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Introduction

In the following pages you will find all the inputs you need to design with the Redi-Rock Positive
Connection (PC) System, including:

« An overview of the system

« A description of the basic components of the system

« A review of the connection between the facing blocks and

the geogrid reinforcement

+ Recommended design values for analysis

« Screenshots of the input screens for the Redi-Rock Proprietary
computer software program, RRWall+

Designing with the Redi-Rock Positive Connection (PC) System is straightforward, though it
requires familiarity with mechanically stabilized earth retaining wall design where partial
reinforcement coverage is used. A solid understanding of the National Concrete Masonry
Association (NCMA) - now the Concrete Masonry and Hardscapes Association (CMHA) - Design
Manual for Segmental Retaining Walls (3rd Edition) - is also highly recommended. The design of
Allowable Stress Design (ASD) PC System walls closely aligns with the methodology outlined in
this manual.

REDI-ROCK PC DESIGN GUIDE
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Overview - What is the
PC System?

The Redi-Rock Positive Connection (PC) System is a
powerful mechanically stabilized earth (MSE)
retaining wall system that consists of precast
concrete modular blocks and 12 in (305 mm) wide
strips of PVC coated polyester geogrid. The heart
and soul of the PC System is its superior connection
strength. Unlike friction connections featured in
other geosynthetic reinforced wall systems, there is
virtually no chance of a pullout connection failure
with the PC System because the grid wraps through
the block (Figure 1).

Figure 1 — Redi-Rock PC System Facing Block
with 12 in (305 mm) Wide Strip of Solmax

Miragrid XT Geogrid Soil Reinforcement.

The length of each geogrid strip is determined based on wall height, soil shear strength
parameters, and loading conditions consistent with standard MSE retaining wall design
principles. The result is a weight-independent connection whose strength is directly proportional
to the strength of the geogrid. A significant benefit of the Redi-Rock PC System is the use of
strips, rather than full sheets, of geogrid reinforcement. Although using partial reinforcement is
not covered in the NCMA Design Manual, this approach of MSE wall design is discussed in
Section 3.5.1.3 of FHWA-HIF-24-002 (2023) and is permitted by Section 11.10.6.4.1-2 of AASHTO
(2024). Similar to MSE systems that utilize strips of steel reinforcement, which have been used
for decades, the partial coverage available with the Redi-Rock PC System enables design and
installation efficiencies by providing reinforcement only where it is needed in the wall. Geogrid
reinforcement strips are usually installed through each facing block 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, the top and bottom layers of geogrid
reinforcement in the wall consist of a 12 in (305 mm) width of geogrid placed at 46 in (1170 mm)
on center, developing roughly 25 percent coverage, as shown in Figure 2.

Figure 2 — Rear View Schematic Showing 25% Coverage on the Bottom Layer of Geogrid




Percent Coverage
Explained

When subsequent block courses are installed in a running bond configuration, reinforcement is
provided on the top block of the first course and the bottom of the block on the next course, as
shown in Figure 3. The result is all intermediate layers of geogrid reinforcement in the wall
consist of a 12 in (305 mm) width of geogrid placed at 23 in (584 mm) on center for roughly 50
percent coverage. A section of wall with multiple courses is shown in Figure 4.

Length of Redi-Rock Block = 46.125 in (117 m)
Length of Geogrid Strip =12 in (305 mm)
One Row, Percent Coverage = 12/46.125 (305/1170) = 25%

Multiple Rows, Running Bond Percent Coverage =
(12 from bottom block + 12 from top block)/46.125 ((305 + 305)/1170) = 50%
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Figure 4 — Rear View Schematic of a Redi-Rock PC System MSE Wall with
Multiple Courses of Blocks and Geogrid Reinforcement

Geogrid reinforcement strips may also be designed for installation in every block in every other
row, or in every other block in the same row. This yields 25 percent reinforcement coverage
throughout the entire wall, providing an opportunity to optimize the design or account for
obstructions in the reinforced soil zone.
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PC System
Components

