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Creep Reduction Factors: The creep reduction factor (RFCR) for a 75-year design life varies from 2.54 
(UX1500MSE, UX1600MSE, AND UX1700MSE) to 2.68 (UX1100MSE, and UX1400), for a 100-year 
design life the creep reduction factor varies from 2.57 (UX1500MSE, UX1600MSE, AND UX1700MSE) to 
2.73 (UX1100MSE, UX1400MSE), as defined in the NTPEP (2014) report (see Submittal 1.2.4 and 
Appendix Tab 1.2.4). 

 
Installation Damage Reduction Factors: The full-scale installation damage test results, from the 2014 
NTPEP report, are presented in Submittal Table 1-3. Refer to the NTPEP (2014) report (Appendix Tab 
1.2.4) for the installation damage testing protocol and specific gradations of the backfill described in 
Table 1-3. The fill thickness over the geogrid reinforcement in the installation damage testing was 6 
inches and the compaction was performed with a 25,000 lb single drum vibratory roller. 

 
Durability Reduction Factors: As tested and reported in NTPEP (2014) all grades of the Tensar product 
line met the minimum UV requirement and Thermo-Oxidative resistance requirements. In general, the 
default reduction factor for durability, RFD, per AASHTO, Load Resistance Factor Design (LRFD) Bridge 
Design Specifications value of 1.3 for RFD is typically selected for polyolefins. For HDPE, based on long-
term observations, default reduction factors as low as 1.1 have been used successfully by state 
departments of transportation. The high percent strength retained in both the UV tests (98%) and the 
oven aging tests (98%) summarized in Table 6-2 of the NTPEP (2014) report indicate very good 
resistance to oxidation, the key issue for durability of HDPE geosynthetic reinforcement. Therefore, 
use of a default reduction factor of 1.1 is justified.  
 
Soil Reinforcement Design Tensile Strength 
The nominal tensile strengths (Tal) for the Tensar UX geogrid soil reinforcements are computed as the 
ultimate strength (Tult-MARV) divided by reduction factors for creep (RFCR), degradation (RFD), and 
installation damage (RFID). The equation for this calculation is:  
 

𝑇!" =
𝑇#"$%&'()

𝑅𝐹*(𝑥𝑅𝐹+𝑥𝑅𝐹,+
 Eq. 1 

 
The AASHTO NTPEP independently measured creep reduction values (NTPEP, 2014) vary from 2.54 to 
2.73 depending on reinforcement grade and design life. The durability reduction factor is a function of 
wall fill specifications, particularly pH limits. A durability reduction value of 1.1 or 1.3 is typical. The 
installation damage reduction factor is a function of the wall fill properties (gradation, D50, angularity, 
etc.) and placement techniques. Recommended values or value ranges are presented for two wall fills 
with maximum gradation sizes 3/8- and 3/4-inch. Ranges and average values of installation damage 
factor for larger fills, 2- and 1-inch maximum sizes, from the NTPEP testing (NTPEP, 2014) are 
presented for information.  A maximum fill particle size of ¾-inch is recommended unless construction 
damage assessment tests are performed with the specific granular fill or have been performed with 
similarly graded large size granular fill; and similar lift heights and compaction techniques/equipment.   
 
Soil Reinforcement-Precast Panel Connection Capacity 
The three components of the connection must be analyzed to determine the controlling mechanism of 
failure.  
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The controlling failure mechanism of the connection is the concrete/tab insert connection. The creep 
reduction factor for this mode of failure is the creep reduction factor for the tab connector (UX1700 = 
2.54). 
 

𝑇!" =
𝑇#"$%&'() ∗ 𝐶𝑅𝑢
𝑅𝐹*($!-𝑥𝑅𝐹+𝑥𝑅𝐹,+

 

Pullout Design Parameters 

Independent pullout tests were performed by SGI Testing Services, LLC, in Norcross, GA, with <10mm 
Coarse Sand and Uniform graded crushed rock (No. 57 stone). The test report is included in Appendix – 
1.2.7. 

As shown in the test results, the coefficient of pullout interaction factor Ci varies with overburden 
pressure and in general decrease with increase of overburden pressure. The reinforcement pullout is 
most critical at the top of wall typically within 6ft below the top of the wall. Because design 
calculations/software utilize a constant Ci, Tensar has selected a single value for each geogrid and 
backfill combination. Based on the test results, Tensar recommends a Ci factor of 0.8 for crushed stone 
and coarse sand meeting AASHTO backfill specifications.  

Retaining Wall Design 
The design methodology for an ARES MSE wall considers both the external and internal stability of the 
structure. Internal stability is determined using the Simplified Method (SM).  The SM is provided in 
“Design and Construction of Mechanically Stabilized Earth (MSE) Walls” Report No. FHWA-HIF-24-002, 
Federal Highway Administration. 
 
The design examples in this submittal were performed using MSEW+  
 
Agencies may check designs with MSEW+ with the design properties listed in the table attached to this 
review report. 

 
 
Reviewer Comments 
 Following its initial review of the ARES Precast Concrete Panels and Extensible Reinforcement Retaining 

Wall System submittal, the review team provided the applicant with 25 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 ARES Precast Panel Facing Units and Extensible 
Reinforcement Retaining Wall System for projects where the ARES System is proposed.  

 

Closing 

An updated technical evaluation should be performed for the ARES Precast Panel Facing Units and 
Extensible Reinforcement Retaining Wall System after five years (i.e., April 2031) or upon notice that a 
significant modification of the system has been made. For details regarding updated technical evaluations 
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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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Introduction 
• Provide a succinct description of the system (i.e., facing, reinforcement, and connection 

type) that is being submitted for review. 

Tensar Response: 

The ARES Retaining Wall (ARES) is a trademarked system developed and supplied by Tensar 
International Corporation (TIC). The ARES system is a mechanically stabilized earth (MSE) retaining 
wall system. The system consists of precast concrete panel facing elements with connection 
devices used to mechanically connect the geogrid soil reinforcement to create an MSE retaining 
wall.  

The ARES System features standard precast concrete facing panels mechanically connected to 
Tensar Uniaxial HDPE geogrids.  The ARES Standard panels can be 5ft high x 5ft wide, 5ft high x9ft 
wide, 5ft high by 10ft wide or full height panels. Variable dimensions for non-standard panels can 
be used at top, bottom and end of walls.  Tensar HDPE geogrids are connected to the concrete 
panels by splicing each layer to a Tensar UX1700 geogrid tab. The UX1700 tab is cast into the back 
side of the facing panel.  The connection of the geogrid reinforcement layers to the UX1700 tab is 
made by overlapping the layer and the tab, inserting the ribs of each piece through the apertures of 
the other piece, weaving an HDPE bar between alternating ribs, and tightening the splice such that 
the transverse bars of the two pieces of the geogrid bear against the bar.  This splicing mechanical 
connection is known as the “Bodkin Connection”. The bodkin connection concept was first 
developed in 1986 in the United Kingdom and was first used in the United States in 1986 on FHWA 
Experimental Project called Tanque Verde-Wrightstown-Pantano Roads Intersection in Tucson, 
Arizona. At the time, the geogrid tab were formed by embedding a short section of the geogrid into 
the wall panel during pre-casting to form a “C-shaped” tab protruded from the back face of the 
panel. A schedule 40 PVC pipe was used to bodkin the tab to the primary reinforcement. The 
Tanque Verde ARES panel wall continue to perform well as of today after 40 years in service. 

The ARES system has been evaluated by the Highway Innovative Technology Evaluation Center 
(HITEC) in November 1997. The current ARES System submitted herein differs from the system 
evaluated by HITEC in 1997 in the way that the facing panels are attached to the geogrid backfill 
reinforcement. In the HITEC-evaluated system, the geogrid layers were connected into a narrow 
slot casted into the back face of the panels.  That slot connection is shown in the HITEC report.  The 
current system uses short tabs of Tensar UX1700 Geogrid cast into the concrete facing panels.  The 
layers of backfill reinforcement are spliced to the tabs during construction.  This connection 
method (using the bodkin bar):  

a) Provides advantages in panel casting and handling. 
b) Increases bending strength of the panels. 
c) Permits the use of a wider, more efficient range of geogrid reinforcement.  

The system uses Tensar UX1400MSE, UX1500MSE, UX1600MSE and UX1700MSE geogrids.  This 
current series of geogrids UX****MSE are similar, but more efficient materials that differ from 
former versions in the increased length of the rib elements and apertures.  These differences result 
in minor changes to design properties.  



Refer to Appendix 3.1.2, wherein the full wall system Installation Guide and Construction Manual is 
presented. In addition, refer to Appendix 0 for more information about TIC’s grade separation 
solutions.   



1.1 Facing Unit 
• 1.1.1 Innovation: Does the wall system contain what you consider to be an innovation 

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

Tensar Response: The wall system does not contain what is considered an innovation that 
is related to the facing unit. 

