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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.



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.
e 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.
e 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 |- 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, (9™ 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

Inextensible Soil Reinforcement:

3Wi1x 4W11x 5W11x 6W11x 4W20 x 5W20 x 6W20 x 6W24 x 7W24 x 8W24 x

Data\Type 0.5W11 1.0W11 1.5W11 2.0W11 2.5W11 3.0W11 3.0W11 3.0W11 3.0W11 3.0W11
Tiong-term (Ib) (Fy*A,) (75 years) 17,925 | 23,903 | 29,873 | 35850 | 47475 | 59,348 | 71,213 87,315 | 101,865 | 116,423
Tiong-term (Ib) (Fy*A.) (100 years) 15,368 | 20,490 | 25,605 | 30,728 | 42,608 | 53,265 | 63,915 | 79,215 | 92,415 | 105,615
Coverage Ratio (R,) 0.27 0.40 0.53 0.67 0.40 0.53 0.67 0.67 0.80 0.93
Reinforcement width (b, in) 16 24 32 40 24 32 40 40 48 56
(T;}ng&:;:spfr mingnotvan (/R [EAIRT | g a0 | 4781 | 5075 | 7170 | 9495 | 11,870 | 14243 | 17.463 | 20,373 | 23285

Tiong-termper unit length ofwatl (Ib/ft) [(Fy*A)*R./b] 3,074 4,098 5,121 6,146 8,522 10,653 12,783 15,843 18,483 21,123

(100 years)
. Top of Wall . . . . . . . . . .
Pullout resistance op of Wal 1.06 0.53 0.35 0.27 0.21 0.18 0.18 0.18 0.18 0.18
factor, Depth of 20 ft below top of
wall 0.53 0.27 0.18 0.13 0.11 0.09 0.09 0.09 0.09 0.09
Friction Angl
alr;n;"“ 8¢ |Top of Wall N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
reinforcement-soil
interface p
va:ﬁthofzoftbelowtopof N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Scale-effect correction factor, a 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
CRer® = F,./F,)
" (Ib/ft*) 3Wi11x 4W11x 5W11x 6W11 x 4W20 x 5W20 x 6W20 x 6W24 x 7W24 X 8W24 x
Connection Strengths: 0.5W11 1.0W11 1.5W11 2.0W11 2.5W11 3.0W11 3.0W11 3.0W11 3.0W11 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

F, = Yield strength of reinforcement

F,. = Yield strength of connection between reinforcement and precast panel

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

" Normal pressure (Ib/ft*); > MSEW program term
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Executive Summary

This re-evaluation was performed on the MSE Plus™ Wall system, a mechanically stabilized earth (MSE)
structure, based upon data submitted by the developer, designer, and supplier, SSL, LLC. The MSE
Plus™ 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, Taiowable 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 Plus™ 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.



Appendix D3
Technical Re-evaluation Checklist for Precast Concrete Panel with Inextensible Reinfor cement

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 atable 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

11 Tab1l1l Facing Unit

Yes No Item

111 O M Doesthe system contain what you consider to be an innovation
that isrelated to the facing unit? If yes, please describe the
innovation briefly. Asitems below apply to the innovation,
please describe the innovation in further detail.

112 O M Hasthe precast facing panel changed since the original
evauation?

113 O M If theanswerisyesto 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.

114 M [O Hasthe connection changed, if yes provide a description of the
changes and drawing(s) showing the connection?

115 O ™ Describeany other changesto the facing unit (i.e., 28 day
compressive strength, freeze thaw durability, etc.)

116 M O If theanswerto 1.1.2 or 1.1.4 isyes, provide the structural

design of the panel and the connection.

118 O ™ Providethe mix design for the concrete including aggregate size
and gradation.

1.2 Tab 1.2 Inextensible Reinforcement
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Appendix D3
Technical Re-evaluation Checklist for Precast Concrete Panel with Inextensible Reinfor cement

Yes No Item

121 O ™ Doesthe ERS contain what you consider to be an innovation that
isrelated to the reinforcement? If yes, please describe the
innovation briefly. Asitems below apply to the innovation,
please describe the innovation in further detail.

122 O ™M Hasthereinforcement changed or been modified since the
origina evaluation?
123 O M If theanswerisyesto 1.2.2, provide a description of the changes

along with drawings showing the dimensions of the
reinforcement and the revised reinforcement.

124 O M If theanswerisyesto 1.2.2, provide the 75 and 100 year design
strength of the reinforcement.

[EEN
N
a1

[ [0 Describe the facing unit-reinforcement connection and any
changes with text and drawings.

[EEN
o

M O If theanswerto 1.1.2 or 1.1.4 isyes, for each connection device
provide physical property specifications. Address ultimate and yield
strengths as well asweldsif they are applicable.

[EEN
\l

M O Iftheanswerto1.1.2 or 1.1.4 isyes, 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).

[EEN
[o0]

M O If theanswer to 1.1.4 isyes, for each connection device provide
sacrificial steel thickness for 75 and 100 year design life.

=
N
©

O If theanswer to 1.1.2 or 1.1.4 isyes, for each connection device
provide the results of any corrosion tests that have been performed.

1.2.10 M O If theanswer to 1.1.2 or 1.1.4 isyes, for each connection device
provide detail drawings that show dimensional tolerances.

1211 M O If theanswer to 1.1.2 or 1.1.4 isyes, list facing unit reinforcement
connection strength tests performed, provide test results and strength
envel opes the Applicant recommends for design.

1212 | O M If theanswer isyesto 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 (o) Applicant
recommends for design. Discuss how test results support these
recommendations based on Appendix B at FHWA-NHI-10-025.

1.2.13 | M O Summary table of input parameters used with (e.g., MSEW) computer
design program.

1.3 Tab 1.3 Additiona Information

Yes No Item

131 M [O Doesthe system have aHITEC Evaluation? If so, provide a copy,
and summarize what has changed with the system since that
evaluation.
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Appendix D3

Technical Re-evaluation Checklist for Precast Concrete Panel with Inextensible Reinfor cement

132 O M Doesthe 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. Tab2.0 Design Methodology
2.1 M 0O If theanswer isyesto 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 obstructionsin the reinforced zone.

Section 3 Construction

3 Tab 3.0 Construction
3.1 [0 M Has construction changed?
311 O M If theanswerisyesto 3.1.1, provide construction manual for the wall system

and at a minimum include the following items: describe proceduresto 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 M O If the answer isyesto 1.1.4, describe the quality control measures that are
required for the manufacturing of connection devices. Y ou may do this by providing a
manufacturing QC manual.
Section 5 Performance
5.0 Tab 5.0 Performance
5.1 M O If theanswer isyesto 1.1.2, or 1.1.4, or 1.2.2, provide adescription of the
updated system’ s devel opment and usage history. Then describe the following,
for the updated system.
511 V1 OO0 Provide a description of the updated system’s development and usage history.
Then describe the following, for the updated system:
512 M O The oldest three structures.
513 M O The tallest three structures.
514 M O Providealist 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

Tab 6.0 Other Information

O M Inthissection, pleaseinclude anything you think will better help areviewer
understand your updated ERS that has not been adequately addressed in the
previous questions.
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