The Blocks

Dimensions, Weights, and Setbacks

Redi-Rock PC System facing blocks are machine-placed, wet cast concrete, precast modular
block units. The dimensions of the standard block facing blocks are 46 1/8 inches (1172 mm) long
by 18 in (457 mm) high, and either 28 in (711 mm) or 40 1/2 in (1030 mm) wide. The face area of a
PC block facing unit is approximately 5.77 sq ft (0.54 sq m). The average weight of a 28 in (710
mm) wide and a 40 1/2 in (1030 mm) wide block is 1,520 lb (690 kg) and 2,170 lb (985 kg),
respectively, and will vary slightly depending on the face texture chosen. Redi-Rock PC System
middle blocks are shown in Figure 5. The block-facing units interlock with each other through
shear knobs on the top of the block, which index into a continuous groove in the bottom of the
block course above. Successive block courses are installed with a running bond configuration in
which the upper block course is placed such that each block is centered above the vertical joint
between adjacent blocks on the course immediately beneath.

Middle - 28 in (710 mm) PC Block Setback Options
Redi-Rock PC System blocks can be manufactured

with three different size shear knobs. The different-
sized shear knobs produce different setbacks on
subsequent courses of blocks, resulting in wall face
batters of 5 degrees, 1 degree, and 0 degrees with
respect to vertical, as shown in Figure 6. Blocks
manufactured with 10 in (254 mm) diameter knobs
that produce a 5 degree face batter are standard.
Walls requiring either a 1 degree or vertical face
batter typically require custom blocks cast
specifically for the project.

Average Volume = 10.6 ft? (0.30 m?)
Average Weight = 1,520 Ib (690 kg)

SHEAR KNOBS @
23 (584) OC, TYP.

FACE TEXTURE VARIES

Figure 5 — PC System Facing Blocks

5° Face Batter 1° Face Batter 0° Face Batter
— — 1% in (41 mm) —r 3% in (10 mm) —— 0in (0 mm)

| — | — —
\% :,__L ‘\.a\ —— ' l,..,.__u
| — C__ » | —
% ﬂ_ e
10 in (254 mm) Dia. 7 % in (190 mm) Dia. 6 3% in (171 mm) Dia.
Knobs (Standard) Knobs (Custom) Knobs (Custom)

Figure 6 — Block Setback Options
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PC System
Components

The Blocks

Block-to-Block Interface Shear

Full-scale interface shear testing in accordance with ASTM D6916 and NCMA SRWU-2 test
methods have been conducted on the Redi-Rock PC System blocks with both the standard 10 in
(254 mm) diameter shear knobs and the 7 1/2 in (190 mm) and 6 3/4 in (171 mm) diameter shear
knobs. Recommended interface shear parameters for the different shear knob sizes are
summarized in Table 1 below, based on a minimum 28-day concrete compressive strength of
4,000 psi (27.58 mPa). Copies of the complete laboratory testing reports are available at
www.redi-rock.com/testing.

~\
Shear Knob Peak Interface Shear Service State Shear
Diameter
10in (254 mm) S_=6,061 (88.47) + (N x Tan 44°) S.. =3,390 (49.47) + (N x Tan 51°)
Sylmax) = 11,276 Ibs/ft (164.57 kN/m) Smag = 11,276 lbs/ft (164.56 KN/m)
7-Y2 in (190 mm) S, =1,178 (17.19) + (N x Tan 54°) S.. =616 (8.99) + (N x Tan 52°)
&6-3%in(171mm) | S, ., = 10,970 Ibs/ft (160.10 kN/m) S simaq = 10,970 Ibs/ft (160.10 kN/m)
\. J

Table 1 — Block-to-Block Interface Shear @ 4,000 psi (27.58 mPa)

The Geogrid Reinforcement

Geogrid reinforcement used with the Redi-Rock PC System
consists of 12 in (305 mm) wide strips of Solmax Miragrid XT,
which are composed of high molecular weight, high tenacity
polyester multifilament yarns woven in tension and finished with a
PVC coating. The strips are manufactured in 200 ft (61 m) long
rolls. Three rolls are placed on a single cardboard tube as shown
in Figure 7. Depending on the weight and thickness of the
geogrid, 9 to 20 tubes of geogrid are packaged on a pallet for
shipment to the job site, as shown in Figure 8. Strips of Solmax
Miragrid 5XT, 8XT, 10XT, 20XT, and 24XT are available.