• 1.1.2 Types of Facing Units: List each type of facing unit. 

Tensar Response: Ares precast concrete panel facing elements.  

• 1.1.3 Specifications: Provide specifications for each facing unit. 

Tensar Response: Refer to the Ares Precast Quality Control Guide in Appendix – 1.1.3.a for 
concrete requirements of the facing elements. The reinforcement in the concrete facing 
elements is designed in accordance to AASHTO LRFD and is attached in Appendix –1.1.3.b. 

• 1.1.4 Dimensions, Tolerances, and Reinforcement Schedule: Provide 
standard dimensions, tolerances and typical steel reinforcement schedule (if any is 
used) for each type of unit (e.g. standard, crest, corner, base, etc.) in plan and section 
drawings. 

Tensar Response: Refer to page 5 of Appendix – 1.1.4.a and page 6 of Appendix – 1.1.4.b 
and Appendix – 1.1.4.c for standard dimensions and typical steel reinforcement details.  

• 1.1.5 Compressive Strength: Provide the target 28-day minimum compressive 
strength. 

Tensar Response: The target 28-day minimum compressive strength is 4000 psi in 28 days. 

• 1.1.6 Percent Air Range: Provide the target percent air range. 

Tensar Response: The target air content for freeze–thaw exposure shall be 6% ± 1.5% in 
accordance with AASHTO Construction Specifications unless otherwise required by the 
governing Agency/Project Specifications. 

• 1.1.7 Mix Design: Producers will change mix design to accommodate state 
requirements. 

Tensar Response: The mix design for precast concrete panels must comply with state-
specific requirements. Apart from this, the only other requirement is achieving a minimum 
strength of 4,000 psi after 28-days. 

• 1.1.8 Shear, Alignment, or Bearing Devices: Describe with text any unit shear, 
alignment or bearing devices. Provide specifications and detail drawings. 



Tensar Response: Hardwood wedges are to be utilized during construction to aid panel 
alignment as described in the Installation Guide and Construction Manual in Appendix - 
3.1.2. The quantity of bearing pads required is contingent upon panel dimensions and wall 
height. For a 5’x5’ panel system, 4 bearing pads are required for wall heights up to 44 ft and 
6 bearing pads for wall height over 44 ft.  For a 5’x9’ and 5’x10’ panel systems, 8 bearing 
pads are required for wall heights up to 49 ft and 10 bearing pads for wall height over 49 ft.  
Refer to Appendix – 1.1.8.a for number of bearing pads determination and Appendix – 
1.1.8.b for bearing pad specifications. Page 3 of Appendix – 1.1.4.a and page 4 of Appendix – 
1.1.4.b and Appendix – 1.1.4.c show typical drawings of the bearing pads that are placed in 
between panels for the 3 typical panel sizes.  

• 1.1.9 Filter: Describe with text any filter which is used to prevent migration of fill soil 
through wall face. Provide specifications. 

Tensar Response: For the prevention of soil migration Class 1 8oz. Non-Woven Geotextile is 
used at the vertical and horizontal joints of the precast concrete panels. Refer to Appendix – 
1.1.9 for the non-woven geotextile specifications. Page 3 of Appendix – 1.1.4.a and page 4 of 
Appendix – 1.1.4.b and Appendix – 1.1.4.c show typical placement of the geotextile at the 
horizontal and vertical joints for the 3 typical panel sizes.  

• 1.1.10 Aesthetic Facing Options: Describe with text the aesthetic facing options 
that are available. Provide photos, drawings and brochures as appropriate. 

Tensar Response: The ARES system is adaptable to various aesthetic facing options. 
Typically form liners are required to create the architectural patterns including but not 
limited to murals, fractured fin, and stacked block. For illustrations, refer to Appendix – 
1.1.10, which showcases several aesthetic facing options. 

• 1.1.11 Limits on Facing Units: Describe any limits on the facing units that are 
created by curved wall sections and corners.  

Tensar Response: The ARES system can accommodate gentle horizontal curves, as shown 
in page 12 of Appendix – 1.1.4.a and page 13  of Appendix – 1.1.4.b and Appendix – 1.1.4.c. 
The minimum radius is 58’ for 5x5, 96’ for 5x9 and 103’ for 5x10 panel system. A tighter 
radius of 24’ can be formed with 2ft wide narrow panels – refer to said appendices. 

Minor bend along the wall can be accommodated by placing the panel joint at the bend 
point and therefore does not require a corner element. On the other hand, a corner element 
is required when there is a corner or a significant inflection point along the wall. The 
standard corner is 90 degrees. Any angle between 45 degrees to 330 degrees can be 
achieved with the use of a corner element. Any angle less than 45 degrees will require 
special treatment.  



1.2 Extensible Reinforcement 
• 1.2.1 Innovation: Does the ERS contain what you consider to be an innovation that is 

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

Tensar Response: The ERS does not contain what is considered to be an innovation that is 
related to the reinforcement.  

• 1.2.2 Reinforcement Styles/Types: List each style or type that is to be used with 
the facing system. 

Tensar Response:  

a. UX1100MSE Geogrid 
b. UX1400MSE Geogrid 
c. UX1500MSE Geogrid 
d. UX1600MSE Geogrid 
e. UX1700MSE Geogrid 

• 1.2.3 Specifications: Provide specifications for each style or type that is to be used 
with the facing system. 

Tensar Response: Refer to Appendix – 1.2.3.a and Appendix – 1.2.3.b for Tensar’s UX**MSE 
geogrids Strength Design Properties for 75-year and 100-year design life. 

• 1.2.4 NTPEP Report: Provide the current NTPEP report (if a NTPEP report is not 
available, then a custom checklist is required). 

Tensar Response: See Appendix – 1.2.4 for NTPEP report and note the following regarding 
the installation damage factors in the NTPEP report. 

The reduction factor for installation damage for UX1100MSE through UX1700MSE geogrids 
have been determined through NTPEP evaluation – refer to Appendix – 1.2.4. The installation 
damage reduction factor range between 1.18 and 1.24 in Silty Sand between 1.31 and 1.39 
in Sandy Gravel and between 1.78 and 2.57 in Coarse Gravel.  

Note that the installation damage testing through NTPEP evaluation is performed under a 
very aggressive damage test program with 6” compacted thickness and heavy 25,000 lbs 
vibratory compactor. Angular poorly-graded coarse gravel with 0% fines was utilized to 
determine the installation damage factor for typical crushed stone backfill. This test 
program resulted in higher than typical reduction factors measured from typical installation 
specifications with 8” to 10” compacted thickness and 15,000 to 20,000 lbs compactor.  

Based on Tensar’s years of experience with site-specific installation damage testing, the 
typical installation damage factor for well-graded coarse gravel (as opposed to poorly-
graded) is between 1.2 to 1.4. The recommended installation damage reduction factor for 
various aggregate type are listed in Table 1. 



Table 1: Recommended Reduction Factor for installation damage, 𝑅𝐹𝐼𝐷 

Fill material 
Geogrid type 

UX1100MSE UX1400MSE UX1500MSE UX1600MSE UX1400MSE 
Sand, Silt & Clay 1.05* 1.05* 1.05* 1.05* 1.05* 
< 3/4” angular 
aggregate 

1.08* 1.08* 1.08* 1.08* 1.08* 

< 1.5” angular 
aggregate 

1.10 1.10 1.10 1.10 1.10 

< 4” angular 
aggregate 

1.25 - 1.4 1.25 - 1.4 1.25 - 1.4 1.25 - 1.4 1.25 - 1.4 

* 𝑅𝐹𝐼𝐷 of 1.1 as minimum per AAHSTO LRFD specifications. 

• 1.2.5 Facing Unit-Reinforcement Connection: Describe the facing unit-
reinforcement connection with text and drawings and provide specifications for any 
connection devices. 

Tensar Response: The current ARES System connection utilizes one aperture of the 
UX1700 geogrid tabs cast into the concrete facing panels and spliced to the geogrid 
reinforcement in the backfill with a HDPE bodkin bars during construction. The 
specification for the bodkin connector can be found in Appendix – 1.2.5.b The UX1700 
geogrid tab can be fabricated in one of two ways: 

1) Cutting one aperture directly from the manufactured UX1700MSE geogrid roll. This 
geogrid tab is called UX1700MSE tab. 

2) Cutting in the middle of the widened transverse bar of the UX1700MSE geogrid roll. 
This geogrid tab is called UX1700ARES (UX1700AR) tab.    

The UX1700MSE geogrid tab is being utilized in situations where the geogrid tab is to be field 
cast, normally, at the backwall of bridge abutments  and when more than one aperture of 
geogrid tab is required to skew the geogrid around to avoid obstructions. 

