest structure was a project for the Nevada Department of 
Transportation for the I- 580 Realignment Project constructed south of Reno, Nevada. 
One of the MSE walls on this project was 65.0 feet tall (Submittal section 5.1.3). 

 
Retaining Wall Design 
The revised connection system does not alter the design methods used since system inception 
and in particular, the center to center spacing of soil reinforcement mesh wires remain 8 inches.  
The design details shown beginning on page 171 of the HITEC report in Appendix A still apply. 
Input design parameters for the MSEW (3), distributed by ADAMA Engineering, computer 
program, are summarized in Attachment A of this report and provided in Section 1.2.13 of the 
Submittal.  
 
System Innovations 
This IDEA re-evaluation acknowledges and agrees with SSL, LLC that the MSE Plus Wall 
system does not provide any innovations. 
 
References 
American Association of State Highway and Transportation Officials, AASHTO LRFD Bridge 
Design Specifications, (9th Edition, 2020). 
 
FHWA-NHI-10-024 “Design of Mechanically Stabilized Earth Walls and Reinforced Soil Slopes”. 
(FHWA GEC-011), 2010 
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Attachment A – Summary of MSEW Input Parameters for MSE Plus System 
 

 

Data\Type 3W11 x 
0.5W11

4W11 x 
1.0W11

5W11 x 
1.5W11

6W11 x 
2.0W11

4W20 x 
2.5W11

5W20 x 
3.0W11

6W20 x 
3.0W11

6W24 x 
3.0W11

7W24 x 
3.0W11

8W24 x 
3.0W11

17,925 23,903 29,873 35,850 47,475 59,348 71,213 87,315 101,865 116,423

15,368 20,490 25,605 30,728 42,608 53,265 63,915 79,215 92,415 105,615

0.27 0.40 0.53 0.67 0.40 0.53 0.67 0.67 0.80 0.93
16 24 32 40 24 32 40 40 48 56

3,585 4,781 5,975 7,170 9,495 11,870 14,243 17,463 20,373 23,285

3,074 4,098 5,121 6,146 8,522 10,653 12,783 15,843 18,483 21,123

1.06 0.53 0.35 0.27 0.21 0.18 0.18 0.18 0.18 0.18

0.53 0.27 0.18 0.13 0.11 0.09 0.09 0.09 0.09 0.09

N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

3W11 x 
0.5W11

4W11 x 
1.0W11

5W11 x 
1.5W11

6W11 x 
2.0W11

4W20 x 
2.5W11

5W20 x 
3.0W11

6W20 x 
3.0W11

6W24 x 
3.0W11

7W24 x 
3.0W11

8W24 x 
3.0W11

1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

Connection Strengths:
sa (lb/ft2)

CRcrb = Fy c/Fy)

Tlong-term per unit length of wall (lb/ft) [(Fy*Ac)*Rc/b] 
(75 years)

Tlong-termper unit length of wall (lb/ft) [(Fy*Ac)*Rc/b] 
(100 years)

Pullout resistance 
factor, F*

Top of Wall

Depth of 20 ft below top of 
wall

Friction Angle 
along 
reinforcement-soil 
interface r

Top of Wall

Depth of 20 ft below top of 
wall

Scale-effect correction factor, α

Inextensible Soil Reinforcement:

Tlong-term (lb) (Fy*Ac) (75 years)

Tlong-term (lb) (Fy*Ac) (100 years)

Coverage Ratio (Rc)
Reinforcement width (b, in)

Fy = Yield strength of reinforcement

Fy c = Yield strength of connection between reinforcement and precast panel

Ac = Area of reinforcement at the design service life (i.e., 75 or 100 years)

a Normal pressure (lb/ft2); b MSEW program term



Executive Summary 

 

This re-evaluation was performed on the MSE PlusTM Wall system, a mechanically stabilized earth (MSE) 
structure, based upon data submitted by the developer, designer, and supplier, SSL, LLC.  The MSE 
PlusTM system evaluation report was originally issued for this system by HITEC in August 1999. 

In 2003 the panel to soil reinforcing connection, for this inextensible system, was revised from an 
internal connection to a more conventional connection using a metallic steel embed cast into the facing 
panel by joining the soil reinforcement to the panel embed using a pin connector.  Connection testing 
for this revised system was first performed in 2003 by SSL and witnessed by Caltrans at their 
headquarters facility in Sacramento California.  

In 2012 Caltrans required that MSE wall systems be re-evaluated for their LRFD approval.  A key 
component and requirement to obtain a LRFD system approval was to perform a new connection test.  
For 2003, the testing criteria was different in that the connection capacity requirement was based on 
that the tensile force resisting capacity was to be at least 2.0 times, Tallowable the design allowable tensile 
force, of the connected soil reinforcement.  For 2012 that requirement changed to the connection must 
exceed the yield strength of the largest soil reinforcement type to be used for the connection.  For SSL 
our maximum wires size is W24.   

Connection testing was performed by SSL on December 6, 2012 and was witnessed by Caltrans and 
Twining Inc.  The 6 pull tests show that connection capacity exceeded the Caltrans testing requirement 
by 103% to 114%.   

For design, the methodology remains the same, other than now internal stability designs are based 
upon the AASTHO LRFD as opposed to the ASD methodology at the inception of the system in 1997. 

Constructing the wall system remains unchanged as a result of the connection change.  The system 
perhaps may be a little easier to construct using an external connection system as access to insert the 
pin into the embed is simpler. 

SSL’s quality control measures changed due to the improvements to the system and also due to the 
Caltrans LRFD requirement all companies’ QC manuals require Caltrans approval.  Enclosed is SSL’s 
Caltrans QC manual.  

With respect to the other components of the MSE PlusTM Wall system there are no other changes other 
than the connection system in this evaluation.  Since the revision of the connection system in 2003, in 
excess of 10,000,000 square feet of MSE structures have been completed.       
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Guidelines for the Applicant to use this checklist: 
 
1. Provide your submittal in Adobe portable document format (i.e. PDF). 

 
2.  Organize the submittal based on the numbered outline shown in the checklist below. Use the 

numbered outline as for a table of contents (TOC). Provide the response for each item in your 
report. Create links between the items in the TOC and the items in the report and appendices. 
 

3. If reports, drawings, or calculations are requested for a section, provide them in the appendix 
tabbed for that section.   For example, design calculations are required for Item 2.3.1. They should 
be included in Appendix 2.3.1. 
 

4. Mark the checklist at each item to indicate “yes” you have included the relevant information. If you 
must check “no”, please provide a brief explanation if appropriate. 

 

Introduction 
Provide a succinct description of the system (i.e., facing, reinforcement, and 
connection type) that is being submitted for review. Should reference an appended 
Introduction TAB where the MSE Wall Specification is presented. 
Appendix Present full wall system specification 
 
Section 1: ERS Components 
Section 1: ERS Components 
1.1 Tab 1.1 Facing Unit 
 Yes No Item 

1.1.1   Does the system contain what you consider to be an innovation 
that is related to the facing unit? If yes, please describe the 
innovation briefly. As items below apply to the innovation, 
please describe the innovation in further detail. 

1.1.2   Has the precast facing panel changed since the original 
evaluation? 

1.1.3    If the answer is yes to 1.1.2, provide a description of the changes 
along with drawings showing the dimensions of the original 
facing unit and the revised facing unit, including concrete 
reinforcement and insert locations and dimensions. 

1.1.4        Has the connection changed, if yes provide a description of the    
changes and drawing(s) showing the connection?  

1.1.5   Describe any other changes to the facing unit (i.e., 28 day 
compressive strength, freeze thaw durability, etc.) 

1.1.6         If the answer to 1.1.2 or 1.1.4 is yes, provide the structural 
design of the panel and the connection. 

1.1.8      Provide the mix design for the concrete including aggregate size 
and gradation. 

1.2 Tab 1.2  Inextensible Reinforcement  
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 Yes No Item 
1.2.1   Does the ERS contain what you consider to be an innovation that 

is related to the reinforcement? If yes, please describe the 
innovation briefly. As items below apply to the innovation, 
please describe the innovation in further detail. 

1.2.2   Has the reinforcement changed or been modified since the 
original evaluation? 

1.2.3   If the answer is yes to 1.2.2, provide a description of the changes 
along with drawings showing the dimensions of the 
reinforcement and the revised reinforcement. 

1.2.4   If the answer is yes to 1.2.2, provide the 75 and 100 year design 
strength of the reinforcement. 

1.2.5      Describe the facing unit-reinforcement connection and any 
changes with text and drawings. 

1.2.6             If the answer to 1.1.2 or 1.1.4 is yes, for each connection device 
provide physical property specifications. Address ultimate and yield 
strengths as well as welds if they are applicable. 

1.2.7          If the answer to 1.1.2 or 1.1.4 is yes, for each connection device 
describe corrosion protection measures and provide specifications. If 
coatings or galvanization are used, provide minimum thickness for 75-year 
and 100 year design life (based on the electrochemical requirements listed 
in AASHTO). 

1.2.8        If the answer to 1.1.4 is yes, for each connection device provide 
sacrificial steel thickness for 75 and 100 year design life. 

1.2.9     If the answer to 1.1.2 or 1.1.4 is yes, for each connection device 
provide the results of any corrosion tests that have been performed. 

1.2.10      If the answer to 1.1.2 or 1.1.4 is yes, for each connection device 
provide detail drawings that show dimensional tolerances. 

1.2.11      If the answer to 1.1.2 or 1.1.4 is yes, list facing unit reinforcement 
connection strength tests performed, provide test results and strength 
envelopes the Applicant recommends for design. 

1.2.12      If the answer is yes to 1.2.2, list reinforcement pullout (ASTM 
D6706) tests performed on the current system components and provide 
results. Provide test soil properties, corresponding pullout friction 
factors (F*) and scale effect correction factors (α) Applicant 
recommends for design. Discuss how test results support these 
recommendations based on Appendix B at FHWA-NHI-10-025.  

1.2.13   Summary table of input parameters used with (e.g., MSEW) computer 
design program. 

1.3 Tab 1.3 Additional Information  
 Yes No Item 
1.3.1   Does the system have a HITEC Evaluation? If so, provide a copy, 

and summarize what has changed with the system since that 
evaluation. 
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1.3.2   Does the system have an independent evaluation performed by a 
subject matter expert? If so, provide a copy, and summarize what 
has changed with the system since that evaluation. 

  

 
 

Section 2 Design 
2. Tab 2.0      Design Methodology 
2.1      If the answer is yes to 1.1.2, or 1.1.4, or 1.2.2, describe how and provide typical 

plan and section detail drawings of the facing and reinforcement to handle vertical and 
horizontal obstructions in the reinforced zone.  

Section 3 Construction 
3 Tab 3.0 Construction 
3.1      Has construction changed? 
3.1.1      If the answer is yes to 3.1.1, provide construction manual for the wall system 

and at a minimum include the following items: describe procedures to install 
earth reinforcement at curved sections of the wall and at corners.  
 

Section 4 Quality Control 
4.0 Tab 4.0 Quality Control 
4.1     If the answer is yes to 1.1.4, describe the quality control measures that are     

required for the manufacturing of connection devices. You may do this by providing a 
manufacturing QC manual. 

Section 5 Performance 
5.0 Tab 5.0 Performance 
5.1.     If the answer is yes to 1.1.2, or 1.1.4, or 1.2.2,  provide a description of the  

                updated system’s development and usage history. Then describe the following,   
                for the updated system. 

5.1.1    Provide a description of the updated system’s development and usage history. 
Then describe the following, for the updated system: 

5.1.2    The oldest three structures. 
5.1.3    The tallest three structures. 
5.1.4     Provide a list of private- and public sector users who have approved the use of the 

system. Also provide the contact information for a person at the user agency who may be 
contacted regarding the wall system’s performance. 

Section 6 Other Information 
6.0 Tab 6.0 Other Information 
6.1      In this section, please include anything you think will better help a reviewer 

understand your updated ERS that has not been adequately addressed in the 
previous questions. 



Section 1 - ERS Components 

  
 
 
 
 
 



Section 1.1.4 

Item 1.1.4 - Has the connection changed, if yes provide a description of the changes and drawing(s) 
showing the connection?   

Our original connection that was evaluated in the August 1999 by HITEC is a connection system that was 
internal to the panel.   Our current connection that we wish IDEA to evaluate has been tested and 
witnessed by Caltrans on two different occasions.  Once in October 2003 and again for our LRFD Caltrans 
review in December 2012.    

The details of the connection systems are shown in Section 1.2.5 herein.  

 

     

 



Section 1.1.6 

Item 1.1.6 -  If the answer to 1.1.2 or 1.1.4 is yes, provide the structural design of the panel and the 
connection. 

The structural design of the panel has not changed with respect to bending and shear capacity since the 
line wires of the soil reinforcing mesh sheets remains at 8 inches on center.  Our standard panel sizes 5’ 
x 5’ x 6” and 5’ x 6’ x 6” remains unchanged, with respect to dimensions.   

However, since at the time of original HITEC evaluation MSE structures were not evaluated based upon 
the current standard of AASHTO LRFD and specially with respect to the panel design and now must 
conform to AASHTO Section 11.10.2.3 Facing. 

Attached are our basic panel details for our standard 5’ x 6’ x 6” panels, Type A, X and Y.  Please note 
that the panel reinforcement details will vary by state as each local agency has their own specific design 
requirements.  Our panels calculations are attached in Appendix B. 
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Section 1.2.5 

Item 1.2.5 -  Describe the facing unit-reinforcement connection and any changes with text and drawings. 

Our original connection evaluated by HITEC relies on the internal connection pin bearing on the concrete 
created by an internal void inside the panel.  

Our latest connection is a pair of loops embedded in the concrete to resist the load for each wire as 
shown in the attached drawing.  The pullout capacity of the loop embed relies on the transverse W4.5 
crosswires resistance welded to 6 pair of loops.   

See the attached panel detail in Section 1.1.6. 

     

 



Section 1.2.6 

Item 1.2.6 -   If the answer to 1.1.2 or 1.1.4 is yes, for each connection device provide physical property 
specifications. Address ultimate and yield strengths as well as welds if they are applicable. 
 

Loop embeds are manufactured in accordance with ASTM A1064 with using a minimum yield strength of 
the wire rod for the loop segments of 75,000 PSI.  All materials are domestical sourced products.  

 



Section 1.2.7 

Item 1.2.7 - If the answer to 1.1.2 or 1.1.4 is yes, for each connection device describe corrosion protection 
measures and provide specifications. If coatings or galvanization is used, provide minimum thickness for 
75-year and 100-year design life (based on the electrochemical requirements listed in AASHTO).  
 

The loop embeds are galvanized in accordance with ASTM A123.  The minimum coating thickness is 86 
um both for 75 and 100-year design life.  It is expected for the coating to last 16 years as required by 
AASHTO 11.10.6.4.2a and is shown as follows. 

 
Galvanize coverage    =  20 oz per square foot 
 
Rate of corrosion for zinc    =  15um / year first 2 years 
      =  12um / year thereafter 
 
Rate of corrosion for steel   =  12um / year 17 to 75 years 
 
Galvanizing thickness    =  (20 oz (1,728/16)) / (440 PCF x 144) =  0.341 inches 
      =  86.59um 
 



Section 1.2.8 

Item 1.2.8 - If the answer to 1.1.4 is yes, for each connection device provide sacrificial steel thickness for 
75 and 100-year design life. 
 

 
75 Year Design Life Corrosion Reduction Analysis 

 
Galvanizing coverage ASTM A123 = 20 ounces per square foot 
 
Rate of corrosion for zinc  = 15um per year – first 2 years 
          4um per year – thereafter 
 
For residual carbon steel  = 12um per year 
 
Galvanizing thickness   = (20 oz x (1728 /16))/(440 x 144) = 0.0341 inches 
     = 86.59um 
 
First 2 years    = 2 x 15um = 30um per year 
 
Number of years of galvanized coating = 2 + ((86.59 – 30)um)/ 4um = 16.15 years 
 
Steel loss    = (75 – 16.14) years x 12um / year = 706.32um 
     = 0.0278 inches 
 
W11 wire diameter   = 0.374 inches 
 
Effective area for connection   = (0.374 – (2 x 0.0278) = ((0.318/2)2 x 3.14) x 4 = 0.318 in2 
 
W24 wire diameter   = 0.553 inches 
 
Effective area of W24 wire  = (0.553 – (2 x 0.02780) = (0.497/2)2 x 3.14) = 0.194 in2 
 
Connection vs. Wire Area   = 0.318 in2 / 0.194 in2 = 1.64 - therefore okay. 

 
100 Year Design Life Corrosion Reduction Analysis 

 
Steel loss    = (100 – 16.14) years x 12um / year = 1,002.32um 
     = 0.0396 inches 
 
Effective area for connection   = 0.374 – (2 x 0.0396) = ((0.295/2)2 x 3.14) x 4 = 0.275 in2 
 
Effective area of W24 wire  = (0.553 – (2 x 0.0396) = (0.474/2)2 x 3.14) = 0.176 in2   
 
Connection vs. Wire Area   = 0.275 in2 / 0.176 in2 = 1.56 - therefore okay. 
 



Section 1.2.10 

Item 1.2.10 - If the answer to 1.1.2 or 1.1.4 is yes, for each connection device provide detail drawings 
that show dimensional tolerances. 
 
Please see that attached drawing.  
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Section 1.2.11 

Item 1.2.11 - If the answer to 1.1.2 or 1.1.4 is yes, list facing unit-reinforcement connection strength tests 
performed, provide test results and strength envelopes the Applicant recommends for design. 
 
Please the attached connection test report dated December 6, 2012, which was performed by SSL and 
witnessed by Caltrans.  Testing was performed at Surecast West in Redlands, California. 
 
In summary, the test results show for the Target Load (TL), which is based upon the yield strength of the 
steel using the theoretical area of the W24 wire based upon no corrosion of the connection 
components.  For a W24 wire the TL is 0.24in2 x 65,000 PSI = 15,600 lbs.  To pass the Caltrans test 
requirements each sample must meet or exceed TL without any type of component failure within the 
connection. 
 
The SSL connection reached TL in every test run, meaning that each sample passed testing. The W24 
samples reached anywhere from 103% to 114% of TL. 
 
Five out of six test runs were concluded with the longitudinal wire fracturing at or directly above the 
bend where the wire deformed around the connector pin as shown in Photos 1 and 2.  One test run was 
concluded when the transverse bar weld sheared.  All samples exhibited similar or identical fracture 
characteristics. 
 
AASHTO Section 11.10.6.4.4 states that connections shall be designed to resist stresses resulting form 
the active forces, TO, which is the factored tensile load applied to the soil reinforcement connection at 
the wall face.  In this instance, since the Caltrans testing is based upon a connection with no corrosion, 
TO, would be determined as follows for AASHTO.  TO = 0.24 in2 x 65,000 PSI x 0.65 = 10,140 lbs.   
 
In summary, the Caltrans test requirement is much more stringent with a much higher standard than 
AASHTO’s requirement, which is 65% of Caltrans.  Thus, the SSL connection surpassed the AASTHO 
requirement significant margin.  
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1.  ABSTRACT 
 
Mechanically Stabilized Earth (MSE) retaining walls are structures consisting of multiple layers 
of soil reinforcement placed in select backfill and connected to a facing element. SSL has 
developed a soil reinforcement connection for MSE retaining walls which uses welded wire 
mesh as soil reinforcement and precast concrete panels as a facing element.  
 
This report details a test program developed by SSL to examine the capacity of the connection 
system along with the interaction of the soil reinforcement and the concrete panel facing 
element.  Caltrans requires that all elements of the soil reinforcement connection system can 
reach the yield strength of the steel. This test will show that the steel reinforcing wire and all 
elements of SSL’s connection system can reach the yield strength of the longitudinal wire 
element (65 ksi) before failure. 
 
During the test, load is applied to soil reinforcement that is connected to a concrete panel. The 
soil reinforcement is gripped using a steel wire chuck that is fastened to the longitudinal wire 
and load is applied using a hollow‐cylinder hydraulic ram that is supported by a steel frame 
placed on the concrete panel. A satisfactory or "passing" test run is one in which the yield 
strength of the steel or Target Load is reached without failure of the connection system. An 
unsatisfactory or "failing" test run is one in which any element of the connection system fails 
before Target Load is reached.  
 
The test program included six steel soil reinforcement samples which consisted of single‐wire 
W24 samples with W24 transverse bars. Each sample passed demonstrating that the SSL Panel 
Wall system can satisfy Caltrans requirements.  
 

 
 
 
 
 
 
 
 
 
 
 



 
 
2.  INTRODUCTION 
 
The MSE PlusTM  connection system has undergone the following changes to the welded wire 
mesh soil reinforcing elements: 
 

 The bend radius of the longitudinal wires has been increased to 1.25” for W24 wire 
gauges. 

 For Caltrans projects, the gauge of all transverse wires will equal to the gauge of the 
longitudinal wires.   

 The use of deformed wire as soil reinforcement has been eliminated and only smooth 
wire will be used. 

 
The Caltrans LRFD connection test requires the capacity of the MSE panel connection system to 
meet or exceed the yield strength of the reinforcing element.   
 
The following report will detail the test program that was administered by SSL in order to 
ensure that the updated connection system, as a whole, can reach or exceed the yield strength 
of the longitudinal wire element.  
 
2.1  BACKGROUND AND CALCULATIONS 
 
SSL's system will utilize W11, W20 and W24 welded wire mesh as soil reinforcement for 
Caltrans projects. The samples for this test will be smooth‐rolled wire in the W24 size, data for 
W11 and W20 wire sizes has been provided in the SSL Test Report dated March 20, 2012. 
 
For this test, the Target Load (TL) is the yield strength of the longitudinal wire element of the  
soil reinforcing mesh (65,000 psi) multiplied by the cross sectional area of the wire. For W24 
wire, the cross sectional area of the wire is 0.24 in2. The TL requirement for W24 wire is shown 
below: 
 

 W24:    65,000 psi x (0.24 in2) = 15,600 Lbs. 
 
The connection system will undergo elongation as load is applied. Different components of the 
connection system will contribute to elongation as the load increases. During a test run in 
which target load is met, the sequence of elongation is typically as follows: 
 

 Phase 1: The 90˚ bend in the longitudinal wire opens until the free end comes in to 
contact with the back of the test panel (see Figure 1). 