It is essential to only use Factory Cut and Certified Geogrid for
your project. Field cutting standard geogrid rolls almost always
results in damage to one or more of the main longitudinal load-
carrying strands in the geogrid, significantly reducing the available
strength of the reinforcement. Don’t let your design be
compromised! Contact your local Redi-Rock Manufacturer for
certified rolls of geogrid.

Figure 8 — Geogrid Shipping
Pallet


https://www.redi-rock.com/technical-resources/retaining-wall-engineering-architect-structural-test-reports/
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PC System
Components

The Geogrid Reinforcement (Continued)

Solmax Miragrid geogrids have been extensively tested and documented by AASHTO’s National
Transportation Product Evaluation Program. Table 2 summarizes the ultimate tensile strength and
long-term reduction factors of the Miragrid XT products recommended for use with the Redi-
Rock PC System.

Properties SXT 8XT 10XT 20XT 24XT
Ultimate Tensile Strength, T, (Ib / ft) 4,700 7,600 | 10,200 | 16,000 | 28,000
Ultimate Tensile Strength, T, (kN / m)* 68.59 | 110.91 | 148.86 | 233.50 | 408.63
Creep Reduction Factor (20°C)
75-Year Design, RFcq7s 1.44 1.44 1.44 1.44 1.44
100-Year Design, RFcq10g 1.45 1.45 1.45 1.45 1.45

Installation Damage Reduction Factor, RF
Soil Type 1: Coarse Aggregate (GP, $=34°)
3/4 in (19 mm) < D50 < 1-1/2 in (38 mm)
Soil Type 2: Sandy Gravel/Coarse Sand
(GP or SP, $=34°) D50 < 3/4 in (19 mm)

Durability Reduction Factor, RFy
50<pH <8 1.10 1.10 1.10 1.10 1.10
45<pH<5and8<pH=<9 1.15 1.15 1.15 1.15 1.15

1.25 1.25 1.25 1.25 1.25

1.10 1.10 1.10 1.10 1.10

Table 2 - Solmax Miragrid® XT PET Geogrid Design Strength Properties

*For projects utilizing grid materials sold outside of North America, these values may vary. Refer
to manufacturer information for project-specific products.
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PC System
Components

The Concrete

Material

Redi-Rock PC System blocks are manufactured from first-purpose, non-reconstituted structural
grade concrete mixes in accordance with ASTM C94 or ASTM C685. The blocks exhibit
excellent resistance to freeze-thaw cycling, de-icing chemical exposure, and submerged
conditions in both freshwater and saltwater applications. Concrete mix properties are generally in
accordance with ACI 318 for durability and ACI 201 for mitigating alkali-aggregate reactivity. The
minimum 28-day compressive strength of Redi Rock PC System blocks is 4,000 psi (27.58 MPa).

Face Textures and Colors

Redi-Rock PC System blocks can be manufactured with different face textures and colors.
Currently, there are four face textures available: Cobblestone, Limestone, Ledgestone, and
Kingstone, as shown in Figures 9, 10, 11, and 12. In addition to the face textures, Redi-Rock PC
System blocks are available in several stock and custom color combinations. Each local Redi-
Rock manufacturer will have sample colors available, which are specifically chosen to match the
surrounding geographic region. It is essential to note that not all colors and textures are available
in every region. Refer to www.redi-rock.com to locate the manufacturer nearest to your project
site and verify product availability.

- - F“ r;;__: ., A — 2 . 37 B . WA
Figure 11: LEDGESTONE Figure 12: KINGSTONE



https://www.redi-rock.com/
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PC System
Components

Additional Components

Infill Stone

Durable crushed stone is placed in the vertical core slots and triangular spaces between
adjacent block facing units as shown in Figure 13. The stone provides a free-draining zone and
fills void spaces in the vertical core slot and between the PC block facing units. Additionally, the
crushed stone may be placed immediately behind the block facing units to a minimum depth of
12 in (305 mm). The crushed stone behind the block- facing units provides an extra free-draining
zone behind the units. It also provides a consistent, high shear strength, easily consolidated
material immediately behind the PC block-facing units. Recommended particle size distribution
requirements for the infill stone is provided in Table 3. Material meeting the size requirements of
AASHTO M 43 or ASTM 27 gradation specifications will meet these recommendations. The stone
is intended to be consolidated, but the actual amount of compaction effort will vary depending
on the location of the stone infill. To prevent damage to the geogrid reinforcement strips, hand
tamping is used to consolidate the stone in the vertical core slot. Hand tamping is also used to
consolidate the stone in the triangular-shaped void area between adjacent blocks and in the ends
of the shear groove on the bottom of the blocks. A walk-behind, vibrating plate compactor should
be used to consolidate the stone behind the blocks.

