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REPORT OF REVIEW THE REDI-ROCK PRECAST MODULAR RETAINING WALL SYSTEM 
 

August 2022 
 

HIGHWAY INNOVATIONS, DEVELOPMENTS, ENHANCEMENTS AND ADVANCEMENTS (IDEA) 
 

 
The Redi-Rock Precast Modular Retaining Wall System has been evaluated in accordance with the IDEA 
protocol. Key information regarding this system is presented in this final report of review. Comprehensive and 
important details of the system’s components, design, construction and quality control measures are 
presented in the “Summary Table of MSEW+ Program Input Parameters for Redi-Rock Retaining Wall System” 
located at the end of this report and the Redi-Rock Submittal. 
 
Applicant Information 
Redi-Rock International, LLC 
A subsidiary of ASTER BRANDS 
Attn: Daniel Cerminaro, PE 
2940 Parkview Drive 
Petoskey, Michigan 49770 
Ph: 866-22-8400 
www.redi-rock.com 
 
Review Summary 
Following its initial review of the Redi-Rock Precast Modular Retaining Wall System & Concrete Modular Block 
Unit Paired with Extensible Reinforcement submittal, the review team provided the applicant with a series of 
comments, requests for clarification and additional analysis. The applicant has been thorough in its responses 
and the review team finds that there are no outstanding issues that should be brought to the attention of 
the transportation agencies. Rather, the agencies are encouraged to rely upon the Redi-Rock Precast 
Modular Retaining Wall System & Concrete Modular Block Unit Paired with Extensible Reinforcement 
submittal for projects where the Redi-Rock Retaining Wall System is proposed. 
 
Submittal Checklist 
The checklists used from the IDEA protocol for this evaluation are C1 – Initial Technical Evaluation Checklist for 
Concrete Modular Block Paired with Extensible Reinforcement and C7 – Initial Technical Evaluation Checklist 
for Concrete Modular Gravity Wall System. This is the first evaluation of the Redi-Rock Precast Modular 
Retaining Wall System by either the HITEC or IDEA evaluation program.  
 
Confidential Information 
The applicant has the option to omit information from the version of its submittal that is attached to the final 
report if it believes that such information is confidential. In such instances, the applicant will notify the review 
team. However, for the Redi-Rock Precast Modular Retaining Wall System no information has been designated 
by the applicant as confidential. 
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System Description 
 
Components 
The Redi-Rock system comprises precast modular blocks conforming to ASTM C1776 Standard Specification for 
Wet-Cast Precast Modular Retaining Wall Units. The system includes blocks of varying size and configuration, 
which are machine-set in varying site-specific configurations to construct gravity retaining walls or paired with 
strips of TenCate Miragrid reinforcement to construct mechanically stabilized earth (MSE) walls. The blocks 
used in the gravity and MSE systems are compatible; allowing a single wall to transition between gravity and 
MSE structures, depending on height, soils, and loading conditions. Other components include gravel core fill, 
and geotextile filter.  

Redi-Rock block units can be categorized into four broad categories: Solid, Hollow Core, Freestanding, and 
Positive Connection (PC). All blocks (with the exception of half units) are 46⅛ in (1172 mm) long and are either 
18 in (457 mm) or 36 in (914 mm) in height. All Redi-Rock blocks are compatible with one another. 

For MSE walls, after the Redi-Rock modular units are set in the wall, 12-inch-wide strips of Miragrid 
reinforcement are positioned through the open unit core.  
 
System History 
The Redi-Rock Gravity Wall system was first developed in 1999. The founders of Redi-Rock owned a heavy civil 
construction firm and were working on a project in Northern Michigan where they were presented with a 
challenge to develop a new way to construct retaining walls. Owning several ready-mix plants, they were also 
seeking new ways to use the concrete production from their plants. In early 2000, the first producer was 
licensed by Redi-Rock. Since that time, Redi-Rock has grown into a network of over 120 licensed producers in 
15 countries on 6 continents. Redi-Rock was the first to patent the large block retaining wall system, and 
currently owns over 24 patents. There are millions of square feet of Redi-Rock retaining walls all over the 
world, in applications ranging from residential to rail projects with E80 loading. 

 
The original blocks that were developed were intended to be used as a gravity wall system. Not long after 
developing the gravity wall system, it became necessary to have a reinforced wall system so that taller walls 
could be achieved. The first version of the Redi-Rock reinforced wall system was called the 1AT system (AT 
standing for Anchor Tail). The 1AT connection utilized a fiberglass rod and anchored tail to generate pullout 
resistance of the geogrid from the facing units. In 2012, Redi-Rock engineers developed the current Redi-Rock 
modular concrete MSE wall system. It involves casting a vertical core slot in the wall facing unit, thus creating a 
weight independent connection for their MSE wall system. This wall system is called the Positive Connection 
(PC) system, which is the MSE wall system referenced in this submittal. 
 
The oldest Redi-Rock gravity wall was installed in 1998, in Petoskey, Michigan. The oldest MSE wall with PC 
system was built in 2011 in Louisville, Kentucky. The tallest gravity wall is 25.5 feet in height and is located in 
Nashville, Tennessee. The tallest PC Redi-Rock MSE wall in the US is 51.5 feet and is located in Kittrell, North 
Carolina. 
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System Properties 
The following properties are reported by the applicant for Redi-Rock Precast Modular Retaining Wall System. 
 

Soil reinforcement ultimate tensile strengths. The ultimate tensile strengths for the TenCate Miragrid 
soil reinforcement are the minimum average roll values (MARV) as published by the reinforcement 
manufacturer, TenCate. The AASHTO NTPEP independently measured ultimate strength values (NTPEP, 
2019) indicate that the sampled products have a tensile strength that exceeds the manufacturer’s 
MARVs.  
Soil reinforcement nominal tensile strengths. The nominal tensile strengths (Tal) for the Miragrid soil 
reinforcement is 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 value (NTPEP, 2019) of 1.44 is used for a 
75- and 1.45 is used for 100-year design life. The durability reduction factor is a function of wall fill 
specifications, particularly pH limits. A durability reduction value of 1.15 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 are presented for two wall fills with maximum 
gradation sizes 1 ½ -inch, and 3/8-inch sieve.   
 
Soil reinforcement-facing unit connection capacity. The connection capacities of the Miragrid 
reinforcement and Redi-Rock PC units have been evaluated by short-term connection strength testing. 
The long-term Miragrid creep reduction factor was used to evaluate the long-term connection 
strength. 
 
Reinforcement Pullout and Interface Shear. Independent pullout test results are as presented in 
Appendix Tab 1.2.7. Testing was performed on Miragrid reinforcement in general accordance with 
ASTM D 6706. The tests were performed on a range of soils (i.e., silty sand, and #57 stone base). Based 
on these results, an F* equal to 0.8 tanj, and α value equal to 1.0 may be used for reinforced backfill 
consisting of silty sand or #57 stone and in the absence of project-specific pullout testing.   

The interface shear friction angle was determined from direct shear tests in general accordance with 
ASTM D 5321. A copy of the interface direct shear test report is provided in Appendix Tab 1.1.10. 
Based on the test results the interface friction coefficient (ρ) is equal to 0.8 for silty sand (SW) and 
equal to 0.9 for #57 stone.  

 
System Innovations  
This IDEA evaluation concurs with Redi-Rock that their system provides the following innovations: 

• Rounded interlocking shear knobs and groove. The top of each block (excluding top blocks) 
incorporates a pair of rounded dome-shaped knobs which interlock with the shear groove cast into the 
bottom of the overlying blocks. This provides robust unit-to-unit interface shear capacity, as well as 
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easy positioning during construction, and the ability to easily create curves. The forming system allows 
for the size and the location of the shear knobs to be varied, resulting in various options for overall 
wall batter, including 0°, 1°, 5° (standard), 27.5°, and 43°. 

• Positive Connection geogrid reinforcement connection. The Positive Connection (PC) system provides a 
geogrid reinforcement connection between geogrid soil reinforcement and precast concrete facing 
units that is independent of normal load and utilizes a significant proportion of the full tensile strength 
of the geogrid. 

 
Reviewer Comments 
 Following its initial review of the Redi-Rock Precast Modular Retaining Wall System submittal, the review 

team provided the applicant with 34 comments and requests for clarification. The applicant has been 
thorough in its responses and the review team finds that there are no outstanding issues that should be 
brought to the attention of the transportation agencies. Rather, the agencies are encouraged to rely upon 
the final Redi-Rock Precast Modular Retaining Wall System submittal for projects where the Redi-Rock 
System is proposed.  

 
Closing 

An update technical evaluation should be performed for the Redi-Rock Precast Modular Retaining Wall 
System in five years (i.e., August 2027) or upon notice that a significant modification of the system has 
been made. For details regarding update technical evaluations and other guidance for the use of technical 
evaluations by transportation agencies, go to https://www.geoinstitute.org/special-projects/idea.
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Summary Table of MSEW+ Program Input Parameters for the REDI-ROCK Retaining Wall System 
Geogrid Soil Reinforcement 

Data / Geogrid 5XT 8XT 10XT 20XT 24XT 

Tult (lb/ft) 4,700 7,400 9,500 13,705 27,415 

Durability 
Reduction Factor, 

RFD 

5<pH<8 1.15 1.15 1.15 1.15 1.15 

4.5<pH<5 1.30 1.30 1.30 1.30 1.30 

8<pH<9 1.30 1.30 1.30 1.30 1.30 

Installation 
Damage Reduction 

Factor, RFID
 

100% < 1.5-in.; D50 
= 1.12-in. 1.59 1.59 1.55 1.49 1.40 

100% < 3/8-in.; D50 
< #4 1.10 1.10 1.10 1.10 1.10 

Creep Reduction 
Factor, RFcr 

75 years 1.44 1.44 1.44 1.44 1.44 
100 years 1.45 1.45 1.45 1.45 1.45 

Coverage Ratio 0.25 or 0.50 0.25 or 0.50 0.25 or 0.50 0.25 or 0.50 0.25 or 0.50 

Friction Angle 
along geogrid-soil 

Interface,  r 

Fine to Medium 
Sandsa 0.8 tanj 0.8 tanj 0.8 tanj 0.8 tanj 0.8 tanj 

Well-graded sands, 
sand & gravela 0.9 tanj 0.9 tanj 0.9 tanj 0.9 tanj 0.9 tanj 

Pullout Resistance 
factor, F* 

Sandsa 0.8 tanj 0.8 tanj 0.8 tanj 0.8 tanj 0.8 tanj 
Gravelsa 0.8 tanj 0.8 tanj 0.8 tanj 0.8 tanj 0.8 tanj 

Scale-effect 
correction factor, a 

Sandsb 1.0 1.0 1.0 1.0 1.0 

Gravelsb 1.0 1.0 1.0 1.0 1.0 

Facia Geometry and Unit Weightf: 
Depth/height = 2.44 or 3.38 ft / 1.5 ft 
Horizontal distance to center of gravity = 1.18 or 1.71 ft 
Average unit weight of block = 143 lb/ft3 

Connection Strengths: CRcr
d 

  sc (lb/ft2) 5XT 8XT 10XT 20XT 24XT 
75-Year Design 0 0.583 0.583 0.569 0.556 0.479 
 CRult      

100-Year Design 0 0.579 0.579 0.566 0.552 0.476 
Connection strength reduction factor, RFd 1.15 1.15 1.15 1.15 1.15 
Creep Reduction Factor, RFc

e 1.0 1.0 1.0 1.0 1.0 
a Predominant material 
 b Scale-effect Correction Factor has been eliminated from the FHWA 2022 MSE Design manual  
c Normal pressure (lb/ft2) Redi-Rock connection is independent of normal load 
dMSEW program term (CRcr = Tcre/Tult) 
e The values for CRcr for input into MSEW include a reduction factor for creep and the geogrid lot strength. RFd is not included in the 
value of CRcr as MSEW includes this reduction factor separately. 
f Facia geometry and unit weight in this table are for the PC system.   
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INTRODUCTION

This document constitutes Redi-Rock International’s technical submittal document for evaluation
by the Federal Highway Administration’s Highway Innovations, Developments, Enhancements,
and Advancements (IDEA) program for Redi-Rock’s precast concrete modular gravity wall
system and Redi-Rock’s concrete modular block unit paired with extensible reinforcement.