 
 

 



 
 
 
 
 
 
 
 
 
 

 
 
 
 

 Phase 1A: The transverse bearing bar is pulled tight against the concrete panel's embed 
loops (see Figure 2). NOTE: Depending on the initial placement of the sample, Phase 1A 
of elongation may not occur. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 Phase 2: The bend of the longitudinal wire will be pulled tightly against the W30 
connector pin (see Figure 3). 

 
 
 
 
 
 
 
 
 
 
 
 



 
 

 Phase 3: The longitudinal wire element of the soil reinforcement will elongate in the 
length between the connector pin and the grip point of the steel wire chuck. NOTE: 
0.0574 in of elongation is expected to occur in a wire sample with a free length of 26.5 
in. (see calculation in Section 9). 

 

 Phase 4: Loads in excess of the yield strength of the steel will cause plastic deformation 
or necking down of the longitudinal wire followed by fracture (see Photo’s 1 and 2). 
NOTE: Similar to W20, during test runs performed on W24 samples, the higher loads 
approaching and following yield strength will likely cause some deformation of the 
connector pin and embed loop elements of the system (the embed loops will deform by 
approximately 0.030 in as shown in Photo's 3, 4 and 5). 

 

   PHOTO 1: W20 NECKED DOWN AND                    PHOTO 2: W11 NECKED DOWN AND       
                    FRACTURED                                                                  FRACTURED          

    PHOTO 3: EMBED LOOP PRIOR TO TESTING          PHOTO 4: EMBED LOOP AFTER W20 TEST 
                                 (0.933 in)                                                                    (0.963 in) 
 
 



 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

PHOTO 5: DEFORMATION OF EMBED LOOP 
 
The rate and length of elongation in all of the connection elements will vary due to any one of 
the following: wire size; bend angle; embed loop clearance and the initial placement of the wire 
sample (e.g, it is possible to connect the sample so that the transverse bearing bar is snug 
against the embed loops, eliminating Phase 1A of elongation).  
 
Due to the arrangement of the steel test apparatus and the position of the hydraulic ram (See 
Figure 4) there is potential for deflection at the center of the beam that is supporting the ram. 
This deflection could interfere with the measurements being taken to record elongation. To 
minimize deflection, the subsequent supporting perpendicular beams are placed as close 
together as possible, typically around 10.5 in. apart. The expected maximum deflection caused 
by a point load of over 15,600 lbs on the center of a simply supported steel beam as exists in 
the test apparatus is .002 in. (See the calculations included in Section 9). Also, care should be 
taken to ensure that the base of the dial indicator is placed directly over the point at which the 
simply supported beam and the beam below intersect. 
 
 
 
 
 
 
 
 
 



 
 
 

 
 
 
 
 
 
 
 
 
 



 
 
2.2  MATERIALS AND EQUIPMENT 
 
Wire samples were manufactured in accordance with ASTM A82 and the mesh sheets were 
fabricated in accordance with ASTM A185 and then galvanized in accordance with ASTM A123 
(See compliance certifications included in Section 10). 
 
Four, hollow‐cylinder ram and gauge combinations were calibrated prior to testing by Technical 
Associated Services (TAS). The calibration reports provided by TAS are included in Section 7 of  
this report. The ram/gauge combinations are identified as follows with identical labels for both 
the ram and gauge: 
 

 Ram/Gauge #1 (12k‐12‐1) 

 Ram/Gauge #2 (12k‐12‐2) 

 Ram/Gauge #3 (12k‐12‐3) 

 Ram/Gauge #4 (12k‐12‐4) 
 
Based on the calibration reports, the following gauge readings coincide with the target load (TL) 
for each wire size: 
 

 W24: 
    ‐ 12k‐12‐1: 6,555 psi = 15,600 lbs force 
    ‐ 12k‐12‐2: 5,690 psi = 15,600 lbs force 
    ‐ 12k‐12‐3: 5,650 psi = 15,600 lbs force 
     ‐ 12k‐12‐4: 5,710 psi = 15,600 lbs force 
 
The gauge reading at the initial 500 lb data point and the subsequent data points at 1,000 lb 
intervals are taken directly from the calibration reports. The gauge reading at target load (TL) is 
taken directly from the calibration report and will be highlighted yellow and marked TL on the 
data sheet. 
 
The test frame as detailed in Figure 4 and Section 8, consists of short pieces (between 3 ft. and 
5 ft. long) of 0.25 in thick, 4 in. square steel tubing. The lowest supporting beams are placed 
parallel to the embed loops to allow access for the connector pin, the next course of beams are 
placed perpendicular to the  lowest beams at a distance apart that allows access to the desired 
number of wire samples. Beams are stacked perpendicular to one another until the desired 
height of the test apparatus is achieved. The top beam that supports the hydraulic ram must be 
placed perpendicular to the bottom beams and it will have a 0.75 in hole drilled in the center of 
the beam. The wire sample will be threaded through the hole in the top beam. It may be 
necessary to have beams stacked on each other in parallel in order to ensure that the beam 
supporting the hydraulic ram(s) is perpendicular to the bottom beams. 
 
 



 
 
2.3  TEST REQUIREMENTS 
 
This test will confirm:  
 

 The tensile capacity of the reinforcing wire will meet or exceed the yield strength of the 
longitudinal wire. 

 The load capacity of all elements of the panel to soil‐reinforcement connection. 

 The rotational ductility of the “L” portion of the bend under load. 

 Measurement of the total elongation in the connection while under load, and 
comparison with expected elongation of the longitudinal wire at yield.     

 
Each test‐run will be concluded when one of the following events occurs: 
 

 The weld between the transverse bearing bar and the longitudinal wire is broken. 

 The transverse bearing bar is sheared by the panel embed loops. 

 The longitudinal wire breaks at any location. 
 
Below are the Pass/Fail criteria: 
 

 Pass: If the connection breaks at any location after reaching the Target Load. 

 Fail: If the connection breaks at any location before reaching the Target Load. 
 
A representative from a qualified independent testing laboratory shall be present during all 
testing, a report prepared by the lab will be included in the final testing report.  

 
3.  TEST PROCEDURE 
 
3.1  TEST PANEL FABRICATION 

1. Install connector and reinforcing steel. 
2. Pour test panel. 
3. Form concrete cylinders for testing.  Testing may be performed upon 4,000 PSI concrete 

cylinders breaks. 
 

3.2  WIRE SAMPLE PREPARATION 

1. When single wire sample  is being  tested, ensure  that  the  transverse bearing bar does 
not overlap or come into contact with adjacent embed loops. A length less than 12'' for 
the transverse bearing bar is recommended. 

 
 
 



 
2. When multiple wires of a sheet are being tested simultaneously, extreme care must be 

taken to ensure that there are no additional effects caused by the interaction between 
the transverse bearing bar and the adjacent embed loops. This can be done by: 

     ‐ Prior to testing, visually inspect embed loops to ensure that they    
          are at a uniform height above the test panel 
     ‐ During testing, maintaining a consistent and even load to each wire    
           that is being tested. 
3. Prior  to  each  test  run,  the  wire  sample  must  be  thoroughly  inspected  with  hand 

magnification device to look for cracks, condition of welds, condition of galvanizing, and 
any other structural or cosmetic defects. Record any observations. 

4. Prior  to  each  test  run,  the wire  sample must  be measured  and  recorded  for  length, 
angle  of  bend,  distance  between  bend  and  transverse  bearing  bar,  and  the  distance 
between the bend and the transverse cross bar (if present). 

5. Prior to each test run, the wire diameter of all longitudinal and transverse wires must be 
confirmed and recorded. Measurements include thickness attributed to galvanizing. 

   
3.3  PULL TEST 

1. Attach wire mesh sheet with “L” connection to the test panel using W30 connector pin. 
2. Install hollow  cylinder  ram onto  the desired number of  longitudinal wires  and  fasten 

with  steel  wire  chuck.    Care  must  be  taken  to  ensure  that  all  slack  is  out  of  the 
connection prior to installation of steel wire chuck. 

3. For each wire being tested, attach measurement clip above steel chuck and align with 
magnetic base dial indicator. Care must be taken to place the base of the dial indicator 
above the point at which the top and subsequent steel tubes of the test apparatus cross 
this will minimize the effects of the maximum expected downward deflection of the test 
apparatus. 

4. Apply  load  to connection(s), extreme care must be  taken  to ensure  that equal  load  is 
being applied to each longitudinal wire. Unbalanced loads will be evident by differences 
in  gauge  readings.  To  balance  the  loads, make  small  increases  in  the  trailing  ram's 
pressure. 

5. Alignment  Load  1,  500  lbs  (AL1):  Record  elongation  reading  from  dial  indicator 
beginning  at Alignment  Load  1  and  continue  applying  load  and  recording  at  1,000  lb 
intervals until Alignment Load 2 is reached.  

6. Alignment Load 2 (AL2), varies by wire size: When the free end of the longitudinal wire 
reinforcing  element  is  pulled  against  the  test  panel  (Phase  1)  rotational  ductility  has 
been exhibited and Alignment Load 2 has been reached, record elongation and identify 
on data sheet as "AL2". Continue applying load and recording at 1,000 lb intervals until 
Target Load is reached. 

7. Alignment Load 3 (varies by wire size): When the transverse bearing bar  is pulled tight 
against the embed loops (Phase 1A) Alignment Load 3 has been reached, record  
 

 



 
 
  elongation and identify on data sheet as "AL3". Continue applying load and recording at 
  1,000 lb intervals until Alignment Load 3 is reached. Depending on the initial attachment  
  of  the  wire  sample,  Alignment  Load  2  and  Alignment  Load  3  may  be  reached 
  simultaneously. If this is the case only AL2 will be notated on the data sheet. 
8. Due to a stroke limitations of 1", the Dial Indicator will likely need to be adjusted back to 

zero at some point during the test run, ideally this will be performed as close to TL or 1" 
of elongation as possible. The test administrator will make a notation on the data sheet 
indicating  at  which  points  the  adjustment  occurred.  On  the  typed  data  sheet,  the 
adjustment  point  will  be  indicated  by  a  thick  black  line  under  the  last  elongation 
measurement taken before the adjustment.  

9. Once  Target  Load  is  reached,  record  elongation  and  remove  dial‐indicator,  continue 
applying  load and recording elongation at 1,000  lb  intervals using a tape measure until 
conclusion of test. 

10.  Record  all  aspects  of  the  sample's  performance  including  how/where  breakage 
occurred, load at breakage or load at conclusion if no breakage occurred.  

11.  The wire sample must be thoroughly inspected after testing with hand magnification to     
look for cracks, weld condition and galvanizing condition. Record any observations. 

12.  The wire  sample  should be measured after  testing and  recorded  for  length, angle of 
bend, distance between bend and transverse bearing bar, and the distance between the 
bend and the transverse cross bar (if present). If the test run is concluded by a  

  longitudinal wire fracture, no relevant measurements of the sample can be made other 
  than the examination of weld condition. 
13.  Repeat test on remaining samples. 
   

4.  SUMMARY AND CONCLUSION 
 
4.1  SUMMARY 

 
For this test, Target Load (TL) was based upon the yield strength of the steel adjusted for the 
theoretical area of the samples. For W24 samples the TL is 15,600 lbs. In order to pass, each 
sample must reach TL before any type of failure in the connection. 
 
Target load was reached in every test run, meaning that each sample passed testing. The W24 
samples reached anywhere from 103% to 114% of TL. 
 
Five out of six test runs were concluded by the longitudinal wire fracturing at or directly above 
the bend where the wire deformed around the connector pin as shown in Photos 1 and 2, one 
test run was concluded when the transverse bar weld sheared. All samples exhibited similar or 
identical fracture characteristics. 
 
 



 
 
The results of the testing are presented in Tables 1: 
 

 
 

 
 
For the six W24 samples, the total elongation ranged from 1.211 in to 1.750 in with an average 
of 1.549 in. Phase 1 of elongation ranged from 0.125 in to 0.256 in with an average of 0.207 in. 
Phase 2 of elongation ranged from 0.948 in to 1.290 in with an average of 1.106 in. Phase 3 
measurements are based up the expected elongation calculation provided in Section 9. Phase 4 
measurements were taken using a standard tape measure after the Target Load had been 
reached and the dial indicator had been removed. Five of six test‐runs were concluded with a 
longitudinal wire fracture, meaning that an accurate measurement of the plastic deformation is 
largely impossible. The first test run was concluded with a shearing of the transverse bar weld, 
plastic deformation was 0.143 in. Phase 4 elongation ranged from 0 in to 0.333 in with an 
average of 0.178 in. (See Table 2 and Charts provided in Section 5). 
 
 
 
 



 
The phases of elongation for both wire sizes are summarized in Table 2: 
 

 
 
 
All samples tested were given a thorough visual inspection prior to testing, as noted on the 
Material Measurement sheets provided in Section 5, the condition of all samples was "OK". 
 
 



 
 
4.2  CONCLUSION 
 
The test results provided herein conclude that all elements of the panel to soil‐reinforcement 
connection of the MSEPlusTM system meet or exceed the tensile capacity of the reinforcing wire 
for W24 sizes which satisfies Caltrans requirements 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

5.  TEST DATA 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

5.1  CHARTS DETAILING ELONGATION BY PHASE 
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5.2  TEST DATA 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Test Date: 12/7/2012 Test #: 1 RESULTS:  PASS, Weld shear at 16,667 lbs of forces

Sample Identification: W24 x W24 (#1) Administered by: Nick Haven (SSL), Robert Ellefritz (SSL), witnessed by Jose Jimenez (Twining)

Ram/Gauge  12k‐12‐3

PSI Elong Load (lbs)

250/AL1 ‐                      500                     Phase 1 0.218                 in

450                     0.084                 1,000                 Phase 1A ‐                      in

775                     0.168                 2,000                 Phase 2 1.030                 in

1125/AL2 0.218                 3,000                 Phase 3* 0.0574               in

1,500                 0.306                 4,000                 Phase 4 0.143                 in

1,825                 0.389                 5,000                 Total 1.448                 in

2,225                 0.505                 6,000                

2,550                 0.572                 7,000                

2,925                 0.670                 8,000                

3,300                 0.754                 9,000                

3,650                 0.826                 10,000              

4,000                 0.900                 11,000              

4,350                 0.985                 12,000              

4,725                 1.078                 13,000              

5,050                 1.104                 14,000              

5,425                 1.194                 15,000              

5,650                 1.248                 15,600              

5,800                 1.448                 16,000              

6,000                 Weld Shear 16,667              

6,100                 17,000              

6,500                 18,000              

6,850                 19,000              

7,250                 20,000              

Elongation by Phase

SSL Connection Test



Test Date: 12/7/2012 Test #: 2 RESULTS:  PASS, Longitudinal wire fracture at 17,750 lbs.

Sample Identification: W24 x W24 (#2) Administered by: Nick Haven (SSL), Robert Ellefritz (SSL), witnessed by Jose Jimenez (Twining)

Ram/Gauge  12k‐12‐3

PSI Elong Load (lbs)

250/AL1 ‐                      500                     Phase 1 0.125                 in

450                     0.036                 1,000                 Phase 1A ‐                      in

775/AL2 0.125                 2,000                 Phase 2 1.290                 in

1,125                 0.166                 3,000                 Phase 3* 0.0574               in

1,500                 0.249                 4,000                 Phase 4 0.278                 in

1,825                 0.463                 5,000                 Total 1.750                 in

2,225                 0.556                 6,000                

2,550                 0.648                 7,000                

2,925                 0.735                 8,000                

3,300                 0.800                 9,000                

3,650                 0.856                 10,000              

4,000                 0.935                 11,000              

4,350                 0.945                 12,000              

4,725                 1.085                 13,000              

5,050                 1.135                 14,000              

5,425                 1.315                 15,000              

5,650                 1.415                 15,600              

5,800                 1.550                 16,000              

6,100                 1.750                 17,000              

6,400                

Fracture @ 

Bend  17,750              

6,500                 18,000              

6,850                 19,000              

7,250                 20,000              

SSL Connection Test

Elongation by Phase



Test Date: 12/7/2012 Test #: 3 RESULTS:  PASS, Longitudinal wire fracture at 16,000 lbs.

Sample Identification: W24 x W24 (#3) Administered by: Nick Haven (SSL), Robert Ellefritz (SSL), witnessed by Jose Jimenez (Twining)

Ram/Gauge  12k‐12‐3

PSI Elong Load (lbs)

250/AL1 ‐                      500                     Phase 1 0.256                 in

450                     0.082                 1,000                 Phase 1A ‐                      in

775                     0.173                 2,000                 Phase 2 1.069                 in

1125/AL2 0.256                 3,000                 Phase 3* 0.0574               in

1,500                 0.367                 4,000                 Phase 4 ‐                      in

1,825                 0.512                 5,000                 Total 1.382                 in

2,225                 0.689                 6,000                

2,550                 0.778                 7,000                

2,925                 0.859                 8,000                

3,300                 0.944                 9,000                

3,650                 0.999                 10,000              

4,000                 1.076                 11,000              

4,350                 1.133                 12,000              

4,725                 1.204                 13,000              

5,050                 1.274                 14,000              

5,425                 1.338                 15,000              

5,650                 1.382                 15,600              

5,800                

Fracture @ 

Bend  16,000              

6,000                 16,667              

6,100                 17,000              

6,500                 18,000              

6,850                 19,000              

7,250                 20,000              

SSL Connection Test

Elongation by Phase



Test Date: 12/7/2012 Test #: 4 RESULTS:  PASS, Longitudinal wire fracture at 16,000 lbs.

Sample Identification: W24 x W24 (#4) Administered by: Nick Haven (SSL), Robert Ellefritz (SSL), witnessed by Jose Jimenez (Twining)

Ram/Gauge  12k‐12‐3

PSI Elong Load (lbs)

250/AL1 ‐                      500                     Phase 1 0.206                 in

450                     0.048                 1,000                 Phase 1A ‐                      in

775                     0.157                 2,000                 Phase 2 0.948                 in

1125/AL2 0.206                 3,000                 Phase 3* 0.0574               in

1,500                 0.258                 4,000                 Phase 4 ‐                      in

1,825                 0.355                 5,000                 Total 1.211                 in

2,225                 0.507                 6,000                

2,550                 0.598                 7,000                

2,925                 0.680                 8,000                

3,300                 0.754                 9,000                

3,650                 0.825                 10,000              

4,000                 0.892                 11,000              

4,350                 0.956                 12,000              

4,725                 1.028                 13,000              

5,050                 1.081                 14,000              

5,425                 1.162                 15,000              

5,650                 1.211                 15,600              

5,800                

Fracture @ 

Bend  16,000              

6,000                 16,667              

6,100                 17,000              

6,500                 18,000              

6,850                 19,000              

7,250                 20,000              

SSL Connection Test

Elongation by Phase



Test Date: 12/7/2012 Test #: 5 RESULTS:  PASS, Longitudinal wire fracture at 17,500 lbs.

Sample Identification: W24 x W24 (#5) Administered by: Nick Haven (SSL), Robert Ellefritz (SSL), witnessed by Jose Jimenez (Twining)

Ram/Gauge  12k‐12‐3

PSI Elong Load (lbs)

250/AL1 ‐                      500                     Phase 1 0.228                  in

450                     0.055                  1,000                  Phase 1A ‐                      in

775                     0.144                  2,000                  Phase 2 1.150                  in

1125/AL2 0.228                  3,000                  Phase 3* 0.0574               in

1,500                  0.349                  4,000                  Phase 4 0.315                  in

1,825                  0.542                  5,000                  Total 1.750                  in

2,225                  0.705                  6,000                 

2,550                  0.792                  7,000                 

2,925                  0.880                  8,000                 

3,300                  0.964                  9,000                 

3,650                  1.024                  10,000              

4,000                  1.088                  11,000              

4,350                  1.149                  12,000              

4,725                  1.212                  13,000              

5,050                  1.273                  14,000              

5,425                  1.344                  15,000              

5,650                  1.378                  15,600             

5,800                  1.500                  16,000              

6,100                  1.750                  17,000              

6,300                 

Fracture @ 

Bend  17,500              

6,500                  18,000              

6,850                  19,000              

7,250                  20,000              

SSL Connection Test

Elongation by Phase



Test Date: 12/7/2012 Test #: 6 RESULTS:  PASS, Longitudinal wire fracture at 17,750 lbs.