Nonwoven pectestle cen be [ s ]
Nonwoven geotextile can be used as both a (Imperial) (Metric)

. . 1-¥2 inch 37.5 mm 100
filter and a separator at three possible T inch T R
locations behind the PC block facing unit, 3 inch 19.0 mm 90 - 100
. PI : : 1% inch 12.5 mm 20-100
depending on the'spec.:mc installation detail /8 noh 55 mm 070
used. These locations include: No. 4 4.75 mm 0-25
« The vertical joint between adjacent PC No. 8 2.36 mm 0-10
No. 16 1.18 mm 0-5

block facing units to prevent the loss of
unit fill stone through the joint.

o Between the drain stone and the
reinforced backfill, when the two
materials differ in their gradation.

» Between the reinforced backfill and the
retained fill, when two materials differ in
their gradation, such that natural filter
criteria are not met, and separation is
required.

Figure 13 - Infill Stone and Geogrid Layers
Shown During Installation

Table 3 - Recommended Infill Stone
Gradation Requirements
: ol
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PC System
Components

Additional Components

Non-Woven Geotextile Fabric Continued

A nonwoven geotextile fabric that meets the physical properties for Class 3 Construction
Survivability in accordance with AASHTO M 288 (or an equivalent international standard) will
typically meet the minimum performance requirements for the above applications. The
values in Table 4 represent the minimum requirement for typical applications of geotextile
used with the PC System.

4 A
; . 115 115
Grab Tensile ASTM D4632 Ibs. (KN} (0.512) (0.512)
Punciure Resistance ASTM D4833 Ibs. (kM 43 45
- (kN) (0.200) | (0.200)
Trapezoid Tear Strength | ASTM D4533 Ibs. (KN) 45 45
P -V (0.200) | (0.200)
: . U.S. Sieve
Apparent Opening Size | ASTM D4751 (mm) 70 (0.212)
Flow Rate ASTM D44gq | 93l/min./Tt 120 (4,890)
(L/min./m~)
\ J

Table 4 - Non-Woven Geotextile Physical Properties

Reinforced Fill Soil

One of the biggest challenges facing a wall design engineer is what type of soil to specify for the
reinforced fill zone. Often, on-site soils are preferred because they are readily available;
however, they may not be the best choice for long-term performance of the wall. A significant
amount of research has been done over the last several decades on the impact of using different
types of soil in the reinforced soil zone, and it can be shown that the use of soils with a significant
portion of fine-grained particles (passing a No. 200 or 0.075 mm sieve) does not work well in this
application. Recommended soil gradation requirements for soil used in the reinforced fill zone
are provided in several sources, including the earlier-referenced National Concrete Masonry
Association (NCMA) Design Manual for Segmental Retaining Walls, 3rd Edition, FHWA-HIF-24-002
Design and Construction of Mechanically Stabilized Earth (MSE) Walls (2023), or the equivalent
international standard for a given region. Redi-Rock International recommends designers follow
the gradation limits outlined in one of these documents when specifying soil requirements for a
particular project. Specifically, extremely coarse particles should be limited to a maximum
diameter between 1in (25 mm) and 4 in (100 mm), and the maximum percentage of fine-grained
particles (passing a No. 200 or 0.075 mm sieve) should be between 15% and 35%. In all cases,
Redi-Rock International recommends that the wall designer pay careful attention to both internal
and external drainage.
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PC System
Components

Additional Components

Leveling Pad

The leveling pad can be either crushed stone or unreinforced concrete, depending on the
specific design requirements, as shown in Figure 14. A crushed stone leveling pad is the most
common leveling pad used with Redi-Rock walls. Specific gradation requirements of the stone
will depend on whether or not the wall drain can outlet below the elevation of the leveling pad. If
there is adequate drainage, a coarse stone with a small percentage of fine materials (passing
through the 200 or 0.075 mm sieve) is typically used to ensure that any water can easily drain
away. If the drainage outlet is above the elevation of the leveling pad, a dense graded stone is
typically used to prevent water from ponding in the leveling pad material. For some projects, an
unreinforced concrete leveling pad is used. A concrete leveling pad typically has a 28-day
compressive strength of 2,500 psi (17.24 MPa). The leveling pad should extend at least 6 in (150
mm) in front and 12 in (305 mm) behind the PC block facing units. Of course, the leveling pad is
to be smooth and level. If proper care is taken in the early stages to prepare the subgrade, place
the leveling pad, and place the bottom course of blocks, then the speed and ease of installation
of the entire wall will be greatly improved.

