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REPORT OF REVIEW ELEVATE INFRASTRUCTURE MECHANICALLY STABILIZED EARTH (MSE) WITH PRECAST 
CONCRETE FACING PANELS AND INEXTENSIBLE SOIL REINFORCEMENTS 

October 2025 

HIGHWAY INNOVATIONS, DEVELOPMENTS, ENHANCEMENTS AND ADVANCEMENTS (IDEA) 
 

The Elevate Infrastructure MSE Precast Concrete Facing and Inextensible Reinforcement Retaining Wall System 
has been evaluated in accordance with the IDEA protocol. Key information regarding this system is presented 
in this section of this final report of review. Important details of the system’s components, design, construction 
and quality control measures are presented in the attached final submittal. Design parameters defined within 
the submittal are summarized in the table located on page 5 of this IDEA report. 
 
Applicant Information 
Elevate Infrastructure 
Attn: Matt Byron Austin 
2495 Bungalow Rd 
Morris, IL 60450 
Ph: 636.346.9245 
www.ElevateInfrastructure.com 
 
Review Summary 
Following its initial review of Elevate Infrastructure Concrete Facing and Inextensible Reinforcement Retaining 
Wall System submittal, the review team provided the applicant with a series of comments, and requests for 
clarification and additional analysis. The applicant has been thorough in its responses and the review team 
finds that there are no outstanding issues that should be brought to the attention of transportation agencies. 
Rather, agencies are encouraged to rely upon the Elevate Infrastructure Precast Concrete Facing and 
Inextensible Reinforcement Retaining Wall System submittal (appended) for projects where the Elevate 
Infrastructure Retaining Wall System is proposed. 
 
Submittal Checklist 
The checklist used from the IDEA protocol for this evaluation is C4 – Initial Technical Evaluation Checklist for 
Concrete Panel Paired with Inextensible Reinforcement. This is the first evaluation of the Elevate Infrastructure 
Precast Concrete Facing and Inextensible Reinforcement Retaining Wall System by either the IDEA, or the 
predecessor HITEC, evaluation programs.  
 
Confidential Information 
The applicant has the option to omit information from the version of its submittal that is attached to the final 
report if it believes that such information is confidential. In such instances, the applicant will notify the review 
team. However, for the Elevate Infrastructure Precast Concrete Facing and Inextensible Reinforcement 
Retaining Wall System, no information has been designated by the applicant as confidential. 
 
 
 
System Description 
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Components 
The major components of the Elevate Infrastructure MSE Panel Wall System are precast concrete facing 
panels, inextensible steel soil reinforcements, and select granular backfill. Other standard components include 
a concrete leveling pad, high-density polyethylene or rubber bearing pads, shims, panel joint geotextile, 
adhesive, tie-strips and bolt sets for connecting soil reinforcement to panel tie strip connections. The precast 
concrete facing that has a minimum thickness of 6 inches. Standard precast panel shapes are rectangular 5’ x 
5’ or 5’ x 10’. The soil reinforcing consists of either Elevate Wave Strip or Elevate Ladder Strip steel 
reinforcement connected to the facing, for any specific wall only one reinforcement type (i.e., Ladder Strip or 
Wave Strip) is used. The connector is embedded into the panel, has dual steel plates protruding from the back 
of the panel, and facilitates a double-shear type bolted connection to the discrete steel soil reinforcement strip 
or ladder.  

 
System History 
In 2023 Elevate combined their extensive precast and engineering experience with proven MSE wall 
technology to provide the Elevate MSE Panel Wall System with inextensible soil reinforcement. 
 
System Properties 
The following properties are reported by the applicant for the Elevate Infrastructure Precast Concrete Facing 
and Inextensible Reinforcement Retaining Wall System. 
 

Soil Reinforcement  
The Elevate MSE Panel System offers two types of inextensible soil reinforcement: the Elevate Ladder 
Strip and the Elevate Wave Strip. Both are designed to interface with the precast panel via a single-
point connection using a dual plate connector, but they differ in geometry, material form, and 
structural behavior.  
 
The Elevate Ladder Strip is a welded wire mat reinforcement consisting of W11 longitudinal wires 
spaced at 2 inches on center, with 4-inch wide W11 transverse wires welded every 12 inches, 
conforming to ASTM A1064. This mat is welded to a steel connector tab with a bolt hole to 
mechanically connect to the panel.  
 
The Elevate Wave Strip is a cold-formed, solid 2-inch wide strip made from ASTM A1011 Grade 65 
steel. The strip is formed into a continuous oscillating wave profile, which increases its bearing area 
and interaction with the backfill.  
 
Both reinforcement types are engineered to meet MSE wall performance criteria. The choice between 
Ladder and Wave Strip reinforcement depends on factors such as site conditions, backfill type, wall 
height, and contractor preference. 
 
Soil Reinforcement-Facing Panel Connection Capacity 
Both wave strip and ladder reinforcement are connected to the facing with a double shear type 
connection using a single bolt to a tie strip protruding from the back face of the panel. The tie strip 
consists of two parallel plates, with aligned 9/16-inch holes. The reinforcement is provided with a 
9/16-inch diameter hole on one end and fits in between the two plates of the tie strip. The bolt is ½-
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inch in diameter. The tie strip and bolt are protected from corrosion through the application of a zinc 
coating, applied by hot-dip galvanizing in conformance with ASTM A123. 
 
Soil Reinforcement Design Tensile Strength 
The design tensile strength of the Wave Strip and Ladder Strip are controlled by the tensile strength of 
the reinforcement. The Wave Strip soil reinforcement has tensile strengths of Fu = 80 ksi and Fy = 65 
ksi. The Ladder Strip soil reinforcement has tensile strengths of Fu = 75 ksi and Fy = 65 ksi. The 
connection between the reinforcement and facing panel has been designed to have a higher tensile 
resistance then the soil reinforcement.  
 
Pullout Design Parameters 

Testing has indicated that the Wave Strip and Ladder Strip exhibit significantly higher F* values than 
the defaults listed in AASHTO. Independent pullout testing was conducted by SGI Testing Services, LLC, 
in Norcross, GA. The tests assessed the pullout behavior of both Wave and Ladder Strip reinforcements 
using representative backfill types. Testing of the Ladder Strip was performed on strips with W11 
transverse and cross wires. 

For the Wave Strip, a friction factor (F*) of 4.6 was observed near the top of the structure for fine-
grained fill, decreasing linearly to 2.3 at 20 feet depth. For granular fills, higher F* values up to 6.0 
were recorded, with a similar tapering pattern. The test demonstrated that the alpha value is equal to 
1.0 for the Wave Strip. Elevate recommends using the fine-grain material pullout resistance in design 
with F* value equal to 3.50 at the top and decreasing linearly to 1.50 at a depth of 20 feet and below 
the ground surface. 

Similarly, for the Ladder Strip, a friction factor (F*) of 5.1 was observed near the top of the structure 
for fine- grained fill, decreasing linearly to 2.5 at 20 feet depth. For granular fills, higher F* values up to 
6.8 were recorded, with a similar tapering pattern. The test demonstrated that the alpha value is equal 
to 1.0 for the Ladder Strip. Elevate recommends using the fine-grain material pullout resistance in 
design with F* value equal to 4.00 at the top and decreasing linearly to 1.50 at a depth of 20 feet and 
below. 

Retaining Wall Design 
The design methodology for an Elevate Infrastructure MSE wall considers both the external and 
internal stability of the structure. Internal stability is determined using the Coherent Gravity Method 
(CGM).  The CGM is provided in Section 2.1.2 of the attached final submittal and in detail in both 
FHWA-HIF-24-002 “Design and Construction of Mechanically Stabilized Earth (MSE) Walls” and 
AASHTO LRFD 9th Edition (2020). 
 
The design examples in this submittal were performed using both MSEW+ and proprietary software 
developed by Elevate Infrastructure. The scope of this review did not provide for a comprehensive 
evaluation of the Elevate Infrastructure software. However, the applicant states that the design of the 
Elevate Infrastructure MSE Precast Concrete Facing and Inextensible Reinforcement Retaining Wall 
System is consistent with current AASHTO specifications. This assertion is supported by the results of 
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the analyses of example problems in the submittal, performed with both the proprietary software and 
the computer program MSEW+. 
 
Agencies may check designs with commercial programs, using the design properties listed in the table 
attached to this review report. 
 

System Innovations  
Elevate Infrastructure claims that their system provides the following innovations: 

The Elevate MSE System introduces a significant innovation in design methodology through its 
integration with a proprietary software tool—Elevate Wall Designer—developed in collaboration with 
CTiSoftware. While the physical materials used in the system—such as precast concrete panels, Wave 
Strips, and Ladder Strips—are based on well-established, non-proprietary technologies, the way in 
which the system is engineered represents a distinct advancement in design workflow and quality 
control. 
 
The innovation lies in the comprehensive, column-by-column design approach that the software 
enables. Unlike traditional design tools and spreadsheets—which allow for the design of multiple 
sections but do not provide an elevation-based layout—the Elevate Wall Designer allows the user to 
model the entire wall elevation and dynamically assign loading conditions and geometry across each 
column. This capability ensures a fully- integrated design that reflects real-world wall configurations, 
obstructions, and variable surcharge conditions with exceptional accuracy. Once wall geometry and 
site-specific loading inputs are defined, the software performs complete LRFD checks across the entire 
wall. 

 
Reviewer Comments 
 Following its initial review of the Elevate Infrastructure MSE Precast Concrete Facing and Inextensible 

Reinforcement Retaining Wall System submittal, the review team provided the applicant with 34 
comments and requests for clarification. The applicant has been thorough in its responses and the review 
team finds that 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 Elevate Infrastructure 
MSE Precast Concrete Facing and Inextensible Reinforcement Retaining Wall System submittal for projects 
where the Elevate System is proposed.  