The Redi-Rock system comprises precast modular blocks conforming to ASTM C1776 Standard
Specification for Wet-Cast Precast Modular Retaining Wall Units. The system includes blocks of
varying size and configuration, which are machine-set in varying site-specific configurations to
construct gravity retaining walls, or paired with strips of geogrid reinforcement to construct
mechanically stabilized earth (MSE) walls. The blocks used in the gravity and MSE systems are
compatible; allowing a single wall to transition between gravity and MSE structures, depending
on height, soils, and loading conditions.

Redi-Rock International, LLC is a subsidiary of Aster Brands, headquartered at 2940 Parkview
Drive, Petoskey, Michigan 49770. Redi-Rock manufactures the forming system and licenses the
product to independent producers.
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SECTION 1:   ERS COMPONENTS

SECTION 1:   ERS COMPONENTS

1.1 Facing/Gravity Unit

1.1.1 Unit Innovation
Redi-Rock was a pioneer in the large-format, precast modular block industry. Some innovations
and improvements over existing systems include:

● Rounded interlocking shear knobs and groove. The top of each block (excluding top
blocks) incorporates a pair of rounded dome-shaped knobs which interlock with the
shear groove cast into the bottom of the overlying blocks. This provides robust
unit-to-unit interface shear capacity, as well as easy positioning during construction, and
the ability to easily create curves. The forming system allows for the size and the
location of the shear knobs to be varied, resulting in various options for overall wall
batter, including 0°, 1°, 5° (standard), 27.5°, and 43°.

● Deep, robust face texture. Redi-Rock blocks are cast in a steel form with polyurethane
face mold, which results in over 5 in (127 mm) of relief in the face texture. With multiple
texture options available and several unique face molds per texture, this results in walls
that are not only structurally sound and durable, but also aesthetically pleasing.

● Multiple solid and hollow core units that interlock with each other. This allows the
designer to optimize gravity wall sections for design and construction purposes.

● Positive Connection geogrid reinforcement connection. The Positive Connection (PC)
system provides a geogrid reinforcement connection between geogrid soil reinforcement
and precast concrete facing units that is independent of normal load and utilizes a
significant proportion of the full tensile strength of the geogrid.

1.1.2 Types of Units
Redi-Rock block units can be categorized into four broad categories: Solid, Hollow Core,
Freestanding, and Positive Connection (PC). All blocks (with the exception of half units) are 46
⅛ in (1172 mm) long and are either 18 in (457 mm) or 36 in (914 mm) in height. All Redi-Rock
blocks are compatible with one another.

Solid Blocks
Solid blocks are 18 in (457 mm) in height and either 28 in (710 mm), 41 in (1030 mm), or 60 in
(1520 mm) wide, having a face area of 5.75 ft2 (0.53 m2). The differences in depth allow for
increasing width where necessary for wall stability, or optimizing when conditions allow. These
blocks are generally used in gravity applications.
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SECTION 1:   ERS COMPONENTS

Figure 1 - Redi-Rock solid block

Solid blocks are available in bottom, middle, and top configurations. Bottom blocks, as the name
implies, are used for the bottom row of a wall, and do not have a shear groove, so that the
blocks sit in full contact with the bearing pad. Middle blocks, which are used throughout the
height of the wall, except for the bottom and top rows, have both shear grooves and shear
knobs, and thus engage with the blocks above and below. Top blocks are produced with a
recess on the top allowing soil to extend to the face.

Figure 2 - (left) top block, (middle) middle block, and (right) bottom block. All blocks
shown have a depth of 28 in (710 mm).

Solid blocks are available in half units, which are 22 13/16 in (579 mm) long. These are used
when the end of the wall must terminate vertically, and are useful when stepping the top or
bottom of the wall.

Figure 3 - (left) 28 in (710 mm), (middle) 41 in (1030 mm), and (right) 60 in (1520 mm) half
blocks
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Hollow-Core Retaining Blocks
Hollow-core retaining blocks are available in two types:

● 41 in (1030 mm) hollow-core units that are essentially 41 in (1030 mm) solid blocks (as
described above) cast with a significant amount of concrete removed to reduce raw
material usage and shipping weight;

● and XL blocks that are 36 in (914 mm) high and available in 52 (1320 mm), 72 (1830
mm), and 96 in (2440 mm) widths.

The 41 in (1030 mm) hollow-core blocks can be used where 41 in (1030 mm) solid blocks would
otherwise be used (with the slightly reduced design unit weight accounted for in the design). XL
blocks are 36 in (914 mm) high and are used where the additional block width is required to
construct taller gravity walls. Each block provides 11.5 ft2 (1.07 m2) of face area. Hollow-core
blocks are not differentiated into bottom, middle, or top units.

Figure 4 - (left) 41 in (1030 mm) hollow-core block and (right) 72 in (1830 mm) XL
hollow-core block

Freestanding Blocks
Freestanding blocks are textured on two sides (three sides for corner units) and are nominally
24 in (610 mm) wide. They are used where blocks will be exposed on both sides, such as a
parapet-type application, where a cap is used to finish the top of the wall, or in conjunction with
retaining blocks to construct corners. Freestanding blocks are available in bottom, middle, and
top configurations, as well as half blocks.

Figure 5 - Freestanding block
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Positive Connection (PC) Blocks
Positive Connection (PC) blocks are used to construct MSE walls. They are produced by casting
a 13 in (330 mm) wide slot into 28 in (710 mm) or 41 in (1030 mm) solid blocks. PC blocks are
available in bottom, middle, and top configurations. They are not available as half blocks.

Figure 6 - 28 in (710 mm) PC block with 12 in (300 mm) geogrid strip

1.1.3 Unit Specifications
Blocks are manufactured conforming to ASTM C1776, Standard Specification for Wet-Cast
Precast Modular Retaining Wall Units.

Blocks are manufactured of fresh, first-purpose, air-entrained, wet-cast concrete conforming to
the requirements of ASTM C94 and to the specifications listed in Table 1. Concrete used for the
manufacture of Redi-Rock blocks is normal weight and has a minimum 28-day compressive
strength of 4,000 psi (27.6 MPa).
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Table 1 - Concrete Mix Properties

Freeze Thaw
Exposure Class(1)

Minimum 28-Day
Compressive

Strength(2)

Maximum Water
Cement Ratio

Nominal Maximum
Aggregate Size

Aggregate Class
Designation(3)

Air Content(4)

Moderate 4,000 psi (27.6
MPa)

0.45 1 in (25 mm) 3M 4.5% +/- 1.5%

Severe 4,000 psi (27.6
MPa)

0.45 1 in (25 mm) 3S 6.0% +/- 1.5%

Very Severe 4,500 psi (30.0
MPa)

0.40 1 in (25 mm) 4S 6.0% +/- 1.5%

Maximum Water-Soluble Chloride Ion (Cl-) Content in Concrete, Percent by Weight of
Cement(5,6)

0.15

Maximum Chloride as Cl- Concentration in Mixing Water, Parts Per Million 1000

Maximum Percentage of Total Cementitious Materials By Weight (7,9) (Very Severe Exposure Class Only):

Fly Ash or Other Pozzolans Conforming to ASTM C618 25

Slag Conforming to ASTM C989 50

Silica Fume Conforming to ASTM C1240 10

Total of Fly Ash or Other Pozzolans, Slag, and Silica Fume(8) 50

Total of Fly Ash or Other Pozzolans and Silica Fume(8) 35

Alkali-Aggregate Reactivity Mitigation per ACI 201

Slump (Conventional Concrete) per ASTM C143(10) 5 in +/- 1½ in (125 mm +/- 40 mm)

Slump Flow (Self-Consolidating Concrete) per ASTM C1611 18 in – 32 in (450 mm – 800 mm)
(1)Exposure class is as described in ACI 318. “Moderate” describes concrete that is exposed to freezing and

thawing cycles and occasional exposure to moisture. “Severe” describes concrete that is exposed to
freezing and thawing cycles and in continuous contact with moisture. “Very Severe” describes concrete that
is exposed to freezing and thawing cycles and in continuous contact with moisture and exposed to deicing
chemicals. Exposure class should be specified by the owner/purchaser prior to order placement.

(2)Test method ASTM C39.
(3)Defined in ASTM C33 Table 3 Limits for Deleterious Substances and Physical Property Requirements of

Coarse Aggregates for Concrete.
(4)Test method ASTM C231.
(5)Test method ASTM C1218 at age between 28 and 42 days.
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SECTION 1:   ERS COMPONENTS

(6)Where used in high sulfate environments or where alkali-silica reactivity is an issue, water soluble chloride
shall be limited to no more than trace amounts (from impurities in concrete-making components, not
intended constituents.)

(7)The total cementitious material also includes ASTM C150, C595, C845, C1157 cement. The maximum
percentages shall include:

(a) Fly ash or other pozzolans in type IP, blended cement, ASTM C595, or ASTM C1157.
(b) Slag used in the manufacture of an IS blended cement, ASTM C595, or ASTM C1157.
(c) Silica fume, ASTM C1240, present in a blended cement.

(8)Fly ash or other pozzolans and silica fume shall constitute no more than 25 and 10 percent, respectively, of
the total weight of the cementitious materials.

(9)Prescriptive limits shown may be waived for concrete mixes that demonstrate excellent freeze/thaw durability
in a detailed and current testing program.

(10)Slump may be increased by a high-range water-reducing admixture.

1.1.4 Unit-Unit Connection Details
Facing units are dry stacked in a running bond configuration. Unit to unit load distribution is
accomplished via the knobs and grooves cast into the tops and bottoms of the blocks,
respectively. This connection is discussed in more detail in Section 1.1.11.

Connection between the facing unit and reinforcement is discussed in Section 1.2.5.

1.1.5 Unit Dimensions, Tolerances, and Reinforcement
Nominal block dimensions are listed in the following table, along with acceptable manufacturing
tolerances. These are illustrated in the our block library in Appendix 1.1.5A.