FREE-DRAINING 3/4 in

FREE-DRAINING 3/4 in
(20 mm) CRUSHED (20 mm) CRUSHED
STONE BACKFILL. STONE BACKFILL.
[/ Jen EXTEND 12 in (305 mm) EXTEND 12 in (305 mm)
: / BEHIND BLOCKS BEHIND BLOCKS
[ | e NON-WOVEN Ll - J S CONVERT TO SOLID
N\ S /GEOTEXT"—E ( R PIPE BEFORE
ST FABRIC (IF SPECIFIED) — o OUTLETING THROUGH
S R WALL
s CONVERT TO SOLID PIPE —_—— —
— 2 BEFORE OUTLETING —_ - : PERFORATED DRAIN
T S THROUGH WALL N e GRAVITY FLOW TO
e e OUTLET AROUND
smgEREEELGT | PERFORATED DRAN ENDS OF WALL AND
e T ﬁ GRAVITY FLOW TO 6 in (150 mm) MAX EVERY 50 ft (15.24 m)
= OUTLET AROUND ENDS ) ) ON-CENTER OR AS
OF WALL AND EVERY 50 6 In (150 mm) MIN 12 n (305 mm) MIN SPECIFIED
ft (15.24 m) ON-CENTER IN FRONT OF BLOCK IN BACK OF BLOCK
AS SPECIFIED - OR AS SPECIFIED UNREINFORCED
6in (150 mm) MIN 12in (305 mm) MIN CONCRETE WITH A
IN FRONT OF BLOCK IN BACK OF BLOCK

FREE-DRAINING 3/4 in MIN. 2,500 psi (17.24

(20 mm) CRUSHED mPa) 28 DAY
STO”?:I”E‘ LEVELING PAD. COMPRESSIVE
EXTEND 12 in (305 mm) CONCRETE or DENSE GRADED GRAVEL STRENGTH, or DENSE

GRADED GRAVEL
CRUSHED STONE LEVELING PAD BEHIND BLOCKS LEVELING PAD (MPERMEABLE)

Figure 14 — Leveling Pad Options for Retaining Wall Blocks

Drain

Drainage collection pipe is typically a 4 in (100 mm) diameter, perforated, HDPE pipe with a
minimum pipe stiffness of at least 22 psi (152 kPa) (ASTM D2412). In some cases, the pipe may
be surrounded by infill stone.
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Connection Test Data

The following connection tests show that connection strength is not dependent on the normal
load on the connection (Figure 15).

p
REDI-ROCK PC SYSTEM - MIRAFI GEOGRIDS
CONNECTION TESTS (PER ASTM D6638)
TESTS WITH CRUSHED STONE CORE FILL IN THE VERTICAL CORE SLOT
24,000
22,000 u o ] O
o §—— =
201000 4[ 24XT: AVERAGE = 21,163 Ib/ft
— o (308.85 kN/m)
&
S 18,000
£ 16,000
E) 20XT: AVERAGE = 13,387 Ib/ft (195.37 kN/m)
& 14,000 = o B, o o
o m
2
3 12,000
E 10,000 @ I 10XT: AVERAGE = 8,994 Ib/ft (131.26 kN/m)
£ 500 [ R .
8 8,000 o 8XT: AVERAGE = 8,098 Ib/ft (118.18 kN/m)
X
5 6'000 | 5XT: AVERAGE = 4,663 Ib/ft (68.05 kN/m)
& O | l O u o
4,000
2,000
0
0 1,000 2,000 3,000 4,000 5,000 6,000
NORMAL LOAD (Ib/ft)
\, Y

Figure 15 — Connection Test Results for Redi-Rock PC System Blocks and Solmax Miragrid Geogrids