 

Closing 

An update technical evaluation should be performed for the Elevate Infrastructure MSE Precast Concrete 
Facing and Inextensible Reinforcement Retaining Wall System in five years (i.e., September 2030) or upon 
notice that a significant modification of the system has been made. For details regarding update technical 
evaluations and other guidance for the use of technical evaluations by transportation agencies, go to 
https://www.geoinstitute.org/special-projects/idea.
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Summary Table MSEW+ Input Parameters for Elevate Infrastructure Precast Concrete Facing and Inextensible Reinforcement Retaining Wall System 

Reinforcement Design 
Life 

Fy 
(ksi) 

b (in) t (in) α f* Factored 
Tensile 

Resistance 
(kips)1 

Overburden Pressure 
up to 2,500 psf 

Overburden Pressure 
2500 psf 

Wave Strip 75 65 2.00 0.156 1.00 3.5 tan j3 9.80 

Wave Strip 100 65 2.00 0.156 1.00 3.5 tan j3 7.51 

   Dia. (in)      

Ladder Strip W11 75 65 0.374 na 1.00 4.0 tan j3 7.77 

Ladder Strip 100 65 0.374 na 1.00 4.0 tan j3 6.67/6.502 

1 The factored tensile resistance considers metal loss over the design life due to corrosion. 2 The factor tensile resistance for 100 yr design life is 6.67 kips. 
The factored connection tensile resistance for 100 yr design life for the Ladder Strip is 6.50 kips and controls for this case. 3 The ELEVATE test results for 
overburden pressure greater 2500psf indicate a F* Recommended Design value of 1.5, but for consistency with other evaluations IDEA recommends 
using the AASHTO default value of tan ϕ. 
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1.2.1   Does the wall system 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   List each reinforcement type that is to be used with the facing system.
1.2.3   For each type provide physical property specifications. Address ultimate and

yield strengths as well as welds if they are applicable.
1.2.4   For each reinforcement type describe corrosion protection measures. If coatings

or galvanization are used, provide minimum thickness for 75-year design life
(based on the electrochemical requirements listed in AASHTO).

1.2.5   For each reinforcement type provide sacrificial steel thickness for 75 and 100-
year design life.

1.2.6   For each reinforcement type provide the results of any corrosion tests that have
been performed.

1.2.7   For each reinforcement type provide detail drawings that show dimensional
tolerances.

1.2.8   Describe with text and drawing details how the reinforcement connects to facing
units.

1.2.9   List each connection device that is used to connect the facing unit and
reinforcement.

1.2.10   For each connection device provide physical property specifications. Address
ultimate and yield strengths as well as welds if they are applicable.

1.2.11   For each connection device describe corrosion protection measures and provide
specifications. If coatings or galvanization are used, provide minimum thickness
for 75-year design life (based on the electrochemical requirements listed in
AASHTO).

1.2.12   For each connection device provide sacrificial steel thickness for 75 and 100
year design life.

1.2.13   For each connection device provide the results of any corrosion tests that have
been performed.

1.2.14   For each connection device provide detail drawings that show dimensional
tolerances.

1.2.15   List facing unit-reinforcement connection strength tests performed, provide test
results and strength envelopes the Applicant recommends for design.

1.2.16   List reinforcement pullout (ASTM D6706) tests performed and provide results.
Provide test soil properties, corresponding pullout friction factors (F*) and scale
effect correction factors () Applicant recommends for design (it is recognized
that for inextensible reinforcement the value of  may be 1.0). Discuss how test
results support these recommendations based on Appendix B at FHWA-NHI-10-
025. If no tests have been performed, list the default values that should be used
based on FHWA-NHI-10-024/025
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1.2.17  

1.3 Other Components 
Yes No Item 

1.3.1   Does the wall system contain what you consider to be an innovation that is related
to a wall component? If yes, please describe the innovation briefly. As items
below apply to the innovation, please describe the innovation in further detail.

1.3.2   Reinforced Soil - Provide the standard Atterberg Limits range, grain-sized
distribution range, minimum effective internal angle of friction and limiting
electrochemical properties. Are these soil parameters consistent with current
AASHTO requirements?

1.3.3   Drainage - Describe with text any internal and external drainage measures that are
inherent in the wall system. That is, they are not optional measures such as
blanket and chimney drains or drainage swales, but are built-into wall
components.

1.3.4   Coping – Describe with text standard coping that may be used with the wall
system, not including the previously described cap units. Provide typical
dimensions, and plan and section view drawings.  – Pat…our convo abt
optimizing for weight & dimensions…?

1.3.5   Traffic Barriers – describe with text traffic barriers (i.e. moment slab, post and
beam or other) that may be used with the system and any limitations that may
apply. Provide typical plan and section view drawings.

1.3.6   Slip Joints – describe with text how slip joints are made to accommodate potential
differential settlement. Provide typical plan and elevation view drawings.

Section 2: ERS Design 
2.1 Design Methodology 

Yes No Item 
2.1.1   Does the wall system contain what you consider to be an innovation that is

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

2.1.2   Describe the design methodology thoroughly, and provide references to
supporting literature as appropriate.

2.1.3   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.

List soil-reinforcement interface shear (ASTM D5321) tests performed and 
provide results. List interface friction angle ( ) Applicant recommends for 
design. Discuss how test results support these recommendations. If no tests have 
been performed, list the default values that should be used based on FHWA-
NHI-10-024/025. 
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2.2 Design Example 
Yes No Item 

2.2.1   Problems 1 and 2—provide complete calculations for both problems using MSEW. If
the design is performed with software that is not commercially available or is
proprietary, please provide sample calculations with references to support the analysis.

Section 3: Construction 
3.1 Construction Procedures 

Yes No Item 
3.1.1  

3.1.2   Provide the construction manual for the wall system and at a minimum they
should include the following items.

3.1.3   Describe any limitations of facing unit installation at inside and outside curved
sections of the wall and at corners as well as any modifications that are required
to be made to the facing unit. – Use MP answers/details from 1.1.11

3.1.4   Describe procedures to install earth reinforcement at curved sections of the wall
and at corners. Specifically address any measures that are to be taken at
intersection or overlapping panels of reinforcement.

3.1.5   Describe measures that are required to maintain the design vertical and horizontal
alignment of the wall face.

3.1.6   Describe the procedures to install soil in the reinforced soil zone.
3.1.7   Describe measures that are required to prevent erosion behind and in front of the

wall during construction.

Does the wall system contain what you consider to be an innovation that is 
related to the construction procedures? If yes, please describe the innovation 
briefly. As items below apply to the innovation, please describe the innovation in 
further detail. 
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3.1.8   Describe experience or other special qualifications that are required of the wall
construction contractor.

3.1.9   Describe the procedures to install soil in the reinforced soil zone.
Section 4: Quality Control 
4.1 Manufacturing 

Yes No Item 
4.1.1   Describe the quality control measures that are required for the manufacturing of

facing units. You may do this by providing a manufacturing QC manual.
4.1.2   Describe the quality control measures that are required for the manufacturing of

earth reinforcement components. You may do this by providing a manufacturing
QC manual.

4.1.3   Describe the quality control measures that are required for the manufacturing of
any shear, alignment, bearing or connection devices. You may do this by
providing a manufacturing QC manual.

4.2 Construction 
Yes No Item 

4.2.1  

5: Performance 

5.1 Performance History 
Yes No Item 

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

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.

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

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

Describe the quality control measures that are required during construction of the 
wall system. If these measures are described in the system’s construction manual 
then state that they are so included and refer the reviewer to the appropriate 
section of the submittal. 











 

 
 

The bearing pads are made from 
preformed EPDM rubber pads 
conforming to ASTM D-2000 M2AA 
807 with a durometer of 80 +/- 5.  
Bearing pad details & calculations 
are located in Appendix A1.1.8. 

1.1.9 PANEL JOINT FILTER FABRIC 

Geotextile fabric is used to cover the joints at the rear-face of the precast panels to prevent soil from migrating 
out of the backfill zone.  Rolls of fabric are provided in widths to meet the contract specifications.  Fabric to be 
centered on panel joint.  Fabric shall conform to AASHTO Guide Specifications for Highway Construction, 
separation fabric, unless otherwise specified.  AASHTOM M288 covers the standards for both woven & 
nonwoven geotextile requirements.  The fabric is typically 6oz and comes in strips that are 12” or 18” wide.  
Detail located in Appendix A1.1.9. 

1.1.10 AESTHETIC FACING OPTIONS 

Precast concrete facing panels offer a wide range of aesthetic options.  Casting directly onto the steel form will 
provide a plain smooth finish; while installing a urethane formliner will allow for a wide array of patterns and 
textures.  More traditional finishes include stone, brick, and rustication.  Custom designs can also be 
incorporated.  See Appendix A1.1.10 for examples. 

1.1.11 CURVED WALL SECTIONS & CORNERS 

For walls founded on curves, panels are dimensioned as a series of chords to approximate the desired 
alignment.  While no additional modifications are required, the installing contractor may opt to construct a 
wider leveling pad to facilitate panel placement and alignment.  Proper attention should be given to the 
installation of soil reinforcement elements to maintain structural integrity.   Panel length and joint configuration 
are determined by the curve’s radius, with tighter curves necessitating shorter panel lengths.  Standard 5' x 10' 
panels can accommodate a minimum radius of 100', while standard 5' x 5' panels can achieve a minimum radius 
of 50' without modification. 

Precast corner elements are utilized for external corners and 90°-internal corners.  For angles less than 70°, the 
MSE wall design will incorporate a bin wall configuration in accordance with FHWA-NHI-10-024.  In acute corner 
conditions, adjacent panels may require additional connection using flat plate steel in conjunction with Elevate’s 
standard inextensible soil reinforcement system to ensure structural stability.  

Curved wall details are located in Appendix A1.1.11 

1.2 INEXTENSIBLE REINFORCEMENT 

The Elevate MSE Panel System offers two types of inextensible soil reinforcement: the Elevate Ladder Strip and 
the Elevate Wave Strip.  Both are designed to interface with the precast panel via a single-point connection 
using a dual plate connector, but they differ in geometry, material form, and structural behavior.   Each wall is 
engineered and manufactured with a single soil-reinforcement-type.  While it is sometimes feasible to optimize 
the design with multiple strip-types, Elevate only supplies a single type of soil reinforcement per retaining wall.   
 