Sample Identification: W24 x W24 (#6) Administered by: Nick Haven (SSL), Robert Ellefritz (SSL), witnessed by Jose Jimenez (Twining)

Ram/Gauge  12k‐12‐3

PSI Elong Load (lbs)

250/AL1 ‐                      500                     Phase 1 0.210                  in

450                     0.070                  1,000                  Phase 1A ‐                      in

775                     0.150                  2,000                  Phase 2 1.150                  in

1125/AL2 0.210                  3,000                  Phase 3* 0.0574               in

1,500                  0.333                  4,000                  Phase 4 0.333                  in

1,825                  0.435                  5,000                  Total 1.750                  in

2,225                  0.641                  6,000                 

2,550                  0.733                  7,000                 

2,925                  0.819                  8,000                 

3,300                  0.898                  9,000                 

3,650                  0.960                  10,000              

4,000                  1.034                  11,000              

4,350                  1.100                  12,000              

4,725                  1.163                  13,000              

5,050                  1.244                  14,000              

5,425                  1.328                  15,000              

5,650                  1.360                  15,600             

5,800                  1.450                  16,000              

6,000                  1.500                  16,667              

6,100                  1.750                  17,000              

6,400                 

Fracture @ 

Bend  17,750              

6,500                  18,000              

6,850                  19,000              

7,250                  20,000              

SSL Connection Test

Elongation by Phase



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

5.3  ORIGINAL TEST DATA 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 















 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

5.4  MATERIAL MEASUREMENTS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 









 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

6.  INDEPENDENT VERIFICATION REPORTS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 





 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

7.   EQUIPMENT CALIBRATION RECORDS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 











 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

8.  EQUIPMENT AND MATERIAL DETAILS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 













 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

9.  CALCULATIONS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
The expected elongation of the 26.5 in longitudinal wire sample is calculated using 
Young's Modulus: 
 

E = Tensile Strength/Tensile Strain = σ/ε = (F/A0)/(Δ/L0) = FL0/A0ΔL 
 
Where: 
 
E is Young's Modulus of Elasticity 

F is the force exerted on an object under tension 

A0 is the original cross‐sectional area through which force is applied 

ΔL is the amount by which the object changes 

L0 is the original length of the object 

 
Therefore:  
 

ΔL = 65,000 psi (26.5 in) / 30 (106) = 0.0574 in 



Steel Beam ENERCALC, INC. 1983-2011, Build:6.12.01.12, Ver:6.11.5.31
Licensee : SSLLic. # : KW-06008867

File: c:\Users\daniel\Documents\ENERCALC Data Files\colton panel calc.ec6
Printed: 18 JAN 2013, 12:52PM

Description : HSS4"x4"x0.25" Steel Beam Deflection Calculation

Caltrans
5x6 6" Panel Calculations

Title : Job #

Project Desc.:
Engineer:

Project Notes :

Calculations per AISC 360-05, IBC 2009, CBC 2010, ASCE 7-05Material Properties
Analysis Method :

ksi
Bending Axis : Major Axis Bending
Load Combination :2006 IBC & ASCE 7-05

Completely Unbraced
Load Resistance Factor Design Fy : Steel Yield : 50.0 ksi

Beam Bracing : E: Modulus : 29,000.0

HSS4X4X1/4

Span = 0.8646 ft

HSS4X4X1/4

D(15.6)

Service loads entered. Load Factors will be applied for calculations.Applied Loads
Load(s) for Span Number 1

Point Load :  D = 15.60 k @ 0.4323 ft, (Jack)
Design OKDESIGN SUMMARY

Maximum Bending Stress Ratio   =     0.268 : 1

Load Combination +1.40D

Span # where maximum occurs Span # 1
Location of maximum on span     0.432ft

10.920 k
Mn * Phi : Allowable     17.588 k-ft Vn * Phi : Allowable

HSS4X4X1/4Section used for this span

Span # where maximum occurs
Location of maximum on span

Span # 1

Load Combination +1.40D
41.533 k

Section used for this span HSS4X4X1/4
Mu : Applied

Maximum Shear Stress Ratio =     0.263 : 1

    0.000 ft

     4.721 k-ft Vu : Applied

0 <360
6417

Ratio = 0 <180

Maximum Deflection
Max Downward L+Lr+S Deflection     0.000 in 0Ratio = <360
Max Upward L+Lr+S Deflection     0.000 in Ratio =
Max Downward Total Deflection     0.002 in Ratio =
Max Upward Total Deflection     0.000 in

Maximum Forces & Stresses for Load Combinations

Span #
Summary of Moment Values Summary of Shear ValuesLoad Combination Max Stress Ratios

M V max Mu -max Mu + Rm VnxMu Max Phi*Mnx Cb VuMaxMnx Phi*VnxSegment Length
+1.40D
     Dsgn. L =    0.86 ft   1     0.268     0.263      4.72      4.72     19.54     17.59 1.32 1.00     10.92     46.15     41.53

Location in SpanLoad CombinationMax. "-" Defl Location in SpanLoad Combination Span Max. "+" Defl
Overall Maximum Deflections - Unfactored Loads

  1    0.0000     0.000    0.0000     0.000

Load Combination Support 1 Support 2
Vertical Reactions - Unfactored Support notation : Far left is #1 Values in KIPS

Overall MAXimum     7.800     7.800
D Only     7.800     7.800

daniel
Rectangle



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

10.  MATERIAL COMPLIANCE CERTIFICATIONS 

 

















Section 1.2.13 

Item 1.2.13 - Summary table of input parameters used with (e.g., MSEW) computer design program. 
 
See attached table. 
 



Table – Summary of MSEW Program Input Parameters for MSEPlus System 

 

Data\Type
3W11 x 
0.5W11

4W11 x 
1.0W11

5W11 x 
1.5W11

6W11 x 
2.0W11

4W20 x 
2.5W11

5W20 x 
3.0W11

6W20 x 
3.0W11

6W24 x 
3.0W11

7W24 x 
3.0W11

8W24 x 
3.0W11

17,925 23,903 29,873 35,850 47,475 59,348 71,213 87,315 101,865 116,423

15,368 20,490 25,605 30,728 42,608 53,265 63,915 79,215 92,415 105,615

0.27 0.40 0.53 0.67 0.40 0.53 0.67 0.67 0.80 0.93
16 24 32 40 24 32 40 40 48 56

3,585 4,781 5,975 7,170 9,495 11,870 14,243 17,463 20,373 23,285

3,074 4,098 5,121 6,146 8,522 10,653 12,783 15,843 18,483 21,123

1.06 0.53 0.35 0.27 0.21 0.18 0.18 0.18 0.18 0.18

0.53 0.27 0.18 0.13 0.11 0.09 0.09 0.09 0.09 0.09

N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

3W11 x 
0.5W11

4W11 x 
1.0W11

5W11 x 
1.5W11

6W11 x 
2.0W11

4W20 x 
2.5W11

5W20 x 
3.0W11

6W20 x 
3.0W11

6W24 x 
3.0W11

7W24 x 
3.0W11

8W24 x 
3.0W11

1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

Connection Strengths:
σa (lb/ft2)

CRcrb = Fy c/Fy)

Tlong-term per unit length of wall (lb/ft) [(Fy*Ac)*Rc/b] 
(75 years)

Tlong-termper unit length of wall (lb/ft) [(Fy*Ac)*Rc/b] 
(100 years)

Pullout resistance 
factor, F*

Top of Wall

Depth of 20 ft below top of 
wall

Friction Angle 
along 
reinforcement-soil 
interface ρ

Top of Wall

Depth of 20 ft below top of 
wall

Scale-effect correction factor, α

Inextensible Soil Reinforcement:

Tlong-term (lb) (Fy*Ac) (75 years)

Tlong-term (lb) (Fy*Ac) (100 years)

Coverage Ratio (Rc)
Reinforcement width (b, in)

Fy = Yield strength of reinforcement

Fy c = Yield strength of connection between reinforcement and precast panel

Ac = Area of reinforcement at the design service life (i.e., 75 or 100 years)

a Normal pressure (lb/ft2); b MSEW program term



Section 1.3.1 

Item 1.3.1 - Does the system have a HITEC Evaluation? If so, provide a copy, and summarize what has 
changed with the system since that evaluation.  
 
See attached report in Appendix A.  However, it should be noted that this IDEA evaluation is not 
providing a review of the past HITEC evaluation published.  This IDEA evaluation consists only of the 
revised soil reinforcement to panel connection system shown in Section 1.2.5.   
 
 
 
 
 



Section 2 - Design 

  
 
 
 
 
 



Section 2.1 

Item 2.1 - If the answer is yes to 1.1.2, or 1.1.4, or 1.2.2, describe how and provide typical plan and 
section detail drawings of the facing and reinforcement to handle vertical and horizontal obstructions in 
the reinforced zone. 
 
In comparison to our original connection system the revised connection system does not alter the 
methods in the past since the line wires of the soil reinforcement are 8 inches on center.  The details 
shown beginning on page 171 of the HITEC report in Appendix A still apply. 
 
 
 
 
 
 



Section 4 – Quality Control 

  
 
 
 
 
 



Section 4.1 

Item 4.1 - If the answer is yes to 1.1.4, describe the quality control measures that are required for the 
manufacturing of connection devices. You may do this by providing a manufacturing QC manual. 
 
See attached QC Manual.  
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Section 5 – Performance 

  
 
 
 
 
 



Section 5.1 

Item 5.1 - If the answer is yes to 1.1.2, or 1.1.4, or 1.2.2,  provide a description of the updated system’s 
development and usage history. 
 
The new connection system was developed in 2003 for use on Caltrans projects.  Once the approval was 
completed in 2003 SSL used the revised connection in all other states.  Attached is the latest list of 
projects which used the revised connection system.   
 
 
 
 
 



 SSL Project List

SSL Job No. Job Name State
 Wall Area - 

SF 
Contractor Address

1305 Horizon Oil Sands AB 19,778           Kiewit Industrial Canada Co. P.O. Box 5478, Fort McMurray, Alberta T9H-3G5 Canada

0317 Glacier Hwy Reconstruction AK 2,153             Secon PO Box 32159, Juneau, AK 99801

0511 Jenny Creek Bridge AK 9,700             Southeast Road Builders, Inc HC60 Box 4800, Haines, AK 99827

0615 Parks Highway AK 13,005           Knik Construction

1006 Ship Creek AK 22,611           Wilder Construction 11301 Lang Street, Anchorage, AK 99515

1007 Glenn-Bragaw AK 18,371           Wilder Construction 11301 Lang Street, Anchorage, AK 99515

1104 Parks Crusey AK 11,303           Sustina Rose 1651 West Parks Hwy, Ste. 2 Wasilla, AK 99687

1408 48th Avenue Extension AK 3,235             AIC 601 W 5th Avenue, Ste 400, Anchorage, AK 99501

2005 Abbot Loop AK 7,930             Wilder Construction 1301 Lang Street, Anchorage, AK 99515

0611 Bella Vista-Hwy 71/72 AR 15,744           Prime Contracting, Inc. P.O. Box 744, Republic, MO 65738

0116 US 60 Bell Road AZ 98,545           Coffman Specialties, Inc. 9685 Via Excelencia, Ste 200, San Diego, CA 92126

0218 US 191-B Hill Realignment AZ 7,151             Contech Engineered Solutions L 12550 West Butler Dr, El Mirage, AZ 85335

0320 I-40 4th Street Butler AZ 1,404             FNF Construction 115 South 48th Street, Tempe, AZ 85281

0913 Vistancia Blvd-CAP Canal Bridge AZ 8,510             Skanska USA Civil West RMD 14050 N. 83rd Ave, Ste 280, Peoria, AZ 85381

0920 I-17 Central Ave AZ 7,546             Pulice Construction, Inc. 8660 E. Hartford Dr, Ste 305, Scottsdale, AZ 85255

1105 Jake's Corner Hwy AZ 19,936           FNF Construction P.O. Box 5005-115 South 48th St., Tempe, AZ 85280

1118 American Mountain AZ 3,300             Contech Engineered Solutions L 12550 West Butler Dr, El Mirage, AZ 85335

1218 Northern Parkway AZ 48,464           Pulice Construction, Inc. 2033 W. Mountain View Rd, Phoenix, AZ 85021

1220 I-10 Tucson -Benson Hwy (Houghton Rd) AZ 13,621           Ames Construction 8333 E Hartford Dr, Scottsdale, AZ 85255

1820 SR24 Gateway Freeway AZ 61,974           FNF Construction 115 S. 48th Street, Tempe, AZ, 85281

2006 Litchfield Road AZ 37,648           Sundt Construction P.O. Box 20687, Phoenix, AZ 85036

2209 Manzanita Village AZ 2,088             Bobcat Wizards Construction P.O. Box 19868, Fountain Hills, AZ 85269

2309 Rice Ave/Hwy 101 AZ 7,657             Security Paving Co, Inc. P.O. Box 1489, Simi Valley, CA 91353

2406 Lowes -Bullhead AZ 3,036             Becho Incorporated 10700 W. Jomax, Peoria, AZ 85383

03-016 SR 260 AZ 18,027           KLB Construction 3405 121st St. SW, Mukilteo, WA 98275

03-031 Globe Show Low AZ 5,040             Stronghold Contracting, Inc. 822 E. Union Hills , Suite PMB#404 Pheonix AZ 85024

03-040 Red Mountain Fwy AZ 32,240           FNF Construction P.O. Box 5005 Tempe, AZ 85280

2706 London Bridge Beach AZ 3,675             Valdez & Son Construction 264 S. Phelps Drive, Apache Junction, AZ 85220

0409 Skytrain Storage Yard BC 4,211             Tybo Contracting Ltd PO Box 34147-17790 Hwy #10, Surrey, BC V3S-8C4

1009 Hwy 14-Sombrio #3 BC 9,127             Hazelwood Const. Services Inc 1940 Bollinger Rd, Nanaimo, BC V9S-5W9

1306 Hwy 15 Crossing BC 24,893           West Shore Constructors Ltd 150-1000 Roosevelt Cres., North Vancouver, BC V7P-3R4

1308 Kicking Horse Canyon BC 9,656             Ledcor Civil/Mining Limited 1500-1055 West Hastings St., Vancouver, BC V6E 3X1

1611 South Fraser Perimeter BC 436,000         FTG Constructors 8100 Nordel Way, Delta, BC V4G-8A9

2205 Sea to Sky BC 736,154         Peter Kiewit & Sons Co. 1410-1111 W. Georgia Street, Vancouver, BC V6E 4M3

2310 Hwy 97 BC 33,573           Ledcor Civil/Mining Limited 1200-1067 Cordova St. W, Vancouver, BC V6C-1C7

3504 Mt. Lehman I/C BC 7,981             Western Versatile Constr. 19635 Telegraph Trail Langley, B.C. V1M 3E6

0104 5th to Bay #2 CA 4,555             Tutor-Saliba 15901 Olden Street Sylmar, CA 91342-1093

0107 New Hall Ranch Road CA 2,005             Oberg Contracting Corp. P.O. Box 630519, Simi Valley, CA 93063

0112 Rt 101-Petaluma CA 15,123           Ghilotti Construction Co., Inc. 246 Ghilotti Ave, Santa Rosa, CA 95407

0113 Old Redwood Hwy CA 15,588           Ghilotti Construction Co., Inc. 246 Ghilotti Ave, Santa Rosa, CA 95407

0114 Broadway Brommer Multi Use Path CA 4,887             ProVen Management 712 Sansome Street, San Francisco, CA 94111

0115 I-10 Jefferson St Interchange CA 28,726           Riverside Construction Co, Inc. 4225 Garner Rd, PO Box 1146, Riverside, CA 92502

0119 I-5 Oso Parkway CA 36,112           SRK Engineering 2615 Auto Park Way, Escondido, CA 92029

0120 Rt 5 Avery Parkway CA 12,617           SRK Engineering 2615 Auto Park Way, Escondido, CA 92029

0206 Pier S Berths CA 22,163           Ortiz Enterprises, Inc. 6 Cushing, Suite 200, Irvine, CA 92618

0208 Watt Avenue II CA 5,745             Viking Construction P.O. Box 1508, Rancho Cordova, CA 95741

0211 N Stockton RR Grade Sep CA 40,500           RGW Construction 550 Greenville Rd, Livermore, CA 94550

0213 Rt 5/74-Ortega Hwy CA 6,630             Flatiron Construction Corp 1770 La Costa Meadows Dr, San Marcos, CA 92078

0214 SR 91 Corridor Interchange Improvements CA 802,230         Atkinson/Walsh 2455 Anselmo Drive, Ste 201, Corona, CA 92879

0215 11th Street CA 82,000           Teichert Construction PO Box 1118, Stockton, CA 95201

0216 Rt 57/60 @ Grand Ave CA 7,578             Powell Constructors 8555 Banana Ave, Fontana, CA 92335

0220 Veterans Blvd CA 18,165           Granite Construction 2716 Granite Court, Fresno, CA 93706

0306 Brittania Oyster Pt. II CA 24,337           Prime: Hathaway Dinwiddie 400 Oyster Point Blvd. Suite 335, So. San Fran., CA 94080

0307 Rt 152/156 CA 20,475           RGW Construction P.O. Box 2910, Livermore, CA 94551

0310 Seventh Standard PH 2 CA 13,228           Granite Construction P.O. Box 5127, Bakersfield, CA 93388

0312 Price Canyon Rd CA 13,836           Souza Construction, Inc. P.O. Box 3810, San Luis Obispo, CA 93403

0313 Tustin Ave CA 47,146           USS Cal Builders, Inc 8051 Main Street, Stanton, CA 90680

0314 Marin High School CA 1,432             Ghilotti Construction Co., Inc. 246 Ghilotti Ave, Santa Rosa, CA 95407

0316 Harney Lane Separation CA 5,584             DeSilva Gates Construction 11555 Dublin Blvd, Dublin, CA 94568

0407 Paseo Padre CA 28,572           DeSilva Gates Construction 11555 Dublin Blvd, Dublin, CA 94568

0408 Rt 52-Santee CA 17,834           Skanska USA Civil West 1995 Agua Mansa Rd, Riverside, CA 92509

0412 Iowa Ave Grade Separation CA 43,069           Security Paving P.O. Box 1489, Simi Valley, CA 91353

0413 Rt 126-Commerce Center Drive CA 29,282           C.A. Rasmussen, Inc. 28548 Livingston Ave, Valencia, CA 91355

0417 Rt 101/114 Interchange -Willow Road CA 15,512           OC Jones & Sons, Inc 1520 Fourth Street, Berkeley, CA 94710

0418 Rt 65 Widening? CA 1,000             DeSilva Gates Construction

0419 Laguna Nigel CA 9,376             Reyes Construction 1383 South Signal Drive, Pomona, CA 91766

0506 Rt 1/17 Seperation CA 29,960           Pavex Construction 411 Walker St, Watsonville, CA 95077

0509 Mid City Expo Light Rail CA 94,000           FCI/Flour/Parsons, JV 707 Wilshire Blvd, Ste 3400, Los Angeles, CA 90017

0510 Sly Creek Dam CA 24,028           Teichert Construction 4401 Duluth Ave, Roseville, CA 95678

0512 Hunts Lane CA 55,215           Skanska USA Civil West 1995 Agua Mansa Rd, Riverside, CA 92509

0513 Glen Helen Parkway Grade Separation CA 17,443           Skanska USA Civil West 1995 Agua Mansa Rd, Riverside, CA 92509

0515 Quint St Bridge Replacement CA 2,873             Shimmick Construction Co, Inc. 8201 Edgewater Dr, Ste 202, Oakland, CA 94621

0516 Clinton Keith Road -Phase 2 CA 11,662           Sukut Construction 4010 W. Chandler Ave., Santa Ana, CA 92704

0518 Crittenden Lane Trailhead Improvements CA 2,598             Ghilotti Construction Co., Inc.

0604 Chandler CA 6,110             Chandler Aggregates P.O. Box 78450 Corona, CA 92877

0607 Rt 101-San Mateo CA 111,023         DeSilva Gates Construction 11555 Dublin Blvd, Dublin, CA 94568

0609 Lewis Rd Widening CA 9,283             Security Paving P.O. Box 1489, Simi Valley, CA 91353

0612 Rt 880/Stevens Creek Blvd Interchange CA 8,128             DeSilva Gates Construction 11555 Dublin Blvd, Dublin, CA 94568



 SSL Project List

SSL Job No. Job Name State
 Wall Area - 

SF 
Contractor Address

0614 Nelson Road CA 3,517             Reber Construction P.O. Box 273, Santa Cruz, CA 95061

0620 I-80 Southgate Road Realignment CA 3,855             Gordon N Ball  Inc 333 Camille Avenue, Alamo, CA 94507

0711 Harry Tracy Water Treatment CA 7,442             R.A. Nemetz Construction Co, InP.O. Box 5306, Galt, CA 95632

0713 6th Street Improvements CA 15,999           OC Jones & Sons, Inc 1520 Fourth Street, Berkeley, CA 94710

0714 Rinconada Water Treatment Plant CA 5,383             Preston Pipeline Inc 133 Bothelo Ave, Milpitas, CA 95035

0715 Rt 84-Livermore CA 18,343           DeSilva Gates Construction 11555 Dublin Blvd, Dublin, CA 94568

0808 Rt 99-Chico CA 10,427           Sierra Nevada Construction 9701 Dino Drive, Suite 190, Elk Grove, CA 95624

0811 San Diego Airport CA 13,479           Kiewit/Sundt, J.V 3723 North Harbor Drive, San Diego, CA 92101

0812 I-10/605 CA 22,849           MCM Construction P.O. Box 620, North Highlands, CA 95660

0813 Rt 5 Realignment - West Magnolia CA 225,300         Security Paving P.O. Box 1489, Simi Valley, CA 91353

0905 Nut Tree Overcrossing CA 2,303             MCM Construction P.O. Box 620, North Highlands, CA 95660

0906 Metro Goldline CA 20,000           G & C Equipment Corporation 1875 West Redondo Beach Blvd, Suite 102, Gardena, CA 90247

0918 I-680 HOV CA 51,139           Bay Cities Paving & Grading 1450 Civic Ct, Bldg B #400, Concord, CA 94520

0919 Centennial Corridor CA 75,118           Sam's Equipment PO Box 7797, Fresno, CA 93747

1010 SR 74/I-215 I/C CA 6,741             Skanska USA Civil West 1995 Agua Mansa Rd, Riverside, CA 92509

1011 Butterfield Blvd South Extension CA 37,516           RGW Construction P.O Box 2910,  550 Greenville Rd, Livermore, CA 94550

1013 Gerald Desmond Bridge CA 115,000         Shimmick/FCC/Impreglio JV 11 Golden Shore, Ste 330, Long Beach, CA 90802

1017 Monte Vista Grade Separation CA 49,656           Pulice Construction, Inc. 3111 Camino Del Rio N. Suite 720, San Diego, CA 92108

1107 Hanson Crusher CA 12,333           Hanson Permanente

1113 Auto Center Drive CA 17,633           Griffith Company 12200 Bloomfield Ave, P.O. Box 2150, Santa Fe Springs, CA 906

1117 The Exchange at Mission Bay CA 2,030             McGuire & Hester (sub)

1120 US 101/Blossom Hill Rd CA 4,583             DeSilva Gates Construction

1209 BART Fremont Station CA 3,913             Shimmick/Skanska JV 1320 Stevenson Blvd, Fremont, CA 94538

1213 5th Street-Sac Railyards-Phase 2 CA 11,864           OC Jones & Sons, Inc 1520 Fourth Street, Berkeley, CA 94710

1219 Rt 132/99 CA 37,637           Bay Cities Paving & Grading 1450 Civic Ct, Bldg B #400, Concord, CA 94520

1313 Rt 11/905 Separation CA 55,449           Coffman Specialties, Inc. 9685 Via Excelencia, Ste 200, San Diego, CA 92126

1317 25th Ave Improvements CA 128,650         Shimmick Disney JV 8201 Edgewater Dr, Ste 202, Oakland, CA 94621