The implication for design is significant. Simply put, the connection between the facing blocks
and the soil reinforcement retains its capacity regardless of the decrease in normal loads. The
Redi-Rock PC System makes it much easier for engineers to design MSE walls with high live
loads, tiered wall sections, seismic loads, water applications, and other design situations where
high connection strengths are required near the top of the walls. The connection strength
remains the same from top to bottom of the wall. Redi-Rock has performed extensive, full-scale
connection testing between Redi-Rock PC System blocks and Solmax Miragrid geogrids. Copies
of the complete laboratory testing reports are available under the “Engineering” tab at
https://www.redi-rock.com/.



https://www.redi-rock.com/
https://www.redi-rock.com/technical-resources/retaining-wall-engineering-architect-structural-test-reports/
https://www.redi-rock.com/technical-resources/retaining-wall-engineering-architect-structural-test-reports/
https://www.redi-rock.com/technical-resources/retaining-wall-engineering-architect-structural-test-reports/
https://www.redi-rock.com/technical-resources/retaining-wall-engineering-architect-structural-test-reports/
https://www.redi-rock.com/technical-resources/retaining-wall-engineering-architect-structural-test-reports/

Connection Test Data

4 )
Connection Design Parameter (Imperial) 5XT 8XT 10XT 20XT 24XT
Ultimate Tensile Strength (MARV), T, (Ib / ft) 4,700 7,600 | 10,200 | 16,000 | 28,000
Ultimate Connection Strength (Mean), T:.o.. (ID / i) 4,460 7,928 8,681 | 13447 | 20,199

Ultimate Tensile Strength of
Geosynthetic Test Sample, T, (Ib / ft)
Short-term Ultimate Connection Strength
Reduction Factor, CR,"

Creep Reduction Factor (20°C)

5334 | 8055 | 10,635 | 16,397 | 29,130

0.84 0.84 0.82 0.80 0.69

75-Year Design, RFcgps 1.44 1.44 1.44 1.44 1.44
100-Year Design, RF g0 1.45 1.45 1.45 1.45 1.45
Durability Reduction Factor, RF® 1.10 1.10 1.10 1.10 1.10
Long-term Connection Strength Reduction Factor
75-Year Design, CR,, 0.58 0.58 0.57 0.56 0.48
100-Year Design, CR,, 0.58 0.58 0.57 0.55 0.48
Nominal Long-term Geosynthetic Connection Strength
75-Year Design, T.qzs (Ib / ) 2478 | 4007 | 5285 | 87145 | 12,218
L 100-Year Design, T..o0 (b / ft) 2478 | 4007 | 5285 | 8,000 | 12,218
(@)
5 Connection Design Parameter (Metric) 5XT 8XT 10XT 20XT  24XT
O Ultimate Tensile Strength (MARV), T, (kN/m) 68.59 | 110.91 | 148.86 | 233.50 | 408.63
> Ultimate Connection Strength (Mean), T ..., (KN/m) 65.09 | 115.70 | 126.69 | 196.24 | 294.78
Ultimate Tensile Strength of
Q Geosynthetic Test Sample, T, (kN/m) 77.84 | 117.55 | 155.21 | 239.30 | 425.12
(@)) Short-term Ultimate Connection Strength
| Reduction Factor, CR." g 0.84 0.84 0.82 0.80 0.89
()] Creep Reduction Factor (20°C)
(@) 75-Year Design, RF .- 1.44 1.44 1.44 1.44 1.44
o 100-Year Design, RFcaion 1.45 1.45 1.45 1.45 1.45
A Durability Reduction Factor, RF,” 1.10 1.10 1.10 1.10 1.10
O Long-term Connection Strength Reduction Factor
(@) 75-Year Design, CR,, 0.58 0.58 0.57 0.56 0.48
o 100-Year Design, CR., 0.58 0.58 0.57 0.55 0.48
L Nominal Long-term Geosynthetic Connection Strength
a) 75-Year Design, T..75 (kN/m) 36.16 | 58.48 | 77.13 | 118.87 | 178.31
g 100-Year Design, T__,q, (KN/m) 36.16 | 58.48 | 77.13 | 116.75 | 178.31
\ J

Table 5 — Redi-Rock PC System - Solmax Miragrid Long-term Connection Design Parameters

The nominal long-term connection strength has been determined according to the protocol
defined in Section 2.5.2.1 in the NCMA Design Manual. This section also references Section
“4.4.9.8.21 CRcr Defined with Long-Term Testing” (FHWA-HIF-24-002 2023) and Section
11.10.6.4.4b of AASHTO (2024), which follows the same method for calculation of long-term
connection design capacity. The following limitations exist for the application of these
connection strength parameters.