Table 2 - Block Dimensions and Tolerances

Block Type Dimension Nominal Value Tolerance

28 in (710 mm) Block
(solid and PC)

Height 18 in (457 mm) +/- 3/16 in (5 mm)

Length 46 ⅛ in (1172 mm) +/- 1/2 in (13 mm)

Width* 28 in (710 mm) +/- 1/2 in (13 mm)

41 in (1030 mm) Block
(solid, hollow core, and PC)

Height 18 in (457 mm) +/- 3/16 in (5 mm)

Length 46 ⅛ in (1172 mm) +/- 1/2 in (13 mm)

Width* 40 ½  in (1030 mm) +/- 1/2 in (13 mm)

60 in (1520 mm) Block Height 18 in (457 mm) +/- 3/16 in (5 mm)

Length 46 ⅛ in (1172 mm) +/- 1/2 in (13 mm)

Width* 60 in (1520 mm) +/- 1/2 in (13 mm)

52 in (1320 mm) XL Block Height 36 in (914 mm) +/- 3/16 in (5 mm)

Length 52 in (1320 mm) +/- 1/2 in (13 mm)
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Width* 60 in (1520 mm) +/- 1/2 in (13 mm)

72 in (1830 mm) XL Block Height 36 in (914 mm) +/- 3/16 in (5 mm)

Length 46 ⅛ in (1172 mm) +/- 1/2 in (13 mm)

Width* 72 in (1830 mm) +/- 1/2 in (13 mm)

96 in (2440 mm) XL Block Height 36 in (914 mm) +/- 3/16 in (5 mm)

Length 46 ⅛ in (1172 mm) +/- 1/2 in (13 mm)

Width* 96 in (2440 mm) +/- 1/2 in (13 mm)

Freestanding Block Height 18 in (457 mm) +/- 3/16 in (5 mm)

Length 46 ⅛ in (1172 mm) +/- 1/2 in (13 mm)

Width* 23 in (584 mm) -
24 in (610 mm)

+/- 1/2 in (13 mm)

* Block tolerance measurements shall exclude variable face texture.

For freestanding blocks, depth varies between 23 in (584 mm) for Limestone and Cobblestone
texture and 24 in (610 mm) for Ledgestone texture.

Note that the block depths provided in the above table include the highly-textured block face,
which constitutes approximately 5 ⅜ in (137 mm) of the total block depth. Block lengths are
provided for whole blocks. Half block length is 22 13/16 inches (579 mm).

Retaining blocks are tapered by 7.7° on each side to allow the blocks to form an outside
(convex) curve.

Figure 7 - Block dimensions

Redi-Rock 18 in (457 mm) tall blocks and freestanding blocks are produced from plain
(unreinforced) concrete. Redi-Rock 36 in (914 mm) tall XL blocks contain steel bar
reinforcement. The reinforcement consists of a cage constructed from ASTM A615 No. 4, Grade
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60 bars. The basic concept is illustrated in Figure 8 and further detail is provided in Appendix
1.1.5B. Note that, if required, galvanized or epoxy-coated bars can be used. Centralizers are
used during production to maintain bar position. A minimum of 1 in (25 mm) of concrete cover
over all steel bars is required. Reinforcement calculations for XL block reinforcement are
included in Appendix 1.1.5B.

Figure 8 - XL (left) 96 in (2440 mm), (middle) 72 in (1830 mm), and (right) 52 in (1320 mm)
XL block reinforcing

Beside the reinforcing bars utilized in the XL blocks, the only other steel used in Redi-Rock
blocks are the lift hooks. These are utilized within the manufacturing plant for removing the
block from the form and moving it around the plant. They are also used at the project site for
lifting the blocks into position. They have no long-term use in the function of the completed
retaining wall.

1.1.6 Unit Fabrication

Redi-Rock precast modular block units are produced using first purpose wet-cast concrete.
Units are generally produced within enclosed environments at precast and ready-mix facilities.

All retaining units are cast face down in steel forms with interchangeable polyurethane liners
cast from natural stone. Once the units have been set, for the 18 in (457 mm) high category, the
spring-loaded doors can be released and rotated to the open position.

In the case of 36 in (914 mm) high XL blocks, a series of jacks are used to eject the two sides of
the forms which then slide along a rail system to provide working space.

Once all doors are opened, the blocks are lifted from the forms vertically and rotated 90° before
being placed in curing/storage.

1.1.7 Unit Compressive Strength
Concrete used in the production of Redi-Rock facing units must exhibit a compressive strength
of at least 4,000 psi (27.6 MPa) at 28 days, as measured on cylinder specimens in accordance
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with ASTM C39. For sites that are classified as Very Severe Exposure Class in per ACI 318,
minimum 28-day concrete compressive strength is 4,500 psi (30.0 MPa).

1.1.8 Unit Density and Absorption
Target unit density and absorption requirements are intended for dry-cast units and are thus not
applicable for wet-cast Redi-Rock blocks.

1.1.9 Unit Air Content
Concrete used in the production of Redi-Rock blocks is air-entrained to provide resistance to
freeze-thaw effects. Required air content range is dependent on exposure class as defined by
ACI 318. For moderate exposure, air content in the range of 4.5% +/- 1.5% is required. Where
exposure is severe or very severe, air content shall be 6.0% +/- 1.5%.

1.1.10 Unit-Unit Shear
Original interface shear testing was carried out in October 2011 to evaluate the
mechanical/frictional performance of the shear capacity for the 18 in (457 mm) high category
using Redi-Rock 28 in (710 mm) PC modular concrete blocks.

Two test series were run to establish the shear capacity of blocks using the standard 10 in (254
mm) dome and the reduced 6 ¾ in (171 mm) dome, intended for use with the reinforced earth
system to achieve reduced batter walls.

For the 10 in (254 mm) dome, all tests were stopped prior to failure of the dome to reduce risk of
damage to laboratory equipment. In the case of the 6 ¾ in (171 mm) dome tests, 4 shear
failures were recorded while the other 6 tests were stopped prior to failure of the dome to
reduce risk of damage to laboratory equipment. Original complete combined reports are located
in Appendix 1.1.10.

Design values for blocks using the 10 in (254 mm) dome are as as follow:

Peak Shear: Sp = 6,061 + N tan 44° ≤ 11,276 lb/ft (Sp = 88.45 + N tan 44° ≤ 164.56 kN/m) Service
State Shear: Sss = 3,390 + N tan 51° ≤ 11,276 lb/ft (Sss = 49.47 + N tan 51° ≤ 164.56 kN/m)
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Figure 9 - Peak envelope for 10 in (254 mm) knob interface shear capacity

Design values for blocks using  the 6 ¾ in (171 mm) dome are as as follow:

Peak Shear(d): Sp = 1,178 + N tan 54° ≤ 10,970 lb/ft (Sp = 17.19 + N tan 54° ≤ 160.1 kN/m)
Service State Shear(d): Sss = 616 + N tan 52° ≤ 10,970 lb/ft (Sss = 8.99 + N tan 52° ≤ 160.1
kN/m)

Figure 10 - Peak envelope for 6 ¾ in (171 mm) knob interface shear capacity
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In preparation for the launch of the Redi-Rock 36 in (914 mm) high XL block range in 2018, third
party tests were carried out to determine the mechanical/frictional performance of the shear
capacity for the 36 in (914 mm) high category, using Redi-Rock 52 in (1320 mm) hollow-core
concrete block units.

The third party testing was performed by TRI Environmental, Inc. Austin, Texas 78733 in
December of 2017. See Test Report (TRI Log # 28156) in Appendix 1.1.10.

Subsequent tests were performed at the Redi-Rock test facility in Charlevoix, MI. The original
internal test report is included in Appendix 1.1.10 for reference.

Design values for the 10 in (254 mm) shear knob for the 36 in (914 mm) high XL block
range are as as follow:

Peak Shear Envelope:(c)

Sp(1) = 4547 + N tan 44° (N < 7,017 lb/ft)
Sp(2) = 8488 + N tan 22° (7017 lb/ft ≤ N < 16,118 lb/ft)
Sp(max)=15,000 lb/ft (N ≥ 16,118 lb/ft)

Figure 11- Peak envelope for 36 in (914 mm) high XL block range knob interface shear
capacity
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A subsequent hollow core product was launched in 2020 to complement the 18 in (457 mm)
high category, the 41 in (1030 mm) hollow-core retaining block. The blocks were tested by
ASTER BRANDS at the internal testing facility in Charlevoix, MI in accordance with ASTM
D6916 & NCMA SRWU-2. The full report is included in Appendix 1.1.10 for reference.

Design values for the 10 in (254 mm) shear knob for the 18 in (457 mm) high hollow-core
block are as follow:

Peak Shear Envelope:(b)

Sp=5358 lb/ft + N tan 37° ≤ 12,906 lb/ft
(Sp = 78.2 kN/m + N tan 37° ≤ 188.3kN/m)

Figure 12 - Peak envelope for 18 in (457 mm) high 41 in (1030 mm) hollow-core block
knob interface shear capacity

The shear capacity results for each block/knob configuration are different. For stability
calculations it’s important to utilize the specific results for the respective block/knob
configuration.

1.1.11 Unit Shear, Alignment, and Bearing Devices

Redi-Rock blocks are cast with lifting hooks on the top of the blocks and to the rear to provide
control while maneuvering the blocks on site. The blocks also incorporate forklift slots on the
sides to allow for movement and placement with skid-steer or forklift.
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The blocks comprise a knob (dome) and groove (trough) system, with a groove on the
underside of the blocks that engages with the spherical domes on the top of the blocks to
provide lateral resistance.

The blocks are dry stacked, with the knobs on the top of the units engaging with the groove on
the bottom of the next course of units. The block-to-block setback available with Redi-Rock is
controlled by the size and location of the shear knobs. While the 10 in (254 mm) diameter knob
and the 1 ⅝ in (41 mm) setback position is the most common configuration, Redi-Rock has
three different knob sizes and three different locations available.

● Five degree (5°) setback, the standard offered in the Redi-Rock range, is achieved using
the 10 in (254 mm) knobs.

● One degree (1°) setback, the standard offered in the Redi-Rock range, is achieved using
the 7 ½ in (190 mm) knobs.

● Zero degree (0°) setback, the standard offered in the Redi-Rock range, is achieved using
the 6 ¾ in (171 mm) knobs.

The above mentioned setback options are available with the 28 in (710 mm), 41 in (1030 mm),
and 60 in (1520 mm) blocks and the 28 in (710 mm) (Shown in Figure 13) and 41 in (1030 mm)
PC blocks.
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Figure 13 - Standard block face batter options
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Redi-Rock has two options for large batter retaining walls; both created by relocating the knob
further back on the blocks compared to our smaller batter walls (5° and less). There are two
knob locations further back on the block that create the 9 in (230 mm) setback block and the
planter block. Blocks made with knobs in either of these locations almost exclusively use 10 in
(254 mm) diameter knobs.

These options can be used to achieve taller gravity walls when the use of geosynthetic
reinforcement is:

● undesirable
● not feasible (will not fit within the required project retaining wall geometry)
● not economical
● not permitted
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Figure 14 - Increased setback options

The block-to-block setback available with 36 in (914 mm) high Redi-Rock XL hollow-core
retaining blocks and the 18 in (457 mm) tall 41 in (1030 mm) hollow-core block, is controlled by
the location of the shear knobs cast into the blocks. The 3 ¼ in (83 mm) setback for the 36 in
(914 mm) tall range, and 1 ⅝ in (41 mm) setback for the 18 in (457 mm) hollow-core range,
creates a 5° batter angle on the back of the wall which is consistent with the batter angle
created by the standard 18 in (457 mm) high Redi-Rock blocks with 10 in (254 mm) shear
knobs.