The Elevate Ladder Strip is a welded wire mat reinforcement consisting of W11 longitudinal wires spaced at 2 
inches on center, with 4-inch wide W11 transverse wires welded every 12 inches, conforming to ASTM A1064.  
This mat is welded to a steel connector tab with a bolt hole to mechanically connect to the panel.  Ladder Strips 
are ideal for straightforward applications, offering predictable pullout performance and ease of handling in the 
field.  Their open geometry promotes interaction with coarse backfill materials and facilitates effective 
compaction. 

Typical bearing pad placement for a wall column < 20’ tall 
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The Elevate Wave Strip is a cold-formed, solid 2-inch wide strip made from ASTM A1011 Grade 65 steel.  The 
strip is formed into a continuous oscillating wave profile, which increases its bearing area and interaction with 
the backfill.  The corrugated geometry of the Wave Strip increases its contact area with the surrounding soil, 
which enhances pullout resistance in granular backfill.  Its solid steel construction and compact profile make it 
well-suited for applications with space constraints or where tight reinforcement placement is required.  
 
Both systems are engineered to meet MSE wall performance criteria. The choice between Ladder and Wave 
Strips depends on factors such as site conditions, backfill type, wall height, and contractor preference.  

1.2.1 INEXTENSIBLE SOIL REINFORCEMENT INNOVATIONS 

Elevate does not claim to have any inextensible soil reinforcement innovations. 

1.2.2 INEXTENSIBLE SOIL REINFORCEMENT 

Elevate Infrastructure MSE Panel Walls feature two distinct soil reinforcement elements.   
1. Elevate Ladder Strip – Two longitudinal W11 wires @ 2” o.c. welded to a connector tab with 4” wide 

W11 transverse wires welded every 12” along the reinforcement length.  

 
 

2. Elevate Wave Strip – A 2” (typ.) wide steel strip configured into a wave formation.  

 
 
Details for each reinforcement type are located in Appendix A1.2.2.  

1.2.3 INEXTENSIBLE SOIL REINFORCEMENT PROPERTY SPECIFICATIONS 

Elevate Ladder Strips are manufactured in accordance with ASTM A1064—Standard Specification for Steel Wire 
& Welded Wire Reinforcement, Plain, and Deformed, for Concrete—or ASTM A706—Standard Specification for 
Deformed & Plain Low-Alloy Steel Bars for Concrete Reinforcement.  ASTM A1064 steel to have a minimum 
tensile strength of 75ksi and a minimum yield strength of 65ksi.  Deformed steel wire shall have a minimum yield 
strength of 70ksi (tensile 80ksi).  A 7-gauge 1.5” x 5.5” bar is welded to the end of the wire configuration to 
allow for a mechanical connection to the panel.  The bar connector is manufactured per ASTM A1011 HSLAS 
Grade 55 Class 2 with a minimum tensile strength of 65ksi and a minimum yield of 55ksi.   Alternatively, Ladder 
Strips can be manufactured per ASTM A706 in which case steel to have a minimum tensile strength equal to 
80ksi and a minimum yield strength of 60ksi.   
 
Elevate Wave Strips are 2” wide (typ.) steel strips manufactured per ASTM A1011 Grade 65 steel and cold-
formed into a repeating wave configuration.   
 
Both soil reinforcement types use a single-point connection to the precast MSE panel through a Dual Plate 
Connector, which is embedded in the panel and extends from the rear face.   Connector to be manufactured per 
ASTM A1011 (AASHTO M270) Grade 50 with a minimum tensile capacity of 65ksi and a minimum yield capacity 
of 50ksi.  Unit to be hot dip galvanized after final configuration. 
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2.1  DESIGN METHODOLOGY 

2.1.1 DESIGN INNOVATION 

The Elevate MSE System introduces a significant innovation in design methodology through its integration with a 
proprietary software tool—Elevate Wall Designer—developed in collaboration with CTiSoftware.  While the 
physical materials used in the system—such as precast concrete panels, Wave Strips, and Ladder Strips—are 
based on well-established, non-proprietary technologies, the way in which the system is engineered represents 
a distinct advancement in design workflow and quality control. 

The innovation lies in the comprehensive, column-by-column design approach that the software enables.  Unlike 
traditional design tools and spreadsheets—which allow for the design of multiple sections but do not provide an 
elevation-based layout—the Elevate Wall Designer allows the user to model the entire wall elevation and 
dynamically assign loading conditions and geometry across each column.  This capability ensures a fully-
integrated design that reflects real-world wall configurations, obstructions, and variable surcharge conditions 
with exceptional accuracy. 

Once wall geometry and site-specific loading inputs are defined, the software performs complete LRFD checks 
across the entire wall, generating: 

• Design calculations for every column

• Drawing sets with system-specific layout and labeling

• A full bill of materials (BOM) tailored for production and procurement

• Exports to global stability software for further analysis, if needed.

The tool not only accelerates the engineering process, but also reduces errors associated with manual data 
transfer between independent drafting, calculation, and specification systems.  By consolidating all design 
outputs into a single platform, the software streamlines coordination between engineering, drafting, and 
production—leading to significant time savings and improved accuracy on real-world projects.  To date, the 
Elevate Wall Designer has been used in the design of hundreds of MSE walls, affirming its reliability and 
efficiency. 

While Elevate Wall Designer is currently used internally by Elevate and our affiliated engineering team, the 
system allows export into industry-standard software (e.g., Vespa3) to facilitate third-party review and 
verification, making it both innovative and adaptable. 

2.1.2 DESIGN METHODOLOGY 

The Elevate Wall Designer design methodology shall conform to the required edition and year of the AASHTO 
LRFD Bridge Specification.  Complete descriptions of the design methods conforms with the 2020 AASHTO LRFD 
Bridge Specification, 9th Edition are provided in Appendix 2.2.1.  The design that is submitted in this report 
follows the Coherent Gravity design method.  Other methods, such as the simplified method, can be used with 
the Elevate system. Below is a description of the design methodology. 

Internal Stability  
Internal stability of the Elevate MSE System is evaluated using the Coherent Gravity Method described in 
AASHTO 11.10.6.2.1d with resistance factors as specified in AASHTO 11.5.7*. 

• Assumed Failure Surface: The failure surface for inextensible soil reinforcement is bilinear per AASHTO
Figure 11.10.6.2.1d-1.  It is a function of the back slope at the top of the structure and intersects the
ground surface at the location of the mechanical height.
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• Distribution of Horizontal Stress: The load in the reinforcement shall be determined at two critical
locations: the zone of maximum stress and the connection with the wall face.  Potential for
reinforcement rupture and pullout are evaluated at the zone of maximum stress, which is assumed to be
located at the boundary between the active zone and the resistant zone.  Potential for reinforcement
rupture are also evaluated at the connection of the reinforcement to the wall facing.  For the Coherent
Gravity Method, the reinforced wall mass is treated as a rigid body. Vertical stress shall be calculated at
each reinforcement level using an equivalent uniform pressure that accounts for load eccentricity
caused by the lateral earth pressure acting at the back of the reinforced soil mass above the
reinforcement level being considered.  This base pressure shall be applied over an effective width of
reinforced wall mass as shown in AASHTO Figure 11.10.6.2.1d-2.

* In welded wire soil reinforcement systems, configurations that utilize a grid composed of multiple longitudinal
wires connected to the panel face via a wire loop and pin typically warrant a reduced resistance factor.  This
reduction accounts for the potential of non-uniform stress distribution among the longitudinal wires, particularly
in systems that use wide mesh formats with four or more longitudinal elements.  In those designs, load transfer
at the connection is assumed to concentrate disproportionately on interior wires, analogous to a multi-span
beam subjected to uniform loading with simple supports.  While this analogy is conservative, it disregards the
significant restraint provided by the compacted soil backfill—effectively acting as a beam on an elastic
foundation, which would distribute loads more evenly.  Historically, early welded wire systems with broader
meshes were penalized for this assumed behavior by assigning lower allowable stresses (e.g., 0.48 Fy),
corresponding to a reduced resistance factor.  By contrast, the Elevate Ladder Strip avoids this problem by
design.  It consists of only two longitudinal wires spaced at 2 inches, directly connected to the concrete panel via
a single-point bolted connector.  This narrow configuration ensures that both longitudinal wires share the
applied load equally, eliminating the concern of internal force imbalance common in wider mesh systems with
longer spans between longitudinal elements (e.g., 6", 8", or 9" spacings).  Due to its simplified and efficient load
path, the Elevate Ladder Strip conforms to the design intent and analytical framework of AASHTO Section 11.5.7
and C11.10.6.3.2, and thus it is appropriate to apply a resistance factor of 0.75 for connection strength.

External Stability  
For external stability calculations of the Elevate MSE Wall System, the load factors are taken from AASHTO 
Tables 3.4.1-1 and 3.4.1-2. The resistance factors are taken from AASHTO Table 11.5.6-1. 

• Sliding: Sliding is evaluated per AASHTO 11.10.5.3.  For the sliding calculation, the beneficial contribution
of the live load to resisting forces and moments is neglected.  The calculation for sliding resistance at the
base of the MSE structure is performed for three load conditions (maximum, minimum, and critical
check).  The critical check uses the most severe force effect and is a combination of maximum and
minimum values.  For sliding, the most severe force effect occurs when the resisting force is a minimum
value and the driving force is a maximum value.  Sliding resistance is a strength limit state check and
therefore service limit state calculations are not considered.  The minimum friction angle between the
foundation soil and the reinforced soil is used for the sliding analysis.