1410 San Bruno CA 109,789         Granite Construction Co. 715 Comstock St, Santa Clara, CA 95054

1413 Rt 12-80-280 Interchange CA 49,107           DeSilva Gates Construction 11555 Dublin Blvd, Dublin, CA 94568

1506 Watt Ave Bridge CA 5,940             Mitchell Engineering 5109 Florin Perkins Rd, Sacramento, CA 95826

1507 La Sierra Ave CA 40,256           Ortiz Enterprises 6 Cushing, Suite 200, Irvine, CA 92618

1511 Rt 47/103-Schulyer Heim Bridge CA 18,427           MCM Construction P.O. Box 620, North Highlands, CA 95660

1513 Rt 4 & 5 CA 38,276           Brosamer and Wall 

1604 SR 76 CA 22,000           
1605 Stanford Stadium CA 71,700           Vance Brown Builders 3197 Park Boulevard, Palo Alto, CA 94306

1705 Tunnel Ave CA 4,306             RGW Construction P.O. Box 2910 Livermore, CA 94551

1706 Poway Road CA 31,642           FCI Constructors 1770 La Costa Meadows Drive, San Marcos, CA 92078

1709 I-405 CA 350,000? Kiewit Pacific Co. 6060 Center Drive, 4th Floor, Los Angeles, CA 90045

1717 OC 405 CA 252,302         OHL

1719 Route 905 CA 3,526             Skanska 1995 Agua Mansa Rd, Riverside, CA 92509

1720 I-80/I-680/Rt 12- Contract 04--0A5394 CA 22,127           Kiewit

1805 Hagador Canyon CA 2,795             Beador Construction 26320 Lester Circle, Corona, CA 92883

1807 Rt 52/67/125 CA 14,412           Erreca's Inc 12570 Slaughterhouse Canyon Rd, Lakeside, CA 92040

1809 Pit River CA 33,375           Barnard Construction Co, Inc. P.O. Box 99, Bozeman, MT 59771

1904 SR 125 CA 125,000         Otay River Constructors 860 Harold Place, Chula Vista, CA 91914

1906 880/238/580 CA 46,777           FCI Constructors 2100 Goodyear Road, Benicia, CA 94510

1909 I-215-SanBag CA 48,650           Skanska/Rados JV 1995 Agua Mansa Rd, Riverside, CA 92509

1910 Avalon Blvd. Interchange CA 24,258           Powell Constructors 8555 Banana Ave, Fontana, CA 92335

1911 12th Street Reconstruction CA 3,300             McGuire & Hester

1920 SR91 Corridor Operation CA 8,202             OHL USA, Inc. 1920 Main Street, Suite 310, Irvine, CA 92614

2007 Orange Show Rd CA 9,095             MCM Construction 6413 32nd St, North Highlands, CA 95660

2010 Rt 405-Bolsa Chica CA 52,043           Atkinson Construction 27422 Portola Parkway, Ste 250, Foothill Ranch, CA 92610

2211 Expo Phase 2 CA Sub G&C Equipment Corp 1875 W. Redondo Beach Blvd #102, Gardena, CA 

2304 880/237 Freemont CA 34,460           FCI Constructors 2100 Goodyear Rd. Benicia, CA 94510

2405 Pacific Street Bridge CA 2,785             FCI Constructors 2585 Business Park Drive, Vista, CA 92081

2409 Riverside Ave/I-10 CA 35,089           CC Myers, Inc. 1822 South Lewis Street, Anaheim, CA 92805

2410 Central Galt Interchange CA 14,944           Teichert Construction 8811 Kiefer Blvd, Sacramento, CA 95826

2411 Colton RR Crossing CA 244,449         Skanska USA Civil West 1995 Agua Mansa Rd, Riverside, CA 92509

2505 Cemex Truck Pump CA 2,315             Applied Industrial Design Inc

2510 SR 140 CA 31,000           RGW Construction 550 Greenville Rd, Livermore, CA 94550

2604 Leisure Town Road CA 9,123             RGW Construction 550 Greenville Road, Livermore, CA   94550

2804 Blue Rock CA 12,686           Granite Construction 715 Comstock Street Santa Clara, CA 95054

2810 SR 5 CA 19,972           Security Paving P.O. Box 1489, Simi Valley, CA 91353

2906 Rt 90-Yorba Linda CA 52,364           Brutoco Engineering P.O. Box 310189, Fontana, CA 92331

2910 Antelope Valley CA 5,666             Hillside Retaining Walls 5256 S. Mission #703-002, Bonsall, CA 92003

3010 Santa Monica Diversion CA 235                Blois Construction Inc. P.O. Box 672, Oxnard, CA 93032

3104 SR 22 CA 407,521         GMR 4000 Metropolitan Dr. Suite 201 Orange, CA 92868

3204 Rt.116/101 CA 16,534           Diablo Contractors 7 Crow Canyon Court Suite 100 San Ramon, CA 94583

03-030 101 Ralston CA 3,541             O.C. Jones 1520 Fourth Street Berkeley, CA 94710-1774 02-026

03-034 Brokaw CA 8,276             Pavex Construction 411 Walker St, Watsonville, CA 95076

03-043 Oroville-Quincy Fwy CA 40,000           Viking Construction 11315 Sunrise Gold Circle, Ste A Rancho Cordova, CA 95742

03-047 Arch Rd./Viking Wire CA 612                Viking Construction P.O. Box 1508, Rancho Cordova, CA 95741

0519 Rt 101- Carpinteria CA 4,449             Security Paving 13170 Telfair Ave, Sylmar, CA 91342

1318 Sky Park CA 6,380             
0806 SR 8 (I-10)  FL 89,841           Anderson Columbia Co., Inc. 2316 Highway 71, Marianna, FL 32448

2320 Stark Rd FL 7,800             Randall Construction

2511 Kathleen Road FL 19,224           RWH Construction Services 1314 Oxbridge Dr, Lutz, FL 33549

1405 Spirit Lakes IA 2,429             Graves Construction P.O. Box 208, Melvin, IA 51350

0308 East Parkcenter ID 7,331             McAlvain Construction, Inc. 5559 W. Gowen Road, Boise, ID 83709

0610 Twin Falls Flyover ID 12,172           W.W. Clyde & Co P.O. Box 350, Springville, UT 84663

0617 SH-62 Holes Creek ID 1,376             Crea Construction 1508 Tammany Creek Rd, Lewiston, ID 83501

0809 I-86 Chubbuck to Pocatello ID 25,990           Knife River 5450 W. Gowen Rd, Boise, ID 83709

0818 Zachary Road to Goose Creek ID 2,112             Crea Construction 1508 Tammany Creek Rd, Lewiston, ID 83501
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0908 Sand Creek Byway ID 146,918         Parsons RCI Inc. 1216 140th Avenue Ct. E., Sumner, WA 98390

0909 I-84 Orchard Street ID 23,916           McAlvain Construction, Inc. 5559 W. Gowen Road, Boise, ID 83709

0910 I-84 Franklin Blvd ID 8,955             Concrete Placing Co., Inc. 6451 West Gowen Road, Boise, ID 83709

0917 US 95 Curve Flattening ID 5,920             Crea Construction 1508 Tammany Creek Rd, Lewiston, ID 83501

1704 St. Leon I/C ID 22,398           Concrete Placing Company 6451 W. Gowen Boise, ID 83709

1710 US20 New Menan-Lorenzo ID 8,747             Build, Inc. 5190 W. 700 S., Salt Lake City, UT 84104

0718 US-12 Maggie Creek ID 4,512             Braun-Jensen, Inc. 509 S. 9th Street, Payette, ID 83661

1020 I-294 Archer IL 32,613           Lorig Construction Co. 250 East Touchy Ave, Des Plaines, IL 60018

1320 Adams & Jackson St Interchange IL 10,270           Lorig Construction Co. 250 East Touchy Ave, Des Plaines, IL 60018

1520 43rd St Pedestrian Bridge IL 6,654             FH Paschen

2020 I-294 Ramps C-4495 IL 8,842             Dunnet Bay 4300 Enterprise Drive, Unit B, Joliet, IL 60431

2120 I-294 Ramps D-4520 IL 2,878             Dunnet Bay 4300 Enterprise Drive, Unit B, Joliet, IL 60431

2220 I-294 Roadway and Bridge, 4431 IL 12,392           Walsh Construction 929 West Adams, Chicago, IL, 60607

03-020 I-80 Cook County IL 9,000             D Construction, Inc. 1488 S. Broadway, Coal City, IL  60416

03-022 I-57 Jefferson Co. IL 3,400             E.T. Simonds Construction, Inc. 1500 N. Oakland Carbondale, IL 62901

03-025 I-74 Peoria IL 12,000           Walsh Construction of Illinois 619 Water Street Suite 3C

0104 Geist Res./Fall Creek IN 20,538           Walsh Construction 2749 N. State Rd.39 La Porte, IN 46350

0404 I-69 Allen Co.-Leesburg IN 4,028             Walsh Construction 2749 N. State Rd.39 La Porte, IN 46350

0904 Road 70/ US 231 IN 6,110             Smith and Johnson 1745 E. Main Street Columbus, OH 43205

1404 17 to 26 Elkhart IN 25,951           Primco, Inc 7107 Smith Rd., Ft. Wayne, IN  46809

1504 Salisbury Road IN 5,015             Milestone Contractors 824 Dillon Drive Richmond, IN 47374

2004 Gary Marina Access IN 28,673           Superior Construction Co. 2045 E Dunes Hwy Gary, IN 46401

2404 79th Over I-465 IN 19,112           Beaty Construction 5292 West 100 North Boggstowm, IN 46110

03-005  I-94/80 Lake Co. IN 7,500             Superior Construction Co. Inc. 2045 E. Dunes Hwy, Gary, IN  46401

03-006  Allen County IN 4,500             R. L. McCoy 7898 E. Lincoln Highway Columbia City IN 46725

03-010 17 Elkhart County IN 2,000             Primco, Inc 7107 Smith Rd., Ft. Wayne, IN  46809

03-017 Six Point Rd IN 37,255           Weddle Bros. Const. Co. Inc. 1201 W. Third Street, Bloomington, IN 47402-11330

03-019 SR66 Warrick Co. IN 5,815             Blankenberger Brothers 11700 Watertank Rd., Cynthania, IN  47612

03-024 I-70 Marion Co. IN 8,600             American Contract Services 6200 E. Highway 62, Suite 200 Jeffersonville, IN 47130

03-046 Spencer County IN 3,900             Ragle, Inc. P.O. Box 444/5266 Vann Road  Newburgh, IN 47629

03-048 Grant Street Call 300 IN 25,463           Superior Construction 2045 E. Dunes Hwy, Gary, IN 46401

0504 Kraft to Thornapple MI 14,533           Davis Construction 616 South Creyts Road. Ste. A Lansing,MI 48917

1304 I-96 Beck Road MI 2,747             Dan's Excavating 12955 23 Mile Road Shelby Township MI 48315

2104 Kennet Road MI 2,904             Anlaan Corporation 424 Oak Street Spring Lake, MI  49456

3304 Square Lake Road MI 9,677             TAC Construction 2231 N. Channel Dr. Harsens Island, MI 48028

03-011 Canal Rd MI 9,985             Anlaan Corporation 424 Oak Street Spring Lake, MI  49456

03-018 M-26/US-41 MI 4,048             Thomas J. Moyle Jr Inc. 46702 Highway M-26, Houghton, MI 49931

03-035 Tulip City MI 18,122           Kamminga & Roodvoets, Inc. 3435 Broadmoor Ave SE, Grand Rapids, MI 49512

03-049 Livingston Co.-US 23 MI 25,562           Dan's Excavating 12955 23 Mile Road , Shelby Township, MI 48315

0907 Crosstown MN 329,648         Ames Construction 2000 Ames Drive, Burnsville, MN 55306

0106 Beardsley Rd Bridge MO 7,781             Radmacher Bros. Excavating 501 South Route 7, Pleasant Hill, MO 64080

0204 Rt. 63 Howell MO 4,755             Chester Bross Construction P.O. Box 430 8965 Hwy 35 Hannibal, MO 63401

1106 New Madrid Pump MO 7,830             Hill Brothers Construction 20831 Highway 15 North, Falkner, MS 38629

1509 Rt 60-Call 801 MO 17,316           JLA Construction 6088 West Farm Road 164, Brookline, MO 65619

1510 Call 403 Rte 9 to Rte 5 MO 41,669           Prime Contracting, Inc. P.O Box 744, Republic, MO 65738

2704 I-64 Sarah Ave. MO 4,521             Kozeny-Wagner 951 W. Outer Road Arnold, MO 63010

03-012 RT13/Ray Co. MO 14,610           Hilty Quarries 190 North West 251 Rd., Clinton, MO  64735

03-013 US 60/Howell Co. MO 6,733             H.R. Quadri Construction, Inc. HC-2 Box 2437, Van Buren, MO  63965

0606 Vic White Coyote Rd MT 29,060           Riverside Contracting Inc. 5571 Alloy South, Missoula, MT 59808

0804 Westfork Bitteroot MT 7,671             Westway Construction, Inc. P.O. 519 Airway Heights, WA 99001

1206 Medicine Tree MT 7,828             MA Deatley Construction P.O. Box 490, Clarkston, WA 99403

1208 Billings Airport Rd MT 11,030           Riverside Contracting Inc. 5571 Alloy South, Missoula, MT 59808

1804 Missouri River MT 1,093             Morgen & Oswood 1321 8th Ave. N- Ste. 204 Great Falls, MT 59403

0110 Spaceport America NM 14,530           FNF Construction 115 South 48th Street, Tempe, AZ 85281

0109 Tenaya Way Overpass NV 12,042           Southwest Iron LLC 5050 E Russell, Las Vegas, NV 89122

0209 US 95 Horse Drive NV 76,111           Capriati Construction Corp 3097 E Warm Springs Rd, Ste 300, Las Vegas, NV 89120

0311 US 95 Summerlin Parkway NV 12,804           Las Vegas Paving 4420 South Decatur Blvd. Las Vegas, NV 89103

0420 I-15 Northern Beltway NV 21,553           Fisher Sand and Gravel 1302 W. Drivers Way, Tempe, AZ 85284

0507 Lamb Blvd-Phase 2 NV 99,956           Las Vegas Paving 4420 South Decatur Blvd. Las Vegas, NV 89103

0705 Hacienda Ave NV 10,500           Las Vegas Paving 4420 South Decatur Blvd. Las Vegas, NV 89103

0706 SR 146 St. Rose NV 101,800         Frehner Construction Co. Inc. 3920 W Hacienda Ave., North Las Vegas, NV 89118

0707 Galena Creek NV 32,000           Fisher Sand and Gravel 500 Damonte Ranch Pkwy, Suite 1056, Reno, NV 89501

1008 Eastgate Rd Improvements NV 61,854           Capriati Construction Corp 3097 E Warm Springs Rd, Ste 300, Las Vegas, NV 89120

1109 Harmon Ave Replacement NV 1,453             Las Vegas Paving 4420 South Decatur Blvd. Las Vegas, NV 89103

1204 Rainbow Wire NV 1,225             Frehner Construction Co. Inc. 4040 Frehner Road No. Las Vegas NV  89030

1508 North 5th Street NV 35,223           Capriati Construction Corp 3097 E Warm Springs Rd, Ste 300, Las Vegas, NV 89120

1606 Silverado Ranch Rd NV 57,331           Frehner Construction Co. Inc 4040 Frehner Road, North Las Vegas, NV 89030

1707 City Center NV 30,227           Las Vegas Paving 4420 South Decatur Blvd. Las Vegas, NV 89103

1810 SR207 NV 2,121             Peek Construction

2105 US 95 Rainbow Blvd NV 28,309           Las Vegas Paving 4420 South Decatur Blvd. Las Vegas, NV 89103

2206 USA Parkway NV 2,434             Q & D Construction P.O. Box 10865, Reno, NV 89510

2306 I-580 Reno NV 269,523         Fisher Sand and Gravel 500 Damonte Ranch Parkway, Suite 1056

2504 Durango Drive NV 11,668           Frehner Construction Co. Inc. 4040 Frehner Road No. Las Vegas NV  89030

2610 US 95 @ Rainbow Ave NV 36,623           Capriati Construction Corp 1020 Wigwam Parkway, Henderson, NV 89074

03-026 US 395 Carson Cty NV 644                Ames Construction 3737 West 2100 S. West Valley City, UT 84120

03-029 Rainbow Widening NV 3,184             Frehner Construction Co. Inc. 4040 Frehner Road No. Las Vegas NV  89030

03-039 Avairy Way NV 10,544           American Asphalt & Grading 3624 Goldfield St. N.Las Vegas, NV 89032

03-041 I-580 Freeway NV 27,043           Ames Construction 909 Hotsprings Rd. Carson City, NV 89706

03-045 I-15 Lamb Blvd. NV 9,827             Las Vegas Paving 4420 South Decatur Blvd. Las Vegas, NV 89103

0105 I-77 Stark Cty OH 3,806             The Ruhlin Company 6931 Ridge Road, Sharon Center, OH 44274

0210 Mill Street Bridge OH 16,669           Kenmore Construction, Co. Inc. 700 Home Ave, Akron, OH 44310

0704 I-75 West Sandusky OH 3,206             E.S. Wagner 840-Patchen Road Oregon, Ohio 43616

3404 West Road Bridge OH 3,606             Sunesis Construction 2610 Crescentville Road West Chester, OH 45069

0608 Belrose Bridge ON 770                Armtec Limited Parnership 370 Speedvale Ave. W., P.O. Box 3000

0118 Nestucca River Back Country Byway OR 12,537           Laskey-Clifton Corporation PO Box 50, 75355 Hwy 101, Reedsport, OR 97467
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0207 Weaver Bundle OR 15,980           Prime: Hamilton Construction P.O. Box 659, Springfield, OR 97477

00304 Hwy 62- Crater Lake OR 4,955             James W. Fowler Co. 12775 Westview Dr. P.O. Box. 489 Dallas, OR 97338

0405 Rt 101: Fort to Sea OR 1,206             Thompson Bros. Excavating 18211 NE Fourth Plain Rd., Vancouver, WA 98682

0410 Wyeth Columbia River Treaty OR 8,977             Goodfellow Bros. 6135 NE 80th Ave, Ste A3, Portland, OR 97218

0505 Isthmus Slough Bridge OR 1,210             LTM Incorporated 3055 Ocean Blvd., Coos Bay, OR 97420

0911 I-205 to Redland Road OR 2,594             Nutter Corporation 7211 NE 43rd Ave, Vancouver, WA 98661

1210 North Fork Santiam OR 12,924           K&E Excavating, Inc. 3871 Langley St SE, Salem, OR 97317

1519 OR 569-Beltline @ Delta Hwy OR 4,833             Hamilton Construction PO Box 659, Springfield, OR 97477

1711 I-5 SW Iowa Street OR 21,906           Wildish Standard Paving Co P.O. Box 7428, Eugene, OR 97401

1806 I-5 Exit 99 OR 10,470           James W. Fowler Company 12775 Westview Drive, Dallas, OR 97338

1905 NE 33rd Ave OR 1,636             James W. Fowler Co. 12775 Westview Drive, Dallas, OR 97338

2806 Multorpor Overpass OR 29,552           Holm II, Inc 618 2nd Street, P.O. Box 453, Stayton, OR 97383

03-042 N. Lombard RR OR 11,560           Cascade Bridge 7601 NE Hazel Dell Ave., Ste D Vancouver, WA 98665

0618 Salmon River Bridge OR 788                JAL Construction 123 SE 4th St, PO Box 6269, Bend, OR 97708

0717 Columbia Hwy Trailhead OR 4,252             Stellar J 1363 Down River Drive, Woodland, WA 98674

03-037 Saluda Dam W/W SC 20,000           Barnard Construction Co. Inc. 1892 North Lake Drive, Lexington, SC  29072

03-038 Railroad W/W SC 600                Barnard Construction Co. Inc. 1892 North Lake Drive, Lexington, SC  29072

2305 Minnehaha Cty SD 17,313           South Dakota DOT 5316 West 60th Street North, Sioux Falls, SD 57107

03-021 I-29 Minnehaha Co. SD 3,000             Sioux Falls Construction 800 South Seventh Ave, Soiux Falls, SD 57104

0305 Provo Canyon UT 119,865         Ames Construction 3737 W 2100 S, West Valley, UT 84120

2506 Legacy-Segment 1 UT 18,642           Ames Construction 3737 West 2100 South, West Valley, UT 84120

2606 Legacy-Segment 2 UT 58,714           Ames Construction 3737 West 2100 South, West Valley, UT 84120

2904 Cottonwood St. UT 2,717             Edward Kraemer & Sons, Inc.

0108 Parrish Lane Rd UT 29,633           Ames Construction 3737 West 2100 South, West Valley, UT 84120

0111 SR 114 (Geneva Rd) UT 57,240           Kiewit Infrastructure West Co 2302 Presidents Dr, Ste F, West Valley City, UT 84120

0117 I-15 Brigham Road to Dixie Dr UT 11,061           Meadow Valley Contractors, Inc.    PO Box 60726, Phoenix, AZ 85082

0219 I-15-Exit 16 UT 3,559             Ralph L Wadsworth Construction 166 East 14000 South, 

0414 BYU Test Wall UT 1,405             BYU

0708 Mid-Jordan/Draper Lt Rail UT 1,200             Kiewit Herzog Parsons 669 West 200 South, Salt Lake City, UT 84101

0810 US 189-Heber to Provo UT 4,301             W.W. Clyde & Co P.O. Box 350, Springville, UT 84663

0820 Lehi Pedestrian Bridge UT 12,167           Granite Construction

1119 SR 179-Mid Valley UT 13,725           Ames Construction 3737 West 2100 South, West Valley, UT 84120

1608 West Valley LRT UT 12,383           Stacy and Witbeck Inc/Kiewit W 2264 South 900 West, Salt Lake City, UT 84119

1808 Pioneer Crossing UT 65,000           Kiewit/Clyde JV 3738 West 2340 South, Ste C, West Valley City, UT 84120

1908 SR 89 State St. RR UT 46,122           Ralph L Wadsworth Construction 166 E 14000 South Ste 200, Draper, UT 84020

0411 I5-Grand Mound to Maytown WA 10,727           Tri-State Construction, Inc. P.O. Box 3686, Bellevue, WA 98009

0508 Consoldiated Car Rental WA 10,480           Mowat Construction P.O. Box 1330, 20210 142nd Ave NE

0605 US Hwy 2 WA 5,200             KLB Construction 3405 121st St. SW, Mukilteo, WA 98275, 

0616 Burlington Northern Overpass WA 62,810           Cascade Bridge, LLC 14215 NW 3rd Court, Vancouver, WA 98685

0709 Peace Arch WA 7,212             Mowat Construction P.O. Box 1330, 20210 142nd Ave NE

0710 I-90 Two Way Transit WA 14,249           Gary Merlino Construction 9125 10th Ave South, Seattle, WA 98108

0720 SR 167/70th Ave E Vicinity Bridge WA 14,474           Atkinson Construction

0805 NW 119th Street WA 7,984             ERI P.O. Box 1059, Vancouver, WA 98666

0807 SR 502 WA 21,057           Castle Walls #2595 1420 NW Gilman Blvd, Suite 2.  Issaquah WA 98027 

0817 S. 224th St Improvements WA 23,611           SB Structures, LLC PO Box 68847, Seattle, WA 98168

1005 York Bridge WA 37,404           Mowat Construction 20210 142nd Ave. NE, P.O. Box 1330

1018 I-5 Steilacoom-Dupont Rd to Thorne Lane WA 70,000           Guy F. Atkinson Construction, L 707 S. Grady Way #500, Renton, WA 98057