The MPDS for UX1700MSE and UX1700AR are the same product properties and can be 
found in Appendix – 1.2.5.a. UX1700AR is a direct extension of the UX1700MSE geogrid 
where it is manufactured in a roll form with exactly the same starting sheet, same punches, 
same orientation process and resin. With UX1700AR, the feed spacing through the punch 
press is adjusted to create a wider transverse bar to allow for cut in the middle of the 
transverse bar. This fabrication process allows close monitoring of the production of each 
connection tab for bow and skew. In addition, sharp edges created by cutting through the 
ribs to create UX1700MSE tab that are undesirable from the handling and safety perspective 
are eliminated through this fabrication process. 

Based on the internal development testing and as verified with the long-term connection 
test attached in Appendix – 1.2.6, the minimum and maximum required pre-cut CMD bar 
thickness are determined. Product specifications and quality control requirements for pre-
cutting the UX1700AR tabs are produced as shown in Appendix – 4.1.3. The target width of 
the pre-cut CMD bar is set to 16mm with an allowable tolerance of ±4mm.  



• 1.2.6 Connection Strength Tests: List short- and long-term facing unit 
reinforcement connection strength tests performed, provide test results and strength 
envelopes the Applicant recommends for design. 

Tensar Response: The current ARES System connection utilizes one aperture of the 
UX1700 geogrid tabs (UX1700MSE or UX1700AR) cast directly into the concrete facing 
panels. The tabs are spliced to the geogrid reinforcement in the backfill with an HDPE 
bodkin bar during construction. 

A long-term connection test program was carried out in the Tensar Research and 
Development Laboratory in Morrow, Georgia to evaluate the long-term creep performance 
of the entire ARES system connection details.  The connection test set up and test data are 
summarized in the long-term connection test report dated May 16th, 2011 provided in 
Appendix – 1.2.6.a.  Based on the long-term connection test, the entire ARES system 
connection detail has a long-term creep connection reduction factor of 2.73 (CRcr = 0.366). 
The calculated long-term connection strength is higher than the long-term design strength 
of the geogrid as shown in the report. The ARES system design is therefore controlled by the 
geogrid design strength, not the connection capacity. However, refer to Appendix – 1.2.6.c 
for the connection capacity analysis.  

The potential pullout of the geogrid tab from the concrete were evaluated by casting the 
geogrid tab 2.5” into the concrete blocks and allowed to cure close to 4000 psi compressive 
strength prior to testing. Once the concrete reached strength close to 4000 psi, short-term 
quick tests (10% per minute speed) were performed to measure the ultimate concrete-
geogrid tab connection strength and the failure mode for each test. Detailed test set up and 
data is summarized in the “ARES Concrete Block-to-UX1700AR (UX1700MSE) Tab 
Connection Strength Test Report” dated August 25th, 2011 provided in Appendix – 1.2.6.b. 
Based on the testing, all geogrid tabs ruptured close to the concrete blocks instead of 
pulling out from the concrete blocks. The concrete-geogrid tab connection strength is 
calculated to be 100% of the geogrid ultimate strength. 

• 1.2.7 Reinforcement Pullout Tests: List reinforcement pullout (ASTM D6706) 
tests performed and provide results. Provide test soil properties, corresponding pullout 
friction factors (F) and scale effect correction factors (a) Applicant recommends for design*. 
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.  

Tensar Response: The Pullout Coefficient of Interaction, Ci, is the ratio of the average shear 
stress mobilized on the upper and lower interfaces between the backfill and geogrid to the 
shear strength of the backfill. The pullout shear strength is developed by a combination of 
the frictional resistance between backfill and polymer on the surfaces of the geogrid ribs 
and transverse bars, and the passive resistance from the soil in the geogrid apertures that 
bears against the transverse bars.  Both components of pullout shear are dependent upon 
the overburden pressure. The passive component of pullout shear is dependent upon the 
thickness of the transverse bars and the ribs.   



Various pullout tests were conducted on Tensar UXMSE geogrids  by Bathurst, Clarabut 
Geotechnical Testing, Inc., (BCGT) and SGI Testing Services, LLC (SGI).  The initial pullout 
tests were conducted in BCGT with < 65 mm Crushed Stone (GW), in < 10 mm Coarse Sand 
(SW), and in < 2 mm fine Silty Sand (SM).  The Test Reports are included in Appendix – 
1.2.7.a, Appendix – 1.2.7.b, Appendix – 1.2.7.c, Appendix – 1.2.7.d. The most recent pullout 
tests were performed at SGI with <10mm Coarse Sand and Uniform graded crushed rock 
(No. 57 stone). The test reports are included in Appendix – 1.2.7.   

As shown in the test results, coefficient of pullout interaction factor Ci varies with 
overburden pressure and in general decrease with increase of overburden pressure. The 
reinforcement pullout is most critical at the top of wall typically within the 6ft below the top 
of wall. Because design calculations utilize a constant Ci, it is necessary to select a single 
value for each geogrid and backfill combination. Based on the test results, Tensar 
recommends Ci factor of 0.8 for crushed stone and coarse sand meeting AASHTO backfill 
specifications. Even though the Ci factor may be lower at higher overburden pressure, the 
pullout is not controlling the design due high overburden pressure.    

• 1.2.8 Soil-Geosynthetic Interface Shear Tests: List soil-geosynthetic interface 
shear (ASTM D5321) tests performed and provide results. List interface friction angle (r) 
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. 

Tensar Response: The Direct shear interaction coefficient is the ratio of the shear 
resistance developed when the geogrid and backfill above the layer of reinforcement slide 
over the backfill below the geogrid to the shear strength of the backfill. The shear resistance 
in direct sliding is therefore a combination of the shear strength developed between the 
polymer geogrid and backfill on the bottom surface of the geogrid and the shear strength of 
the soil within the apertured of the geogrid. Direct Shear tests was performed by SGI Testing 
Services, LLC  per ASTM 5321 using UX1400MSE geogrid and fine uniform sand backfill from 
Florida having peak friction angle of 32 degrees. The tests represent the worst-case 
scenario as the typical backfill requirements for MSE wall is crushed angular aggregate with 
peak friction angle greater than 34 degrees.  The test results are attached in Appendix –
1.2.8.  

The measured coefficient of sliding CDS values are between 0.71 to 0.85. It varies due to the 
effect of overburden pressure with the lowest  value at low overburden pressure (top of 
wall). Since sliding between geogrid and the reinforced backfill is critical at the bottom of 
the wall in design, Tensar recommends using CDS of 0.8 for design with standard AAHSTO 
angular backfill with 34 degrees friction angle.   

1.3 Other Components 
• 1.3.1 Innovation: 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. 



Tensar Response: The wall system does not contain what is considered to be an innovation 
that is related to the wall component.  

• 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?. 

Tensar Response: The reinforced soil properties shall be consistent with the current 
AASHTO LRFD Bridge Construction Specifications as described in Section 7.4.3. However,   
some state DOTs have lower requirements for structural backfill for MSE wall. The ARES 
system is adaptable to the state specific requirements for structural backfill due to the inert 
nature of the HDPE  geogrid reinforcement. Nonetheless, the drainage characteristics of the 
structural backfill outside the AASHTO requirements shall be reviewed by the owner’s 
engineer. Extra care and frequent panel alignment check shall be performed during 
installation for lower quality backfill outside the AASHTO requirements.   

The reinforced fill gradation requirements shown in Table 2 are provided in the current 
AASHTO LRFD Bridge Construction Specifications Section 7.4.3. 

Table 2: Backfill Gradation Requirements 
Sieve Size Percent Passing (%) 

4-inch 100 
No. 40 0-60 

No. 200 0-15 
 

In accordance with AASHTO T99 and AASHTO T27, the reinforced wall fill material shall 
exhibit an effective angle of internal friction of > 34 degrees.  

For geosynthetic soil reinforcement, the electrochemical requirement for HDPE is limited to 
pH >3 (AASHTO LRFD 11.10.6.4.2b), determined by AASHTO T289.  

• 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. 

Tensar Response: There are no drainage measurements that are inherent in the ARES 
system.  

• 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. 

Tensar Response: Coping on top of a retaining wall serves as a protective cap or cover, 
providing both functional and aesthetic benefits. This can be done as a cast-in-place or a 
pre-cast component. CIP coping can be tailored to fit unique architectural designs and site 
specific conditions. Precast coping units come in standard sizes but can be customized to 



fit specific project needs. See page 11 of Appendix –1.1.4.a and page 12 of Appendix – 
1.1.4.b and Appendix – 1.1.4.c for details.  

• 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. 

Tensar Response: Traffic barrier supported on a moment slab can be placed directly on top 
of the ARES panel. See sheet 10  Appendix – 1.1.4.a and sheet 11 of Appendix – 1.1.4.b and 
c for example of traffic barrier on top of ARES panel. Guardrail post can be installed or 
driven into the geogrid but should be placed 3ft away from the wall face. See Appendix – 
1.3.5 for guardrail post on top of ARES wall.   

• 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. 