• Eccentricity: Eccentricity (overturning) is evaluated per AASHTO 11.10.5.5. For the eccentricity
calculation, the beneficial contribution of live load to resisting forces and moments is neglected.  The
calculations for limiting eccentricity at the base of the MSE structure are performed for three load
combinations.  The critical check uses the most severe force effect and is a combination of maximum
and minimum values.  For limiting eccentricity, the most severe force effect occurs when the resisting
moment is a minimum value and the overturning moment is a maximum value.  Note that limiting
eccentricity is a strength limit state check and therefore service limit state calculations are not
performed.  The MSE structures are typically founded on soil and therefore the eccentricity shall be
located within the middle 2/3 of the base of the wall in conformance with AASHTO 11.6.3.3.
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5.1 PERFORMANCE HISTORY 

5.1.1 DEVELOPMENT AND USAGE HISTORY 

Mechanically Stabilized Earth retaining wall structures have been utilized in heavy civil infrastructure for over 50 
years in The United States.  Since the first wall constructed in the United States in 1971, private companies have 
pioneered technology to promote more sound/efficient designs while Departments of Transportation have 
independently developed standards & specifications to maximize safety and encourage competition.  While the 
engineering & manufacturing of MSE wall systems requires a very specific set of skills, the widespread 
adaptation of mechanically stabilized structures across the country has led to a common thread of standards & 
specifications. 

Today, MSE walls are regularly used for grade separation applications including bridges, slope stabilization, 
roadway superelevations, erosion control, and dam operations.  When specified by Departments of 
Transportation, MSE walls are designed & constructed as a collaboration between the private and the public 
sector.   

Elevate Infrastructure has partnered with Transportation Owners & contractors since 2014 to supply high quality 
retaining walls including precast counterfort walls, post & panel walls, “big block” walls, and temporary wire 
walls for heavy highway & railway projects across the country.  With headquarters in Morris, Illinois; all of these 
initial non-MSE wall projects were constructed in the Chicago-land area for The Illinois DOT, The Illinois State 
Toll Highway Authority (ISTHA), The Chicago DOT, The Cook County DOT, as well as other similar local agencies.   

In 2023 Elevate combined their extensive precast & engineering experience with proven, off-patent MSE wall 
technology to provide a true alternative to the consolidated MSE wall industry by delivering a desperately-
needed level of customer service, quality, & cost-effective MSE solutions to the heavy civil industry.  At first, 
MSE walls were supplied locally to the Chicago market as a proof of concept; and gradually services were 
expanded to the greater Midwest area including Wisconsin, Missouri, Iowa, Nebraska, South Dakota, and 
Kansas.    Today, Elevate is poised  

5.1.2 OLDEST THREE STRUCTURES 

The first three walls supplied by Elevate Infrastructure were: 

1. Illinois State Toll Highway Authority Contract I-21-4832

This project features a single MSE panel wall with standard 5’ x 10’ 

precast panels and Ladder Strip Soil Reinforcements.  Wall TS25.79R, 

NB is a 2,735’ long wall with an average height of 7’ tall that supports 

the northbound lanes of Highway I-294 running through Chicago, 

Illinois.  Most of the wall was constructed with a single full-height 

panel.  The wall was designed to accommodate 13 large drainage 

structures in the reinforced backfill zone, as well as a cast-in-place 

moment slab with a 6’ tall parapet including a mounted noise wall.  

The wall features a cut-stone formliner finish and was constructed in 

August of 2023.  The structure is still standing proudly in Cook 

County, Illinois. 
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6.1 OTHER INFORMATION 

We support the world of heavy civil retaining wall construction by leveraging decades of experience & 
engineering innovation.  Over the years, we’ve developed practical tools—including in-house design software—
that help us work smarter, move faster, and provide a high quality product.  Our approach allows us to deliver 
reliable, efficient, and cost-effective MSE wall solutions that meet the demands of modern infrastructure. 

For more than a decade, Elevate Infrastructure, LLC has been engineering & manufacturing retaining walls 
across a range of systems—including Precast Counterfort walls, Post & Panel walls, and modular precast walls. 
Today, under new leadership, Elevate’s Mechanically Stabilized Earth Walls have quickly begun to play an 
essential role in rebuilding United States infrastructure.    

Elevate Infrastructure is built on innovation and made in America. 
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APPENDIX A1.1.3 – FACING UNIT SPECIFICATIONS 

CASTING 

The materials, manufacturing, storage, handling and erection of concrete panels shall conform to the 
requirements of AASHTO Standard Specifications for Highway Bridges, with the following exception: Portland 
cement concrete used in panels shall conform to Class A (AE) with a minimum compressive strength at 28 days of 
4,000 psi. 

All panels shall be cast face down in smooth, flat, steel forms.  Panel anchors and inserts shall be placed in a 
template at the back of the panel in order to ensure proper location.  Galvanized anchors and inserts shall not be 
allowed to contact black steel panel reinforcing.  Concrete shall be placed without interruption.  Unless a self-
consolidating concrete mix is used, concrete shall be vibrated using a form vibrator or hand vibrator.  Clear form 
oil shall be used. 

The rear-face of each panel shall be screed smooth to eliminate open aggregate pockets & surface distortions in 
excess over 0.5”.   

PANEL REINFORCEMENT 

Welded wire panel reinforcement shall be in accordance with ASTM A1064 & ASTM A185.  Bar reinforcements 
shall be in accordance with ASTM A706.  Reinforcement clearance from rear-face of panel to be 2” or as specified 
by the governing Standards & Specifications.  All structural members shall be in accordance with ASTM A510.  
Refer to Elevate Infrastructure shop drawings for specific reinforcement schedules.  

TESTING & INSPECTION 

Acceptability of all panels shall be on the basis of compressibility tests and visual inspection.  Precast units shall 
be considered acceptable regardless of curing time when compressive strength meets or exceeds the 28-day 
compressive strength benchmark.   

Acceptance of concrete panels with respect to compressive strength will be determined on the basis of 
production lots.  A production lot is defined as a group of panels that will be represented by a single compressive 
strength sample and will consist of either 40 panels or a single's day production, whichever is less.  During the 
production of the concrete panels, the manufacturer will randomly sample the concrete in accordance with 
AASHTO T141.  A single compressive strength sample, consisting of four cylinders, will be randomly selected for 
every production lot.   

Compression test shall be prepared in accordance with AASHTO T23, and testing shall be conducted in 
accordance with AASHTO T22.  

For the initial strength test results, if the compressive strength is in excess of 4,000 psi, then these test results 
will be utilized as the compressive strength test results for that production lot, and the 28-day requirement will 
be waived for the lot in question. 

Acceptance of a production lot will be made if the compressive strength test result is greater than or equal to 
4,000 psi.  If the compressive strength is less than 4,000 psi the acceptance of the production lot will be based on 
meeting the following criteria in its entirety: 

- 90% of the compressive strength test results for the overall production shall exceed 4,000 psi
- The average of any six consecutive compressive strength test results exceed 4,000 psi.
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Air content tests will be performed in accordance with AASHTO T152 or AASHTO T196.  Air content samples will 
be taken at the beginning of each day's production and at the same time the compressive samples are taken.   

The slump test will be performed in accordance with AASHTO T119.  The slump will be determined at the 
beginning of each day's production and at the same time the compressive samples are taken.  

MARKING 

The date of production, the production lot number, and the name of the manufacturer shall be clearly inscribed 
on the rear-face of the panel unless instructed otherwise by Elevate Infrastructure or the governing-DOT. 

MIX DESIGN 

The precaster’s concrete mix design shall be approved by the Owner/DOT for use in casting concrete MSE panels. 

ACCEPTANCE 

The acceptance of concrete units for compressive strength compliance will be conducted on a per-production-lot 
basis.  Each production lot will be represented by a single compressive strength sample and shall not exceed 40 
panels or one day's production, whichever is lesser. 

REJECTION 

The rejection of concrete units for non-compressive strength compliance may be due to: 

- Molding: defects that indicate imperfect molding
- Texture: defects indicating honeycombed or excessive open texture in concrete.
- Color: strong color variation on the front face of the panel beyond the normal contrast from release

agents & curing compounds.
- Physical Appearance: defects in physical characteristics including severely cracked, broken, or chipped

panels.  Panels shall be free of chips and cracks when viewed from a distance of 20 feet under diffused
lighting.

Minor chips and cracks incidental to the standard operating procedures for manufacturing & shipping precast 
materials are not grounds for rejection. 

HANDLING, STORAGE, & SHIPMENT 

The panels shall be fully supported until the concrete reaches a minimum compressive strength of 1,500 psi.  The 
panels may be shipped after reaching a minimum compressive strength of 3,000 psi.  All panels shall be handled, 
stored and shipped in such a manner as to eliminate the dangers of chipping, discoloration, cracks, fractures, and 
excessive bending stresses.  Panels in storage shall be supported on firm 
blocking to protect the panel connection devices and the exposed exterior 
finish.  Blocking or dunnage to be aligned vertically throughout the stack 
(Figure 1) to prevent cracking & deformations.  Reference the “Quality 
Assurance & Quality Control Manual for Precast Concrete Panels in MSE Walls” 
from Elevate Infrastructure for specific procedural guidelines & 
recommendations. FIGURE 1
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TOLERANCES 

All panels to be manufactured for the following tolerances: 

- DIMENSIONS: panel dimensions shall be within 3/16” of dimensions as noted on the plans
- SQUARENESS: Difference of the two verticals not to exceed ½”.
- SMOOTHNESS: smooth panel surface finish shall be free of defects that exceed 1/4” in 5’.  If the Owner has

more stringent tolerances, those shall be followed for production.  Variance in textured panel surface
finishes will vary by the total and average reliefs of the applied formliner.