The alignment for the hollow-core range is indicated in Figure 15, portraying the 36 in (914 mm)
high Redi-Rock XL hollow-core retaining blocks.
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Figure 15 - Hollow-core range setback

1.1.12 Filter Considerations
A minimum 12 in (300 mm) drainage column should be considered in most applications, directly
behind the PMBs. Redi-Rock recommends the use of a non-woven geotextile separator to
prevent migration of fines into the free draining aggregate materials. For MSE applications (PC
system) the filters should be applied between geogrid layers. In the case of a granular wedge
installed behind the PMBs, it is also recommended to line the cut with a geotextile separator to
prevent native material migrating into the imported granular backfill. Figures 16 and 17 illustrate
the application of geotextile separators in gravity and MSE (PC system) applications.
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Figure 16 - Use of non-woven geotextile separator for drainage column - 18 in (457 mm)
high blocks

Figure 17 - Use of non-woven geotextile separator for drainage column - PC system
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As the 36 in (914 mm) high XL range is a hollow-core system, the voids in the blocks should be
filled with drainstone such as AASHTO No. 57 or equivalent. A non-woven geotextile fabric
should be placed at the back of the 36 in (914 mm) high XL blocks and between drainstone and
retained soil (If specified by Engineer based on site soil conditions). Figure 18 illustrates how
this should be installed and incorporates a standard drainage column in the upper rows which
are composed of 18 in (457 mm) high Redi-Rock blocks.

Figure 18 - Isometric view of non-woven geotextile separator for 36 in (914 mm) high XL
blocks

Place a piece of 18 in (457 mm) by 18 in (457 mm) non-woven geotextile fabric in each vertical
joint between blocks. In the case of 36 in (914 mm) XL blocks, two pieces should be considered
– one on the upper half of the joint and one in the lower, wedge-shaped portion of the joint - to
prevent the drainage aggregate and backfill material from migrating through the vertical joints
between adjacent units at the block face.
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Figure 19 - Non-woven geotextile separator between blocks to prevent loss of drainage
stone

1.1.13 Aesthetic Facing Options

Redi-Rock facing units are available in four standard facing textures with a nearly limitless
number of custom color blends as well as various stock color blends that vary from
manufacturer to manufacturer.

The first standard facing texture is “Limestone”, the most widely manufactured face texture.
Limestone is made up of 4 unique facing panel inserts that can be rotated 180° in the form cell
to create 8 different block faces that are randomly mixed within the constructed retaining wall
face to approximate the appearance of natural rock. A wall with Limestone texture is shown in
Figure 20.
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Figure 20 – Limestone face texture

The second standard facing texture with Redi-Rock blocks is “Cobblestone”. Cobblestone is
made up of 2 unique facing panel inserts that can also be rotated 180° in the form cell to create
4 different block faces for random installation.  The Cobblestone face offers a deep texture face
with nearly 3 in (76 mm) of relief. A wall with Cobblestone texture is shown in Figure 21.
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Figure 21 – Cobblestone face texture

The third facing texture is “Ledgestone”. Ledgestone is the combination of 8 unique facing panel
inserts that can be rotated to create the inverted version of the original resulting in a highly
randomized texture in the constructed wall face. Ledgestone texture provides up to 5 in (127
mm) of relief. Ledgestone is manufactured with a standard requirement for the application of
multiple colors (base color + highlight color) to each facing unit. A wall with Ledgestone texture
is shown in Figure 22.
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Figure 22 – Ledgestone face texture

The fourth facing texture is “Kingstone”. Kingstone consists of 8 unique facing panel inserts that
can be rotated to create the inverted version of the original resulting in a highly randomized
texture in the constructed wall face. A wall with Kingstone texture is shown in Figure 23.
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Figure 23 – Kingstone face texture

Most standard stock colors are offered by Redi-Rock licensed manufacturers in variations of
gray and brown tones. However, custom color combinations using integral color additives to the
concrete batch mix, shake-on color hardener, masonry stains and translucent sealers can all be
employed to achieve virtually any design, color or finish. The Nevada Department of
Transportation (DOT), for example, selected a post-construction applied stain to achieve a
custom dark-red color for Redi-Rock freestanding units used on a US Highway 95 Interchange
Improvement project near Las Vegas, Nevada. The custom color Nevada DOT walls are shown
in Figure 24.
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Figure 24 – Custom color by Nevada DOT
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1.1.14 Limits Due to Curves and Corners

Convex curves can easily be incorporated into a Redi-Rock wall. The 18 in (457 mm) high
Redi-Rock blocks are tapered 7.7° on each side, as shown in Figure 25 and Figure 26. The
smallest radius that can be made with Redi-Rock blocks (without cutting the blocks) occurs
when the blocks are placed together with their sides touching. This minimum radius for full size
blocks is 14 ft, 6 in (4.42 m) from the face of the blocks.

Figure 25 – 28 in (710 mm) Redi-Rock PC block with 7.7° taper
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Figure 26 – 60 in (1520 mm) Redi-Rock block with 7.7° taper

Block-to-block setback will cause the radius for each succeeding row to be smaller than the row
below. To ensure the minimum radius for the top row of blocks in a wall, start with the minimum
radius and then add 2 in (51 mm) per course for each standard setback, 18-in (457 mm) high
block; 10 in (254 mm) per course for each 9 in (230 mm) setback block, and 17 in (432 mm) per
course for each planter block in the wall below the top row of blocks. For 36 in (914 mm) high
XL blocks, add 4 in (101 mm) per row.
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MINIMUM RADIUS FOR BOTTOM ROW OF BLOCKS

Figure 27 – Minimum radii

Concave curves may be installed at varying radii. The blocks should be placed tight together to
make a smooth curve. Although there is no fixed minimum radius, smaller radii lengths of less
than 14.5 ft (4.42 m) will result in exposing more of the untextured top face of the blocks in the
underlying layer.
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Standard 90° corners, both internal and external, can be easily achieved with Redi-Rock and
have several standardised construction details.

Internal corners are generally achieved by butting one wall against another, treating each as an
individual structure. This reduces the need to knit blocks on site which would involve cutting and
manipulating the blocks as shown in Figure 28.
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Figure 28 - Double inside corners
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External corners are achieved by incorporating freestanding corner blocks with trimmed shear
knobs or specialty F-90C (Freestanding 90° corner blocks) with modified shear knob size and
alignment to allow for corners with modifying the blocks on site.

Figure 29 - Outside corner detail
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Standard corners can also be achieved using the modified blocks for increased setback as
discussed in 1.1.11 Shear, Alignment, and Bearing Devices.

Figure 30 - Outside corners for 9-in setback walls
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The 36 in (914 mm) high Redi-Rock XL hollow-core retaining blocks can also be configured to
match the standard 18 in (457 mm) high range corner details.

Figure 31 - XL inside corner
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1.2 Extensible Reinforcement

1.2.1 Reinforcement Innovation
Redi-Rock’s Positive Connection (PC) system utilizes 12 in (300 mm) wide strips of geogrid
reinforcement that wrap through a vertical slot that is cast into the precast facing unit. This
connection (discussed in more detail below) provides a connection between the geogrid and
facing unit that is normal-load independent and utilizes a significant proportion of the full tensile
strength of the geogrid.

1.2.2 Types of Reinforcement
The TenCate Miragrid XT products are the only geogrids currently recommended for use with
the PC system. The Miragrid XT products are manufactured in Pendergrass, Georgia and have
been evaluated in accordance with AASHTO’s National Transportation Product Evaluation
Program (NTPEP). Miragrid XT is a PVC-coated PET geogrid. For use with Redi-Rock, the
geogrid is factory-cut in 12-in (300 mm) wide strips. The Miragrid XT types used with the
Redi-Rock system are: 5XT, 8XT, 10XT, 20XT, and 24XT.

1.2.3 Reinforcement Specifications
Miragrid geogrid is composed of high molecular weight, high tenacity polyester multifilament
yarns woven in tension and finished with a PVC coating. Table 3 summarizes the ultimate
tensile strength and long-term reduction factors of the Miragrid XT products recommended for
use with the PC System (based on the 2019 NTPEP report).

Table 3 - Miragrid® XT PET Geogrid Design Strength Properties
Properties 5XT 8XT 10XT 20XT 24XT
Ultimate Tensile Strength, Tult (lb / ft) 4,700 7,400 9,500 13,705 27,415

Creep Reduction Factor, RFCR

Reference
Temperature

20°C (68°F)

75-year design 1.44 1.44 1.44 1.44 1.44

100-year
design

1.45 1.45 1.45 1.45 1.45

Installation Damage Reduction Factor, RFID

Soil Type 1:
Coarse Aggregate (GP, φ=34°)
19 mm (3/4”) < D50 ≤ 38 mm (1-1/2”)

1.59 1.59 1.55 1.49 1.40

Soil Type 2:
Sandy Gravel/Coarse Sand (GP or SP,
φ=34°)
D50 ≤ 19 mm (3/4”)

1.10 1.10 1.10 1.10 1.10

Durability Reduction Factor, RFD

5.0 < pH < 8 1.15 1.15 1.15 1.15 1.15

4.5 ≤ pH ≤ 5 and 8 ≤ pH ≤ 9 1.30 1.30 1.30 1.30 1.30

38



SECTION 1:   ERS COMPONENTS

The minimum average roll values (MARV) from NTPEP (2019) are used for ultimate tensile
strength, Tult and listed in Table 3.

The creep reduction factors from NTPEP (2019) are used for the standard reference
temperature of 20° C (68° F) and shown in Table 3.

The recommended installation damage reduction factors in Table 3 are based on NTPEP
(2019). Testing was completed for Miragrid 2XT, 3XT, 7XT, 8XT, and 24XT. Installation damage
testing resulted in values of RFID that ranged from 1.01 to 2.01. In general, there was a trend of
decreasing RFID as product unit weight/tensile strength increases, and increasing RFID with
increasing grain size. The values in Table 3 were chosen to conservatively interpolate or bracket
the measured data. Where the test data suggest RFID values less than 1.1, a minimum value of
1.10 was selected.

Reduction factors for durability RFD recommended in FHWA-NHI-10-024 (2009) Table 3-11 have
been adopted by Redi-Rock and are included in Table 3.

1.2.4 Reinforcement NTPEP Report
The Miragrid XT products used with the Redi-Rock system have been evaluated in accordance
with AASHTO’s National Transportation Product Evaluation Program (NTPEP). The NTPEP
report is included in Appendix 1.2.4.

1.2.5 Facing-Reinforcement Connection
The block to geogrid connection for walls constructed with the Redi-Rock Positive Connection
(PC) system is created by looping a 12 in (300 mm) wide factory-cut strip of Mirafi Miragrid XT
geogrid through a 13 in (330 mm) wide vertical core slot cast into the Redi-Rock facing unit.
Both legs of the geogrid strip are extended full length into the reinforced zone behind the wall
providing tensile reinforcement at both the top and bottom elevations of each block. No pins,
fasteners, or other devices are required. Geogrid reinforcement strips are typically installed
through each and every block facing unit and are normally installed perpendicular to the
alignment of the retaining wall block facing units. When a geogrid reinforcement strip is installed
in every block unit, the top and bottom layers of geogrid reinforcement in the wall consist of a 12
in width of geogrid placed at 46 in (1168 mm) on-center, developing roughly 25 percent
coverage. When subsequent block courses are installed in a running bond configuration, the
intermediate layers of geogrid reinforcement in the wall consist of a 12 in width of geogrid
placed at 23 in (584 mm) on-center for roughly 50 percent coverage. Geogrid reinforcement
strips may also be designed for installation in every other block or in every block on every other
block course yielding 25 percent reinforcement coverage throughout the entire wall.