Tensar Response: Refer to page 6 of Appendix – 1.1.4.a and page 7 of Appendix – 1.1.4.b 
and Appendix – 1.1.4.c for standard slip joint details in plan and elevation view. Slip joints 
are precast reinforced concrete with the same height as the precast panels. If needed, slip 
joints within Tensar Ares retaining walls will allow for controlled movement between 
different sections of the wall. This helps accommodate changes in temperature, soil 
pressure, soil settlement, and other environmental factors that can cause expansion and 
contraction. Slip joints can also be used in the case that a new Ares retaining wall must be 
tied to an existing wall to accommodate the potential differential movement between the 
existing and new wall.   

Section 2: ERS Design 
2.1 Design Methodology 

• 2.1.1 Innovation: 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. 

Tensar Response: The wall system is not considered to be an innovation that is related to 
design methodology.   

• 2.1.2 Design Methodology Description: Describe the design methodology 
thoroughly, and provide references to supporting literature as appropriate. 

Tensar Response: The Simplified Method design methodology set by AASHTO (American 
Association of State Highway and Transportation Officials) Load and Resistance Factor 
Design (LRFD) and Federal Highway Administration (FHWA).  



• 2.1.3 Obstructions: 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. 

Tensar Response: In the case that obstructions are present in the reinforced zone, there 
are various methods in maintaining reinforcement coverage and embedment length 
requirements. This can be done by skewing, penetrating reinforcement through obstruction, 
reducing geogrid strength to account for the penetration and directing the geogrid 
underneath the obstruction. See sheets 7, 9 and 10 in Appendix – 1.1.4.a for standard 
details for 5’x5’ panels. Also see sheets 8, 10 and 11 in Appendix – 1.1.4.b and Appendix – 
1.1.4.c for 5’x9’ and 5’x10’ panels to overcome obstructions.   

2.2 Design Example 
• 2.2.1 Design Calculations: 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. 

Tensar Response: The simplified method based on AASHTO 2017-2020 was used to 
perform design example calculations. Refer to Appendix – 2.2.1.1a and Appendix – 2.2.1.1b 
for problem 1 and Appendix – 2.2.1.2a and Appendix – 2.2.1.2b for problem 2 wherein the 
completed calculations are presented by using of MSEW+ based on the reduction factors 
provided by NTPEP – refer to Appendix – 1.2.4 and summarized in the table below.  

 

Section 3: Construction 

3.1 Construction Procedures 
• 3.1.1 Innovation: 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. 



Tensar Response: The Ares wall system does not contain what is considered to be an 
innovation that is related to the construction procedures. 

• 3.1.2 Construction Manual: Provide the construction manual for the wall system 
and at a minimum they should include the following items. 

Tensar Response: See Appendix – 3.1.2 for the construction manual for the Ares wall 
system. 

• 3.1.3 Facing Unit Installation: 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. 

Tensar Response: Refer to Section 1.1.11 for limitations of the facing unit installation at 
curved sections of the wall.  

• 3.1.4 Earth Reinforcement Installation: 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. 

Tensar Response: Tensar prefers to use corner panels to address curve sections of the 
ARES wall. Two ways to address overlapping geogrids: 

a) The UX geogrid can  be cast and angled up to 15 degrees against the back face of the 
concrete panel to avoid or minimize the overlapping layers of reinforcement. See 
sheet 7 of Appendix – 1.1.4.a and sheet 8 of Appendix – 1.1.4 b and Appendix – 
1.1.4.c for the skew geogrid details. 

b) Provide a 3-inch soil cover between overlapping geogrid layers. Sheet 6 of Appendix 
– 1.1.4.a and sheet 7 of Appendix – 1.1.4 b and c show a plan view of geogrid 
overlapping.   

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

Tensar Response: Measures that are required to maintain the vertical and horizontal 
alignment of the wall face during construction can be found in Appendix – 3.1.2, section 
“Panel Placement” on page 12 of 24. 

• 3.1.6 Soil Installation: Describe the procedures to install soil in the reinforced soil 
zone. 

Tensar Response: For procedures on soil installation in the reinforced zone refer to 
Appendix – 3.1.2, section “Reinforced Fill Placement” on page 17 of 24.  

• 3.1.7 Erosion Control: Describe measures that are required to prevent erosion 
behind and in front of the wall during construction. 



Tensar Response: Measures required to prevent erosion behind and in front of the wall 
during construction can be found in Appendix – 3.1.2, section “Excavation, Foundation and 
Drainage” on page 11 of 24. 

• 3.1.8 Contractor Qualifications: Describe experience or other special 
qualifications that are required of the wall construction contractor. 

Tensar Response: Installer with experience on Tensar ARES system is preferred but not 
required.  Tensar will have site representative at the beginning of project to assist and 
provide guidance on the installation. 

• 3.1.9 Soil Installation (Repeated): Describe the procedures to install soil in the 
reinforced soil zone. 

Tensar Response: Refer to section 3.1.6 for soil installation procedures.  
 
 

Section 4: Quality Control 
4.1 Manufacturing 

• 4.1.1 Facing Units: Describe the quality control measures that are required for the 
manufacturing of facing units. You may do this by providing a manufacturing QC manual. 

Tensar Response: Refer to Appendix – 1.1.3.a for the required quality control measures for 
the manufactured facing units. 

• 4.1.2 Earth Reinforcement: 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. 

Tensar Response: Refer to Appendix – 4.1.2 for Tensar geogrid quality control and quality 
assurance manual. 

• 4.1.3 Other Devices: 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.  

Tensar Response: See Appendix – 1.1.8.b for the required quality control measures for the 
manufacturing of bearing pads. Refer to Appendix – 4.1.3 for the required quality control 
measures for the UX1700AR geogrid tabs. Also, refer to Appendix – 4.1.2 for Tensar geogrids 
quality control and quality assurance manual. 



4.2 Construction 
• 4.2.1 Construction Quality Control: 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. 

Tensar Response: See Appendix – 3.1.2 for the Installation and Construction quality 
control measures for the Ares wall system. 

Section 5: Performance 
5.1 Performance History 

• 5.1.1 Development and Usage History: Provide a description of the system’s 
development and usage history. Then describe the following:  

Tensar Response: Refer to Introduction in Section 1. 

• 5.1.2 Oldest Structures: The oldest three structures. 
Tensar Response:  

o Tanque Varde Project: This project was located in Tucson, Arizona, USA. It was 
constructed between the years of 1984-1985, and it consists of the construction of 
46 walls to separate grades at Tanque Verde – Wrightstown – Pantano. See Appendix 
– 5.1.2.0 for additional projects.  

 

Figure 1 - Oldest ARES Retaining Wall System: Tanque Verde, Tucson, AZ 
 



This ARES project used a geogrid tab/bodkin connection, at that moment was called 
geogrid tab/”bodkin joint” connection. For additional information refer to FHWA 
report for ARES Tanque Varde Project in Appendix – 5.1.2.1 and a Transportation 
Research Record report for ARES Tanque Verde Project in Appendix – 5.1.2.2. 

o Overlander Bridge Access: This project was located in Kamloops, British Columbia, 
Canada, and it consists of 8 walls for bridge approaches, abutments, and mainline 
embankments. It was constructed in 1999. The two bridge was founded on spread 
footing on top of the reinforced soil mass. See Appendix – 5.1.2.0 for additional 
projects. 

 

Figure 2 - Overlander Bridge Access Looking Southeast beneath the bridge deck 
  

 In addition, refer to paper about Overlander Bridge Access Project in Appendix – 
5.1.2.3. 

o I-25 - 70th Street Ramp: This project was located in Denver, CO, and it consist of 
two walls support ramp to bridge over I-25. It was constructed in 1993. The panels 
for this project had a “Glenwood Canyon” Striation and were stained. See Appendix 
– 5.1.2.0 for additional projects. 

o Harrisville Blvd CNR Overpass: This project was located in Moncton, New 
Brunswick, Canada, and it consist of two walls supporting a single span bridge over 
two rail lines. Maximum height of 36 feet and it was constructed in 1998. See 
Appendix – 5.1.2.0 for additional projects. 

 

 



 

• 5.1.3 Tallest Structures: The tallest three structures. 
Tensar Response:  

o Loop 375 Border Highway West Extension Project: This project was located in El 
Paso, Texas and consists of a maximum height of 42 feet. See Appendix – 5.1.2.0 for 
additional projects. 

 

 

Figure 3 - Loop 375 Border Highway West Extension Project 
 

 

Figure 4 - Loop 375 Border Highway West Extension Project 



 
o Memorial Causeway: This project was located in Clearwater Beach, FL, and 

consists of a maximum height of 42 feet. See Appendix – 5.1.2.0 for additional 
projects. 