SPECIFICATION STANDARDS LIST—AMERICAN SOCIETY FOR TESTING & MATERIALS (ASTM): 

A36 – Standard Specification for Carbon Structural Steel 
A82 – Standard Specification for Steel Wire, Plain, for Concrete Reinforcement  
A123 – Standard Specification for Zinc (Hot-Dip Galvanized) Coatings on Iron and Steel Products 
A325 – Standard Specification for Structural Bolts, Steel, Heat Treated, 120/105ksi Minimum Tensile Strength  
A510 – Standard Specification for General Requirements for Wire Rods and Coarse Round Wire, Carbon Steel 
A1064 – Standard Specification for Carbon-Steel Wire and Welded Wire Reinforcement, Plain and Deformed, for 
Concrete 
A615 – Standard Specification for Deformed and Plain Carbon-Steel Bars for Concrete Reinforcement 
A780 – Standard Specification for the Repair of Damaged and Uncoated Areas of Hot-Dip Galvanized Coatings 
A884 – Standard Specification for Epoxy-Coated Steel Wire and Welded Wire Reinforcement 
C150 – Standard Specification for Portland Cement 

QUALITY TESTING STANDARDS—AMERICAN ASSOCIATION OF STATE HIGHWAY & TRANSPORTATION OFFICIALS (AASHTO) 

M85 – Standard Specification for Portland Cement 
T22 – Standard Method of Test for Compressive Strength of Cylindrical Concrete Specimens  
T23 – Standard Method of Test for Making and Curing Concrete Test Specimens in the Field  
T141 – Standard Method of Test for Sampling Freshly Mixed Concrete 
T24 – Standard Method of Test for Obtaining and Testing Drilled Cores and Sawed Beams of Concrete 
T152 – Standard Method of Test for Air Content of Freshly Mixed Concrete by the Pressure Method.  
T196 – Standard Method of Test for Air Content of Freshly Mixed Concrete by the Volumetric Method  
T119 – Standard Method of Test for Slump of Hydraulic Cement Concrete 
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5x10 PANEL REINFORCING ELEVATION (REBAR)
FROM SOIL OR CASTING FACE

REBAR SCHEDULE
QUANTITY SIZE LENGTH V/H

VERTICAL
HORIZONTAL9'-6"

4'-6"

110'-6"
#4
#414

5
TOTAL: 19

4"

10 3/4"

10 3/4"

4"

9'-6"

4'-6"

10'-0"

5'-0"

B

A

2" (MIN.) CLR.
ALL EDGES

#4 BARS EACH WAY
SPACING AS SHOWN

8" 8" 11" 8" 10"

8"

11 1/4"

11 1/4"

8"

8"8" 8" 8"8"11"8" 8"

6"

6"

9'-6 1/2"

4'-6 1/2"

10'-0"

5'-0"

B

A

2" (MIN.) CLR. TYP ALL AROUND,
UNLESS NOTED OTHERWISE

D7.0 HORIZONTAL WIRE
@ 6" O.C. (TYP.)

5x10 PANEL REINFORCING ELEVATION (WWF)
FROM SOIL OR CASTING FACE

6"

6"

6"

6"

6"

6"

6"

6"

3 3/4" TYP.

D4.5 VERTICAL WIRE @
3 3/4" O.C. (TYP.)

PG 4

PG 4

PG 4

PG 4

DRAWING TITLE:

PREPARED FOR:

PROJECT:

DRAWN BY:

DATE:

DWG:

PRECAST PANEL REINFORCEMENT UM

29



10'-0"

6"

X1 X2 X3, ETC... X1

SEE ELEVATION FOR
REINFORCING SIZE
& SPACING

SEE PANEL CONNECTOR SPACING 
DETAIL FOR SPACING DIMENSIONS

PANEL
FRONT
FACE

EMBEDDED
CONNECTOR

DETAIL C
RELIEF

RELIEF
FRONT
FACE

SECTION 'B'
NO SCALE

SECTION A-A
NO SCALE

5'-0" 5'-0"

1'-3"

1'-3"

1 1/2"

1 1/2"
RELIEF

6"

RELIEF
FRONT
FACE

PANEL
FRONT
FACE

SEE ELEVATION
FOR REINFORCING
SIZE & SPACING

2" (MIN.)
CLR.

DETAIL 1

X3, etc...

10'-0"

5'-0"

2'-6"2'-6"

1'-3"

1'-3"

X2X1 X1

B

A

5x10 PRECAST PANEL ELEVATION
FROM SOIL OR CASTING FACE

TOP OF PANEL
(FRONT)

SEE DETAIL ON BOTTOM RIGHT FOR COUNT
& SPACING OF EMBEDDED CONNECTIONS

℄ EMBEDDED
CONNECTION
(TYP.)

℄ ERECTION HEAD ANCHOR W/
SHEAR BAR OR APPROVED EQUAL (TYP.)

2 TON CAPACITY EACH

DETAIL 'C'
NO SCALE

1 1/2"

4"

7 1/2"

2"

3 1/2"
4"

PANEL BACK FACE

EMBEDDED
CONNECTION

PANEL BACK FACE

EMBEDDED
CONNECTION

℄ 9/16"
HOLE

PLANELEVATION

RT.

BELW

DRAWING TITLE:

PREPARED FOR:

PROJECT:

DRAWN BY:

DATE:

DWG:

PANEL DETAILS UM
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5'-0"

5'-0"

B

A

5x5A PANEL REINFORCING ELEVATION (REBAR)
FROM SOIL OR CASTING FACE

2" (MIN.) CLR.
ALL EDGE

7" 4"7"8"7"
#4 BARS EACH WAY
SPACING AS SHOWN

10 3/4"

10 3/4"

8"

11 1/4"

11 1/4"

8"

REBAR SCHEDULE
QUANTITY SIZE LENGTH V/H

VERTICAL
HORIZONTAL

4'-6"

58'-6"
#4
#48

5
TOTAL: 13

4'-6"

8"8"7"4"

4'-6"

4'-6"

5x5A PANEL REINFORCING ELEVATION (WWF)
FROM SOIL OR CASTING FACE

5'-0"

A

6"

6"

8 SP. @ 6"
4'-0"

D4.5 VERTICAL WIRE
@ 3 3 4" O.C. (TYP.)

D7.0 HORIZONTAL WIRE @
6" O.C (TYP.)

2" (MIN.) CLR. TYP
ALL AROUND,

UNLESS NOTED
OTHERWISE

3 3/4" TYP.

5'-0"
4'-6 1/2"

4'-6 1/2"

B

DRAWING TITLE:

PREPARED FOR:

PROJECT:

DRAWN BY:

DATE:

DWG:

5X5 PRECAST PANEL REINF. UM
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5'-0"

SECTION 'B'
NO SCALE

6"

X1 X2 X3, etc...

SEE ELEVATION FOR
REINFORCING SIZE
& SPACING

X1

SEE PANEL CONNECTOR SPACING 
DETAIL FOR SPACING DIMENSIONS

PANEL
FRONT
FACE

EMBEDDED
CONNECTOR

RELIEF

RELIEF
FRONT
FACE

DETAIL C

DETAIL 'C'
NO SCALE

3 1/2"

1 1/2"

4"

1 1/2"

7 1/2"

2"

3 1/2"
4"

℄ 1/2"Ø F3125 BOLT,
A563 NUT

PANEL BACK FACE

EMBEDDED
CONNECTION

PANEL BACK FACE

EMBEDDED
CONNECTION

PLANELEVATION

5'-0"

5'-0"

1'-3"1'-3"

1'-3"

1'-3"

X2X1 X1

B

A

5x5A PRECAST PANEL ELEVATION
FROM SOIL OR CASTING FACE

TOP OF PANEL
(FRONT)

SEE DETAIL ON BOTTOM RIGHT FOR
COUNT & SPACING OF EMBEDDED
CONNECTIONS

℄ EMBEDDED
CONNECTION
(TYP.)

℄ ERECTION HEAD ANCHOR W/
SHEAR BAR OR APPROVED EQUAL (TYP.)

2 TON CAPACITY EACH

X3, etc...

SECTION 'A'
NO SCALE

5'-0" 5'-0"

1'-3"

1'-3"

1 1/2"

1 1/2"
RELIEF

6"

RELIEF
FRONT
FACE

PANEL
FRONT
FACE

SEE ELEVATION FOR
REINFORCING SIZE
& SPACING

1.5" CLR.

DETAIL 1

DRAWING TITLE:

PREPARED FOR:

PROJECT:

DRAWN BY:

DATE:

DWG:

5X5 PANEL DETAILS UM
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DRAWING TITLE:

PREPARED FOR:

PROJECT:

DRAWN BY:

DATE:

DWG:

UM

11 1/4" 11 1/4"1'-3" 1'-3"11 1/4" 1'-3" 11 1/4" 1'-3"

TYP. 10'-0" PANEL WIDTH

# EMBEDDED
CONNECTORS PER ELEVATION

1'-3"

1'-3" 1'-3" 1'-3" 1'-3" 1'-3" 1'-3" 1'-3" 1'-3"

1'-3" 1'-6 3/4"

1'-10 1/2"

1'-6 3/4" 1'-3" 1'-6 3/4" 1'-6 3/4" 1'-3"

1'-3" 1'-10 1/2" 1'-10 1/2" 1'-10 1/2" 1'-3"

1'-3" 2'-6" 2'-6" 2'-6" 1'-3"

1'-3" 3'-9" 3'-9" 1'-3"

NOTE:
1. NUMBER OF EMBEDDED CONNECTORS PER ELEVATION IS SPECIFIED ON WALL ELEVATIONS.
2. AT CONFLICTS MOVE CONNECTOR A MAXIMUM 1"

3
4
5
6
7
8

5x10 PANEL - CONNECTOR HORIZONTAL SPACING
NO SCALE

2 2'-6" 2'-6"5'-0"

TYP. 5'-0" PANEL WIDTH

5x5A PANEL - CONNECTOR HORIZONTAL SPACING
NO SCALE

2

3

4

5

# EMBEDDED
CONNECTORS PER ELEVATION

1'-3" 2'-6" 1'-3"

1'-3" 1'-3" 1'-3" 1'-3"

NOTE:
1. NUMBER OF EMBEDDED CONNECTORS PER ELEVATION IS SPECIFIED ON WALL ELEVATIONS.
2. AT CONFLICTS MOVE CONNECTOR A MAXIMUM 1"

1 2'-6" 2'-6"

11 1/4" 11 1/4" 1'-3" 11 1/4" 11 1/4"

7 1/2"

11 1/4" 11 1/4" 11 1/4" 11 1/4"

7 1/2"

PANEL CONNECTOR SPACING
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TYPICAL CORNER ELEMENT ELEVATION
NO SCALE

COPING (IF REQUIRED)

PLACE TWO BEARING PADS AT
EACH JOINT, EQUAL DISTANCE

FROM CENTER OF CORNER UNIT

℄CORNER
ELEMENT

ATTACH GEOTEXTILE JOINT
FABRIC TO ADJACENT PANELS
AND CORNER ELEMENT WITH
8" COVER (MIN.) EACH SIDE.
ATTACH USING ADHESIVE

70° CORNER ELEMENT DETAIL
NO SCALE

BEARING PADS
(2 PER JOINT)

PRECAST
WALL PANEL

CORNER ELEMENT

WORKING POINT

3/4" ± 14"

REINFORCING STRIP

*

VARIES PER
WALL GEOMETRY

1/4" - 3/4" GAP BETWEEN
PANEL FACE OR EDGE

AND CORNER UNIT(TYP)

SEE ELEVATION

GEOTEXTILE FABRIC WITH
5" COVER (MIN. ON EACH

SIDE OF JOINT (TYP.)