Due to the nature of the connection, the connection capacity is independent of the normal load
acting at each geogrid elevation. Due to the shape of the core slot, the connection capacity
ranges from almost 70% to almost 100% of the geogrid tensile strength.
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Figure 32 - 3D view of back of wall illustrating geogrid connection and resulting
reinforcement configuration

1.2.6 Connection Strength Testing
Connection strength, or capacity, between 12 in (300 mm) wide strips of Mirafi geogrid and the
PC block facing units was tested in full-scale connection tests conducted per ASTM D6638. Two
complete sets of connection tests for five different types of Mirafi geogrids were conducted. In
the first series of tests, the connection was tested without crushed stone core fill in the vertical
core slots. In the second series of tests, the vertical core slots were filled with crushed limestone
meeting the size requirements of No. 57 per AASHTO M43. The actual particle size distribution
curve for the core fill used in the test is included in the individual test reports. The compaction
used to consolidate the crushed stone in the tests was consistent with Redi-Rock’s installation
recommendations. Ultimate wide-width tensile strength values of the geosynthetic reinforcement
sample lot utilized for the tests are included in the test reports. Copies of the laboratory test
results for connection testing with and without crushed stone infill in the vertical core slot are
provided in Appendix 1.2.6A.

The full-scale connection tests measured ultimate connection load at rupture at a minimum of
six normal loads with two additional normal load repeats for a total of eight connection tests for
each of the five Miragrid product styles. The results for the tests with crushed limestone core fill
in the vertical core slot are shown in Figure 33.
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Figure 33 - Connection test results for Redi-Rock PC system facing units and Mirafi geogrids with
crushed limestone core fill in the vertical core slot

The ultimate connection strength data generated for the PC system was evaluated to determine
its dependence upon the normal load. A linear regression statistical best fit line was established
and the coefficient of determination, R2, for the best fit line was calculated for each Miragrid
product style test series. These R2 values ranged between 0.008 and 0.307 with an average of
0.163. Given that a value of 1.0 for R2 indicates perfect dependence between the dependent
and independent variables and a value of 0.0 indicates complete independence, a minimum
value of R2 of 0.70 was selected as the limit to determine if the best fit line is statistically valid.
Based upon this criterion, connection strength of the PC system is not dependent on normal
load and linear regression is not a valid approach for the recommendation of an ultimate
connection capacity envelope. Since a typical linear regression between connection strength
and normal load does not apply to the PC system, another approach to determine connection
strength was required.

The method employed to determine the connection strength of the PC system is completed in
multiple steps. First, each individual connection test was treated as a continuous random
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variable. The values from Miragrid test series were evaluated to determine if the sample data
could be considered to be representative of a normally distributed population. Once the
expectation of normality of the test series was established, a 95% confidence interval was
calculated from the data by evaluating each test series with the Student’s T-test at the 95%
confidence level for n-1 degrees of freedom. The confidence interval was calculated as the
mean test value plus or minus the test statistic (t value) times the standard error of the mean.

After determining the confidence interval for each test series, the lower 95% confidence values
were normalized to the minimum average roll value (MARV) for the geosynthetic material by
multiplying them by MARV over lot strengths of the tested material (Tult-conn 95 * MARV/Tlot). The
normalized 95% confidence values were plotted against strength of the geosynthetic material.
The results are shown in Figure 34. Best fit curves for the tests with and without the inclusion of
crushed stone fill in the vertical core slot were established through the normalized lower 95%
confidence values. The coefficients of determination, R2, for the best fit curves are greater than
0.99 and show an extremely high dependence between strength of the geosynthetic material
and the connection strength.

Figure 34 - Best fit curves for the lower 95% confidence values of Peak Connection tests
normalized to the Minimum Average Roll Value (MARV) for Mirafi geogrids
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The best fit curves in Figure 34 can also be used to determine the installation damage to the
geosynthetic material caused by the placement and compaction of the crushed stone core fill in
the vertical core slot of the PC block facing units. The two best fit curves show a reduction in
connection strength of 4% to 7%, depending on the geosynthetic material.

A series of in-block installation damage tests was performed to validate the strength reduction
shown in the connection tests as summarized in Figure 34. A report of the tests is included in
Appendix 1.2.6B. A comparison of the reduction in strength of geosynthetic material measured
during the in-block installation damage tests and the reduction in connection strength calculated
from the best fit curves is shown in Table 4.

Table 4 – Strength Reduction Factor for Miragrid Geogrid Installed in the Redi-Rock PC Block
Facing Unit with Crushed Limestone Core Fill in the Vertical Core Slot

Miragrid 5XT 10XT 20XT

Ultimate Tensile Strength (MARV), Tult (lb/ft) 4,700 9,500 13,705

In-Block Installation Damage Reduction Factor Calculated from
Best Fit Curves of Full-Scale Connection Tests, RFID BEST FIT

1.04 1.05 1.05

In-Block Installation Damage Reduction Factor Calculated from
In-Block Installation Damage Tests, RFID IN-BLOCK

1.01 1.04 1.06

The data summarized in Table 4 indicates that approximately the same reduction in strength of
the geosynthetic material can be obtained using either the best fit curves or in-block installation
damage testing. This close correlation provides an opportunity to evaluate the connection
strength of the PC system for walls constructed with a stone core fill material that differs from
the crushed limestone used in the full scale connection tests. To evaluate alternate stone core
fill material, an in-block installation damage test can be performed using the geosynthetic
material, stone core fill, and compaction requirements proposed for the actual field installation.
Then the strength reduction factor for installation damage, RFID, determined from the in-block
testing can be applied to full scale connection tests performed without the inclusion of crushed
stone fill in the vertical core slot to determine appropriate design values for the Redi-Rock PC
system connection with the alternative stone core fill material desired.

Table 5 summarizes the connection information necessary for the design of the PC system.
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Table 5 – Miragrid® Long-term Connection Design Parameters

Connection Design Parameter 5XT 8XT 10XT 20XT 24XT

Ultimate Tensile Strength (MARV), Tult (lb / ft) 4,700 7,400 9,500 13,705 27,415

Short-term Ultimate Connection Strength

Reduction Factor, CRu
(1)

0.84 0.84 0.82 0.80 0.69

Creep Reduction Factor (20°C)

75-Year Design, RFCR(75) 1.44 1.44 1.44 1.44 1.44

100-Year Design, RFCR(100) 1.45 1.45 1.45 1.45 1.45

Durability Reduction Factor, RFD
(2) 1.15 1.15 1.15 1.15 1.15

Long-term Connection Strength Reduction Factor    (CRu / RFCR)

75-Year Design, CRcr 0.58 0.58 0.57 0.56 0.48

100-Year Design, CRcr 0.58 0.58 0.57 0.55 0.48

Nominal Long-term Geosynthetic Connection Strength    [(MARV * CRu) / (RFCR * RFD)]

75-Year Design, Tac(75) (lb / ft) 2,384 3,754 4,704 6,621 11,423

100-Year Design, Tac(100) (lb / ft) 2,368 3,728 4,672 6,575 11,344

1. Values given for CRu are those recommended by Redi-Rock International for design based upon
a detailed analysis. The lower value of the 95% confidence level of the ultimate connection strength
was determined from test results. These values were compared to a statistical best fit line of
connection strength across the entire range of geogrid products tested. The lower value of the 95%
confidence level test results, the statistical best fit line, and the CRu value for lighter weight geogrids
was selected and listed in Table 5 to account for any testing anomalies and provide a lower bound for
CRu.

2. Recommended value for 5 < pH < 8.  RFD value of 1.3 recommended for 4.5 ≤ pH ≤ 5 and 8 ≤ pH
≤ 9.  Use outside of 3 < pH < 9 range is not recommended per FHWA-NHI-10-024 (2009).

The nominal long-term connection strength has been determined according to the protocol
defined in Appendix 1.1.5B.4 “Connection Resistance Defined with Short-Term Testing” of
FHWA-NHI-10-025 (2009). Section 11.10.6.4.4b of the AASHTO (2012) follows the same
method for calculation of long-term connection design capacity.

The following limitations exist for the application of these connection strength parameters:
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● These connection strength values are based on installation of crushed limestone core fill
meeting the requirements of AASHTO 57 per M43 in the vertical core slot using
compaction effort to consolidate the crushed stone consistent with Redi-Rock’s
installation recommendations. Other core fill material or level of compaction should be
evaluated with an in-block installation damage test.

● Splayed installation of the reinforcement strips. Occasionally, it will be necessary to splay
the reinforcement strips to accommodate obstructions in the reinforced zone. Any
vertical or horizontal splay angle in excess of 15° or an approximate 4:1 ratio with
respect to true level or perpendicular placement should not be permitted.

● Incorrect installation of the Miragrid strip in the vertical core slot or failure to secure the
Miragrid strip in a taut condition prior to placement and compaction of the reinforced
backfill. Installation procedures published by Redi-Rock International are attached in
Appendix 3.1.2. These instructions should be explicitly followed to ensure proper
performance of the PC system.

● Substitution of a weaker geogrid style than that required (e.g., substitution of a 5XT strip
in place of a required 10XT strip). Although, substitution of a stronger geogrid style than
that required is generally acceptable. No substitution of any Miragrid style should be
made without the written consent of the wall design engineer of record.

● Because there is no steel reinforcement in the PC block facing units, extremely high
connection loads may cause the facing unit to crack. This failure mechanism of the
connection was observed in the laboratory testing in test examples 6 and 8 of the 24XT
test series at load levels well beyond those allowed in actual design. Since the load
required to cause the cracking is much greater than the allowable connection strength,
this phenomenon is not a concern for wall design and performance.

1.2.7 Reinforcement Pullout Testing
Geogrid pullout tests were conducted for four Miragrid geogrids in two soils in accordance with
ASTM D6706. The test report is included in Appendix 1.2.7.

Measured Coefficient of Interaction (Ci) values were reported within the range of 0.85 to 1.08
with a linearly decreasing relationship between normal load and Ci. Friction factor, F*, and
coefficient, α, were not reported. F* can be computed as F* = Ci tanφ / α. A default value of α
can be taken as 0.8 for extensible geogrid reinforcement, as recommended by
FHWA-NHI-10-024. Our recommended values, based on the pullout tests, are as shown below:
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Table 6 - Pullout Capacity Design Parameters

Geogrid Ci (SM, SP) Ci (SW, GP, GW) α

Miragrid 5XT 0.8 0.9 1.0

Miragrid 8XT 0.8 0.9 1.0

Miragrid 10XT 0.8 0.9 1.0

Miragrid 20XT 0.8 0.9 1.0

Miragrid 24XT 0.8 0.9 1.0

1.2.8 Soil-Geosynthetic Interface Shear Testing
Soil-geogrid pullout tests were conducted for four Miragrid geogrids in two soils in accordance
with ASTM D5321. The test report is included in Appendix 1.2.8.

The soil-geosynthetic interface friction angle, ρ, was found to be 29 to 30 degrees for test soil
with a peak internal angle of friction, φ, of 32 degrees, and 47 to 50 degrees for soil with a peak
friction angle of 50 degrees. Measured Coefficient of Direct Sliding (Cds) values were reported
within the range of 0.88 to 0.99, depending on normal stress. Our recommended values are as
shown below:

Table 7 - Soil-Geosynthetic Interface Shear Design Parameters

Geogrid Cds (SM, SP) Cds (SW, GP, GW)

Miragrid 5XT 0.8 0.9

Miragrid 8XT 0.8 0.9

Miragrid 10XT 0.8 0.9

Miragrid 20XT 0.8 0.9

Miragrid 24XT 0.8 0.9

1.3 Other Components

1.3.1 Component Innovation
Redi-Rock blocks are one part of the system that comprises a gravity or MSE retaining wall.
With proper engineering design (following conventional design methodologies, discussed in a
later section), walls can be adapted for a variety of site conditions and components.
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1.3.2 Reinforced & Retained Fill Soil
Redi-Rock International recommends the requirements for reinforced fill soil listed in FHWA
NHI-10-024/025 as amended by AASHTO LRFD Bridge Construction Specifications, Customary
U.S. Units, 2012. They are restated in Table 8 for convenience.