1110 Alaska Way Viaduct WA 16,015           Skanska USA Civil West 221 Yale Ave. North, Ste 400, Seattle, WA 98109

1205 Aurora Ave WA 18,859           Gary Merlino Construction 9125 10th Ave South, Seattle, WA 98108

1211 Lakewood Triangle Access WA 27,082           Atkinson Construction 707 South Grade Way, Ste 500, Renton, WA 98057

1307 High Street WA 8,844             KLB Construction P.O. Box 158, Mukilteo, WA 98275

1309 SeaTac WA 22,000           Gary Merlino Construction 9125 10th Ave, South Seattle, WA 98108

1310 SeaTac-#3 WA 15,000           Mid Mountain Contractors P.O. Box 2909, Kirkland WA 98083

1406 Lexington Bridge WA 6,280             Cascade Bridge 14215 NW 3rd Court, Vancouver, WA 98685

1407 SR 509 WA 24,083           Tri-State Construction 350 106th Ave NE, Bellevue, WA 98004

1409 S. Spokane Viaduct WA 5,740             Marshbank Construction, Inc P.O. Box 97, Lake Stevens, WA 98258

1420 SR 520 Montlake Design Build WA 37,749           Graham Contracting Ltd 13555 SE 36th St, Bellevue, WA 98006

1505 Maple Valley WA 899                Sanders General Construction

1517 South Lander Grade Seperation WA 12,396           Flatiron Constructors 2100 Goodyear Rd, Benicia, CA 94510

1610 SR522- US2 I/C Flyover WA 30,485           Scarsella Bros, Inc. 8404 S. 196th Street, Kent, WA 98031

1617 SR 99-Alaska Way Viaduct WA 13,524           SB Structures, LLC  PO Box 68847, Seattle, WA 98168

1619 Waterfront Seattle Alaskan Way WA 3,500             Granite Construction

1811 George Sellar WA 57,514           KLB Construction P.O. Box 158, Mukilteo, WA 98275

1819 SR410 Improvement Project WA 2,778             Ceccanti Inc 4116 Brookdale Rd E, Tacoma, WA 98446

2011 Airport Way South WA 33,000           Mowat Construction P.O. Box 1330, Woodinville, WA 98072

2106 Powerhouse Bridge WA 6,081             Cascade Bridge 14215 NW 3rd Court, Vancouver, WA 98685

2109 SR 501-Ridgefield Interchange WA 4,551             Tapani Underground, Inc. 1904 SE 6th Place, PO Box 1900, Battle Ground, WA 98604

2110 SR 161/SR 18 WA 54,131           Mowat Construction P.O. Box 1330, Woodinville, WA 98072

2204 Federal Way WA 37,654           ICON Materials P.O. Box 88050 Tukwila, WA 98138

2210 196th Street (SR 524) WA 31,152           Northwest Construction, Inc. 1408 140th Place NE, Ste 101, Bellevue, WA 98007

2311 212th Street WA 6,409             Northwest Construction, Inc. 1408 140th Place NE, Ste 101, Bellevue, WA 98007

2710 Tukwilla Urban Access Improv WA 24,129           Atkinson Construction 707 South Grade Way, Ste 500, Renton, WA 98057

3004 Rainer Valley WA 6,000             RCI Herzog 9136 MLK Jr. Way South, Seattle, WA 98118

03-007  Lynnwood Park WA 48,792           Mowat Construction 20210 - 142nd Ave NE, Woodinville, WA  98072-1330

03-008 Ashway WA 44,952           Tri-State Construction Inc. 320 - 106th Ave NE, Bellevue,  WA   98009-3686

03-014 I-405 Bellevue WA 27,889           KLB Construction 3405 121st St. SW, Mukilteo, WA 98275

03-033 Gher Rd WA 23,531           Tapani Underground Inc. 1904 SE 6th Place Battle Ground, WA 98604

03-036 Weyerhauser WA 33,572           Tri-State Construction Inc. 320 - 106th Ave NE, Bellevue,  WA   98009-3686

03-050 South 277th WA 6,806             Arm Construction 2615 SW 151st Place, Seattle, WA 98166

03-023 Whitewater Bypass WI 15,000           Mann Bros., Inc. N. 6147 Hwy 12 & 67 Elkhorn, Wisconsin 53121

0416 Grand Loop Road WY 3,300             Eagle Peak Rock PO Box 161898, Big Sky, MT 59716

1217 Grand Loop #2 WY 5,099             HK Contractors Inc. 6350 S Yellowstone Hwy, Idaho Falls, ID 83402

10,374,672    



Section 5.1.1, 5.1.2 and 5.1.3 

Item 5.1.1, 5.1.2 and 5.1.3 - If the answer is yes to 1.1.2, or 1.1.4, or 1.2.2,  provide a description of the 
updated system’s development and usage history. Then describe the following, for the updated system. 
 
5.1.1 -  Our MSEPlusTM system was developed in 1997 and SSL received our first approval in California 
by Caltrans.  With the completion of our HITEC evaluation in 1999 SSL received approvals by most state 
department of transportation agencies.  The connection system evaluated in the 1999 HITEC reports 
was for our internal connection.   
 
In 2003 SSL revised the internal connection system to a more conventional external system using embed 
connector cast into the panel by joining the soil reinforcement using a connector pin.  This connection 
was first approved by Caltrans with many other states providing their approvals of the new system 
thereafter.  
 
In 2012 our current connection systems required a reevaluation by Caltrans for LRFD purposes.  Testing 
was performed for Caltrans in December 2012 SSL received LRFD approval shortly thereafter.   
 
5.1.2 - Three of the oldest structures using this new connection system are in California.  They the SR 
22 Project in Orange County, SR 101 Ralston in San Mateo County and Route 116 / 101 in San Ramon.  
All these projects were for Caltrans. 
 
5.1.3 - Two of the tallest structures using the connection system are in California.  The tallest structure 
was of the SR 91 Widening Project in Corona California.  Wall 115C was 52 feet tall with 115B in similar 
height.   
 
The third tallest structure was a project for the Nevada Department of Transportation on the I 580 
Realignment Project constructed south of Reno, Nevada.  One of the MSE walls was on this project was 
65.0 feet tall.   
 
 
 
 
 
 
 



Section 5.1.4 

Item 5.1.4 - Provide a list of private- and public sector users who have approved the use of the system. 
Also provide the contact information for a person at the user agency who may be contacted regarding 
the wall system’s performance. 
 
 
 
 
 
 
 
 
 



State Approval Letter Dated Contact Position Phone

Alabama Y 28-Aug-2006 B.E. Cox Jr, P.E. Geotechnical Engineer, AK DOT (334) 206-2270
Alaska Y Letter not issued Kieth Korri Materials and Testing Headquarters, AK DOT (907) 269-6243
Arizona Y 13-Jul-1998 Muhannad M.A. Zubi, P.E. Product Evaluation Engineer, AZ DOT (602) 407-3134
Arkansas Y 27-Sep-2001 Jim Gee Materials Engineer, AR DOT (501) 569-2400
California Y 14-Aug-2012 Kathryn Griswell Earth Retaining System Specialist, Caltrans (916) 227-7330
Colorado Y Letter not issued David Kotzer Product Evaluation Coordinator (303) 757-9421
Connecticut N
Delaware Y Letter not issued John V Eustis Jr. Competitively Bid Contracts Manager (302) 760-2030
Florida Y 10-Dec-2012 Barry Smith Product Evaluation Administrator (850) 414-4353
Georgia N Brennan Roney New Product Evaluation Engineer, GA DOT (404) 608-4816
Hawaii Y Letter not issued Clarence Miyashiro Highways Division, Materials Testing, HI DOT (808) 832-3409
Idaho Y 22-Dec-1998 Jon Ingram Geotechnical Engineer, Headquarters Construction/Materials 208-334-8436 
Illinois Y 17-Sep-1999 Ralph E Anderson Engineer of Bridges and Structures, IL DOT (217) 785-1462
Indiana Y 31-Aug-2020 Aamir Turk, PE Geotechnical Engineer, IN DOT (317) 522-9728
Iowa N
Kansas Y 10-Oct-2000 Lon S Ingram, P.E. Chief, Bureau of Materials and Research, KS DOT (785) 296-3008
Kentucky Y Letter not issued William H Phillips T.E. Specialist, Division of Bridge Design, KY DOT (502) 564-4560
Louisiana N
Maine N
Maryland N
Massachusetts Y Letter not issued Richard Carpenito Technical Services Engineer, Mass DOT (617) 951-1348
Michigan Y Letter not issued Rich Endress Office of Construction & Technology (517) 322-1207
Minnesota Y Letter not issued
Mississippi N
Missouri Y Letter not issued Judy Kempker Executive Director, Division of Professional Registration, MO DOT (573) 751-0047
Montana Y Letter not issued Robert Tholt Administrator, Geotechnical Section, MT DOT (406) 444-6008
Nebraska Y 24-Apr-2008 Omar A Qudus, P.E. Geotechnical Engineer, Materials & Tests Division, NE DOT (402) 471-4567
Nevada Y 17-Feb-2000 Alan R Hilton Research Division Chief, NV DOT (775) 888-7220
New Hampshire N
New Jersey Y 1-Jun-2008 Robert F Baker Project Engineer, New Technologies & Products, NJ DOT (609) 530-5290
New Mexico Y 20-Jul-2011 (505) 476-3116
New York N
North Carolina N Scott Hidden Geotechnical Engineering Unit (919) 707-6856
North Dakota Y Letter not issued Paul Murdoff (701) 328-2569
Ohio Y 15-Nov-2006 Tim Keller, P.E. Administrator, Office of Structural Engineering, OH DOT (614) 728-2057
Oklahoma Y 15-Apr-2002 Robert J. Rusch, P.E. Bridge Engineer, OK DOT (405) 521-2606
Oregon Y 21-Nov-2012 Jon Guido, P.E., G.E. State Bridge Engineer, Bridge Engineering Section, OR DOT (503) 986-3993
Pennsylvania N Michael McGonagle New Products Coordinator, PennDOT (717) 214-4035
Rhode Island N
South Carolina N
South Dakota Y 3-Jan-2002 Lawrence L. Weiss Chief Engineer, Division of Engineering, SD DOT (605) 773-3174
Tennessee Y 19-Jun-2002 Edward P Wasserman Civil Engineering Director, Division of Structures, TN DOT (615) 741-3351
Texas Y 3-Nov-2000 Mark P McClelland, P.E. Geotechnical Branch Manager, Bridge Design Section, TX DOT (512) 416-2226
Utah Y 6-Oct-2004 Jim McMinimee P.E. Project Development Director, UT DOT (801) 965-4000
Vermont N
Virginia Y 14-Mar-2008 D. Ashton Lawler, P.E., M.E. Program Manager, Geotechnical Design of Structures, VA DOT (804) 786-2355
Washington Y 5-Aug-2013 Monique Pawelka, P.E. Division of Bridge and Structure Design, WA DOT (360) 705-7754
West Virginia Y 17-Apr-2002 Barney C. Stinnett, P.E. Director, Materials Control, Soils and Testing Division, WV DOT (304) 558-3505
Wisconsin Y 5-Feb-2004 Lee J Schuchardt, P.E. Bridge Research and Automation Engineer, WI DOT (608) 266-8494
Wyoming Y Letter not issued B. Patrick Collins, P.E. Bridge Program, WY DOT (307) 777-4427

SSL System Approval by State
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5’ x 6’ STANDARD PANELS 



Area Diameter
16 Galvanize Life Coating
12 Corrosion Rate Carbon Steel (in microns)
75 Design Life

Diameter Diameter Area
Area Diameter Diameter after after % after

Wire sqin in microns microns in effective sqin 6 7 8
W5 0.05 0.252 6408.757 4992.757 0.1966 0.6069 0.0303 2 3 4 5 0.1821 0.2124 0.2428
W8 0.08 0.319 8106.507 6690.507 0.2634 0.6812 0.0545 0.1090 0.1635 0.2180 0.2725 0.3270 0.3815 0.4359
W11 0.11 0.374 9505.722 8089.722 0.3185 0.7243 0.0797 0.1593 0.2390 0.3187 0.3983 0.4780 0.5577 0.6374
W15 0.15 0.437 11100.292 9684.292 0.3813 0.7611 0.1142 0.2283 0.3425 0.4567 0.5709 0.6850 0.7992 0.9134
W20 0.20 0.505 12817.513 11401.513 0.4489 0.7913 0.1583 0.3165 0.4748 0.6330 0.7913 0.9495 1.1078 1.2660
W24 0.24 0.553 14040.882 12624.882 0.4970 0.8085 0.1940 0.3881 0.5821 0.7761 0.9702 1.1642 1.3582 1.5523
W30 0.30 0.618 15698.184 14282.184 0.5623 0.8277 0.2483

SSL
Rectangle

SSL
Text Box
The maximum load applied to the panel is equivalent with the maximum load applied/allowable for each soil reinforcement wire/connection point.  WWM soil reinforcement wires used are W11, W20, and W24.

The maximum allowable tension/point load applied for each wire/connection point on panel is applied.  

For W11 wire = 0.0797 in2 x 75 ksi x 0.65(RF) = 3.885 KIPS per point.
For W20 wire = 0.1583 in2 x 75 ksi x 0.65(RF) = 7.717 KIPS per point.
For W24 wire = 0.1940 in2 x 75 ksi x 0.65(RF) = 9.458 KIPS per point.

Panels using all 3W11, 4W11, 5W11, 6W11, 4W20, 5W20, 6W20, 5W24, 6W24 barmats are evaluated for maximum bending moment and shear.  The bending moment and shear are used for reinforced concrete flexural analyses.

Slab on grade model is used for the analyses with the spring constant determined as follow:

SSL
Callout
cross-sectional area after corrosion

SSL
Rectangle

SSL
Rectangle

SSL
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SPRING CONSTANT 



Typical Panel Type A, Panel Thickness 6", 5'x6', Horizontal Rebar

Modulus of Sub-Grade Reaction and Spring Constant Check
From Principles of Foundation Engineering; Braja M. Das 8th Edition:

K0.3 (k1) = 1350 lb/in3
( is selected )

( dense Sand, value is conservative considering no reinforcement is included )

Adjust to panel 5' x 10' (1.5m x 3m)

k1.5 =

k1.5 =

k1.5 = 486 lb/in3

k1.5x3.0 =

k1.5x3.0 = 486 lb/in3

k1.5x3.0 = 839.755 kip/ft3

𝑘଴.ଷ .  
𝐵 + 0.3

2𝐵

ଶ

1350 𝑥 
1.5 + 0.3

2 𝑥 1.5
 ଶ

𝑘ଵ.ହ . 
1 +

1.5
3.0

1.5

ଶ



From Foundation Analysis And Design; Joseph E. Bowles, RE., S.E. 5th Edition:

Spring Constant
Note Spacing: 1ft x 1ft
Tributary Area: 1' x 1' = 1SF

Ka = k x a
Ka = 839.755 kip/ft ( Input to Staad Pro )

SSL
Rectangle

SSL
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MAXIMUM BENDING MOMENT  

AND SHEAR 



Typical Panel Type (mesh 3W11), Panel Thickness 6", 5'x6'

Point load Input Force in panel for Staad Pro input

X Y

P1 0.5 0.25

P2 0.1667 0.25

P3 -0.1667 0.25

P4 0.1667 -0.25

P5 -0.1667 -0.25

P6 0.5 -0.25

Load to panel based on Bar Mat Capacity per Bar Mat Point

Bar Mat Used:

W11 - 75 Years

A = 0.0797 in2

Fy = 75 ksi

P = 0.65 x A x Fy

= 3.885 Kips (per wire point)

Location

Coordinated From 

Center Panel 1'x1'

1,
25

1,
25

2,
5

6
5

2 0,67 0,67 2,67

P1 P2 P3 

P4 P5 P6 
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5.00ft

6.00ft

Load 1

X
Y
Z

thecinhok@hotmail.com
Text Box
Total Load for 3W11 type 
= 6 x 3.885 Kips
= 23.31 Kips

thecinhok@hotmail.com
Call Out
P = 3.885 Kips
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5.00ft

6.00ft

Load 1

X
Y
Z

MX (local)
kNm/m

<= 0.394

0.568

0.742

0.915

1.09

1.26

1.44

1.61

1.78

1.96

2.13

2.31

2.48

2.65

2.83

3

>= 3.18

thecinhok@hotmail.com
Call Out
3.18 kNm/m = 0.715 Kips-ft/ft
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5.00ft

6.00ft

Load 1

X
Y
Z

MY (local)
kNm/m

<= 0.336

0.757

1.18

1.6

2.02

2.44

2.86

3.28

3.71

4.13

4.55

4.97

5.39

5.81

6.23

6.65

>= 7.08

thecinhok@hotmail.com
Call Out
7.08 kNm/m = 1.592 Kips-ft/ft



Software licensed to Optimal Engineering Support

 Job Title

 Client

 Job No  Sheet No  Rev

 Part

 Ref

 By  Date Chd

File Date/Time

 1

SSL

Panel Check

CH 04-Mar-21

06-Mar-2021 17:19Panel Check - 5x6 type A (3W11).std

 Print Time/Date: 06/03/2021 17:29 Print Run 1 of 1STAAD.Pro for Windows 20.07.04.12

5.00ft

6.00ft

Load 1

X
Y
Z

SQX (local)
N/mm2

<= -0.125

-0.110

-0.094

-0.078

-0.063

-0.047

-0.031

-0.016

0

0.016

0.031

0.047

0.063

0.078

0.094

0.110

>= 0.125

thecinhok@hotmail.com
Call Out
0.125 N/mm2 = 18.130 lbs/in2
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5.00ft

6.00ft

Load 1

X
Y
Z

SQY (local)
N/mm2

<= -0.140

-0.122

-0.105

-0.087

-0.070

-0.052

-0.035

-0.017

0

0.017

0.035

0.052

0.070

0.087

0.105

0.122

>= 0.140

thecinhok@hotmail.com
Call Out
0.140 N/mm2 = 20.305 lbs/in2



thecinhok@hotmail.com
Call Out
4266 ksi = 614304 KSF

thecinhok@hotmail.com
Call Out
839.76 KIP/FT, see spring constant selection/calcs



Typical Panel Type (mesh 4W11), Panel Thickness 6", 5'x6'

Point load Input Force in panel for Staad Pro input

X Y

P1 0.5 0.25

P2 0.1667 0.25

P3 -0.1667 0.25

P4 0.5 0.25

P5 0.5 -0.25

P6 0.1667 -0.25

P7 -0.1667 -0.25

P8 0.5 -0.25

Load to panel based on Bar Mat Capacity per Bar Mat Point

Bar Mat Used:

W11 - 75 Years

A = 0.0797 in2

Fy = 75 ksi

P = 0.65 x A x Fy

= 3.885 Kips (per wire point)

Location

Coordinated From 

Center Panel 1'x1'

2 0,67 0,67 0,67 2

1,
25

1,
25

2,
5

6
5

P1 P2 P3 P4 

P5 P6 P7 P8 
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5.00ft

6.00ft

Load 1

X
Y
Z

thecinhok@hotmail.com
Call Out
P = 3.885 Kips

thecinhok@hotmail.com
Text Box
Total Load for 4W11 type 
= 8 x 3.885 Kips
= 31.08 Kips
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5.00ft

6.00ft

Load 1

X
Y
Z

MX (local)
kNm/m

<= 0.887

1.06

1.23

1.41

1.58

1.75

1.93

2.1

2.27

2.45

2.62

2.79

2.97

3.14

3.31

3.49

>= 3.66

thecinhok@hotmail.com
Call Out
3.66 kNm/m = 0.823 Kips-ft/ft
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5.00ft

6.00ft

Load 1

X
Y
Z

MY (local)
kNm/m

<= 0.788

1.24

1.7

2.16

2.62

3.07

3.53

3.99

4.44

4.9

5.36

5.81

6.27

6.73

7.18

7.64

>= 8.1

thecinhok@hotmail.com
Call Out
8.1 kNm/m = 1.821 Kips-ft/ft
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5.00ft

6.00ft

Load 1

X
Y
Z

SQX (local)
N/mm2

<= -0.130

-0.113

-0.097

-0.081

-0.065

-0.049

-0.032

-0.016

0

0.016

0.032

0.049

0.065

0.081

0.097

0.113

>= 0.130

thecinhok@hotmail.com
Call Out
0.130 N/mm2 = 18.855 lbs/in2
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5.00ft

6.00ft

Load 1

X
Y
Z

SQY (local)
N/mm2

<= -0.149

-0.130

-0.112

-0.093

-0.074

-0.056

-0.037

-0.019

0

0.019

0.037

0.056

0.074

0.093

0.112

0.130

>= 0.149

thecinhok@hotmail.com
Call Out
0.149 N/mm2 = 21.611 lbs/in2



thecinhok@hotmail.com
Call Out
4266 ksi = 614304 KSF

thecinhok@hotmail.com
Call Out
839.76 KIP/FT, see spring constant selection/calcs



Typical Panel Type (mesh 5W11), Panel Thickness 6", 5'x6'