REINFORCING
STRIP

3/4" ± 14"

1/4" - 3/4" GAP BETWEEN
PANEL FACE OR EDGE

AND CORNER UNIT(TYP)

110° CORNER ELEMENT DETAIL
NO SCALE

PRECAST
WALL PANEL

BEARING PADS
(2 PER JOINT)

CORNER ELEMENT

*

VARIES PER
WALL GEOMETRY

WORKING POINT

SEE ELEVATIONS

GEOTEXTILE FABRIC WITH
5" COVER (MIN. ON EACH

SIDE OF JOINT (TYP.)

PRECAST
WALL PANEL

BEARING PADS
(2 PER JOINT)

CORNER ELEMENT

1/4" - 3/4" GAP BETWEEN
PANEL FACE OR EDGE

AND CORNER UNIT(TYP) *

VARIES PER
WALL GEOMETRY

3/4" ± 14"

REINFORCING
STRIP

GEOTEXTILE FABRIC WITH
5" COVER (MIN. ON EACH

SIDE OF JOINT (TYP.)

90° CORNER ELEMENT DETAIL
NO SCALE

SEE ELEVATIONS

WORKING POINT

SLIP JOINT

BEARING PADS
(2 PER JOINT)

FACE OF WALL

GEOTEXTILE FABRIC WITH 5"
COVER MIN. ON EACH SIDE OF
JOINT (TYP.)

REINFORCING STRIP

SLIP JOINT DETAIL
NO SCALE

1/4" MIN. SPACE BETWEEN
FACE OF SLIP JOINT &
BACK OF PANEL

2" MIN. 2" MIN.

1'-2"
TYP.

2'-0"

FILL WITH POLYSTRENE
BLOCK (TYP.), BY OTHERS

CORNERS & SLIP JOINTS
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DRAWING TITLE:

PREPARED FOR:

PROJECT:

DRAWN BY:

DATE:

DWG:

UM
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VERTICAL JOINT DETAIL
N.T.S.

±3/4"
JOINT

BACK FACE
OF PANEL

#4 x 2'-0" DOWEL
1'-0" EMBEDED IN
PANEL

TOP PANEL DOWEL DETAIL

1/2"

1"
1/2"

4"
6"

1 1/2"

1/2"
1 1/2" 1/2"

3 1/2"

6"

1 1/2"

PANEL TOP & BOTTOM
SECTION DETAIL

PANEL W/O SHIP LAP
PLAN VIEW

RIGHT SIDE LEFT SIDE
NOTE:
SEE SPECIAL PANELS FOR LOCATION
OF FLAT SIDE.

6" 6"

TOP PANEL

NOTE:
SEE SPECIAL PANELS FOR
TOP DOWEL LOCATIONS.

6"

3"

DRAWING TITLE:

PREPARED FOR:

PROJECT:

DRAWN BY:

DATE:

DWG:

PANEL EDGE DETAILS UM

35



3636



10'-0"

NOTE:
1. WHERE WALL HEIGHT TRANSITION TO A HEIGHT THAT EXCEEDS 45 FEET 8 BEARING PADS PER

PANEL SHALL BE USED AND SHALL BE PLACED SIDE BY SIDE.
2. WALL HEIGHT IS MEASURED FROM TOP OF LEVELING PAD TO TOP OF PANEL.
3. BEARING PAD IS 80 DUROMETER 3/4"x 3"x 6"

10'-0"

BEARING PAD PLACEMENT ON 5'x10' PANEL
NO SCALE

2'-3" 5'-6" 2'-3"

1'-3" 2'-6" 2'-6" 2'-6" 1'-3"

TOTAL WALL HEIGHT
(# PANELS ABOVE

JOINT)

NUMBER OF BEARING
PADS REQUIRED PER

JOINT
<25' (<4) 2

25'-45' (5-9) 4
>45' (10 OR MORE) 8

NUMBER OF BEARING PADS PER JOINT

DRAWING TITLE:

PREPARED FOR:

PROJECT:

DRAWN BY:

DATE:

DWG:

BEARING PAD DETAILS UM

FRONT
FACE

TYPICAL BEARING PAD DETAIL

±3/4"
JOINT

N.T.S.

3" x 6" x 3/4" BEARING PAD (TYP.)
ALIGN WITH BACK OF PANEL

18" WIDE FILTER FABRIC

1/4" MIN.
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5'-0"

NOTE:
1. WHERE WALL HEIGHT TRANSITION TO A HEIGHT THAT EXCEEDS 45 FEET, 4 BEARING PADS PER

PANEL SHALL BE USED AND SHALL BE PLACED SIDE BY SIDE.
2. WALL HEIGHT IS MEASURED FROM TOP OF LEVELING PAD TO TOP OF PANEL.
3. BEARING PAD IS 80 DUROMETER 3/4"x 3"x 6"

BEARING PAD PLACEMENT ON 5x5A PANEL
NO SCALE

1'-3" 2'-6" 1'-3"

DRAWING TITLE:

PREPARED FOR:

PROJECT:

DRAWN BY:

DATE:

DWG:

BEARING PAD DETAILS UM
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Project Number: N/A

Project Name: IDEA Submittal

Description Bearing Pads

Date: 8/28/2025

Bearing Pad Design Parameters

Bearing Pad Specifications: ASTM D2000, 2AA, Durometer 80 +-5

Panel Height = 5 ft

Panel Width = 10 ft

Panel Thickness = 6 in

(1) Average Weight for a 10' Wide Panel = 3800 lbs/panel

(2) Area of one pad = 18 in^2

(3) Thickness of one pad = 0.75 inches

(4) Vertical Loading Factor = 2 (FHWA NHI-132042 Sect. 3.6.1.2)

Stress at 0.125" compression

(5) Compressive Stress per testing (16.8% vert. strain) = 957 psi

0.75 in * (1-0.168) = 0.624 in > 0.5 inches OK (FHWA NHI-132042 Sect. 3.6.1.2)

(6) Ultimate Load per Pad under maximum compression = (5) x (2) = 17226 lbs

(7) Allowable Load per Pad under maximum compression = (6)/(4)= 8613 lbs

Determine Maximum Wall Height Supported by pads (5'x10' Panels)

2

4

6

BEARING PAD DESIGN

(8) No. of Pads per

Panel Joint

(10) Allowable #

Panels = (9)/(1)

Total Height Allowed 

Above Joint (ft)

Wall Height from top 

of Leveling Pad (ft)

(9) Allowable Load

= (8)x(7)

17226 4.53 22.7 25.2

34452 9.07 45.3 47.8

51678 13.60 68.0 70.5
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TYPICAL FILTER CLOTH, BEARING PAD, AND LEVELING PAD STEP DETAIL
NO SCALE

CENTERED AT
PANEL JOINT

FINISHED
GROUND

INSTALL 2 - 3" X 6" x 3/4" BEARING PADS
PER PANEL @ ±2'-3" FROM EACH END
OF PANEL

TOP OF COPING

STEP
HEIGHT

6" MAX.

CONCRETE LEVELING PAD

FABRIC WIDTH TYPICAL 
VERTICAL WIDTH

12" - 18"

FABRIC WIDTH TYPICAL
HORIZONTAL WIDTH

1. GEOTEXTILE TO BE ATTACHED TO THE
BACK OF THE PANEL USING ADHESIVE.
2. ADHESIVE TO BE APPLIED TO THE PANELS
ONLY.
3. FABRIC SHALL OVERLAP A MINIMUM OF 4".
QUANTITIES SUPPLIED ARE BASED ON A 4"
OVERLAP.

FABRIC & LEVELING PAD DETAILSDRAWING TITLE:

PREPARED FOR:

PROJECT:

DRAWN BY:

DATE:

DWG:

UM
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APPENDIX A1.1.10 – AESTHETIC FACING OPTIONS 
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Appendix A1.1.11 
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CONVEX CURVE DETAIL (5X10A)
NO SCALE

FRONT FACE
OF WALL

FRONT FACE
OF WALL

3/4" ± 1/4"
OPEN JOINTCURVED RADIUS

GEOTEXTILE

±5°

GEOTEXTILE

3/4" ± 1/4"
OPEN JOINT

CURVED RADIUS

CONCAVE CURVE DETAIL (5X10A)
NO SCALE

±5°

R100'-0"

R100'-0"

DRAWING TITLE:

PREPARED FOR:

PROJECT:

DRAWN BY:

DATE:

DWG:

UM

IDEA SUBMITTAL
CONCAVE AND CONVEX CURVE
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FRONT FACE
OF WALL

FRONT FACE
OF WALL

CURVED RADIUS

GEOTEXTILE

3/4" ± 1/4"
OPEN JOINT

GEOTEXTILE

±5°

±5°

CONVEX CURVE DETAIL
NO SCALE

CONCAVE CURVE DETAIL (5X5A)
NO SCALE

3/4" ± 1/4"
OPEN JOINT

CURVED RADIUS

R50'-0"

R50'-0"

DRAWING TITLE:

PREPARED FOR:

PROJECT:

DRAWN BY:

DATE:

DWG:

UM

IDEA SUBMITTAL
CONCAVE AND CONVEX CURVE
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STRUCTURAL WELD
BAR CONNECTOR

1'-0" TYP. 1'-0"
5 1/2"

LENGTHS PER PLAN

BAR CONNECTOR

ELEVATE LADDER STRIP

SECTION VIEW
NO SCALE

ELEVATE LADDER STRIP

1'-0" TYP. 1'-0"
5 1/2"

LENGTHS PER PLAN

2"4"

1"

BAR CONNECTOR

STRUCTURAL WELD
BAR CONNECTOR

PLAN VIEW
NO SCALE

1 12" x 5 12" x 7 GAUGE
BAR CONNECTOR

1 1/2"

1 1/2"5 1/2"

2"

9
16"DIA.