Table 8 - FHWA Recommended MSE Wall Select Granular Reinforced Backfill
Requirements
US Sieve Sieve Size (mm) Percent Passing by Weight

4-inch 102 100

No. 40 0.425 0-60

No. 200 0.075 0-15

Plasticity Index PI ≤ 6

Soundness The materials shall be substantially free of shale or other soft, poor durability
particles.  The material shall have a magnesium sulfate soundness loss of less than
30 percent after four cycles (or a sodium sulfate value less than 15 percent after five
cycles).

Notes:
(a)  To apply default F* values, Cu, should be greater than or equal to 4.
(b)  As a result of recent research on construction survivability of geosynthetics,  it is recommended that the
maximum particle size for these materials be reduced to ¾-in. (19 mm)(1) unless construction damage assessment
tests are or have been performed on the reinforcement combination with the specific or similarly graded large size
granular fill.

These requirements are reflected in Section 7.3.6.3 of the AASHTO Bridge Construction
Specifications (2010) with the following additional requirements:

● Minimum effective internal angle of friction, φ = 34°
● pH of 5 to 10
● Resistivity of not less than 30 Ω • m
● Chlorides not greater than 100 ppm
● Sulfates not greater than 200 ppm

We recommend limiting pH to no more than 9 when using polyester geogrids. It’s important to
note that the limits for resistivity and chlorides/sulfates ion content do not apply for soils
interacting with geosynthetic reinforcements such as PVC coated polyester such as the one
presented in this document.

Gravel infill material utilized for unit fill (between adjacent block facing units), vertical core slot
and hollow core fill, and drain stone is a durable crushed stone meeting the particle size
distribution requirements provided in Table 9.
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Table 9 – Gravel Infill Gradation Requirements
Sieve Size Percent Passing

1-½ inch 100

1 inch 95 - 100

¾ inch 90 - 100

½ inch 20 - 100

3/8 inch 0 - 70

No. 4 0 - 25

No. 8 0 - 10

No. 16 0 - 5

Material meeting the size requirements of no. 57, 6, 67, 68, or 7 per AASHTO M 43 will meet the
Redi-Rock gradation requirements for gravel infill. It is intended that an equivalent material
conforming to specific state Department of Transportation (DOT) designations be used.

1.3.3 Drainage
With the exception of the Redi-Rock XL blocks, Redi-Rock requires that a 12 in (300 mm) wide
drainage course consisting of open-graded crushed aggregate be placed behind the facing units
within a wall. The aggregate should meet the size requirements described above for gravel infill.

Redi-Rock XL hollow-core blocks are installed with a large relative volume of free-draining
aggregate infill and significant connectivity between the retained zone and the infill; therefore, a
drainage course behind the blocks is not required.

Depending on the relative gradation between the retained backfill and drainage course and/or
infill, a needle-punched, nonwoven geotextile may be necessary to separate the backfill material
from the open-graded aggregate. The nonwoven geotextile fabric should meet the requirements
for Class 3 construction survivability in accordance with AASHTO M 288. If the open-graded
aggregate meets the filter criteria for the backfill material, the geotextile is not required.

A 4 in (100 mm) minimum diameter perforated drain pipe should be incorporated in the bottom
of the drainage course or heel of the leveling pad to collect and discharge any water collected
from the drainage course or infill material. Gravity outlets should be provided for this pipe, either
through or under the facing or around the ends of the wall.

1.3.4 Coping
Redi-Rock offers multiple coping options for walls. In the first coping option, the top of the wall
can be finished with a cast-in-place coping. The cast-in-place coping spans multiple Redi-Rock
block facing units and can be installed on a constant slope, eliminating the steps in the top of
the wall which occur at the end of each course of 18 in (457 mm) high facing units.
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The second coping option uses one or more courses of Redi-Rock freestanding units at the top
of the wall. A course of cap units are placed on top of the freestanding units to provide a
finished look to the top of the wall. The freestanding blocks have finished texture on 2 or 3
sides. Freestanding units are used when part or all of the back and end of the block is exposed.
The coping option with freestanding and cap blocks is often used when pedestrian traffic must
be accommodated at the top of the retaining wall.

The third coping option utilizes 28 in (710 mm) wide top block facing units. The top 5 in (127
mm) of the top block facing unit is recessed to allow the site to be graded flush with the top of
the wall. Topsoil can be placed to the back of the face texture on the top block facing unit and
grass or ground cover vegetation can be established at the top of the wall.

Drawings illustrating coping options, including their method of attachment, are included in
Appendix 1.3.4.

1.3.5 Traffic Barriers
Traffic barriers can be incorporated into the wall in two general methods: post and beam
guardrail or moment slabs. Details depicting these can be found in Appendix 1.3.5. Guidance for
loading that can be considered in wall design to account for traffic impact loads can be found in
FHWA-NHI-10-024.

1.3.6 Slip Joints
A vertical slip joint can be made by incorporating half block facing units at the desired joint
location in every other course of facing units. The half block facing units offset the standard
running bond installation. When used in this application, one side of the half block facing units
aligns with the vertical joint between the two facing units immediately below. This results in a
vertical joint which runs the entire height of the wall and provides a slip joint. Figure 35 shows a
PC system retaining wall which incorporates 2 vertical slip joints on either side of a cast-in-place
headwall/collar for a large pipe penetration through the wall.
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Figure 35 – Vertical Slip Joint

Drawings depicting a vertical slip joint are included in Appendix 1.3.6.
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2.1 Design Methodology

2.1.1 Design Innovation
The Redi-Rock precast modular block system does not contain innovations related to design
methodology.

2.1.2 Design Methodology
Retaining wall design using Redi-Rock units follows standard retaining wall design theory and
methodology. Essentially, the design process for gravity walls involves selecting a trial wall
configuration, determining the earth pressures acting on the wall, and comparing the resisting
forces and moments of the trial wall - due to the wall’s self-weight - to the loading. Failure
modes that must be considered are:

● Sliding of the entire wall
● Overturning of the entire wall
● Sliding at block-to-block interface
● Overturning at block to block interface
● Bearing capacity
● Global stability

For reinforced walls, the above failure modes are considered for the combined facing and
reinforced soil mass, with the addition of internal stability checks for:

● Geogrid tensile strength
● Geogrid pullout strength
● Geogrid-block connection strength
● Sliding at geogrid layer

Gravity walls can be designed in accordance with AASHTO LRFD Bridge Design Specifications
(9th Edition) Section 11.11 and MSE walls can be designed following Section 11.10.

The design methodology used for the design examples is in accordance with AASHTO’s LRFD
Bridge Design Specifications.

The gravity example calculations were performed mainly using Excel and MathCAD programs.
MSEW from ADAMA Engineering was used for the analysis of the MSE wall example
calculations using the simplified method.

2.1.3 Addressing Obstructions
Obstructions in the reinforced zone of a Redi-Rock MSE wall can be addressed in a few
different ways depending on the type and size of the obstruction as well as it’s proximity to the

51



SECTION 2:   ERS DESIGN

wall’s facing. In some cases, it might be appropriate to design the section of wall directly in front
of the obstruction as a gravity wall without geogrid reinforcement. Some of these cases may
include large diameter vertical piles or manholes which can assume the active pressure that
otherwise would act on the wall facing. In this case, the wall facing can be designed as a gravity
wall with narrow backfill.

Another way to address obstructions in the reinforced zone is to use a waler beam attached to
the back of each row of blocks. The waler beam would have horizontal extensions that extend
into the reinforced zone on either side of the obstruction. These extensions would then have a
structural element such as a pipe where the geogrid reinforcement would wrap around and
extend into the embankment creating the reinforced zone for the section of wall with the
obstruction.

If the obstruction is smaller, such as a sonotube or guardrail fence post, they can be installed in
between the 12 in (300 mm) wide geogrid reinforcement strips. The strips are also flexible and
can be splayed around these types of obstructions.

Examples of these solutions can be found in Appendix 2.1.3.

2.2 Design Examples

2.2.1 Gravity Example Calculations
Gravity wall example calculations are included in Appendix 2.2.1.

2.2.2 MSEW Example Calculations
Mechanically stabilized earth wall example calculations are included in Appendix 2.2.2.
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3.1 Construction Procedures

3.1.1 Construction Innovation
The Redi-Rock system provides innovations to the retaining wall construction process. The
blocks' large per-unit area saves time during construction and the innovative knob and groove
design adds to the efficiency and ease of construction.

For MSE walls, the Redi-Rock Positive Connection (PC) system provides a vertical core slot
cast into each PC block through which a 12-in (300 mm) wide strip of geogrid is threaded. This
eliminates the need for special connection parts such as clips, bars, or mechanical fasteners,
simplifying the wall construction sequence and resulting in faster safer installation.

Redi-Rock XL blocks are 36 in (914 mm) tall, which is twice the height of regular Redi-Rock
blocks. With double the per-unit area, the speed of installation during construction is further
increased while allowing for taller gravity structures in a narrower footprint.

3.1.2 Construction Manual
The construction manual (installation guide) for the Redi-Rock system is included in Appendix
3.1.2.

3.1.3 Unit Installation

The installation of Redi-Rock blocks for both straight and curved sections of the structure and at
corners is provided in the installation guide. In general, no modifications are required to be
made to blocks during installation.

3.1.4 Facing and Reinforcement Installation at Curves and Corners

Convex (outside) and concave (inside) curves can easily be constructed as part of a Redi-Rock
wall.  As previously mentioned, Redi-Rock blocks are tapered by 7.7° on each side. Therefore,
the smallest outside radius that can be constructed (without cutting the blocks) occurs when the
blocks are placed together with their sides touching. This minimum radius for full size blocks is
14 ft, 6 in (4.42 m), as measured from the face of the blocks.

Geogrid layout at curves and corners is as shown in the following illustrations:
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Figure 36 – Geogrid layout for concave curves

Figure 37 – Geogrid layout for convex curves
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Figure 38 – Geogrid layout for 90° inside corner

3.1.5 Maintaining Alignment
Wall construction should start at a fixed point such as a building wall, 90° corner, or at the lowest
elevation of the wall. The blocks shall be placed in full contact with the leveling pad and other
immediately adjacent block units. Block alignment should be established by lining up the “form
line” where the face texture meets the steel form finished area at the top of the block,
approximately 5 in (127 mm) back from the front face.

All blocks shall be checked for level and alignment as they are placed. Small adjustments to the
block location can be made with a large pry bar. Proper installation of the bottom block course is
critical to maintaining the proper installation of all subsequent block courses within acceptable
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construction tolerance. It also makes installation of the upper rows of blocks much easier and
more efficient.

Backfill shall be placed and compacted in front of the bottom block course prior to placement of
subsequent block courses or backfill. This will keep the blocks in place as drainage aggregate
and backfill are placed and compacted.

The vertical alignment (and wall batter) will be maintained by sliding each block forward to
engage the bottom channel with the shear knobs of the block(s) in the row below.