» These connection strength values are based on the 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 materials or levels of compaction should be evaluated using
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 Solmax Miragrid strip in the vertical core slot or failure to secure
the Solmax Miragrid strip in a taut condition prior to placement and compaction of the
reinforced backfill. Installation procedures published by Redi-Rock International should be
followed to ensure proper performance of the PC System.

» Substitution of a weaker geogrid style than that required (i.e.: 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 Solmax Miragrid style should be
made without the written consent of the wall design engineer of record.




Design Flow Chart

Steps for a Successful Design:

( Preliminary Wall Sections )
Enter data specific to your site, then click "Search for Wall Sections” to gain insight into potential solutions
Compile for your wall scenario.
Geotechnical
and Project )
. 1. Select Unit of Measurement
Site

g Information Imperial bl Your choice determines if wall height is measured in feet or meters.
O 2. Define Wall Height
Z Feet Total wall height including buried section. Enter your wall height in
O increments of 1.5 feet (0.46 meters). If you enter a wall height that is notin
—_— increments of 1.5 feet {0.46 meters), your wall height will automatically
U) update to the closest possible wall height. Contact our Engineering
g Department at 856-222-8400 about walls over 21 feet (6.4 maters).
O Determine
o PrOjeCt Design 3. Define Soil Type
A4 Reqwrements ® = 28° - Silty Sand, Clayey Sand v Why Does Soil Type Matter in Retaining Wall Design?
O and Methods Sale.ct between four general S(?II types based on assumed |r‘te.rna.l angles
O of friction—each type exerts different pressure on the wall. Seils like sand
0: (LRFD VS ASD) and gravel {with higher friction angles) offer better performance than

] weaker soils like silt or clay. Because internal soil strength has a major
5 impact on wall stability and analysis, care must be taken in this step. A
LIJ trained professional should always evaluate and confirm soil conditions for

\_ accurate design. Watch this video to learn more Y,

o

Figure 16 — Redi-Rock Preliminary Wall Section Tool Inputs for Units, Wall

Height, and Soil Type

BPotential
USing ( 4. Define Load Conditions )
BreliminanyaAVVall '

Seet'i@n Teol Select flat areas, traffic Ioads. or slopes on the top of the wall. Note that sections with a slope at the bottom. or toe. of the wall are not
shown here. A toe slope condition needs to be carefully analyzed based on detailed site conditions.

L
RR\Wall:

SEWER Ene] - - — : -
Ndjustitol\ateh Figure 17 — Redi-Rock Preliminary Wall Section Tool Inputs for Load Conditions

|nput Preliminary No Slope, No Surcharge 250psf (12 kPa) Live Load Surcharge 1:25 Slope
Sections
R

Including Surcharge and Backslope

Specifications
( . )
Based on the GEO5 platform of geotechnical
engineering software, with RRWall+ you'll be
able to:
» Select specific design standards like ASD, LRFD
Anal. Ze SeCtion (US). Eurocodes, and many other international BEBM“GK wnLL+
y - standards, or custom standards
and AdJUSt » Model various site conditions including soil
layers. load types & locations, water conditions,
Designinputsito layers. load types & d
Opt|m|ze the and seismic
R » Analyze for slope stability and bearing capacity
Cross Section \ J

Figure 18 — RRWall+ Software Provided by GEO5 can be Used to Analyze and

Edit Preliminary Cross Sections




RRWall+ Inputs

TThe following pages provide step-by-step setup instructions for designing a Redi-Rock PC ASD
Wall using the free RRwall+ Software. The example wall shown is 15 ft (4.57 m) tall, 28° soil, with
no backslope and no surcharge. The link to download this software and additional video tutorials
can be found under the “Engineering” tab at https://www.redi-rock.com/. The following analysis
is for the static design situation; however, the software also allows users to analyze for seismic
and other extreme situations. Contact the Redi-Rock Engineering Team at (866) 222-8400
(Option 2) for guidance on designing for these extreme cases.