1'-0"

1
4" 1 12"

2"

4"

ELECTRONIC RESISTANCE WELD ON ASTM A1064 WIRES
(FLARE BEVEL WELD FOR ASTM A706 BARS)

1/4" 1 1/2"

A1011 HSLAS GRADE 55 CLASS 2
 BAR CONNECTOR

ELEVATE LADDER STRIP WELD DETAILS
NO SCALE

SAMPLE ELEVATE LADDER STRIP REINFORCING SCHEDULE - ASTM A1064 SPEC.

TYPE LONGITUDINAL
BAR SIZE

TRANSVERSE
BAR SIZE

LONGITUDINAL
BAR SPACING

TRANSVERSE
BAR SPACING

TRANSVERSE
BAR WIDTH

NUMBER OF
LONGITUDINAL BARS

2 -W11 W11 W11 2" 1'-0" 4" 2
2 - W16 W16 W16 2" 1'-0" 4" 2

SAMPLE ELEVATE LADDER STRIP REINFORCING SCHEDULE - ASTM A706 SPEC.

TYPE LONGITUDINAL
BAR SIZE

TRANSVERSE
BAR SIZE

LONGITUDINAL
BAR SPACING

TRANSVERSE
BAR SPACING

TRANSVERSE
BAR WIDTH

NUMBER OF
LONGITUDINAL BARS

2 - #3 #3 REBAR #3 REBAR 2" 1'-0" 4" 2
2 - #4 #4 REBAR #4 REBAR 2" 1'-0" 4" 2

DRAWING TITLE:

PREPARED FOR:

PROJECT:

DRAWN BY:

DATE:

DWG:

ELEVATE LADDER STRIP UM
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PLAN VIEW

SECTION A-A

℄

EQ. EQ.

9/16" DIA.
BOLT HOLE

+/-0.156"

SECTION B-B

2"
1/4"

1 1/2"

4"+/-0.156"

9/16" DIA. BOLT HOLE

L

9/16" DIA. BOLT HOLE

1"

1"

1 1/2"

7/8"

1/4"

7/8"

2"

A

B
B

A

3/8"

DRAWING TITLE:

PREPARED FOR:

PROJECT:

DRAWN BY:

DATE:

DWG:

ELEVATE WAVE STRIP UM
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Project Number: N/A

Project Name: Elevate IDEA Submittal

Description Connection Calculations - 100 year

Date: 8/29/2025

Design Life 100 years

Corrosion method: AASHTO (AASHTO assumes resistivity >3000 ohm-cm and 5<pH<10)

Strip Properties

Strip Size Wave Strip

Strip Thickness 0.156 in (uncoated)

Strip Width 2

Coating Galvanized 2

Coating thickness 3.4 mils 14

Fy 65 ksi 59

Fu 80 ksi 25

Hole Diameter 0.5625 in Sacrificial Thickness, Es = 0.04288 in

Determine Long Term Strip Capacity

Longitudinal Elements
Strip Coated 

Thickness (in)
2Es (in)

Net 

Thickness 

(in)

Net Area , 

in^2''

Allowable % 

Stresses

Yield 

Strength, 

Ys ksi

Factor, φ 

(Table 

11.5.7.1)

Strip 

Capacity, 

kips.

Wave Strip (Section A-A) 0.163 0.0858 0.077 0.154 100% 65 0.75 7.51

At Hole (Section B-B) 0.163 0.0000 0.156 0.224 100% 80 0.75 13.46

Plate Width 1.57 in

Plate Thickness 0.156 in (uncoated)

Hole Diameter 0.5625 in

Plate Coating: Galvanized 2

Coating thickness 3.4 mils 14

Fy 55 ksi 59

Fu 65 ksi 25

Sacrificial Thickness, Es = 0.04288 in

Determine Long Term Plate Capacity

Bar Connector Section
Coated 

Thickness (in)
2Es, in

Net Thk., 

in

Net Area, 

in^2

Allowable % 

Stresses

Yield 

Strength, 

Ys ksi

Factor, φ 

(Table 

11.5.7.1)

Strip 

Capacity, 

kips.

Net Area (Sect. B-B) 0.163 0.0858 0.077 0.121 100% 55 0.75 4.99

Gross Area (Sect. C-C) 0.163 0.0000 0.156 0.157 100% 65 0.75 7.66

Zinc, Subsequent 0.16

STRIP DESIGN SUMMARY

Material
Duration 

(yrs)
Loss Rate (mils/yr)

Zinc 0.58

Carbon Steel 0.47

Zinc, Subsequent 0.16

Carbon Steel 0.47

Material
Duration 

(yrs)
Loss Rate (mils/yr)

Zinc 0.58

Carbon Steel (75-100yr) 0.47

Carbon Steel (75-100yr) 0.47
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Project Number: N/A

Project Name: Elevate IDEA Submittal

Description Connection Calculations - 100 year

Date: 8/29/2025

Embedded Connector Properties

Connector Width 2 in

Connector Thickness 0.1345 in (one side)

Hole Diameter 0.5625 in 2

Number of Plates 2 14

Connector Coating Galvanized 59

Coating Thickness 3.4 mils 25

Fy 50 ksi Sacrificial Thickness, Es = 0.04288 in

Fu 60 ksi

Determine Long Term Embedded Connector Capacity

Connector Section
Coated 

Thickness (in)
Es, in

Net Thk., 

in

Net Area, 

in^2

Allowable % 

Stresses

Yield 

Strength, 

Ys ksi

Factor, φ 

(Table 

11.5.7.1)

Connector 

Capacity, 

kips.

Net Area (Sec. B-B)* 0.138 0.0429 0.095 0.137 100% 60 0.75 12.29

Gross Area (Sec. C-C) 0.138 0.0858 0.052 0.104 100% 50 0.75 7.82

*Corrode only on exposed sides.

Pullout Resistance of Embedded Connector

Per PCI Design Handbook, 7th Edition, Section 6.5.4

f'c = 4000 psi

λ (lightweight concrete) = 1

ɸ = 0.7

hef = 3.5 in

Cbs = 3.33λ√(f'c/hef) = 112.57 (Eq. 6-4)

Ccrb (assume cracked) = 0.8 When edge distance <1.5hef :

X = 2 in de1 = 5.25 in

Y = 4 in de2 = 5.25 in

de3 = 5.25 in

Ψed,N = 0.7 + 0.3de,min/1.5hef (Eq. 6-5) de4 = 5.25 in

Ψed,N = 1.00

 φNcb = ɸCbs(de1+X+de2)(de3+Y+de4)(Ψed,N)Ccrb = 11426 lbs (Fig. 6.5.2, Case 6)

EMBEDDED CONNECTOR DESIGN SUMMARY

Material
Duration 

(yrs)
Loss Rate (mils/yr)

Zinc 0.58

Zinc, Subsequent 0.16

Carbon Steel 0.47

Carbon Steel (75-100yr) 0.47
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Project Number: N/A

Project Name: Elevate IDEA Submittal

Description Connection Calculations - 100 year

Date: 8/29/2025

Bolt Shear Strength

Bolt Designation F3125 High Strength Bolts (Galvanized)

Net Nominal Bolt Diameter,    Db = 0.500 in Nominal Shear Resistance, Rn

Min Tensile Strength of Bolt,  Fub = 120 ksi (AASHTO 2007 6.4.3) Rn = 0.45 x Ab x Fub x Ns

Cross Sectional Area Ab = 0.196 in^2 (AASHTO 2020 6.13.2.7-2)

Number of Shear Planes Ns = 2 Rn = 21.21 kips

Factored Shear Resistance of Bolt, Rr (φxRn)

Rr

Static 16.96 kips

Static+Seismic 21.21 kips

Static+Traffic Impact 21.21 kips

*AASHTO 2020 6.5.4.2 and 6.5.5

Bolt Hole Bearing (on Embedded Connector)

Nominal Bolt Diameter Dbc = 0.500 in Nominal Bearing Resistance at Bolt Hole, Rn
Rn = 2.4 x Dbc x 2tc x Fu

tc = 0.095 in (for 1 plate) (AASHTO 2020 6.13.2.9)

Plate Tensile Strength Fu = 60 ksi Rn = 13.68 kips

Factored Bearing Resistance of Embedded Connector at Bolt Hole, Rr (φxRn)

Rr

Static 10.95 kips

Static+Seismic 13.68 kips

Static+Traffic Impact 13.68 kips

*AASHTO 2020 6.5.4.2 and 6.5.5

Bolt Hole Bearing on Wave Strip

Nominal Bolt Diameter Dbc = 0.500 in Nominal Bearing Resistance at Bolt Hole, Rn

Rn = 2.4 x Dbc x tc x Fu

Ec = 0.156 in (AASHTO 2020 6.13.2.9)

Plate Tensile Strength Fu = 80 ksi Rn = 14.98 kips

Factored Bearing Resistance of Wave Strip at Bolt Hole, Rr (φxRn)

Rr

Static 11.98 kips

Static+Seismic 14.98 kips

Static+Traffic Impact 14.98 kips

*AASHTO 2020 6.5.4.2 and 6.5.5

1 Extreme Event I

Extreme Event II1

Resistance Factor φs *

Resistance Factor φs * LRFD Load 

0.8 Strength I

LRFD Load 

0.8 Strength I

1 Extreme Event I

LRFD Load 

0.8 Strength I

BOLT ASSEMBLY DESIGN SUMMARY

Plate Thickness at end of 

Service Life

Plate Thickness at end of 

Service Life

1 Extreme Event II

Extreme Event I

1 Extreme Event II

Resistance Factor φbb *

1

55



Project Number: N/A

Project Name: Elevate IDEA Submittal

Description Connection Calculations - 100 year

Date: 8/29/2025

Weld Type = flare bevel groove φv = 1.0

Weld Length, L = 1.5 in Fy = 55 ksi

Weld Size, E = 0.25 in 0.6φe2Fexx*A*√(2)/2 (AASHTO 6.13.3.2.3b)