Point load Input Force in panel for Staad Pro input

X Y

P1 -0.1667 0.25

P2 0.5 0.25

P3 0.1667 0.25

P4 -0.1667 0.25

P5 0.5 0.25

P6 0.5 -0.25

P7 0.1667 -0.25

P8 -0.1667 -0.25

P9 0.5 -0.25

P10 0.1667 -0.25

Load to panel based on Bar Mat Capacity per Bar Mat Point

Bar Mat Used:

W11 - 75 Years

A = 0.0797 in2

Fy = 75 ksi

P = 0.65 x A x Fy

= 3.885 Kips (per wire point)

Location

Coordinated From 

Center Panel 1'x1'

0,67 0,67 0,67 0,67 21,33

1,
25

1,
25

2,
5

6
5

P1 P2 P3 P4 P5 

P6 P7 P8 P10 P9 
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5.00ft

6.00ft

Load 1

X
Y
Z

thecinhok@hotmail.com
Call Out
P = 3.885 Kips

thecinhok@hotmail.com
Text Box
Total Load for 5W11 type 
= 10 x 3.885 Kips
= 38.85 Kips
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5.00ft

6.00ft

Load 1

X
Y
Z

MX (local)
kNm/m

<= 0.78

1.01

1.25

1.48

1.72

1.95

2.18

2.42

2.65

2.89

3.12

3.35

3.59

3.82

4.05

4.29

>= 4.52

thecinhok@hotmail.com
Call Out
4.52 kNm/m = 1.016 Kips-ft/ft
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5.00ft

6.00ft

Load 1

X
Y
Z

MY (local)
kNm/m

<= 0.709

1.2

1.69

2.18

2.67

3.15

3.64

4.13

4.62

5.11

5.6

6.09

6.58

7.07

7.56

8.05

>= 8.54

thecinhok@hotmail.com
Call Out
8.54 kNm/m = 1.920 Kips-ft/ft
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5.00ft

6.00ft

Load 1

X
Y
Z

SQX (local)
N/mm2

<= -0.147

-0.129

-0.110

-0.092

-0.074

-0.055

-0.037

-0.018

0

0.018

0.037

0.055

0.074

0.092

0.110

0.129

>= 0.147

thecinhok@hotmail.com
Call Out
0.147 N/mm2 = 21.321 lbs/in2
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5.00ft

6.00ft

Load 1

X
Y
Z

SQY (local)
N/mm2

<= -0.149

-0.131

-0.112

-0.093

-0.075

-0.056

-0.037

-0.019

0

0.019

0.037

0.056

0.075

0.093

0.112

0.131

>= 0.149

thecinhok@hotmail.com
Call Out
0.149 N/mm2 = 21.611 lbs/in2
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Call Out
4266 ksi = 614304 KSF

thecinhok@hotmail.com
Call Out
839.76 KIP/FT, see spring constant selection/calcs



Typical Panel Type (mesh 6W11), Panel Thickness 6", 5'x6'

Point load Input Force in panel for Staad Pro input

X Y

P1 -0.1667 0.25

P2 0.5 0.25

P3 0.1667 0.25

P4 -0.1667 0.25

P5 0.5 0.25

P6 0.1667 0.25

P7 -0.1667 -0.25

P8 0.5 -0.25

P9 0.1667 -0.25

P10 -0.1667 -0.25

P11 0.5 -0.25

P12 0.1667 -0.25

Load to panel based on Bar Mat Capacity per Bar Mat Point

Bar Mat Used:

W11 - 75 Years

A = 0.0797 in2

Fy = 75 ksi

P = 0.65 x A x Fy

= 3.885 Kips (per wire point)

Location

Coordinated From 

Center Panel 1'x1'
0,67 0,67

5
6

1,33 0,67 0,67 0,67 1,33

P1 P2 P3 P4 P5 P6 

P7 P8 P9 P10 P11 P12 



Software licensed to Optimal Engineering Support

 Job Title

 Client

 Job No  Sheet No  Rev

 Part

 Ref

 By  Date Chd

File Date/Time

 1

SSL

Panel Check

CH 04-Mar-21

06-Mar-2021 22:30Panel Check - 5x6 type A (6W11).std

 Print Time/Date: 06/03/2021 22:33 Print Run 1 of 1STAAD.Pro for Windows 20.07.04.12

5.00ft

6.00ft

Load 1

X
Y
Z



Software licensed to Optimal Engineering Support

 Job Title

 Client

 Job No  Sheet No  Rev

 Part

 Ref

 By  Date Chd

File Date/Time

 1

SSL

Panel Check

CH 04-Mar-21

06-Mar-2021 22:30Panel Check - 5x6 type A (6W11).std

 Print Time/Date: 06/03/2021 22:42 Print Run 1 of 1STAAD.Pro for Windows 20.07.04.12

5.00ft
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Load 1

X
Y
Z

MX (local)
kNm/m

<= 1.76

1.95

2.14

2.33

2.52

2.71

2.9

3.09

3.28

3.47

3.66

3.85

4.04

4.24

4.43

4.62

>= 4.81
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5.00ft
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Load 1

X
Y
Z

MY (local)
kNm/m

<= 1.57

2

2.43

2.86

3.29

3.72

4.15

4.58

5.01

5.44

5.87

6.3

6.73

7.16

7.59

8.02

>= 8.45
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5.00ft
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Load 1

X
Y
Z

SQX (local)
N/mm2

<= -0.151

-0.133

-0.114

-0.095

-0.076
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-0.019

0
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5.00ft
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Load 1

X
Y
Z

SQY (local)
N/mm2

<= -0.125

-0.109

-0.094

-0.078

-0.062
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-0.031
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0
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Typical Panel Type (mesh 4W20), Panel Thickness 6", 5'x6'

Point load Input Force in panel for Staad Pro input

X Y

P1 0.5 0.25

P2 0.1667 0.25

P3 -0.1667 0.25

P4 0.5 0.25

P5 0.5 -0.25

P6 0.1667 -0.25

P7 -0.1667 -0.25

P8 0.5 -0.25

Load to panel based on Bar Mat Capacity per Bar Mat Point

Bar Mat Used:

W11 - 75 Years

A = 0.1583 in2

Fy = 75 ksi

P = 0.65 x A x Fy

= 7.717 Kips (per wire point)

Location

Coordinated From 

Center Panel 1'x1'

2 0,67 0,67 0,67 2

1,
25

1,
25

2,
5

6
5

P1 P2 P3 P4 

P5 P6 P7 P8 

SSL
Text Box
W20
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5.00ft

6.00ft

Load 1

X
Y
Z

thecinhok@hotmail.com
Call Out
P = 7.717 Kips

thecinhok@hotmail.com
Text Box
Total Load for 4W20 type 
= 8 x 7.717 Kips
= 61.737 Kips
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5.00ft

6.00ft

Load 1

X
Y
Z

MX (local)
kNm/m

<= 1.76

2.11

2.45

2.79

3.14

3.48

3.83

4.17

4.52

4.86

5.2

5.55

5.89

6.24

6.58

6.93

>= 7.27

thecinhok@hotmail.com
Call Out
7.27 kNm/m = 1.634 Kips-ft/ft
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5.00ft

6.00ft

Load 1

X
Y
Z

MY (local)
kNm/m

<= 1.57

2.47

3.38

4.29

5.2

6.1

7.01

7.92

8.83

9.73

10.6

11.5

12.5

13.4

14.3

15.2

>= 16.1

thecinhok@hotmail.com
Call Out
16.1 kNm/m = 3.619 Kips-ft/ft
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5.00ft

6.00ft

Load 1

X
Y
Z

SQX (local)
N/mm2

<= -0.257

-0.225

-0.193

-0.161

-0.129

-0.097

-0.064

-0.032

0

0.032

0.064

0.097

0.129

0.161

0.193

0.225

>= 0.257

thecinhok@hotmail.com
Call Out
0.257 N/mm2 = 37.275 lbs/in2
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5.00ft

6.00ft

Load 1

X
Y
Z

SQY (local)
N/mm2

<= -0.296

-0.259

-0.222

-0.185

-0.148

-0.111

-0.074

-0.037

0

0.037

0.074

0.111

0.148

0.185

0.222

0.259

>= 0.296

thecinhok@hotmail.com
Call Out
0.296 N/mm2 = 42.931 lbs/in2



thecinhok@hotmail.com
Call Out
4266 ksi = 614304 KSF

thecinhok@hotmail.com
Call Out
839.76 KIP/FT, see spring constant selection/calcs



Typical Panel Type (mesh 5W20), Panel Thickness 6", 5'x6'

Point load Input Force in panel for Staad Pro input

X Y

P1 -0.1667 0.25

P2 0.5 0.25

P3 0.1667 0.25

P4 -0.1667 0.25

P5 0.5 0.25

P6 0.5 -0.25

P7 0.1667 -0.25

P8 -0.1667 -0.25

P9 0.5 -0.25

P10 0.1667 -0.25

Load to panel based on Bar Mat Capacity per Bar Mat Point

Bar Mat Used:

W11 - 75 Years

A = 0.1583 in2

Fy = 75 ksi

P = 0.65 x A x Fy

= 7.717 Kips (per wire point)

Location

Coordinated From 

Center Panel 1'x1'

0,67 0,67 0,67 0,67 21,33

1,
25

1,
25

2,
5

6
5

P1 P2 P3 P4 P5 

P6 P7 P8 P10 P9 
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Text Box
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5.00ft

6.00ft

Load 1

X
Y
Z

thecinhok@hotmail.com
Call Out
P = 7.717 Kips

thecinhok@hotmail.com
Text Box
Total Load for 5W20 type 
= 10 x 7.717 Kips
= 77.17 Kips
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5.00ft

6.00ft

Load 1

X
Y
Z

MX (local)
kNm/m

<= 1.55

2.01

2.48

2.94

3.41

3.87

4.34

4.8

5.27

5.73

6.2

6.66

7.12

7.59

8.05

8.52

>= 8.98

thecinhok@hotmail.com
Call Out
8.98 kNm/m = 2.019 Kips-ft/ft
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5.00ft

6.00ft

Load 1

X
Y
Z

MY (local)
kNm/m

<= 1.41

2.38

3.35

4.32

5.29

6.27

7.24

8.21

9.18

10.2

11.1

12.1

13.1

14

15

16

>= 17

thecinhok@hotmail.com
Call Out
17 kNm/m = 3.822 Kips-ft/ft
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5.00ft

6.00ft

Load 1

X
Y
Z

SQX (local)
N/mm2

<= -0.293

-0.256

-0.219

-0.183

-0.146

-0.110

-0.073

-0.037

0

0.037

0.073

0.110

0.146

0.183

0.219

0.256

>= 0.293

thecinhok@hotmail.com
Call Out
0.293 N/mm2 = 42.496 lbs/in2
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5.00ft

6.00ft

Load 1

X
Y
Z

SQY (local)
N/mm2

<= -0.296

-0.259

-0.222

-0.185

-0.148

-0.111

-0.074

-0.037

0

0.037

0.074

0.111

0.148

0.185

0.222

0.259

>= 0.296

thecinhok@hotmail.com
Call Out
0.296 N/mm2 = 42.931 lbs/in2



thecinhok@hotmail.com
Call Out
4266 ksi = 614304 KSF

thecinhok@hotmail.com
Call Out
839.76 KIP/FT, see spring constant selection/calcs



Typical Panel Type (mesh 6W20), Panel Thickness 6", 5'x6'

Point load Input Force in panel for Staad Pro input

X Y

P1 -0.1667 0.25

P2 0.5 0.25

P3 0.1667 0.25

P4 -0.1667 0.25

P5 0.5 0.25

P6 0.1667 0.25

P7 -0.1667 -0.25

P8 0.5 -0.25

P9 0.1667 -0.25

P10 -0.1667 -0.25

P11 0.5 -0.25

P12 0.1667 -0.25

Load to panel based on Bar Mat Capacity per Bar Mat Point

Bar Mat Used:

W11 - 75 Years

A = 0.1583 in2

Fy = 75 ksi

P = 0.65 x A x Fy

= 7.717 Kips (per wire point)

Location

Coordinated From 

Center Panel 1'x1'
0,67 0,67

5
6

1,33 0,67 0,67 0,67 1,33

P1 P2 P3 P4 P5 P6 

P7 P8 P9 P10 P11 P12 
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Text Box
W20
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5.00ft

6.00ft

Load 1

X
Y
Z

thecinhok@hotmail.com
Call Out
P = 7.717 Kips

thecinhok@hotmail.com
Text Box
Total Load for 6W20 type 
= 12 x 7.717 Kips
= 92.6055 Kips
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5.00ft

6.00ft

Load 1

X
Y
Z

MX (local)
kNm/m

<= 3.49

3.87

4.25

4.63

5

5.38

5.76

6.14

6.52

6.9

7.28

7.66

8.03

8.41

8.79

9.17

>= 9.55

thecinhok@hotmail.com
Call Out
9.55 kNm/m = 2.147 Kips-ft/ft
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5.00ft

6.00ft

Load 1

X
Y
Z

MY (local)
kNm/m

<= 3.13

3.98

4.83

5.69

6.54

7.39

8.25

9.1

9.95

10.8

11.7

12.5

13.4

14.2

15.1

15.9

>= 16.8

thecinhok@hotmail.com
Call Out
10.3 kNm/m = 3.777 Kips-ft/ft
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5.00ft

6.00ft

Load 1

X
Y
Z

SQX (local)
N/mm2

<= -0.301

-0.263

-0.226

-0.188

-0.150

-0.113

-0.075

-0.038

0

0.038

0.075

0.113

0.150

0.188

0.226

0.263

>= 0.301

thecinhok@hotmail.com
Call Out
0.301 N/mm2 = 43.656 lbs/in2
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5.00ft

6.00ft

Load 1

X
Y
Z

SQY (local)
N/mm2

<= -0.248

-0.217

-0.186

-0.155

-0.124

-0.093

-0.062

-0.031

0

0.031

0.062

0.093

0.124

0.155

0.186

0.217

>= 0.248

thecinhok@hotmail.com
Call Out
0.248 N/mm2 = 35.969 lbs/in2



thecinhok@hotmail.com
Call Out
4266 ksi = 614304 KSF

thecinhok@hotmail.com
Call Out
839.76 KIP/FT, see spring constant selection/calcs



Typical Panel Type (mesh 5W24), Panel Thickness 6", 5'x6'

Point load Input Force in panel for Staad Pro input

X Y

P1 -0.1667 0.25

P2 0.5 0.25

P3 0.1667 0.25

P4 -0.1667 0.25

P5 0.5 0.25

P6 0.5 -0.25

P7 0.1667 -0.25

P8 -0.1667 -0.25

P9 0.5 -0.25

P10 0.1667 -0.25

Load to panel based on Bar Mat Capacity per Bar Mat Point

Bar Mat Used:

W11 - 75 Years

A = 0.194 in2

Fy = 75 ksi

P = 0.65 x A x Fy

= 9.458 Kips (per wire point)

Location

Coordinated From 

Center Panel 1'x1'

0,67 0,67 0,67 0,67 21,33

1,
25

1,
25

2,
5

6
5

P1 P2 P3 P4 P5 

P6 P7 P8 P10 P9 

SSL
Text Box
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5.00ft

6.00ft

Load 1

X
Y
Z

thecinhok@hotmail.com
Call Out
P = 9.458 Kips

thecinhok@hotmail.com
Text Box
Total Load for 5W24 type 
= 10 x 9.458 Kips
= 94.58 Kips
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5.00ft

6.00ft

Load 1

X
Y
Z

MX (local)
kNm/m

<= 1.9

2.47

3.04

3.61

4.18

4.75

5.32

5.89

6.45

7.02

7.59

8.16

8.73

9.3

9.87

10.4

>= 11

thecinhok@hotmail.com
Call Out
11 kNm/m = 2.473 Kips-ft/ft
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5.00ft

6.00ft

Load 1

X
Y
Z

MY (local)
kNm/m

<= 1.73

2.92

4.11

5.3

6.49

7.68

8.87

10.1

11.3

12.4

13.6

14.8

16

17.2

18.4

19.6

>= 20.8

thecinhok@hotmail.com
Call Out
20.8 kNm/m = 4.676 Kips-ft/ft
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5.00ft

6.00ft

Load 1

X
Y
Z

SQX (local)
N/mm2

<= -0.359

-0.314

-0.269

-0.224

-0.179

-0.134

-0.090

-0.045

0

0.045

0.090

0.134

0.179

0.224

0.269

0.314

>= 0.359

thecinhok@hotmail.com
Call Out
0.359 N/mm2 = 52.069 lbs/in2
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5.00ft

6.00ft

Load 1

X
Y
Z

SQY (local)
N/mm2

<= -0.363

-0.318

-0.273

-0.227

-0.182

-0.136

-0.091

-0.045

0

0.045

0.091

0.136

0.182

0.227

0.273

0.318

>= 0.363

thecinhok@hotmail.com
Call Out
0.362 N/mm2 = 52.649 lbs/in2



thecinhok@hotmail.com
Call Out
4266 ksi = 614304 KSF

thecinhok@hotmail.com
Call Out
839.76 KIP/FT, see spring constant selection/calcs



Typical Panel Type (mesh 6W20), Panel Thickness 6", 5'x6'

Point load Input Force in panel for Staad Pro input

X Y

P1 -0.1667 0.25

P2 0.5 0.25

P3 0.1667 0.25

P4 -0.1667 0.25

P5 0.5 0.25

P6 0.1667 0.25

P7 -0.1667 -0.25

P8 0.5 -0.25

P9 0.1667 -0.25

P10 -0.1667 -0.25

P11 0.5 -0.25

P12 0.1667 -0.25

Load to panel based on Bar Mat Capacity per Bar Mat Point

Bar Mat Used:

W11 - 75 Years

A = 0.194 in2

Fy = 75 ksi

P = 0.65 x A x Fy

= 9.458 Kips (per wire point)

Location

Coordinated From 

Center Panel 1'x1'
0,67 0,67

5
6

1,33 0,67 0,67 0,67 1,33

P1 P2 P3 P4 P5 P6 

P7 P8 P9 P10 P11 P12 
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5.00ft

6.00ft

Load 1

X
Y
Z

thecinhok@hotmail.com
Call Out
P = 9.458 Kips

thecinhok@hotmail.com
Text Box
Total Load for 6W24 type 
= 12 x 9.458 Kips
= 113.49 Kips
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5.00ft

6.00ft

Load 1

X
Y
Z

MX (local)
kNm/m

<= 4.28

4.74

5.21

5.67

6.13

6.6

7.06

7.53

7.99

8.45

8.92

9.38

9.85

10.3

10.8

11.2

>= 11.7

thecinhok@hotmail.com
Call Out
11.7 kNm/m = 2.630 Kips-ft/ft
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5.00ft

6.00ft

Load 1

X
Y
Z

MY (local)
kNm/m

<= 3.83

4.88

5.92

6.97

8.02

9.06

10.1

11.2

12.2

13.2

14.3

15.3

16.4

17.4

18.5

19.5

>= 20.6

thecinhok@hotmail.com
Call Out
20.6 kNm/m = 4.631 Kips-ft/ft
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5.00ft

6.00ft

Load 1

X
Y
Z

SQX (local)
N/mm2

<= -0.369

-0.323

-0.277

-0.230

-0.184

-0.138

-0.092

-0.046

0

0.046

0.092

0.138

0.184

0.230

0.277

0.323

>= 0.369

thecinhok@hotmail.com
Call Out
0.372 N/mm2 = 53.519 lbs/in2
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5.00ft

6.00ft

Load 1

X
Y
Z

SQY (local)
N/mm2

<= -0.304

-0.266

-0.228

-0.190

-0.152

-0.114

-0.076

-0.038

0

0.038

0.076

0.114

0.152

0.190

0.228

0.266

>= 0.304

thecinhok@hotmail.com
Call Out
0.304 N/mm2 = 44.092 lbs/in2



thecinhok@hotmail.com
Call Out
4266 ksi = 614304 KSF

thecinhok@hotmail.com
Call Out
839.76 KIP/FT, see spring constant selection/calcs



Mx My SQx SQy Mx My SQx SQy
(kNm/m) (kNm/m) (N/mm2) (N/mm2) (Kips-ft/ft) (Kips-ft/ft) (lbs/in2) (lbs/in2)

3W11 3.180 7.080 0.125 0.140 0.715 1.592 18.130 20.305
4W11 3.660 8.100 0.130 0.149 0.823 1.821 18.855 21.611
5W11 4.520 8.540 0.147 0.149 1.016 1.920 21.321 21.611
6W11 4.810 8.450 0.151 0.125 1.081 1.900 21.901 18.130
4W20 7.270 16.100 0.257 0.296 1.634 3.619 37.275 42.931
5W20 8.980 17.000 0.293 0.296 2.019 3.822 42.496 42.931
6W20 9.550 16.800 0.301 0.248 2.147 3.777 43.656 35.969
5W24 11.000 20.800 0.359 0.363 2.473 4.676 52.069 52.649
6W24 11.700 20.600 0.369 0.304 2.630 4.631 53.519 44.092

Panel 
Type

Horz 
Rebar

4 #4

6 #4

7 #4

Summary Result From Staad Pro Analysis Output

* Maximum bending moment and shear for each standard panel size shown in red bold font

Staad Pro Output Data for AASHTO LRFD Design Check

5'x6'

Standard 
Panel Size

Barmat 
Type

Vert 
Rebar

A

X

Y

4 #4

5 #4

7 #4



 

 

 

 

5’ x 6’ STANDARD 

A PANEL 



Typical Panel Type A, Panel Thickness 6", 5'x6', Horizontal Rebar

Panel Strength Design
Design of panel reinforcement per
AASHTO LRFD Bridge Design Specification 5.7.3 (typical rectangular beam design)

The following design method can be used for normal weight concrete with specified compressive strength up to 15.0 ksi.
This Design are to present the information about the acceptable panel reinforcement sizes and spacing.