3.1.6 Placing Reinforced and Retained Fill
Redi-Rock blocks are designed to allow for the design and construction of relatively tall
non-reinforced (or gravity) walls, which use the weight of the blocks to provide stability.
However, for some projects, taller walls are required. In these cases, mechanically stabilized
earth (MSE) retaining walls can be built with the Redi-Rock Positive Connection (PC) system.

The geogrid used in Redi-Rock PC system walls consists of 12 in (300 mm) wide strips of
PVC-coated polyester geogrid that wrap through a vertical core slot cast into the block and
extend full length into the reinforced soil zone on both the top and bottom of the block.

Drainage aggregate is to be placed between and behind the blocks. The stone is placed in
uniform loose lifts as required in the project plans and specifications. Consolidation of the stone
between the blocks is completed by hand tamping. Care must be taken to tamp stone into the
ends of the groove on the bottom of the Redi-Rock PC blocks. Behind the blocks, compaction of
the stone is accomplished with a minimum of three passes with a 24 in (610 mm) wide
walk-behind vibrating plate compactor capable of delivering at least 2000 lb (8.9 kN) of
centrifugal force. Further compaction is to be provided, if needed to meet the density specified
in the contract documents, but not less than 85% relative density of the stone determined in
accordance with ASTM D-4253 and D-4254.

Only hand-operated compaction equipment is to be used within 3 ft (1 m) of the back of the PC
blocks. Heavier equipment can be used beyond 3 ft (1 m) away from the PC blocks. Tracked
construction equipment must not be operated directly on the geogrid strip reinforcement. A
minimum fill thickness of 6 in (150 mm) is required for the operation of tracked vehicles over the
geogrid strips. Turning of tracked vehicles should be kept to a minimum to prevent displacement
of the fill and the geogrid strips. Rubber-tired vehicles may pass over the geogrid strips at a
slow speed of less than 5 mph (8 km/hr). Sudden breaking and sharp turning should be
avoided.

After placing and properly compacting the backfill to the elevation of the geogrid strip at the top
of the block, the top leg of the geogrid strip is extended to the required design length. The
geogrid strip is to be pulled tight to remove any slack, wrinkles, or folds. Staples, stakes, or
other appropriate methods are to be used to hold it in place and keep the geogrid strip taut.
Reinforced fill shall be placed first at the back of the block and moving to the terminal end of the
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reinforcement. This results in removing any slack in the geogrid and essentially pre-tension the
reinforcement.

The center slot in the PC blocks is to be filled with drainage aggregate. Care must be taken to
ensure the grid is flat against the back of the slot in the PC block to prevent any stone from
lodging between the geogrid and the concrete block. The vertical core slot is to be filled
completely with drainage aggregate. Consolidation of the drainage aggregate is to be achieved
by hand tamping. A broom shall be used to sweep clean the top of the blocks immediately
before the placement of each subsequent course of blocks. No walk-behind vibratory plate
compactor is to be used on top of the Redi-Rock PC blocks.

Retained soil is to be placed immediately between the end of the reinforced soil zone (identified
as the embedded end of the geogrid reinforcement strips) and the back of the excavation.
Compaction of the retained soil is to be to a density as specified in the contract documents,
plans, and specifications, but not less than 90% maximum density at ± 2% optimum moisture
content as determined by a modified proctor test (ASTM D1557). Maximum differential elevation
between the reinforced fill and the retained soil fill should never exceed 18 in (457 mm).

Backfill material shall be installed in lifts that do not exceed a thickness of 9-12 in (230-330
mm), as specified by project documents.  At the end of each work day, the contractor shall
grade the surface of the last lift of the granular wall infill to a 3% ± 1% slope away from the
precast modular block wall face and compact it.

Construction in a similar fashion continues to the top of the wall.

3.1.7 Erosion Control During Construction
Best practice dictates that wall construction should continue without interruption or delays. This
will help expedite construction and minimize the time the excavation is open.

The construction site should be graded and maintained to direct surface water runoff away from
the retaining wall throughout the entire construction process. The contractor shall be
responsible for protecting the precast modular block wall structure against surface water runoff
at all times through the use of berms, diversion ditches, silt fence, temporary drains and/or any
other necessary measures to prevent soil staining of the wall face, scour of the retaining wall
foundation, or erosion of the reinforced backfill or wall infill.

For retaining walls with crest slopes and/or toe slopes, appropriate soil erosion/sedimentation
control measures shall be installed along the wall immediately following construction and
grading of the slope. The slope shall be immediately seeded and protected to establish
vegetation. The contractor shall ensure that the seeded slope receives adequate irrigation and
erosion protection to support germination and growth.
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3.1.8 Installer Qualifications
In order to demonstrate basic competence in the construction of precast modular block walls,
the installer shall document compliance with the following:

1. Experience.
a. Construction experience with a minimum of 3,000 ft2 (280 m2) of the

proposed precast modular block retaining wall system.
b. Construction of at least three (3) precast modular block (large block)

retaining wall structures within the past three (3) years.
c. Construction of at least 5,000 ft2 (465 m2) of precast modular block (large

block) retaining walls within the past five (5) years.

2. Installer experience documentation for each qualifying project shall include:
a. Project name and location
b. Date (month and year) of construction completion
c. Contact information of owner or general contractor
d. Type (trade name) of precast modular block system used
e. Maximum height of the wall constructed
f. Face area of the wall constructed

3. In lieu of the requirements set forth in Items 1 and 2 above, the installer must submit
documentation demonstrating competency in precast modular block retaining wall
construction through a training program that is deemed acceptable by the owner.
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4.1 Manufacturing

4.1.1 Unit Manufacturing Quality Control
The Redi-Rock units are to be manufactured in accordance with the quality control process and
procedures described in the Redi-Rock User Manual. A section of the User Manual is included
in Appendix 4.1.1.

4.1.2 Reinforcement Quality Control
Quality Control measures that are required for the manufacturing of earth reinforcement
components are to be followed in accordance with Tencate’s Mirafi XT Miragrid’s requirements.
Tencate’s Quality Control Plan for Miragrid is included in Appendix 4.1.2.

4.1.3 Alignment Device Quality Control
No alignment, shear, connection, or other type devices are required for the Redi-Rock system.

4.2 Construction

4.2.1 Construction Quality Control
Redi-Rock supports a Total Quality Management approach to Quality Assurance and Quality
Control (QA/QC) in the planning, design, manufacture, installation, and final acceptance of a
Redi-Rock wall. This approach requires the responsible party at each stage of the project to
ensure that proper procedures are followed for their portion of the work. The responsible parties
during the construction phase of a Redi-Rock wall include the contractor, engineer or owner’s
representative, and Redi-Rock licensed manufacturer.

The contractor is responsible for providing construction in accordance with the contract
documents, plans, and specifications for the project. The contractor shall ensure that employees
engaged in the construction of a Redi-Rock wall understand and follow the project plans and
specifications, are familiar with the construction methods required, and have adequate safety
training.

As referenced previously, the construction manual (installation guide) for the Redi-Rock system
is included in Appendix 3.1.2. Construction Quality Control measures required during
construction are provided throughout the various sections of the installation guide.
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5.1 Performance History

5.1.1 Product History
The Redi-Rock Gravity Wall system was first developed in 1999. The founders of Redi-Rock
owned a heavy civil construction firm and were working on a project in Northern Michigan where
they were presented with a challenge to develop a new way to construct retaining walls. Owning
several ready mix plants, they were also seeking ways to use the concrete production from their
plants. Soon after their first blocks were developed, they realized that they had a great idea. In
early 2000, the first licensed producer came on board. Since that time, Redi-Rock has grown
into a network of over 120 licensed producers in 15 countries on 6 continents. Redi-Rock was
the first to patent the large block retaining wall system, and currently owns over 24 patents.
There are millions of square feet of Redi-Rock retaining walls all over the world, in applications
ranging from residential to rail projects with E80 loading.

The original blocks that were developed were intended to be used as a gravity wall system. Not
long after developing the gravity wall system, it became necessary to have a reinforced wall
system so that taller walls could be achieved. The first version of the Redi-Rock reinforced wall
system was called the 1 AT system (AT standing for Anchor Tail). The 1AT connection utilized a
fiberglass rod and anchored tail to generate pullout resistance of the geogrid from the facing
units. In 2012, Redi-Rock engineers developed a breakthrough MSE wall system. It involved
casting a vertical core slot in the wall facing unit, creating a weight independent MSE wall
system. This wall system is called the Positive Connection (PC) system, which is the MSE wall
system referenced in this submittal.

5.1.2 Oldest Redi-Rock Structures (Gravity and MSE)
● The oldest gravity Redi-Rock wall was built in 1998 in Petoskey, Michigan.
● The oldest MSE Redi-Rock wall using the PC system was built in Louisville, Kentucky in

August of 2011.
● These walls are still in service today.

5.1.3 Tallest Redi-Rock Structures (Gravity and MSE)
● The tallest gravity Redi-Rock wall was built in Nashville, Tennessee in 2018. This wall is

25.5 ft (7.8 m) tall
● The tallest MSE Redi-Rock wall using the PC system was built in Kittrell, North Carolina

in 2016. This wall is 51.5 ft (15.7 m) tall

5.1.4 Approvals
The Redi-Rock retaining wall system has been widely used on public and private projects all
over the world for over 20 years. Current approvals from state Departments of Transportation
(DOT) are shown below:
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Redi-Rock International - DOT & MOT Approvals

State Gravity Reinforced Agency Contact if available Comments
Alabama No Yes Application is in for Gravity

Alaska No No

Arizona No No

Arkansas No No Allowed under special provision

California No No

Colorado Yes Yes No QPL. Handled through special
provisions

Connecticut Yes No

Delaware No No

Florida No No In progress; need drawings and
calcs

Georgia
Yes Yes Stephen Wyche 404.631.1847

No QPL; Bridge office will
eventually make a new special
provision that lists all approved
products

Hawaii No No

Idaho Yes Yes Dave Richards 208.334.8448

Illinois Yes Yes Matt Muller 217.782.7200

Indiana Yes No Malek Smadi 317.610.7251

Iowa Yes No

Kansas No No Requires IDEA

Kentucky Yes No Bart Asher

Louisiana No No Needs drawings and calcs; IDEA
would help

Maine Yes Yes George MacDougall
207.287.2181

Maryland No No

Massachusetts Yes Yes Richard Carpenito 617.951.1348

Michigan Yes Yes Richard Endres 517.322.1207

Minnesota
Yes Yes Joe Black

(joe.black@state.mn.us)
Mississippi Yes Yes No QPL but we are approved

Missouri Yes No

Montana Yes Yes No QPL, but we are approved

Nebraska Yes Yes Doug Churchwell 402.479.4678

Nevada Yes Yes Roma Clewell 775.888.7894
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New Hampshire Yes No Mark Richardson 603.271.2731

New Jersey No No

New Mexico No Yes Michelle Mann
(michelle.mann@state.nm.us)

New York Yes Yes John Rondinaro, Gary Frederick,
James Reidy

North Carolina No No

North Dakota Yes Yes No QPL. Handled through special
provisions

Ohio Yes Yes Christopher Merklin 614.275.1361

Oklahoma Yes Yes Steve Jacobi

Oregon No No
Pennsylvania Yes Yes Guozhou Li 724.321.1031

Rhode Island No No
South Carolina No No No approved list; submittal in

progress
South Dakota Yes No
Tennessee Yes Yes Wayne Seger 615.741.3351

Texas Yes No Marcus Galvan 512.416.2224 Needs calcs for PC and other
items

Utah Yes No
Vermont Yes Yes Chris Benda 802.828.2561
Virginia No Yes Kevin Lee 804.371.9862 In progress for Gravity

Washington No Yes Thomas Baker 360.705.7200

West Virginia Yes Yes Thomas White 304.558.9718

Wisconsin Yes Yes Lee Schuchardt 608.266.8494

Wyoming No No
Alberta Yes Yes
British Columbia Yes Yes
Manitoba No No

New Brunswick No No
Newfoundland and
Labrador No No

Nova Scotia No No

Ontario Yes Yes
Prince Edward
Island No No

Quebec Yes Yes
Saskatchewan No No
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Reinforcement calculations for Redi-Rock XL Units
Overview

Redi-Rock XL units are 36” (0.91 m) high and 46 1/8” (1.17 m) long, hollow-core, precast modular block

retaining wall units.  They are constructed in 52” (1.32 m), 72” (1.83 m), and 96” (2.44 m) widths.  XL

units are shown in Figure 1.