 

 

Figure 5 - Memorial Causeway, FLDOT project, Pinellas County, FL: 42 feet, constructed in 2002 
 

o County Road 124 Overpass: This project was located in Delaware County, OH, and 
consists of a maximum height of 40 feet. Refer to  Appendix – 5.1.2.4 for a case 
study about this project. 
 

 

Figure 6 - County Road 124 Overpass 
 



• 5.1.4 User Approvals and Contact Information: 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. 

 
Tensar Response: Tensar's ARES Retaining Wall Systems have been widely approved and 
used by various public organizations. Here are some notable users and contact information 
for further inquiries: 
 

1. Eastgate Road Extension, Henderson, NV 
a. Contact: Scott Fieldler 

b. Phone: (702) 267-3064 

2. SH 133, US 36 LYONS and E470, Denver, CO 

a. Contact: Trevor Wang 

b. Phone: (303) 512-4072 

3. 41st Street Overcrossing and NW 10th Street, WA 

a. Contact: Tony Allen 

b. Phone: (306) 709-5450 

4. I-15 Auxiliary Lanes, Salt Lake City, UT 

a. Contact: Darren Sjoblom 

b. Phone: (801) 964-4474 

5. NYSDOT D260830 and Adirondack Northway, NY 

a. Contact: Mike McCarthy 

b. Phone: (518) 457-2124 

6. US Army Crop of Engineers, Baltimore District, Baltimore, MD 

a. Contact: Mike Snyder 

b. Phone: (401) 962-4772 

Section 6: Other 
6.0 Other Information 

• 6.1 Additional Information: In this section, please include anything you think will 
better help a reviewer understand your ERS that has not been adequately addressed in 
the previous questions. 

Tensar Response: No additional information is required. Please refer to the above content 
for all details needed to assess the Ares wall system, as provided by TIC.  



 

 

 

 

Appendix 0 

 

Tensar Grade Separation Solution Brochure 

 

ARES® MSE Retaining Wall System 
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We provide innovatively  
engineered, economical solutions 
for grade change challenges in 
the transportation, industrial, 
commercial and residential markets.

Proven Solutions and Technologies
Tensar International Corporation (Tensar) is a full-service 
provider of specialty products and engineering services, 
offering economical solutions to common infrastructure and 
site development needs. We are the leading developer and 
manufacturer of high-performance geosynthetic products and 
engineered solutions for grade separation applications, as well 
as the world’s leading developer and producer of high-density 
polyethylene (HDPE) soil reinforcement systems.

We combine our products with innovative application 
technologies and specialized technical services to offer 
engineered systems serving the transportation, industrial, 
commercial and residential markets. Our systems offer 
cost-effective alternatives to traditional earthwork materials 
and practices.

 

Since 1982, Tensar has provided economical solutions to the 
most challenging grade change requirements. Today, our 
expertise in grade separation systems includes:

˴˴ ARES® Modular Panel Walls

˴˴ ARES® Full-Height Panel Walls

˴˴ Mesa® Segmental Retaining Walls

˴˴ SierraScape® Stone Face Wire-Formed Walls

˴˴ SierraScape® Vegetated Face Wire-Formed Walls

˴˴ Sierra® Steepened Slopes

˴˴ Tensar® Temporary Walls

Quality You Can Rely On and Have Come to Trust
Tensar offers engineered systems that combine exceptional 
products with technology, engineering and design. Unique  
in their quality, consistency and durability, Tensar® Geogrids  
are manufactured from polymers resistant to physical 
deterioration and loss of strength caused by aggressive 
chemical environments.

TENSAR® UNIAXIAL (UX) GEOGRIDS
Tensar UX Geogrids are manufactured from select grades  
of HDPE resins that are highly oriented and resist deformation 
when subjected to high tensile loads for long periods of time. 
These geogrids carry large tensile loads applied in one direction. 
Their open aperture structure interlocks with natural fill 
materials, making them ideal for Mechanically Stabilized  
Earth (MSE) and Reinforced Soil Slope (RSS) applications.

Eastgate Road – Henderson, Nevada

Tensar® Geogrids are inert to chemical and electrical exposure. ARES panel 
walls are well suited for fills that do not meet electrochemical backfill 
criteria.

Inverness Heights – Hoover, Alabama

The random placement of four different colors of Mesa Systems blocks 
provides a unique and attractive complement to the stores’ facades.

Interstate H-3 – Oahu, Hawaii

ASCE recognized this Sierra® System project with the 1998 Outstanding  
Civil Engineering Achievement Award.

TENSAR® GEOGRIDS 
Tensar’s Grade Separation Solutions owe their 
long-term performance and durability to high-
strength Tensar® Uniaxial (UX) Geogrids. With their 
stiff interlocking capabilities, Tensar Geogrids have 
stood the test of time, performing better than other 
commercially available geosynthetics.
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Blackstone Valley – Millbury, Massachusetts

The SierraScape® System was chosen because it met the aesthetic demands  
of the owner as well as the engineer’s space limitations, all while saving time 
and money with the use of on-site soils.

Proven Solutions and Technologies
Since 1982, Tensar has provided economical solutions to the 
most challenging grade change requirements. Today, our 
expertise in grade separation systems includes:

˴˴ ARES® Modular Panel Walls

˴˴ ARES® Full-Height Panel Walls

˴˴ Mesa® Segmental Retaining Walls

˴˴ SierraScape® Stone Face Wire-Formed Walls

˴˴ SierraScape® Vegetated Face Wire-Formed Walls

˴˴ Sierra® Steepened Slopes

˴˴ Tensar® Temporary Walls

Quality You Can Rely On and Have Come to Trust
Tensar offers engineered systems that combine exceptional 
products with technology, engineering and design. Unique  
in their quality, consistency and durability, Tensar® Geogrids  
are manufactured from polymers resistant to physical 
deterioration and loss of strength caused by aggressive 
chemical environments.

TENSAR® UNIAXIAL (UX) GEOGRIDS
Tensar UX Geogrids are manufactured from select grades  
of HDPE resins that are highly oriented and resist deformation 
when subjected to high tensile loads for long periods of time. 
These geogrids carry large tensile loads applied in one direction. 
Their open aperture structure interlocks with natural fill 
materials, making them ideal for Mechanically Stabilized  
Earth (MSE) and Reinforced Soil Slope (RSS) applications.

THE ENGINEERED ADVANTAGE™
Tensar is the industry leader in soil reinforcement solutions. 
We’ve developed products and technologies at the forefront  
of the geotechnical industry for more than three decades.

Our products are backed by the most thorough quality 
assurance practices in the industry. And we can provide full 
engineering and construction services including detailing, 
design, site assistance and final stamped drawings for  
each of our grade separation solutions.

Inverness Heights – Hoover, Alabama

The random placement of four different colors of Mesa Systems blocks 
provides a unique and attractive complement to the stores’ facades.

Interstate H-3 – Oahu, Hawaii

ASCE recognized this Sierra® System project with the 1998 Outstanding  
Civil Engineering Achievement Award.

TENSAR® GEOGRIDS 
Tensar’s Grade Separation Solutions owe their 
long-term performance and durability to high-
strength Tensar® Uniaxial (UX) Geogrids. With their 
stiff interlocking capabilities, Tensar Geogrids have 
stood the test of time, performing better than other 
commercially available geosynthetics.
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4

Proven in the Field

When long-term performance and 
speed of construction are critical, 
ARES® Retaining Wall Systems 
offer unmatched advantages.

DOTs, contractors and engineers have long appreciated the 
many advantages of MSE panel walls. Their wide range of 
designs and finishes, combined with their simplicity and speed 
of construction, make them more appealing when compared  
to other types of wall systems.

Although panel-faced MSE Walls are commonly tied back with 
steel reinforcing elements, the questionable durability of these 
elements and their connection to the concrete panels threatens 
to restrict their use in the future. As an alternative, ARES® 
Walls, utilizing highly durable, non-corrosive geosynthetic 
reinforcing elements, provide a cost-effective, functional  
and aesthetically versatile option.

ARES Walls are proven MSE retaining wall solutions.  
They have been assessed by the Highway Innovative 
Technology Evaluation Center (HITEC), and millions of square 
feet have been installed on a variety of transportation and  
site development projects. They are currently approved by  
46 state DOTs.

NO METAL – NO CORROSION

With soil reinforcement that is 100% polymeric, ARES Walls 
eliminate corrosion concerns related to either the reinforcing 
element, or the connection of that element to the panel. These 
systems offer the cost advantages of an MSE retaining wall 
without the long-term consequences of exposure to chlorides, 
sulfates, low-resistivity soils or stray electrical current 
potential. This makes ARES Walls the logical choice for 
aggressive backfill soils, transformer platform areas and 
electrified rail projects.

THE ARES SYSTEMS ADVANTAGE
The use of non-metallic earth reinforcement makes ARES Walls 
inert to chemical and electrical corrosion. The inert properties  
of Tensar Geogrids permit the use of a wide range of backfills, 
including recycled materials, allowing greater economy and  
a sustainable design.