Panel Thickness tpanel = 6 in
Finishing Thickness = 1 in
Additional Load from Finishes = 0.0125 Kip/ft2

Concrete Cover Cpanel = 1.5 in
Vertical Bar Size #4 Logitudinal Bar Size #4
Rebar Diameter db = 0.5 in dbh = 0 in

Rebar Area Ab = 0.196 in2

Rebar spacing s = 15 in
Width of the design section b = 12 in
Effective depth of section ds = 4.25 in

Effective depth of section for Negative Moment ds(M-) = 1.75 in

Correction factor for source aggregate K1 = 1 in AASHTO 5.4.2.4

Concrete Density Wc = 0.15 kcf

Concrete Strength f'c = 4.00 ksi (Concrete Class A compressive strength)

Reinforcement Strength fy = 60 ksi (Minimum yield strength of grade 60 steel)
Modulus Elasticity of concrete Ec = 4266 ksi
Modulus Elasticity of reinforcement Es = 29000 ksi
Modular Ratio n = 6.798
Area of Steel per Design Strip As = 0.157 in2

+Mu = 1.92 kip-ft +Mu_service = 1.42 kip-ft (FK = 1.35)
-Mu = 0.00 kip-ft -Mu_service = 0.00 kip-ft (FK = 1.35)

Resistance factor for tension-controlled section jSTR = 0.90 AASHTO 5.5.4.2

Positive Moment Capacity
Depth of equivalent stress block = 0.231 in

Factored flexural resistance = 2.923 kip-ft

Check 2.923 > 1.92 OK

Negative Moment Capacity
Depth of equivalent stress block = 0.231 in

Factored flexural resistance = 1.155 kip-ft

Check 1.155 > 0.00 OK

𝐴௦ = 𝑏(
𝐴௕

𝑠
)

𝑑௦ = 𝑡௣௔௡௘௟ − 𝐶௣௔௡௘௟ − 𝑑௕௛  −  1
2ൗ 𝑑௕

𝐴௕ = 1
4ൗ 𝜋𝑑௕

ଶ

𝐸௖ = 120000𝑘ଵ𝑊௖
ଶ𝑓′௖

଴.ଷଷ

𝑛 = 𝐸𝑠/𝐸𝑐

𝑎 =
𝐴௦𝑓௬

0.85𝑓′௖𝑏

+𝜑𝑀௡ = 𝜑𝐴௦𝑓௬ 𝑑௦ −
𝑎

2

+𝜑𝑀௡ > +𝑀௨

𝑎 =
𝐴௦𝑓௬

0.85𝑓′௖𝑏

−𝜑𝑀௡ = 𝜑𝐴௦𝑓௬ 𝑑௦(ெష) −
𝑎

2

−𝜑𝑀௡ > −𝑀௨

𝑑௦(ெష) = 𝑡௣௔௡௘௟ − 𝑑௦



Minimum Reinforcement AASHTO 5.7.3.3.2
Unless otherwise specified, the amount of prestressed and non-prestressed tensile reinforcement shall be adequate 
to develop a factored flexural resistance, Mr = jMn, at least equal to the lesser of:
1.33 times the positive factored ultimate moment 

Cracking moment

AASHTO 5.7.3.3.2-1

When simplified by removing all values applicable to prestressed and non composite section, 
this equation becomes the following:

where:
flexural cracking variability factor = 1.60 (non-segmental brg)
ratio of specified min. yield strength to ultimate tensile strength = 0.67 (A615 steel)
concrete density modification factor λ = 1.00 AASHTO 5.4.2.8

modulus of rapture fr = 0.48 ksi AASHTO 5.4.2.6

section modulus of design section = 72.00 in3

Cracking moment Mcr = 3.09 kip-ft

check positive moment reinforcement:
1.33 x factored ultimate moment = 2.55 kip-ft
Cracking moment = 3.09 kip-ft
min from (1.33 x factored +Mu and Mcr) = 2.55 kip-ft

Check: 2.923 > 2.55 OK

check negative moment reinforcement:
1.33 x factored ultimate moment = 0.00 kip-ft
Cracking moment = 3.09 kip-ft
min from (1.33 x factored -Mu and Mcr) = 0.00 kip-ft

Check: 1.155 > 0.00 OK

𝑀௖௥ =  𝛾ଷ  𝛾ଵ𝑓௥ + 𝛾ଶ𝛾௖௣௘ 𝑆௖ − 𝑀ௗ௡௖

𝑆௖

𝑆௡௖
− 1

𝑀௖௥ =  𝛾ଷ𝛾ଵ𝑓௥𝑆௖ 

𝛾ଵ

𝛾ଷ

𝑓௥ = 0.24λ 𝑓௖
ᇱ

𝑆௖ =  
𝑏 ℎଶ

6
=

𝑏𝑡௣௔௡௘௟
ଶ

6 𝑆௖

𝑀௖௥ =  𝛾ଷ𝛾ଵ𝑓௥𝑆௖ 

+𝜑𝑀௡ > min (+𝑀௨ , 𝑀௖௥)

−𝜑𝑀௡ > min (−𝑀௨ , 𝑀௖௥)



Typical Panel Type A, Panel Thickness 6", 5'x6', Horizontal Rebar

Shear on Panel

Panel Thickness tpanel = 6 in

Concrete Cover Cpanel = 1.5 in

Concrete Strength f'c = 4.0 ksi (Concrete Class A compressive strength)

Reinforcement Strength fy = 60 ksi (Minimum yield strength of grade 60 steel)
Bar Size #4

Rebar Diameter db = 0.500 in

Rebar Area Ab = 0.196 in2

Rebar spacing s = 15 in
Width of the design section b = 12 in

Area of Steel per Design Strip As = 0.157 in2

c = 0.272 in

dv = 4.114 in

AASHTO 5.7.3.3
Vn shall be the lesser of:

Vc = 6.240 Kips

Vs = 3.231 Kips

(1) Vn = 9.472 Kips

(2) Vn = 49.369 Kips

From (1) and (2) Vn should be: Vn = 9.472 Kips

 f . Vn = 0.9 . Vn
= 8.524 Kips

Shear Force:
From Staad Pro Result Vmax = 0.149 N/mm2

= 21.61 lbs/in2

Shear Section Area = b x tpanel
= 12 x 6

Vmax = 1555.97 lbs
= 1.556 Kips OK, Vmax less than Vn

𝑐 =  
𝐴௦ . 𝑓௦

𝛼ଵ. 𝑓௖
ᇱ. 𝛽ଵ . 𝑏 

𝑑௩ = 𝑡௣௔௡௘௟  − 
𝑐

2
 −  𝐶௣௔௡௘௟  −  

𝑑௕

2

𝐴௕ = 1
4ൗ 𝜋𝑑௕

ଶ

𝐴௦ = 𝑏(
𝐴௕

𝑠
)

𝑉௖ = 0.0316 . 𝛽 . 𝛼 . 𝑓௖
ᇱ . 𝑏௩ . 𝑑௩

𝑉௦ =
𝐴௩ . 𝑓௬ . 𝑑௩ . (cot 𝜃 + cot 𝛼) . sin 𝛼

𝑠

(1) 𝑉௡ = 𝑉௖ +  𝑉௦

(2) 𝑉௡ = 0.25 . 𝑓௖
ᇱ. 𝑏௩ . 𝑑௩



Typical Panel Type A, Panel Thickness 6", 5'x6', Vertical Rebar

Panel Strength Design
Design of panel reinforcement per
AASHTO LRFD Bridge Design Specification 5.7.3 (typical rectangular beam design)

The following design method can be used for normal weight concrete with specified compressive strength up to 15.0 ksi.
This Design are to present the information about the acceptable panel reinforcement sizes and spacing.

Panel Thickness tpanel = 6 in
Finishing Thickness = 1 in
Additional Load from Finishes = 0.0125 Kip/ft2

Concrete Cover Cpanel = 1.5 in
Vertical Bar Size #4 Logitudinal Bar Size #4
Rebar Diameter db = 0.5 in dbh = 0.5 in

Rebar Area Ab = 0.196 in2

Rebar spacing s = 18 in
Width of the design section b = 12 in
Effective depth of section ds = 3.75 in

Effective depth of section for Negative Moment ds(M-) = 2.25 in

Correction factor for source aggregate K1 = 1 in AASHTO 5.4.2.4

Concrete Density Wc = 0.15 kcf

Concrete Strength f'c = 4.00 ksi (Concrete Class A compressive strength)

Reinforcement Strength fy = 60 ksi (Minimum yield strength of grade 60 steel)
Modulus Elasticity of concrete Ec = 4266 ksi
Modulus Elasticity of reinforcement Es = 29000 ksi
Modular Ratio n = 6.798
Area of Steel per Design Strip As = 0.131 in2

+Mu = 1.08 kip-ft +Mu_service = 0.80 kip-ft (FK = 1.35)
-Mu = 0.00 kip-ft -Mu_service = 0.00 kip-ft (FK = 1.35)

Resistance factor for tension-controlled section jSTR = 0.90 AASHTO 5.5.4.2

Positive Moment Capacity
Depth of equivalent stress block = 0.192 in

Factored flexural resistance = 2.152 kip-ft

Check 2.152 > 1.08 OK

Negative Moment Capacity
Depth of equivalent stress block = 0.192 in

Factored flexural resistance = 1.269 kip-ft

Check 1.269 > 0.00 OK

𝐴௦ = 𝑏(
𝐴௕

𝑠
)

𝑑௦ = 𝑡௣௔௡௘௟ − 𝐶௣௔௡௘௟ − 𝑑௕௛  −  1
2ൗ 𝑑௕

𝐴௕ = 1
4ൗ 𝜋𝑑௕

ଶ

𝐸௖ = 120000𝑘ଵ𝑊௖
ଶ𝑓′௖

଴.ଷଷ

𝑛 = 𝐸𝑠/𝐸𝑐

𝑎 =
𝐴௦𝑓௬

0.85𝑓′௖𝑏

+𝜑𝑀௡ = 𝜑𝐴௦𝑓௬ 𝑑௦ −
𝑎

2

+𝜑𝑀௡ > +𝑀௨

𝑎 =
𝐴௦𝑓௬

0.85𝑓′௖𝑏

−𝜑𝑀௡ = 𝜑𝐴௦𝑓௬ 𝑑௦(ெష) −
𝑎

2

−𝜑𝑀௡ > −𝑀௨

𝑑௦(ெష) = 𝑡௣௔௡௘௟ − 𝑑௦



Minimum Reinforcement AASHTO 5.7.3.3.2
Unless otherwise specified, the amount of prestressed and non-prestressed tensile reinforcement shall be adequate 
to develop a factored flexural resistance, Mr = jMn, at least equal to the lesser of:
1.33 times the positive factored ultimate moment 

Cracking moment

AASHTO 5.7.3.3.2-1

When simplified by removing all values applicable to prestressed and non composite section, 
this equation becomes the following:

where:
flexural cracking variability factor = 1.60 (non-segmental brg)
ratio of specified min. yield strength to ultimate tensile strength = 0.67 (A615 steel)
concrete density modification factor λ = 1.00 AASHTO 5.4.2.8

modulus of rapture fr = 0.48 ksi AASHTO 5.4.2.6

section modulus of design section = 72.00 in3

Cracking moment Mcr = 3.09 kip-ft

check positive moment reinforcement:
1.33 x factored ultimate moment = 1.44 kip-ft
Cracking moment = 3.09 kip-ft
min from (1.33 x factored +Mu and Mcr) = 1.44 kip-ft

Check: 2.152 > 1.44 OK

check negative moment reinforcement:
1.33 x factored ultimate moment = 0.00 kip-ft
Cracking moment = 3.09 kip-ft
min from (1.33 x factored -Mu and Mcr) = 0.00 kip-ft

Check: 1.269 > 0.00 OK

𝑀௖௥ =  𝛾ଷ  𝛾ଵ𝑓௥ + 𝛾ଶ𝛾௖௣௘ 𝑆௖ − 𝑀ௗ௡௖

𝑆௖

𝑆௡௖
− 1

𝑀௖௥ =  𝛾ଷ𝛾ଵ𝑓௥𝑆௖ 

𝛾ଵ

𝛾ଷ

𝑓௥ = 0.24λ 𝑓௖
ᇱ

𝑆௖ =  
𝑏 ℎଶ

6
=

𝑏𝑡௣௔௡௘௟
ଶ

6 𝑆௖

𝑀௖௥ =  𝛾ଷ𝛾ଵ𝑓௥𝑆௖ 

+𝜑𝑀௡ > min (+𝑀௨ , 𝑀௖௥)

−𝜑𝑀௡ > min (−𝑀௨ , 𝑀௖௥)



Typical Panel Type A, Panel Thickness 6", 5'x6', Vertical Rebar

Shear on Panel

Panel Thickness tpanel = 6 in

Concrete Cover Cpanel = 2.5 in

Concrete Strength f'c = 4.0 ksi (Concrete Class A compressive strength)

Reinforcement Strength fy = 60 ksi (Minimum yield strength of grade 60 steel)
Bar Size #4

Rebar Diameter db = 0.500 in

Rebar Area Ab = 0.196 in2

Rebar spacing s = 18 in
Width of the design section b = 12 in

Area of Steel per Design Strip As = 0.131 in2

c = 0.226 in

dv = 3.137 in

AASHTO 5.7.3.3
Vn shall be the lesser of:

Vc = 4.758 Kips

Vs = 2.053 Kips

(1) Vn = 6.811 Kips

(2) Vn = 37.641 Kips

From (1) and (2) Vn should be: Vn = 6.811 Kips

 f . Vn = 0.9 . Vn
= 6.130 Kips

Shear Force:
From Staad Pro Result Vmax = 0.151 N/mm2

= 21.90 lbs/in2

Shear Section Area = b x tpanel
= 12 x 6

Vmax = 1576.85 lbs
= 1.577 Kips OK, Vmax less than Vn

𝑐 =  
𝐴௦ . 𝑓௦

𝛼ଵ. 𝑓௖
ᇱ. 𝛽ଵ . 𝑏 

𝑑௩ = 𝑡௣௔௡௘௟  − 
𝑐

2
 −  𝐶௣௔௡௘௟  −  

𝑑௕

2

𝐴௕ = 1
4ൗ 𝜋𝑑௕

ଶ

𝐴௦ = 𝑏(
𝐴௕

𝑠
)

𝑉௖ = 0.0316 . 𝛽 . 𝛼 . 𝑓௖
ᇱ .  𝑏௩ . 𝑑௩

𝑉௦ =
𝐴௩ . 𝑓௬ . 𝑑௩ . (cot 𝜃 + cot 𝛼) . sin 𝛼

𝑠

(1) 𝑉௡ = 𝑉௖ + 𝑉௦

(2) 𝑉௡ = 0.25 . 𝑓௖
ᇱ. 𝑏௩ . 𝑑௩



•

•

•

•

•

•

4740 SCOTTS VALLEY DRIVE, SUITE E
SCOTTS VALLEY, CA 95066
PHONE: (831) 430-9300  FAX: (831) 430-9340
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Typical Panel Type X, Panel Thickness 6", 5'x6', Horizontal Rebar

Panel Strength Design
Design of panel reinforcement per
AASHTO LRFD Bridge Design Specification 5.7.3 (typical rectangular beam design)

The following design method can be used for normal weight concrete with specified compressive strength up to 15.0 ksi.
This Design are to present the information about the acceptable panel reinforcement sizes and spacing.

Panel Thickness tpanel = 6 in
Finishing Thickness = 1 in
Additional Load from Finishes = 0.0125 Kip/ft2

Concrete Cover Cpanel = 1.5 in
Vertical Bar Size #4 Logitudinal Bar Size #4
Rebar Diameter db = 0.5 in dbh = 0 in

Rebar Area Ab = 0.196 in2

Rebar spacing s = 10 in
Width of the design section b = 12 in
Effective depth of section ds = 4.25 in

Effective depth of section for Negative Moment ds(M-) = 1.75 in

Correction factor for source aggregate K1 = 1 in AASHTO 5.4.2.4

Concrete Density Wc = 0.15 kcf

Concrete Strength f'c = 4.00 ksi (Concrete Class A compressive strength)

Reinforcement Strength fy = 60 ksi (Minimum yield strength of grade 60 steel)
Modulus Elasticity of concrete Ec = 4266 ksi
Modulus Elasticity of reinforcement Es = 29000 ksi
Modular Ratio n = 6.798
Area of Steel per Design Strip As = 0.236 in2

+Mu = 3.82 kip-ft +Mu_service = 2.83 kip-ft (FK = 1.35)
-Mu = 0.00 kip-ft -Mu_service = 0.00 kip-ft (FK = 1.35)

Resistance factor for tension-controlled section jSTR = 0.90 AASHTO 5.5.4.2

Positive Moment Capacity
Depth of equivalent stress block = 0.346 in

Factored flexural resistance = 4.323 kip-ft

Check 4.323 > 3.82 OK

Negative Moment Capacity
Depth of equivalent stress block = 0.346 in

Factored flexural resistance = 1.672 kip-ft

Check 1.672 > 0.00 OK

𝐴௦ = 𝑏(
𝐴௕

𝑠
)

𝑑௦ = 𝑡௣௔௡௘௟ − 𝐶௣௔௡௘௟ − 𝑑௕௛  −  1
2ൗ 𝑑௕

𝐴௕ = 1
4ൗ 𝜋𝑑௕

ଶ

𝐸௖ = 120000𝑘ଵ𝑊௖
ଶ𝑓′௖

଴.ଷଷ

𝑛 = 𝐸𝑠/𝐸𝑐

𝑎 =
𝐴௦𝑓௬

0.85𝑓′௖𝑏

+𝜑𝑀௡ = 𝜑𝐴௦𝑓௬ 𝑑௦ −
𝑎

2

+𝜑𝑀௡ > +𝑀௨

𝑎 =
𝐴௦𝑓௬

0.85𝑓′௖𝑏

−𝜑𝑀௡ = 𝜑𝐴௦𝑓௬ 𝑑௦(ெష) −
𝑎

2

−𝜑𝑀௡ > −𝑀௨

𝑑௦(ெష) = 𝑡௣௔௡௘௟ − 𝑑௦



Minimum Reinforcement AASHTO 5.7.3.3.2
Unless otherwise specified, the amount of prestressed and non-prestressed tensile reinforcement shall be adequate 
to develop a factored flexural resistance, Mr = jMn, at least equal to the lesser of:
1.33 times the positive factored ultimate moment 

Cracking moment

AASHTO 5.7.3.3.2-1

When simplified by removing all values applicable to prestressed and non composite section, 
this equation becomes the following:

where:
flexural cracking variability factor = 1.60 (non-segmental brg)
ratio of specified min. yield strength to ultimate tensile strength = 0.67 (A615 steel)
concrete density modification factor λ = 1.00 AASHTO 5.4.2.8

modulus of rapture fr = 0.48 ksi AASHTO 5.4.2.6

section modulus of design section = 72.00 in3

Cracking moment Mcr = 3.09 kip-ft

check positive moment reinforcement:
1.33 x factored ultimate moment = 5.08 kip-ft
Cracking moment = 3.09 kip-ft
min from (1.33 x factored +Mu and Mcr) = 3.09 kip-ft

Check: 4.323 > 3.09 OK

check negative moment reinforcement:
1.33 x factored ultimate moment = 0.00 kip-ft
Cracking moment = 3.09 kip-ft
min from (1.33 x factored -Mu and Mcr) = 0.00 kip-ft

Check: 1.672 > 0.00 OK

𝑀௖௥ =  𝛾ଷ  𝛾ଵ𝑓௥ + 𝛾ଶ𝛾௖௣௘ 𝑆௖ − 𝑀ௗ௡௖

𝑆௖

𝑆௡௖
− 1

𝑀௖௥ =  𝛾ଷ𝛾ଵ𝑓௥𝑆௖ 

𝛾ଵ

𝛾ଷ

𝑓௥ = 0.24λ 𝑓௖
ᇱ

𝑆௖ =  
𝑏 ℎଶ

6
=

𝑏𝑡௣௔௡௘௟
ଶ

6 𝑆௖

𝑀௖௥ =  𝛾ଷ𝛾ଵ𝑓௥𝑆௖ 

+𝜑𝑀௡ > min (+𝑀௨ , 𝑀௖௥)

−𝜑𝑀௡ > min (−𝑀௨ , 𝑀௖௥)



Typical Panel Type X, Panel Thickness 6", 5'x6', Horizontal Rebar

Shear on Panel

Panel Thickness tpanel = 6 in

Concrete Cover Cpanel = 1.5 in

Concrete Strength f'c = 4.0 ksi (Concrete Class A compressive strength)

Reinforcement Strength fy = 60 ksi (Minimum yield strength of grade 60 steel)
Bar Size #4

Rebar Diameter db = 0.500 in

Rebar Area Ab = 0.196 in2

Rebar spacing s = 10 in
Width of the design section b = 12 in

Area of Steel per Design Strip As = 0.236 in2

c = 0.408 in

dv = 4.046 in

AASHTO 5.7.3.3
Vn shall be the lesser of:

Vc = 6.137 Kips

Vs = 4.767 Kips

(1) Vn = 10.904 Kips

(2) Vn = 48.554 Kips

From (1) and (2) Vn should be: Vn = 10.904 Kips

 f . Vn = 0.9 . Vn
= 9.814 Kips

Shear Force:
From Staad Pro Result Vmax = 0.296 N/mm2

= 42.93 lbs/in2

Shear Section Area = b x tpanel
= 12 x 6

Vmax = 3091.05 lbs
= 3.091 Kips OK, Vmax less than Vn

𝑐 =  
𝐴௦ . 𝑓௦

𝛼ଵ. 𝑓௖
ᇱ. 𝛽ଵ . 𝑏 

𝑑௩ = 𝑡௣௔௡௘௟  − 
𝑐

2
 −  𝐶௣௔௡௘௟  −  

𝑑௕

2

𝐴௕ = 1
4ൗ 𝜋𝑑௕

ଶ

𝐴௦ = 𝑏(
𝐴௕

𝑠
)

𝑉௖ = 0.0316 . 𝛽 . 𝛼 . 𝑓௖
ᇱ . 𝑏௩ . 𝑑௩

𝑉௦ =
𝐴௩ . 𝑓௬ . 𝑑௩ . (cot 𝜃 + cot 𝛼) . sin 𝛼

𝑠

(1) 𝑉௡ = 𝑉௖ +  𝑉௦

(2) 𝑉௡ = 0.25 . 𝑓௖
ᇱ. 𝑏௩ . 𝑑௩



Typical Panel Type X, Panel Thickness 6", 5'x6', Vertical Rebar

Panel Strength Design
Design of panel reinforcement per
AASHTO LRFD Bridge Design Specification 5.7.3 (typical rectangular beam design)

The following design method can be used for normal weight concrete with specified compressive strength up to 15.0 ksi.
This Design are to present the information about the acceptable panel reinforcement sizes and spacing.