Fig. 1. Redi-Rock XL units.

XL units are reinforced with a light cage of reinforcement made from #4 A615 Grade 60 rebar.  The

reinforcement cage for XL units is shown in Figure 2.

Fig. 2. Reinforcement cage for Redi-Rock XL units.
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Reinforcement Calculations

First, a check is made of the reinforcement requirements to resist bin pressure from the infill stone

placed in the core of the XL unit.  Stone is placed in the cores and between units and retained soil is

placed on the back of the units.  As such, the pressure from the infilled stone is balanced on the sides

and back of the units, leaving only the front face of the unit to evaluate.  An isometric view and top view

of the front face subject to flexure is shown in Figures 3 and 4.

Fig. 3. Isometric view of front face subject to flexure.

Fig. 4. Top view of front face subject to flexure.
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The center portion of the front face is subject to unbalanced pressure from the infill stone.  It can be

assumed to behave like a fixed-fixed beam with loading, shear, and bending moment diagrams as shown

in Figure 5.

Fig. 5. Beam diagrams for a fixed-fixed beam.

The cross-section of the unsupported front face is shown in Figure 6.

Fig. 6. Cross-section of the front face.
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The centroid, area moment of inertia, and elastic section modulus of the unsupported front face are

shown in Figure 7.

Fig. 7. Centroid, area moment of inertia, and elastic section modulus of the front face.

The maximum bending moment on the front face from the infill stone is calculated as follows:

The maximum resisting to bending of the front face is calculated as follows:
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Since the factored resistance to bending is greater than the maximum bending moment (φ Mn > Mu),

steel reinforcement is not needed to resist bending in the unsupported front face.

Second, a check is made of the reinforcement requirements to maintain structural integrity of the block

subject to bending from front to back of the block.  Properly installed XL blocks are completely supported

over their entire surface area by the blocks and infill stone below.  However, there is the possibility that

block manufacturing tolerances or post-construction settlement can produce unsupported portions of a

block, causing point loading which may lead to block cracking in bending.

The maximum amount of unsupported gap for any particular unit should be less than or equal 0.375 in.

(10 mm).  This value is twice the maximum block height tolerance and could occur if a XL unit is resting

on two blocks below that were at the maximum and minimum allowable heights.  The worst case

scenario would occur if the block is resting on high points in the front and the back.  A side view and

critical cross-section of the worst case is shown in Figure 8.

Fig. 8. Side view and critical cross-section of worst case.
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The worst case scenario can be assumed to behave like a simply-supported beam with loading, shear,

and bending moment diagrams as shown in Figure 9.

Fig. 9. Beam diagrams for a simply-supported beam.

The critical cross-section in shown in Figure 10.

Fig. 10. Critical cross-section.
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The moment capacity of two reinforced beams (one for each leg of the block) can be calculated and used

to determine the height of the wall where it would be possible for the first yield to occur.  The

calculations are as follows:

Full scale lab testing of XL blocks was performed at the Aster Brands test laboratory in Charlevoix,

Michigan.  The test setup is shown Figure 11.  Results of testing on an unreinforced block is shown in

Figure 12.  Results of testing on a reinforced block is shown in Figure 13.
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Fig. 11. Setup for flexural testing of R-9636HC XL blocks.

Fig 12. Results of testing on an unreinforced block.
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Fig. 13. Results of testing on a block reinforced with the specified cage for XL blocks.

The test setup utilized a point load instead of a uniform load shown above.  The calculated load that

would produce the first yield is 22,046 lb.  Three tests were run with measured values of 21,693 lb,

22,150 lb, and 23,910.  The average value of all three tests was within 2.4% of the calculated load.

Failure occurred at the critical cross-section in all tests.  After the blocks cracked, the XL blocks continued

to sustain increasing load and ultimate failure was only reached after 1.5 inches (38 mm) or more of

deflection.  Load-deflection curves for the three tests are shown in Figure 14 and a close-up view of the

load-deflection curves at first yield is shown in Figure 15.  Maximum settlement of XL blocks in the field

should be limited to a maximum of about 0.375 inch (10 mm) after which point the blocks will no longer

be unsupported.

97



APPENDIX:   1.1.5B   XL REINFORCING

Fig. 14. Load-deflection curves from flexure tests in the Aster Brands Laboratory.

Fig. 15. Close-up view of the load-deflection curves at first yield.
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Reinforcement is REQUIRED in Redi-Rock XL blocks to maintain block integrity in the event that

manufacturing tolerances, construction tolerances, or post-construction settlement produce point

loading and block cracking.

The reinforcement cage as detailed demonstrates adequate capacity through full-scale lab testing to

maintain block integrity throughout the entire range of anticipated settlement of cracked XL blocks.
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The Quality System

The Quality System is for the purpose of continuous improvement of our products and  service.
The Quality System is assessed annually through audits and Management  Reviews. The
Quality Manager is responsible for establishing, implementing, and  maintaining the Quality
System.

It is the responsibility of each employee to perform tasks under the quality system  assigned to
them and to take appropriate actions to ensure that the quality system is  followed and that all
products of TenCate Geosynthetics Americas conform to  specification.

Personnel

The Quality Control Lab consists of sufficient staff and testing equipment to properly  conduct
quality testing on TenCate Geosynthetics Americas products. The Quality  Manager
determines “sufficient staff” based on testing needs. Resource requirements are  reviewed
regularly during Management Review.

Training

A job description is maintained for each job classification. A training form, detailing  training
activities, is maintained for each employee in the QC Lab. The Quality Manager  and/or
Human Resources maintain Job descriptions and training forms.

Individuals are qualified based on their abilities, education, on-the-job training, and other
special skills.

Outside Services and Supplies

TenCate Geosynthetics Americas solicits qualified vendors for products and services in  order
to maintain Quality Control and to ensure that the inspection practices and  techniques assure
delivery of only high standard quality materials and services.
Vendors are approved prior to procurement, for their ability to meet requirements,
performance records, and quality history.
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Manufacturing Quality Control

All testing is accomplished in accordance with documented and controlled test methods.
Where methods of inspection are not specified, methods shall be selected that have  been
published in international or national standards by reputable technical  organizations or in
relevant scientific texts or journals. Use of selected methods are  verified and approved by the
Quality Manager.

Testing is carried out under controlled conditions including the following:

Overall management of process control is governed by documented procedures.

Documented test methods and work instructions govern the comprehensive  inspection
and testing of each lot.

Testing equipment is selected based upon needs and the ability to satisfy  specified
requirements and the equipment is suitably maintained.

Training of personnel is adequate and documented.

Appropriate Quality Records are maintained.

Material is visually inspected during production and during sampling for adequate
coating on geogrid.

Each sample to be tested in the lab is accompanied with a label for that particular roll
number. Test results are recorded on Quality Control Test Reports by number and then
entered into the computer database by roll number.

All samples are delivered to the Quality Control lab and tested as delivered to minimum
specification values. The standard operating procedure for each test is documented  and
copies of ASTM procedures are kept in the laboratory.

Preparation for each sample is conducted in accordance with Standard Operating
Procedures and ASTM requirements.
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Testing Frequency

Physical Property 2XT-10XT 20XT-24XT BXG11
BXG12

Mass per Unit
Area (ASTM

D5261)

15,000 yd² 8,000 yd² 14,400 yd²

Tensile Properties
(ASTM D6637

Method)

15,000 yd² 8,000 yd² 4,800 yd²

Junction Strength
(ASTM D7737

replaced GRI GG-2)

15,000 yd² 8,000 yd² 14,400 yd²

Aperture Size Start of Production Run Start of Production Run Start of Production Run

CEG Once per year

Molecular Weight

Identification

All material is identified with a style number, which corresponds to a specification.
Individual production runs are assigned a lot number for the purpose of controlling
production, recording production and maintaining records for that lot. Individual rolls
within a lot are assigned a roll number in sequential order.

Handling/Storage

Handling methods and practices are intended to prevent damage and deterioration to  material
during the manufacturing process. All geotextile rolls are furnished with suitable  wrapping for
protection against moisture and extended ultraviolet exposure prior to  placement. Each roll is
labeled or tagged to provide product identification sufficient for  inventory and quality control
purposes. Rolls are stored in a manner, which protects  them from the elements.

Archived samples are identified by a label and adequately stored to prevent
deterioration.

Supporting Documentation

ASTM D4354 Practice for Sampling of Geosynthetics for Testing
ASTM D4873 Guide for Identification, Storage, and Handling of Geotextiles
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Control of Nonconforming Product

TenCate Geosynthetics Americas procedures require the documentation of all
nonconformances. Nonconforming material is tagged and/or segregated. The status of
nonconforming product is reviewed to determine whether the material is scrapped,  reworked,
downgraded or continued through processing. Reworked material is re inspected and must
meet requirements.

Corrective and Preventative Action

TenCate Geosynthetics Americas recognizes that the effectiveness of the corrective  and
preventative action policy is crucial to the success of the Quality System.

Corrective Action procedures include:

● Analyzing customer complaints.
● Investigation into the root cause of nonconforming products and system

nonconformances.
● Determination of corrective action to eliminate the cause of the

nonconformance.

The quality system provides for preventative action by reviewing data including  customer
complaints, audit results, and past non-conformances to detect and eliminate  potential
causes of non-conformances

Statement Of Authority

The Quality Manager has been assigned ultimate responsibility for implementing the
Quality System and the authority for assuring its maintenance.

In the absence of the Quality Manager, the delegation of responsibility is assigned to
persons to act in those instances to ensure continuation of operations.
Responsibility for activities described under each element may be assigned to
appropriate supervisors. Delegation of responsibility and authority includes
responsibility to ensure all activities described in a procedure are implemented as
written.
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Certifications

All product certifications originate from the Quality Manager and are supported by test data.

Each shipment of material is certified to meet product specifications and is supported  with
actual test results. The results of each test, or series of tests, is recorded in a test  report or
test certificate and contains all the necessary information as follows:

Report identifiers
Identification of the test method
Property values
Date of issue

The Quality Manager is responsible for signing reports or designating personnel to sign
reports accepting responsibility that the content of the report is accurate.

In the event a report or certification is sent to a customer and is determined to have an
erroneous result, the Quality Manager amends the report, and the report reflects a  revision.

Where appropriate, statements concerning confidentiality and reproducibility are
included on the report.

Accreditations:

TenCate Geosynthetics Americas laboratory facilities:

• GAI-LAP
TenCate Geosynthetic Manufacturing Facility

• ISO 9001:2008
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