Area, A = E*L = 0.375 in^2 0.58φvFy*A (AASHTO 6.13.5.3-1)

φe2 = 0.8 Rr = 17.82 kips (Static)

Fexx = 70 ksi Rr = 22.27 kips (Extreme I & II)

Summary of Calculated Factored Resistances

Tensile Resistance of Strips 7.51 kips CONTROLS

Tensile Resistance of Net Area of Wave Strip at Bolt 13.46 kips

Tensile Resistance of Net Section of Embedded Connector 12.29 kips

Tensile Resistance of Gross Section of Embedded Connector 7.82 kips

Pullout Resistance of Embedded Connector 11.43 kips

Bolt Shear Resistance 16.96 kips

Bolt Hole Bearing Resistance on Embedded Connector 10.95 kips

Bolt Hole Bearing Resistance on Wave Strip 11.98 kips

WELD CONNECTION CHECK

Rr = m
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Project Number: N/A

Project Name: Elevate IDEA Submittal

Description Connection Calculations - 100 year

Date: 8/29/2025

Design Life 100 years

Corrosion method: AASHTO (AASHTO assumes resistivity >3000 ohm-cm and 5<pH<10)

Wire Properties

Wire Size W11

Wire Diameter 0.374 in (uncoated)

Number of Wires 2

Coating Galvanized 2

Coating thickness 3.4 mils 14

Fy 65 ksi 59

Fu 75 ksi 25

Sacrificial Thickness, Es = 0.04288 in

Determine Long Term Strip Capacity

Longitudinal Elements
Bar Coated 

Diameter (in)
2Es (in)

Net Dia. 

(in)

Net Area 

2 bars, 

in^2''

Allowable % 

Stresses

Yield 

Strength, 

Ys ksi

Factor, φ 

(Table 

11.5.7.1)

Strip 

Capacity, 

kips.

W11 (Section A-A) 0.381 0.0858 0.295 0.137 100% 65 0.75 6.67

At Hole (Section B-B) 0.381 0.0000 0.374 #VALUE! 100% 75 0.75 #VALUE!

Bar Connector Properties

Plate Width 1.57 in

Plate Thickness 0.1793 in (uncoated)

Hole Diameter 0.5625 in

Plate Coating: Galvanized 2

Coating thickness 3.4 mils 14

Fy 55 ksi 59

Fu 65 ksi 25

Sacrificial Thickness, Es = 0.04288 in

Determine Long Term Plate Capacity

Bar Connector Section
Coated 

Thickness (in)
2Es, in

Net Thk., 

in

Net Area, 

in^2

Allowable % 

Stresses

Yield 

Strength, 

Ys ksi

Factor, φ 

(Table 

11.5.7.1)

Strip 

Capacity, 

kips.

Net Area (Sect. B-B) 0.186 0.0858 0.100 0.158 100% 55 0.75 6.50

Gross Area (Sect. C-C) 0.186 0.0000 0.179 0.181 100% 65 0.75 8.81

Zinc, Subsequent 0.16

STRIP DESIGN SUMMARY

Material
Duration 

(yrs)
Loss Rate (mils/yr)

Zinc 0.58

Carbon Steel 0.47

Zinc, Subsequent 0.16

Carbon Steel 0.47

Material
Duration 

(yrs)
Loss Rate (mils/yr)

Zinc 0.58

Carbon Steel (75-100yr) 0.47

Carbon Steel (75-100yr) 0.47
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Project Number: N/A

Project Name: Elevate IDEA Submittal

Description Connection Calculations - 100 year

Date: 8/29/2025

Embedded Connector Properties

Connector Width 2 in

Connector Thickness 0.1345 in (one side)

Hole Diameter 0.5625 in 2

Number of Plates 2 14

Connector Coating Galvanized 59

Coating Thickness 3.4 mils 25

Fy 50 ksi Sacrificial Thickness, Es = 0.04288 in

Fu 60 ksi

Determine Long Term Embedded Connector Capacity

Connector Section
Coated 

Thickness (in)
Es, in

Net Thk., 

in

Net Area, 

in^2

Allowable % 

Stresses

Yield 

Strength, 

Ys ksi

Factor, φ 

(Table 

11.5.7.1)

Connector 

Capacity, 

kips.

Net Area (Sec. C-C)* 0.138 0.0429 0.095 0.137 100% 60 0.75 12.29

Gross Area (Sec. D-D) 0.138 0.0858 0.052 0.104 100% 50 0.75 7.82

*Corrode only on exposed sides.

Pullout Resistance of Embedded Connector

Per PCI Design Handbook, 7th Edition, Section 6.5.4

f'c = 4000 psi

λ (lightweight concrete) = 1

ɸ = 0.7

hef = 3.5 in

Cbs = 3.33λ√(f'c/hef) = 112.57 (Eq. 6-4)

Ccrb (assume cracked) = 0.8 When edge distance <1.5hef :

X = 2 in de1 = 5.25 in

Y = 4 in de2 = 5.25 in

de3 = 5.25 in

Ψed,N = 0.7 + 0.3de,min/1.5hef (Eq. 6-5) de4 = 5.25 in

Ψed,N = 1.00

 φNcb = ɸCbs(de1+X+de2)(de3+Y+de4)(Ψed,N)Ccrb = 11426 lbs (Fig. 6.5.2, Case 6)

EMBEDDED CONNECTOR DESIGN SUMMARY

Material
Duration 

(yrs)
Loss Rate (mils/yr)

Zinc 0.58

Zinc, Subsequent 0.16

Carbon Steel 0.47

Carbon Steel (75-100yr) 0.47
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Project Number: N/A

Project Name: Elevate IDEA Submittal

Description Connection Calculations - 100 year

Date: 8/29/2025

Bolt Shear Strength

Bolt Designation F3125 High Strength Bolts (Galvanized)

Net Nominal Bolt Diameter,         Db = 0.500 in Nominal Shear Resistance, Rn

Min Tensile Strength of Bolt,      Fub = 120 ksi (AASHTO 2007 6.4.3) Rn = 0.45 x Ab x Fub x Ns

Cross Sectional Area Ab = 0.196 in^2 (AASHTO 2020 6.13.2.7-2)

Number of Shear Planes Ns = 2 Rn = 21.21 kips

Factored Shear Resistance of Bolt, Rr (φxRn)

Rr

Static 16.96 kips

Static+Seismic 21.21 kips

Static+Traffic Impact 21.21 kips

*AASHTO 2020 6.5.4.2 and 6.5.5

Bolt Hole Bearing (on Embedded Connector)

Nominal Bolt Diameter Dbc = 0.500 in Nominal Bearing Resistance at Bolt Hole, Rn
Rn = 2.4 x Dbc x 2tc x Fu

tc = 0.095 in (for 1 plate) (AASHTO 2020 6.13.2.9)

Plate Tensile Strength Fu = 60 ksi Rn = 13.68 kips

Factored Bearing Resistance of Embedded Connector at Bolt Hole, Rr (φxRn)

Rr

Static 10.95 kips

Static+Seismic 13.68 kips

Static+Traffic Impact 13.68 kips

*AASHTO 2020 6.5.4.2 and 6.5.5

Bolt Hole Bearing on Bar Connector

Nominal Bolt Diameter Dbc = 0.500 in Nominal Bearing Resistance at Bolt Hole, Rn

Rn = 2.4 x Dbc x tc x Fu

Ec = 0.179 in (AASHTO 2020 6.13.2.9)

Plate Tensile Strength Fu = 75 ksi Rn = 16.14 kips

Factored Bearing Resistance of Bar Connector at Bolt Hole, Rr (φxRn)

Rr

Static 12.91 kips

Static+Seismic 16.14 kips

Static+Traffic Impact 16.14 kips

*AASHTO 2020 6.5.4.2 and 6.5.5

1 Extreme Event I

Extreme Event II1

Resistance Factor φs *

Resistance Factor φs * LRFD Load 

0.8 Strength I

LRFD Load 

0.8 Strength I

1 Extreme Event I

LRFD Load 

0.8 Strength I

BOLT ASSEMBLY DESIGN SUMMARY

Plate Thickness at end of 

Service Life

Plate Thickness at end of 

Service Life

1 Extreme Event II

Extreme Event I

1 Extreme Event II

Resistance Factor φbb *

1
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Project Number: N/A

Project Name: Elevate IDEA Submittal

Description Connection Calculations - 100 year

Date: 8/29/2025

Weld Type = flare bevel groove φv = 1.0

Weld Length, L = 1.5 in Fy = 55 ksi

Weld Size, E = 0.25 in 2*0.6φe2Fexx*A*√(2)/2 (AASHTO 6.13.3.2.3b)

Area, A = E*L = 0.375 in^2 2*0.58φvFy*A (AASHTO 6.13.5.3-1)

φe2 = 0.8 Rr = 17.82 kips (Static)

Fexx = 70 ksi Rr = 22.27 kips (Extreme I & II)

Summary of Calculated Factored Resistances

Tensile Resistance of Wires 6.67 kips

Tensile Resistance of Net Area of Bar Connector 6.50 kips CONTROLS

Tensile Resistance of Gross Area of Bar Connector 8.81 kips

Tensile Resistance of Net Section of Embedded Connector 12.29 kips

Tensile Resistance of Gross Section of Embedded Connector 7.82 kips

Pullout Resistance of Embedded Connector 11.43 kips

Bolt Shear Resistance 16.96 kips

Bolt Hole Bearing Resistance on Embedded Connector 10.95 kips

Bolt Hole Bearing Resistance on Bar Connector 12.91 kips

Weld Between Bar Connector and Wires 17.82 kips

WELD CONNECTION CHECK

Rr = min
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