Tanque Verde Interchange – Tucson, Arizona

Constructed in 1984-85, this was one of the first Tensar walls built, 
demonstrating the long-term performance of the ARES® Full-Height 
Panel Retaining Wall System.

As testimony to the durability of the ARES® Systems, one  
of the first Tensar® Geogrid-reinforced panel walls was built  
as a seawall on the Gaspé Peninsula in Canada. After decades  
of North Atlantic storms and continuous exposure to salt water, 
there are no signs of corrosion or deterioration of the soil 
reinforcement. In fact, some of the first ARES Wall installations 
were instrumented and carefully observed to verify their 

ARES® Systems Components

Component Function

Tensar UX Geogrids HDPE structural geogrids internally reinforce fill materials. Inert to chemical degradation, they can  
be used with different backfill materials, including recycled concrete.

Precast Panel Facing Available in standard 5 ft x 5 ft (1.5 m x 1.5 m), 5 ft x 9 ft (1.5 m x 2.75 m), 5 ft x 10 ft (1.5 m x 3 m) or 
customized for full-height construction.

Bodkin Connector HDPE connector for high connection efficiency without concern for corrosion.

Full Engineering and Construction Services Detailing, design, site assistance and stamped drawings for each ARES Wall project upon request.

Panel front face

Leveling pad

ARES Retaining Wall Systems – Modular Panel Walls
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5

Proven in the Field
NO METAL – NO CORROSION

With soil reinforcement that is 100% polymeric, ARES Walls 
eliminate corrosion concerns related to either the reinforcing 
element, or the connection of that element to the panel. These 
systems offer the cost advantages of an MSE retaining wall 
without the long-term consequences of exposure to chlorides, 
sulfates, low-resistivity soils or stray electrical current 
potential. This makes ARES Walls the logical choice for 
aggressive backfill soils, transformer platform areas and 
electrified rail projects.

THE ARES SYSTEMS ADVANTAGE
The use of non-metallic earth reinforcement makes ARES Walls 
inert to chemical and electrical corrosion. The inert properties  
of Tensar Geogrids permit the use of a wide range of backfills, 
including recycled materials, allowing greater economy and  
a sustainable design.

Tanque Verde Interchange – Tucson, Arizona

Constructed in 1984-85, this was one of the first Tensar walls built, 
demonstrating the long-term performance of the ARES® Full-Height 
Panel Retaining Wall System.

As testimony to the durability of the ARES® Systems, one  
of the first Tensar® Geogrid-reinforced panel walls was built  
as a seawall on the Gaspé Peninsula in Canada. After decades  
of North Atlantic storms and continuous exposure to salt water, 
there are no signs of corrosion or deterioration of the soil 
reinforcement. In fact, some of the first ARES Wall installations 
were instrumented and carefully observed to verify their 

effectiveness and long-term performance. As part  
of an FHWA study at the Tanque Verde project in Arizona  
(see photo, above left), the Tensar Geogrid behind sections  
of one of the walls was excavated to assess its durability. 
Installed in 1984-85, the walls continue to perform as 
designed, with no maintenance issues having occurred.

ARES® Systems Components

Component Function

Tensar UX Geogrids HDPE structural geogrids internally reinforce fill materials. Inert to chemical degradation, they can  
be used with different backfill materials, including recycled concrete.

Precast Panel Facing Available in standard 5 ft x 5 ft (1.5 m x 1.5 m), 5 ft x 9 ft (1.5 m x 2.75 m), 5 ft x 10 ft (1.5 m x 3 m) or 
customized for full-height construction.

Bodkin Connector HDPE connector for high connection efficiency without concern for corrosion.

Full Engineering and Construction Services Detailing, design, site assistance and stamped drawings for each ARES Wall project upon request.

Non-woven geotextile

Panel front face

Leveling pad

Tensar® Uniaxial Geogrid

2.5 in. or 63.5 mm (min.)  
uniaxial geogrid tab 
embedment into  
concrete

HDPE bodkin 
connection

ARES Retaining Wall Systems – Modular Panel Walls
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AN ECONOMICAL ADVANTAGE
ARES® Systems provide an attractive 
and reliable solution for a variety of 
grade change requirements, saving  
time and money during installation. 
Modular and full-height panel walls  
offer designers a choice of textures  
and patterns to meet the architectural, 
structural and budgetary needs of 
retaining wall projects. Panels are cast 
with HDPE geogrid tabs embedded in 
the rear face for connection to Tensar® 
UX Geogrids. The 100% polymer 
connection assures load transfer to the 
reinforcement, with no loss in design 
strength over the project’s service life.

In addition to the various facing options 
available, contractors benefit from  
the time and labor costs saved when 
installing ARES Walls. The systems’ 
panels have significant facing area, 
while the reinforcement is lightweight 
and easy to connect – no nuts or bolts  
to tighten.

Structural Stability 
Combined with 
Aesthetic Appeal

West Reynolds Road – Lexington, Kentucky

Using ARES® Full-Height Panel Walls, the contractor  
and owner saved a significant amount of time and 
expense on installation.

Third Street – Auburn, Washington

Faced with constructing an embankment composed  
of very soft soils, contractors installed an ARES 2-Stage  
Wall to allow for anticipated post-construction settlement.

Memorial Causeway – Clearwater, Florida

The non-corrosive properties of Tensar Geogrids allow  
the ARES System to be used in salt water applications.

NOTE: All details referenced in this brochure represent  
typical cross sections.

King Kamehameha – Oahu, Hawaii

ARES Full-Height Panel Walls permit the use  
of a wide range of both architectural finishes  
and backfill materials.

6

ARES® Systems provide a structurally 
reliable solution for a variety of grade 
change requirements, saving time 
and money during installation.

Reinforced fillARES 
Wall

Foundation 

Retained 
fill

Tensar Geogrid
primary reinforcement

=

Reinforced fill

Foundation 

Retained 
fill
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Foundation 
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fill

Reinforced fill

Tensar Geogrid 
primary reinforcement

ARES 
Wall

Reinforced fill

Foundation 

Retained 
fill

Support strut

Galvanized welded 
wire-form

Tensar Geogrid
primary reinforcement

ARES 
Wall
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San Diego Light Rail – San Diego, California

Project specifications required that metal not be in 
contact with the earthen backfill. The Tensar® Geogrids 
used with the ARES System provided the ideal solution.

West Reynolds Road – Lexington, Kentucky

Using ARES® Full-Height Panel Walls, the contractor  
and owner saved a significant amount of time and 
expense on installation.

Third Street – Auburn, Washington

Faced with constructing an embankment composed  
of very soft soils, contractors installed an ARES 2-Stage  
Wall to allow for anticipated post-construction settlement.

Memorial Causeway – Clearwater, Florida

The non-corrosive properties of Tensar Geogrids allow  
the ARES System to be used in salt water applications.

NOTE: All details referenced in this brochure represent  
typical cross sections.

King Kamehameha – Oahu, Hawaii

ARES Full-Height Panel Walls permit the use  
of a wide range of both architectural finishes  
and backfill materials.
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A SINGLE-SOURCE SOLUTION
Since 1999, the Mesa® Retaining Wall Systems have been  
the retaining wall solution of choice for many architects, 
engineers and DOTs. The first segmental retaining wall (SRW) 
system to incorporate a positive mechanical connection 
between the geogrid and the wall face, Mesa Systems offer 
superior and cost-effective solutions for both structural and 
landscape retaining wall needs in the transportation, industrial, 
commercial and residential markets.

With a network of licensed independent block manufacturers 
throughout the United States, Canada and Latin America, Mesa 
Systems have become the standard in SRW technology. A truly 
integrated solution, they are the only SRW system where block, 
geogrid and connector have been developed by one company; 
unlike other SRWs, the components of the Mesa Systems have 

been specifically designed to work together for optimum 
efficiency and performance. High-strength, low-absorption 
concrete units, high-shear strength connectors and Tensar® 
Geogrids work together to form an MSE system that meets  
or exceeds the industry standard. With the Mesa Systems’  
high connection strength and reliability, core fill* is rarely 
needed. Using less core fill reduces imported stone and  
labor requirements, resulting in greater project savings.

For long-term durability, increased structural integrity  
and simplified construction, all at costs lower than most 
conventional alternatives, specify the Mesa Retaining  
Wall Systems for your next project.

 *�Core fill is defined as the aggregate fill within the open void space of a 
SRW block. Core fill is recommended for wall segments that form convex 
curves with a radius less than 25 ft (7.6 m) and 90° outside corner units.

TESTED TRANSPORTATION SOLUTIONS
The long-term performance of any retaining wall system  
is challenged most rigorously in the public transportation 
market. Differential settlement, traffic barriers and  
seismic loads can test the capabilities of any retaining  
wall, so connection strength must be especially reliable.