Panel Thickness tpanel = 6 in
Finishing Thickness = 1 in
Additional Load from Finishes = 0.0125 Kip/ft2

Concrete Cover Cpanel = 1.5 in
Vertical Bar Size #4 Logitudinal Bar Size #4
Rebar Diameter db = 0.5 in dbh = 0.5 in

Rebar Area Ab = 0.196 in2

Rebar spacing s = 12 in
Width of the design section b = 12 in
Effective depth of section ds = 3.75 in

Effective depth of section for Negative Moment ds(M-) = 2.25 in

Correction factor for source aggregate K1 = 1 in AASHTO 5.4.2.4

Concrete Density Wc = 0.15 kcf

Concrete Strength f'c = 4.00 ksi (Concrete Class A compressive strength)

Reinforcement Strength fy = 60 ksi (Minimum yield strength of grade 60 steel)
Modulus Elasticity of concrete Ec = 4266 ksi
Modulus Elasticity of reinforcement Es = 29000 ksi
Modular Ratio n = 6.798
Area of Steel per Design Strip As = 0.196 in2

+Mu = 2.15 kip-ft +Mu_service = 1.59 kip-ft (FK = 1.35)
-Mu = 0.00 kip-ft -Mu_service = 0.00 kip-ft (FK = 1.35)

Resistance factor for tension-controlled section jSTR = 0.90 AASHTO 5.5.4.2

Positive Moment Capacity
Depth of equivalent stress block = 0.289 in

Factored flexural resistance = 3.186 kip-ft

Check 3.186 > 2.15 OK

Negative Moment Capacity
Depth of equivalent stress block = 0.289 in

Factored flexural resistance = 1.860 kip-ft

Check 1.860 > 0.00 OK

𝐴௦ = 𝑏(
𝐴௕

𝑠
)

𝑑௦ = 𝑡௣௔௡௘௟ − 𝐶௣௔௡௘௟ − 𝑑௕௛  −  1
2ൗ 𝑑௕

𝐴௕ = 1
4ൗ 𝜋𝑑௕

ଶ

𝐸௖ = 120000𝑘ଵ𝑊௖
ଶ𝑓′௖

଴.ଷଷ

𝑛 = 𝐸𝑠/𝐸𝑐

𝑎 =
𝐴௦𝑓௬

0.85𝑓′௖𝑏

+𝜑𝑀௡ = 𝜑𝐴௦𝑓௬ 𝑑௦ −
𝑎

2

+𝜑𝑀௡ > +𝑀௨

𝑎 =
𝐴௦𝑓௬

0.85𝑓′௖𝑏

−𝜑𝑀௡ = 𝜑𝐴௦𝑓௬ 𝑑௦(ெష) −
𝑎

2

−𝜑𝑀௡ > −𝑀௨

𝑑௦(ெష) = 𝑡௣௔௡௘௟ − 𝑑௦



Minimum Reinforcement AASHTO 5.7.3.3.2
Unless otherwise specified, the amount of prestressed and non-prestressed tensile reinforcement shall be adequate 
to develop a factored flexural resistance, Mr = jMn, at least equal to the lesser of:
1.33 times the positive factored ultimate moment 

Cracking moment

AASHTO 5.7.3.3.2-1

When simplified by removing all values applicable to prestressed and non composite section, 
this equation becomes the following:

where:
flexural cracking variability factor = 1.60 (non-segmental brg)
ratio of specified min. yield strength to ultimate tensile strength = 0.67 (A615 steel)
concrete density modification factor λ = 1.00 AASHTO 5.4.2.8

modulus of rapture fr = 0.48 ksi AASHTO 5.4.2.6

section modulus of design section = 72.00 in3

Cracking moment Mcr = 3.09 kip-ft

check positive moment reinforcement:
1.33 x factored ultimate moment = 2.86 kip-ft
Cracking moment = 3.09 kip-ft
min from (1.33 x factored +Mu and Mcr) = 2.86 kip-ft

Check: 3.186 > 2.86 OK

check negative moment reinforcement:
1.33 x factored ultimate moment = 0.00 kip-ft
Cracking moment = 3.09 kip-ft
min from (1.33 x factored -Mu and Mcr) = 0.00 kip-ft

Check: 1.860 > 0.00 OK

𝑀௖௥ =  𝛾ଷ  𝛾ଵ𝑓௥ + 𝛾ଶ𝛾௖௣௘ 𝑆௖ − 𝑀ௗ௡௖

𝑆௖

𝑆௡௖
− 1

𝑀௖௥ =  𝛾ଷ𝛾ଵ𝑓௥𝑆௖ 

𝛾ଵ

𝛾ଷ

𝑓௥ = 0.24λ 𝑓௖
ᇱ

𝑆௖ =  
𝑏 ℎଶ

6
=

𝑏𝑡௣௔௡௘௟
ଶ

6 𝑆௖

𝑀௖௥ =  𝛾ଷ𝛾ଵ𝑓௥𝑆௖ 

+𝜑𝑀௡ > min (+𝑀௨ , 𝑀௖௥)

−𝜑𝑀௡ > min (−𝑀௨ , 𝑀௖௥)



Typical Panel Type X, Panel Thickness 6", 5'x6', Vertical Rebar

Shear on Panel

Panel Thickness tpanel = 6 in

Concrete Cover Cpanel = 2.5 in

Concrete Strength f'c = 4.0 ksi (Concrete Class A compressive strength)

Reinforcement Strength fy = 60 ksi (Minimum yield strength of grade 60 steel)
Bar Size #4

Rebar Diameter db = 0.500 in

Rebar Area Ab = 0.196 in2

Rebar spacing s = 12 in
Width of the design section b = 12 in

Area of Steel per Design Strip As = 0.196 in2

c = 0.340 in

dv = 3.080 in

AASHTO 5.7.3.3
Vn shall be the lesser of:

Vc = 4.672 Kips

Vs = 3.024 Kips

(1) Vn = 7.696 Kips

(2) Vn = 36.962 Kips

From (1) and (2) Vn should be: Vn = 7.696 Kips

 f . Vn = 0.9 . Vn
= 6.926 Kips

Shear Force:
From Staad Pro Result Vmax = 0.301 N/mm2

= 43.66 lbs/in2

Shear Section Area = b x tpanel
= 12 x 6

Vmax = 3143.26 lbs
= 3.143 Kips OK, Vmax less than Vn

𝑐 =  
𝐴௦ . 𝑓௦

𝛼ଵ. 𝑓௖
ᇱ. 𝛽ଵ . 𝑏 

𝑑௩ = 𝑡௣௔௡௘௟  − 
𝑐

2
 −  𝐶௣௔௡௘௟  −  

𝑑௕

2

𝐴௕ = 1
4ൗ 𝜋𝑑௕

ଶ

𝐴௦ = 𝑏(
𝐴௕

𝑠
)

𝑉௖ = 0.0316 . 𝛽 . 𝛼 . 𝑓௖
ᇱ .  𝑏௩ . 𝑑௩

𝑉௦ =
𝐴௩ . 𝑓௬ . 𝑑௩ . (cot 𝜃 + cot 𝛼) . sin 𝛼

𝑠

(1) 𝑉௡ = 𝑉௖ + 𝑉௦

(2) 𝑉௡ = 0.25 . 𝑓௖
ᇱ. 𝑏௩ . 𝑑௩
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Typical Panel Type Y, Panel Thickness 6", 5'x6', Horizontal Rebar

Panel Strength Design
Design of panel reinforcement per
AASHTO LRFD Bridge Design Specification 5.7.3 (typical rectangular beam design)

The following design method can be used for normal weight concrete with specified compressive strength up to 15.0 ksi.
This Design are to present the information about the acceptable panel reinforcement sizes and spacing.

Panel Thickness tpanel = 6 in
Finishing Thickness = 1 in
Additional Load from Finishes = 0.0125 Kip/ft2

Concrete Cover Cpanel = 1.5 in
Vertical Bar Size #4 Logitudinal Bar Size #4
Rebar Diameter db = 0.5 in dbh = 0 in

Rebar Area Ab = 0.196 in2

Rebar spacing s = 8.57 in
Width of the design section b = 12 in
Effective depth of section ds = 4.25 in

Effective depth of section for Negative Moment ds(M-) = 1.75 in

Correction factor for source aggregate K1 = 1 in AASHTO 5.4.2.4

Concrete Density Wc = 0.15 kcf

Concrete Strength f'c = 4.00 ksi (Concrete Class A compressive strength)

Reinforcement Strength fy = 60 ksi (Minimum yield strength of grade 60 steel)
Modulus Elasticity of concrete Ec = 4266 ksi
Modulus Elasticity of reinforcement Es = 29000 ksi
Modular Ratio n = 6.798
Area of Steel per Design Strip As = 0.275 in2

+Mu = 4.68 kip-ft +Mu_service = 3.46 kip-ft (FK = 1.35)
-Mu = 0.00 kip-ft -Mu_service = 0.00 kip-ft (FK = 1.35)

Resistance factor for tension-controlled section jSTR = 0.90 AASHTO 5.5.4.2

Positive Moment Capacity
Depth of equivalent stress block = 0.404 in

Factored flexural resistance = 5.008 kip-ft

Check 5.008 > 4.68 OK

Negative Moment Capacity
Depth of equivalent stress block = 0.404 in

Factored flexural resistance = 1.915 kip-ft

Check 1.915 > 0.00 OK

𝐴௦ = 𝑏(
𝐴௕

𝑠
)

𝑑௦ = 𝑡௣௔௡௘௟ − 𝐶௣௔௡௘௟ − 𝑑௕௛  −  1
2ൗ 𝑑௕

𝐴௕ = 1
4ൗ 𝜋𝑑௕

ଶ

𝐸௖ = 120000𝑘ଵ𝑊௖
ଶ𝑓′௖

଴.ଷଷ

𝑛 = 𝐸𝑠/𝐸𝑐

𝑎 =
𝐴௦𝑓௬

0.85𝑓′௖𝑏

+𝜑𝑀௡ = 𝜑𝐴௦𝑓௬ 𝑑௦ −
𝑎

2

+𝜑𝑀௡ > +𝑀௨

𝑎 =
𝐴௦𝑓௬

0.85𝑓′௖𝑏

−𝜑𝑀௡ = 𝜑𝐴௦𝑓௬ 𝑑௦(ெష) −
𝑎

2

−𝜑𝑀௡ > −𝑀௨

𝑑௦(ெష) = 𝑡௣௔௡௘௟ − 𝑑௦



Minimum Reinforcement AASHTO 5.7.3.3.2
Unless otherwise specified, the amount of prestressed and non-prestressed tensile reinforcement shall be adequate 
to develop a factored flexural resistance, Mr = jMn, at least equal to the lesser of:
1.33 times the positive factored ultimate moment 

Cracking moment

AASHTO 5.7.3.3.2-1

When simplified by removing all values applicable to prestressed and non composite section, 
this equation becomes the following:

where:
flexural cracking variability factor = 1.60 (non-segmental brg)
ratio of specified min. yield strength to ultimate tensile strength = 0.67 (A615 steel)
concrete density modification factor λ = 1.00 AASHTO 5.4.2.8

modulus of rapture fr = 0.48 ksi AASHTO 5.4.2.6

section modulus of design section = 72.00 in3

Cracking moment Mcr = 3.09 kip-ft

check positive moment reinforcement:
1.33 x factored ultimate moment = 6.22 kip-ft
Cracking moment = 3.09 kip-ft
min from (1.33 x factored +Mu and Mcr) = 3.09 kip-ft

Check: 5.008 > 3.09 OK

check negative moment reinforcement:
1.33 x factored ultimate moment = 0.00 kip-ft
Cracking moment = 3.09 kip-ft
min from (1.33 x factored -Mu and Mcr) = 0.00 kip-ft

Check: 1.915 > 0.00 OK

𝑀௖௥ =  𝛾ଷ  𝛾ଵ𝑓௥ + 𝛾ଶ𝛾௖௣௘ 𝑆௖ − 𝑀ௗ௡௖

𝑆௖

𝑆௡௖
− 1

𝑀௖௥ =  𝛾ଷ𝛾ଵ𝑓௥𝑆௖ 

𝛾ଵ

𝛾ଷ

𝑓௥ = 0.24λ 𝑓௖
ᇱ

𝑆௖ =  
𝑏 ℎଶ

6
=

𝑏𝑡௣௔௡௘௟
ଶ

6 𝑆௖

𝑀௖௥ =  𝛾ଷ𝛾ଵ𝑓௥𝑆௖ 

+𝜑𝑀௡ > min (+𝑀௨ , 𝑀௖௥)

−𝜑𝑀௡ > min (−𝑀௨ , 𝑀௖௥)



Typical Panel Type Y, Panel Thickness 6", 5'x6', Horizontal Rebar

Shear on Panel

Panel Thickness tpanel = 6 in

Concrete Cover Cpanel = 1.5 in

Concrete Strength f'c = 4.0 ksi (Concrete Class A compressive strength)

Reinforcement Strength fy = 60 ksi (Minimum yield strength of grade 60 steel)
Bar Size #4

Rebar Diameter db = 0.500 in

Rebar Area Ab = 0.196 in2

Rebar spacing s = 9 in
Width of the design section b = 12 in

Area of Steel per Design Strip As = 0.275 in2

c = 0.476 in

dv = 4.012 in

AASHTO 5.7.3.3
Vn shall be the lesser of:

Vc = 6.086 Kips

Vs = 5.515 Kips

(1) Vn = 11.601 Kips

(2) Vn = 48.146 Kips

From (1) and (2) Vn should be: Vn = 11.601 Kips

 f . Vn = 0.9 . Vn
= 10.441 Kips

Shear Force:
From Staad Pro Result Vmax = 0.363 N/mm2

= 52.65 lbs/in2

Shear Section Area = b x tpanel
= 12 x 6

Vmax = 3790.71 lbs
= 3.791 Kips OK, Vmax less than Vn

𝑐 =  
𝐴௦ . 𝑓௦

𝛼ଵ. 𝑓௖
ᇱ. 𝛽ଵ . 𝑏 

𝑑௩ = 𝑡௣௔௡௘௟  − 
𝑐

2
 −  𝐶௣௔௡௘௟  −  

𝑑௕

2

𝐴௕ = 1
4ൗ 𝜋𝑑௕

ଶ

𝐴௦ = 𝑏(
𝐴௕

𝑠
)

𝑉௖ = 0.0316 . 𝛽 . 𝛼 . 𝑓௖
ᇱ . 𝑏௩ . 𝑑௩

𝑉௦ =
𝐴௩ . 𝑓௬ . 𝑑௩ . (cot 𝜃 + cot 𝛼) . sin 𝛼

𝑠

(1) 𝑉௡ = 𝑉௖ +  𝑉௦

(2) 𝑉௡ = 0.25 . 𝑓௖
ᇱ. 𝑏௩ . 𝑑௩



Typical Panel Type Y, Panel Thickness 6", 5'x6', Vertical Rebar

Panel Strength Design
Design of panel reinforcement per
AASHTO LRFD Bridge Design Specification 5.7.3 (typical rectangular beam design)

The following design method can be used for normal weight concrete with specified compressive strength up to 15.0 ksi.
This Design are to present the information about the acceptable panel reinforcement sizes and spacing.

Panel Thickness tpanel = 6 in
Finishing Thickness = 1 in
Additional Load from Finishes = 0.0125 Kip/ft2

Concrete Cover Cpanel = 1.5 in
Vertical Bar Size #4 Logitudinal Bar Size #4
Rebar Diameter db = 0.5 in dbh = 0.5 in

Rebar Area Ab = 0.196 in2

Rebar spacing s = 10.28 in
Width of the design section b = 12 in
Effective depth of section ds = 3.75 in

Effective depth of section for Negative Moment ds(M-) = 2.25 in

Correction factor for source aggregate K1 = 1 in AASHTO 5.4.2.4

Concrete Density Wc = 0.15 kcf

Concrete Strength f'c = 4.00 ksi (Concrete Class A compressive strength)

Reinforcement Strength fy = 60 ksi (Minimum yield strength of grade 60 steel)
Modulus Elasticity of concrete Ec = 4266 ksi
Modulus Elasticity of reinforcement Es = 29000 ksi
Modular Ratio n = 6.798
Area of Steel per Design Strip As = 0.229 in2

+Mu = 2.63 kip-ft +Mu_service = 1.95 kip-ft (FK = 1.35)
-Mu = 0.00 kip-ft -Mu_service = 0.00 kip-ft (FK = 1.35)

Resistance factor for tension-controlled section jSTR = 0.90 AASHTO 5.5.4.2

Positive Moment Capacity
Depth of equivalent stress block = 0.337 in

Factored flexural resistance = 3.694 kip-ft

Check 3.694 > 2.63 OK

Negative Moment Capacity
Depth of equivalent stress block = 0.337 in

Factored flexural resistance = 2.147 kip-ft

Check 2.147 > 0.00 OK

𝐴௦ = 𝑏(
𝐴௕

𝑠
)

𝑑௦ = 𝑡௣௔௡௘௟ − 𝐶௣௔௡௘௟ − 𝑑௕௛  −  1
2ൗ 𝑑௕

𝐴௕ = 1
4ൗ 𝜋𝑑௕

ଶ

𝐸௖ = 120000𝑘ଵ𝑊௖
ଶ𝑓′௖

଴.ଷଷ

𝑛 = 𝐸𝑠/𝐸𝑐

𝑎 =
𝐴௦𝑓௬

0.85𝑓′௖𝑏

+𝜑𝑀௡ = 𝜑𝐴௦𝑓௬ 𝑑௦ −
𝑎

2

+𝜑𝑀௡ > +𝑀௨

𝑎 =
𝐴௦𝑓௬

0.85𝑓′௖𝑏

−𝜑𝑀௡ = 𝜑𝐴௦𝑓௬ 𝑑௦(ெష) −
𝑎

2

−𝜑𝑀௡ > −𝑀௨

𝑑௦(ெష) = 𝑡௣௔௡௘௟ − 𝑑௦



Minimum Reinforcement AASHTO 5.7.3.3.2
Unless otherwise specified, the amount of prestressed and non-prestressed tensile reinforcement shall be adequate 
to develop a factored flexural resistance, Mr = jMn, at least equal to the lesser of:
1.33 times the positive factored ultimate moment 

Cracking moment

AASHTO 5.7.3.3.2-1

When simplified by removing all values applicable to prestressed and non composite section, 
this equation becomes the following:

where:
flexural cracking variability factor = 1.60 (non-segmental brg)
ratio of specified min. yield strength to ultimate tensile strength = 0.67 (A615 steel)
concrete density modification factor λ = 1.00 AASHTO 5.4.2.8

modulus of rapture fr = 0.48 ksi AASHTO 5.4.2.6

section modulus of design section = 72.00 in3

Cracking moment Mcr = 3.09 kip-ft

check positive moment reinforcement:
1.33 x factored ultimate moment = 3.50 kip-ft
Cracking moment = 3.09 kip-ft
min from (1.33 x factored +Mu and Mcr) = 3.09 kip-ft

Check: 3.694 > 3.09 OK

check negative moment reinforcement:
1.33 x factored ultimate moment = 0.00 kip-ft
Cracking moment = 3.09 kip-ft
min from (1.33 x factored -Mu and Mcr) = 0.00 kip-ft

Check: 2.147 > 0.00 OK

𝑀௖௥ =  𝛾ଷ  𝛾ଵ𝑓௥ + 𝛾ଶ𝛾௖௣௘ 𝑆௖ − 𝑀ௗ௡௖

𝑆௖

𝑆௡௖
− 1

𝑀௖௥ =  𝛾ଷ𝛾ଵ𝑓௥𝑆௖ 

𝛾ଵ

𝛾ଷ

𝑓௥ = 0.24λ 𝑓௖
ᇱ

𝑆௖ =  
𝑏 ℎଶ

6
=

𝑏𝑡௣௔௡௘௟
ଶ

6 𝑆௖

𝑀௖௥ =  𝛾ଷ𝛾ଵ𝑓௥𝑆௖ 

+𝜑𝑀௡ > min (+𝑀௨ , 𝑀௖௥)

−𝜑𝑀௡ > min (−𝑀௨ , 𝑀௖௥)



Typical Panel Type Y, Panel Thickness 6", 5'x6', Vertical Rebar

Shear on Panel

Panel Thickness tpanel = 6 in

Concrete Cover Cpanel = 2.5 in

Concrete Strength f'c = 4.0 ksi (Concrete Class A compressive strength)

Reinforcement Strength fy = 60 ksi (Minimum yield strength of grade 60 steel)
Bar Size #4

Rebar Diameter db = 0.500 in

Rebar Area Ab = 0.196 in2

Rebar spacing s = 10 in
Width of the design section b = 12 in

Area of Steel per Design Strip As = 0.229 in2

c = 0.397 in

dv = 3.052 in

AASHTO 5.7.3.3
Vn shall be the lesser of:

Vc = 4.629 Kips

Vs = 3.497 Kips

(1) Vn = 8.126 Kips

(2) Vn = 36.621 Kips

From (1) and (2) Vn should be: Vn = 8.126 Kips

 f . Vn = 0.9 . Vn
= 7.314 Kips

Shear Force:
From Staad Pro Result Vmax = 0.369 N/mm2

= 53.52 lbs/in2

Shear Section Area = b x tpanel
= 12 x 6

Vmax = 3853.37 lbs
= 3.853 Kips OK, Vmax less than Vn

𝑐 =  
𝐴௦ . 𝑓௦

𝛼ଵ. 𝑓௖
ᇱ. 𝛽ଵ . 𝑏 

𝑑௩ = 𝑡௣௔௡௘௟  − 
𝑐

2
 −  𝐶௣௔௡௘௟  −  

𝑑௕

2

𝐴௕ = 1
4ൗ 𝜋𝑑௕

ଶ

𝐴௦ = 𝑏(
𝐴௕

𝑠
)

𝑉௖ = 0.0316 . 𝛽 . 𝛼 . 𝑓௖
ᇱ .  𝑏௩ . 𝑑௩

𝑉௦ =
𝐴௩ . 𝑓௬ . 𝑑௩ . (cot 𝜃 + cot 𝛼) . sin 𝛼

𝑠

(1) 𝑉௡ = 𝑉௖ + 𝑉௦

(2) 𝑉௡ = 0.25 . 𝑓௖
ᇱ. 𝑏௩ . 𝑑௩
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