Mesa® Connectors were specifically designed to meet these 
long-term performance demands, providing a mechanical 
connection where it’s needed most – at the wall face. The 
system and connection components are largely unaffected  
by abrasion, tearing or hydrolysis – factors that can 
undermine the performance of a frictional system using a 
woven polyester reinforcement. When specifying a Mesa 
System, you can be assured that its structural components 
are both reliable and designed for the long term.

8

The Connection You Can Count On™

Mesa® Systems Components

Component Function

Tensar UX Geogrids HDPE structural geogrids internally reinforce fill materials. Inert to chemical degradation, they can  
be used with non-select fill or even recycled concrete.

Mesa Segmental Units High-strength concrete block with a compressive strength that exceeds the National Concrete  
Masonry Association (NCMA) standards (>4,000 psi) (27.6 MPa).

Mesa Connectors
Unique locking connectors designed to mechanically connect Tensar Geogrids to the Mesa Units. 
Connectors provide a low-strain, end-bearing connection that is not dependent on friction for  
structural integrity and allows walls to be built near-vertical or with a 5⁄8" (1.6 cm) setback.

Full Engineering and Construction Services Detailing, design, site assistance and stamped drawings for each Mesa Wall project upon request.

Mesa® Systems provide the dependability 
engineers require, the installation efficiency 
contractors expect, and the aesthetics 
owners and architects demand.

Mesa  
Standard Unit

Leveling pad

Mesa Systems –
Segmental  
Retaining Wall
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been specifically designed to work together for optimum 
efficiency and performance. High-strength, low-absorption 
concrete units, high-shear strength connectors and Tensar® 
Geogrids work together to form an MSE system that meets  
or exceeds the industry standard. With the Mesa Systems’  
high connection strength and reliability, core fill* is rarely 
needed. Using less core fill reduces imported stone and  
labor requirements, resulting in greater project savings.

For long-term durability, increased structural integrity  
and simplified construction, all at costs lower than most 
conventional alternatives, specify the Mesa Retaining  
Wall Systems for your next project.

 *�Core fill is defined as the aggregate fill within the open void space of a 
SRW block. Core fill is recommended for wall segments that form convex 
curves with a radius less than 25 ft (7.6 m) and 90° outside corner units.

TESTED TRANSPORTATION SOLUTIONS
The long-term performance of any retaining wall system  
is challenged most rigorously in the public transportation 
market. Differential settlement, traffic barriers and  
seismic loads can test the capabilities of any retaining  
wall, so connection strength must be especially reliable.

Mesa® Connectors were specifically designed to meet these 
long-term performance demands, providing a mechanical 
connection where it’s needed most – at the wall face. The 
system and connection components are largely unaffected  
by abrasion, tearing or hydrolysis – factors that can 
undermine the performance of a frictional system using a 
woven polyester reinforcement. When specifying a Mesa 
System, you can be assured that its structural components 
are both reliable and designed for the long term.

CREATIVE COMMERCIAL APPLICATIONS
When designing for commercial applications, the need  
to combine creativity, practicality and cost efficiency  
becomes a necessity. That’s where the Mesa Systems  
can help. Mesa Walls offer both aesthetic appeal and 
structural stability, providing the ideal solution for  
almost any commercial project.

RELIABLE RESIDENTIAL PROJECTS
Whether you’re increasing usable land or improving  
residential property value, the Mesa Systems can solve your 
most challenging grade change requirements with a full line  
of segmental retaining wall products for both structural and 
landscaping needs.

9

The Connection You Can Count On™

Mesa® Systems Components

Component Function

Tensar UX Geogrids HDPE structural geogrids internally reinforce fill materials. Inert to chemical degradation, they can  
be used with non-select fill or even recycled concrete.

Mesa Segmental Units High-strength concrete block with a compressive strength that exceeds the National Concrete  
Masonry Association (NCMA) standards (>4,000 psi) (27.6 MPa).

Mesa Connectors
Unique locking connectors designed to mechanically connect Tensar Geogrids to the Mesa Units. 
Connectors provide a low-strain, end-bearing connection that is not dependent on friction for  
structural integrity and allows walls to be built near-vertical or with a 5⁄8" (1.6 cm) setback.

Full Engineering and Construction Services Detailing, design, site assistance and stamped drawings for each Mesa Wall project upon request.

Mesa® Systems provide the dependability 
engineers require, the installation efficiency 
contractors expect, and the aesthetics 
owners and architects demand.

The Mesa Systems’ Standard Connector holds Tensar 
Geogrid securely to the Mesa Units, while also providing 
block-facing alignment.

Mesa Standard 
Connector

12 in. (min.) (300 mm) 
granular fill

Tensar® Uniaxial Geogrid

Mesa  
Standard Unit

Leveling pad

Mesa Systems –
Segmental  
Retaining Wall
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UNLIMITED DESIGN AND 
AESTHETIC OPTIONS
If your site requires a retaining wall,  
why not make it as attractive and useful 
as possible? In today’s competitive and 
ever-changing wall market, architects 
and owners are continually looking for 
new ways to build walls that look as 
good as they perform.

Mesa® Systems are at the forefront of 
the industry with a wide array of design 
options. From blending and variegating 
colors and textures to planting greenery 
on tiered walls and top slopes, segmental 
retaining walls become more than a 
structural solution – they become an 
appealing aesthetic feature of your site.

Exceptional 
Performance 
and Integrity 

10

Avalon Bay Communities – Fort Lee, New Jersey

Varying elevations and tight property constraints  
posed a challenge for the residential site. A design- 
build solution provided over 48,000 sq ft (4,459 m2)  
of Mesa® Walls with heights exceeding 30 ft (9 m). 

Brookworth Plaza – West Chester, Pennsylvania

A combined installation of Mesa Walls and 
SierraScape® Walls provided a solution to the owner’s 
request for green sightlines to the detention pond.

I-25 Founders Meadow – Castle Rock, Colorado

CDOT I-25 was the first major bridge in the  
United States to be built on footings supported  
by geogrid-reinforced abutments.

Mesa Standard and DOT Connectors

The Mesa Standard Connectors positively 
connect Tensar® Geogrid to the Mesa Facing 
Unit, often eliminating the need for core fill. 

The Mesa DOT Connector engages the 
geogrid across the entire block width.

Standard Units 
The most popular Mesa Unit in our 
full line of products. The Standard 
Unit can be used for most retaining 
wall needs.

8" h x 18” w x 11" d nom./75 lbs

(20 cm x 46 cm x 28 cm/34 kg)

Corner Units 
Used to create walls with clean  
and precise 90° corners.

8" h x 18" w x 9" d nom./60 lbs 
(20 cm x 46 cm x 23 cm/27 kg)

Cap Unit 
Used at the top of the wall for a finished look.

4" h x 18" w x 12" d nom./40 lbs 
(10 cm x 46 cm x 28 cm/18 kg) 

NOTE: Actual dimensions may vary slightly depending  
on location.

Ashford™ Units 
Create randomly patterned 
walls using the Mesa® 
Ashford™ System. Units are 
available in three sizes for  
a variety of facing options 
(available only with a straight split).	

Standard Unit: �8" h x 18" w x 11" d nom./75 lbs 
(20 cm x 46 cm x 28 cm/34 kg)

Medium Unit: �8" h x 12" w x 11" d nom./60 lbs 
(20 cm x 30 cm x 28 cm/27 kg)

Tall Unit: �16" h x 6" w x 11" d nom./60 lbs 
(40 cm x 15 cm x 28 cm/27 kg)

Reinforced 
fill

Foundation

Finished 
grade 

Wall 
embedment varies

Geotextile
filter fabric

Retained 
fill

Tensar Geogrid primary reinforcement 

Reinforced fill

Foundation

Finished
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Tensar® Geogrid
primary reinforcement

Granular fill

Retained 
fill

Reinforced fill

Tensar Geogrid 
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Foundation

SierraScape 
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Westgate Villas – Orlando, Florida

Originally proposed 4:1 grass slopes would have resulted  
in an inefficient use of the property. Instead, Mesa  
Walls were installed to maximize land use, contain  
the water runoff and provide structural reliability.

Avalon Bay Communities – Fort Lee, New Jersey

Varying elevations and tight property constraints  
posed a challenge for the residential site. A design- 
build solution provided over 48,000 sq ft (4,459 m2)  
of Mesa® Walls with heights exceeding 30 ft (9 m). 

Brookworth Plaza – West Chester, Pennsylvania

A combined installation of Mesa Walls and 
SierraScape® Walls provided a solution to the owner’s 
request for green sightlines to the detention pond.

I-25 Founders Meadow – Castle Rock, Colorado

CDOT I-25 was the first major bridge in the  
United States to be built on footings supported  
by geogrid-reinforced abutments.

Mesa Standard and DOT Connectors

The Mesa Standard Connectors positively 
connect Tensar® Geogrid to the Mesa Facing 
Unit, often eliminating the need for core fill. 

The Mesa DOT Connector engages the 
geogrid across the entire block width.

Standard Units 
The most popular Mesa Unit in our 
full line of products. The Standard 
Unit can be used for most retaining 
wall needs.

8" h x 18” w x 11" d nom./75 lbs

(20 cm x 46 cm x 28 cm/34 kg)

Corner Units 
Used to create walls with clean  
and precise 90° corners.

8" h x 18" w x 9" d nom./60 lbs 
(20 cm x 46 cm x 23 cm/27 kg)

Cap Unit 
Used at the top of the wall for a finished look.

4" h x 18" w x 12" d nom./40 lbs 
(10 cm x 46 cm x 28 cm/18 kg) 

NOTE: Actual dimensions may vary slightly depending  
on location.

Ashford™ Units 
Create randomly patterned 
walls using the Mesa® 
Ashford™ System. Units are 
available in three sizes for  
a variety of facing options 
(available only with a straight split).	

Standard Unit: �8" h x 18" w x 11" d nom./75 lbs 
(20 cm x 46 cm x 28 cm/34 kg)

Medium Unit: �8" h x 12" w x 11" d nom./60 lbs 
(20 cm x 30 cm x 28 cm/27 kg)

Tall Unit: �16" h x 6" w x 11" d nom./60 lbs 
(40 cm x 15 cm x 28 cm/27 kg)
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Engineers and architects are under constant pressure to  
find cost-effective alternatives to traditional wall systems.  
For a range of applications, they are finding that the SierraScape® 
Wire-Formed Retaining Wall System is the ideal solution for 
appearance, performance and overall value. Backed by decades  
of engineering experience and with millions of square feet installed 
worldwide, the SierraScape System is a complete retaining wall 
solution, featuring materials, design, specifications and technical 
assistance as needed.

THE POSITIVE CONNECTION™
The SierraScape System combines Tensar® Geogrids with  
a positive mechanical connection between the geogrid and 
the wire-form for a dependable, cost-effective solution to 
the most challenging grade change projects. This connection  
better withstands differential settlement, offers exceptional 
performance in areas where seismic activity or heavy external 

loads are a concern and eliminates surficial stability problems 
often associated with other structures. It also provides a  
visual construction quality control check during installation.

INSIDE AND OUT, NO OTHER WALL  
SYSTEM COMPARES
When it comes to structural stability, no other wire-formed 
retaining wall compares. The SierraScape System adapts  
to a variety of project conditions, design requirements  
and aesthetic options.

Compared to concrete, the system is typically a more  
cost-effective solution as well. Its unique wire forms ease 
installation and help minimize construction time. The 
SierraScape System’s low maintenance, design versatility  
and resistance to environmental degradation help make it  
the right choice for a number of retaining wall applications.

Unlike the stark appearance of most concrete wall systems,  
the SierraScape® System offers various facing options to  
meet your design needs. Options include: 

˴˴ Stone – Components stack quickly and evenly to create  
a more uniform wall face; their flexibility and connection 
capabilities help resist differential settlement. Wire-form  
is filled with native or imported stone that can be color  
and size-specified for a desired look and feel. 

˴˴ Vegetated – Provides a versatile soil retaining wall structure 
where different native vegetated covers can blend naturally 
with the surrounding environment.

˴˴ Architectural – Veneer treated with stacked stone  
or a shotcrete-sculpted face to provide a unique but 
traditional finish.

A Complete Retaining Wall Solution

SierraScape® System Components

Component Function

Tensar UX Geogrids HDPE structural geogrids internally reinforce fill materials. Inert to chemical degradation, they can  
be used with non-select fill or even recycled concrete.

SierraScape Wire-Forms Galvanized wire-form baskets that provide permanent facial stability during placement and compaction  
of fill material, and simplify facing alignment.

Locking Tail Strut Locking struts secure geogrid to the SierraScape System’s basket tail and help stiffen the facing element 
to maintain alignment.

Geotextiles Separation filter fabric provides a barrier between the backfill material and the stone fill at the face.

Turf Reinforcement Mats (TRMs) Permanent erosion control products that aid in vegetation establishment and provide long-term  
turf reinforcement. Used only in vegetated face applications.

Full Engineering and  
Construction Services Detailing, design, site assistance and stamped drawings for each SierraScape Wall upon request.

The SierraScape® Retaining Wall 
System is a more affordable 
alternative to concrete for various 
grade change challenges.

SierraScape System – 
Stone Face Option
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loads are a concern and eliminates surficial stability problems 
often associated with other structures. It also provides a  
visual construction quality control check during installation.

INSIDE AND OUT, NO OTHER WALL  
SYSTEM COMPARES
When it comes to structural stability, no other wire-formed 
retaining wall compares. The SierraScape System adapts  
to a variety of project conditions, design requirements  
and aesthetic options.

Compared to concrete, the system is typically a more  
cost-effective solution as well. Its unique wire forms ease 
installation and help minimize construction time. The 
SierraScape System’s low maintenance, design versatility  
and resistance to environmental degradation help make it  
the right choice for a number of retaining wall applications.

Unlike the stark appearance of most concrete wall systems,  
the SierraScape® System offers various facing options to  
meet your design needs. Options include: 

˴˴ Stone – Components stack quickly and evenly to create  
a more uniform wall face; their flexibility and connection 
capabilities help resist differential settlement. Wire-form  
is filled with native or imported stone that can be color  
and size-specified for a desired look and feel. 

˴˴ Vegetated – Provides a versatile soil retaining wall structure 
where different native vegetated covers can blend naturally 
with the surrounding environment.

˴˴ Architectural – Veneer treated with stacked stone  
or a shotcrete-sculpted face to provide a unique but 
traditional finish.

EASE OF INSTALLATION KEEPS COSTS DOWN
Integrating SierraScape System components creates  
durable, yet simple-to-build structures. With a small number  
of components, installation moves quickly, without the need 
for specialized equipment or labor. Welded wire-forms stack 
easily to create a uniform wall face, and unlike geotextile wrapped 
walls, Tensar® Geogrids and the unique SierraScape Locking  
Tail Strut help maintain facing alignment. Since the system  
can be backfilled with general embankment fills or on-site  
soils, both fill material and disposal costs can be reduced as well.

A Complete Retaining Wall Solution

SierraScape® System Components

Component Function

Tensar UX Geogrids HDPE structural geogrids internally reinforce fill materials. Inert to chemical degradation, they can  
be used with non-select fill or even recycled concrete.

SierraScape Wire-Forms Galvanized wire-form baskets that provide permanent facial stability during placement and compaction  
of fill material, and simplify facing alignment.

Locking Tail Strut Locking struts secure geogrid to the SierraScape System’s basket tail and help stiffen the facing element 
to maintain alignment.

Geotextiles Separation filter fabric provides a barrier between the backfill material and the stone fill at the face.

Turf Reinforcement Mats (TRMs) Permanent erosion control products that aid in vegetation establishment and provide long-term  
turf reinforcement. Used only in vegetated face applications.

Full Engineering and  
Construction Services Detailing, design, site assistance and stamped drawings for each SierraScape Wall upon request.

SierraScape System – 
Stone Face Option

SierraScape System – 
Vegetated Face Option
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Brentwood Towne Square – Pittsburgh, Pennsylvania

To eliminate lateral soil loads, a SierraScape® System 
Pressure Relief Wall was selected as a cost-effective 
alternative to traditional below-grade construction.

Quail Ridge – Kelowna, British Columbia

The combination of stone face walls for drainage and 
vegetated walls for a “green” and natural look provided 
the ideal solution at this upscale golf community.

Vulcan Materials Plant – Columbia, South Carolina

The SierraScape System stone-filled wall and arch 
culvert structure allow heavy trucks easy and secure 
passage to and from the quarry.

Post River Apartments – Atlanta, Georgia

Environmental impact, budget and aesthetics were 
concerns when specifying a retaining wall for this 
apartment complex. The natural choice was the 
SierraScape System with a vegetated face.

THE SOLUTION OF CHOICE
The SierraScape® System has increasingly 
become the system of choice for grade 
separation projects in the transportation, 
industrial, commercial and residential 
markets. By combining beauty and 
elegance with efficiency and performance, 
SierraScape Walls are built to stand the 
test of time.

PRESSURE RELIEF APPLICATIONS
In addition to grade separation projects, 
the SierraScape System can be used  
for pressure relief to support soil  
and building loads below grade, 
providing a faster and more affordable 
solution. Because the system effectively 
supports surrounding fill, lateral soil 
loads against the below-grade 
structure are eliminated. The result: 
lower cost foundation walls that are 
structurally equivalent to conventional 
installations, including cast-in-place. 
SierraScape Pressure Relief Walls can  
be specified for building foundations and 
existing bridges, flood walls and other  
new construction or rehabilitation projects.

The Positive 
Connection™ with 
an Economical 
Advantage
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