Step 1: Select Project Settings Consistent with Project Requirements (ASD, LRFD, or
Specified International Standard)

g fEdit current settings : Redi-Rock Wall Py
) Materials and standards | Wall analysis
O Change analysis
Verification methodology : Safety factors (ASD) - settings for
=2 Active earth pressure calculation : Coulomb - program :
(5 Passive earth pressure calculation : Caquot-Kerise - 3 Slope
T Stability
(j) Earthquake analysis Mononobe-Okabe -
LI-I Shape of earth wedge Calculate as skew v ﬁ Spread
D . Footing
Allowable eccentricity : 0333 [-]
O Internal stability : Standard - straight slip surface - & pile
D_ Hinge Height Concept
Pile
hV4 Reduction coeff. of contact first block - base : 10 Note: For gravity walls, this value changes & cpr
O ] Reduce parameters of contact base - soif depending on Leveling Pad Material
o (concrete vs crushed stone). For PC walls, _ Pile
o this value can be left as 1.0. W Group
I Permanent design situation | Transient design situation | Accidental design situation | Seismic design situation
(@) Safety factors
g Safety factor for overtuming SFo = 150 | -]
Safety factor for sliding resistance : SFs = 150 -]
Safety factor for bearing capacity SFp = 200 [-]
Safety factor for sliding along geo-reinforcement : SFsr = 150 [
Safety factor for geo-reinforcement strength SFst = 150 -]
Safety factor for pull out resistance of geo-reinf.: SFpo = 150 | -]
Safety factor for connection strength SFeon = 150 |
« OK
3 Cancel
\.. J

Figure 19: Project Settings and Factors of Safety for each Design Check.

Step 2: Select Block 28 PC (28 PC Middle Block) for MSE Design

(M= . ™
No. Description Color Block height Block width Unit weight | Shear bearing capacity of joint | Max. shear strength | Block friction
h [in] w [in] v [pcf] Fmin [Ibf/ft] Frmax [IBF/ft] [
1 | Top block 24 straight ] 18.00 2400 108.00 6061.00 11276.00 44,00
2 |Block 28 PC 18,00 28,00 12000 6061.00 11276.00 44,00
3 |Block 41 PC ] 18.00 40.50 120.00 6061.00 11276.00 44,00
4 |Topblock 28 18.00 28,00 12000 6061.00 11276.00 44,00
5 |Top block 41 ] 18.00 41.00 120.00 6061.00 11276.00 44,00
6 | Top block 24 straight ] 18.00 24.00 80.00 6061.00 11276.00 44.00
. J

Figure 20: Block Settings Options.
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RRWall+ Inputs

Step 3: Input Wall Geometry

+

0
9ks; 1.

L=

! | $= ~ Top block: | Top block 28 -
+EEAdd
Footing material : |soil - Geometry
No. ~ Description Setback | Count ol it e e = >< _'% \% -/% /,’% ’,%
(in]
1 Block28°C 158 g Crushed Stone ~ | Setback down: a2 = 050 [ft Parameters of resistance on front face

Silty Sand, Clayey Sand -

Height : h= 1.00 | [ft] / Soil
7 B
+E

Thickness h= 200/ [ft]

\.

Figure 21: Wall Height and Embedment Depth. Resistance at Toe of Wall can be Determined in this Step. In
Most Cases, this Value is Disregarded Unless Embedment Depth is Large Enough to Develop Passive

Resistance. (Note: multiple settings combined in photo above)
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Step 4: Establish and Assign Soil Parameters and Profile

E N
I_—" 1. Silty Sand,
=] et
& =
% IL= 2. Well graded
= sand, medium
Onp (o dense.
' 1= | +E§Add | "~/ EditNo.2 || "X RemoveNo.2 ! B\ copy
o: Eellae Silty Sand, Clayey Sand Footing material : soi | Geometry > selected soils
1| Crushed Stone Unit weight v = 1200 pc R Setbackup A= 050/ e > all soils
2|silty Sand, Clayey Sand Stress-state : effective L
Py r— i e angleof intenal frcion 0wt = 2800° Crushed Stone 7] Setbackdown: ag= ool B Paste
ell graded sand, medium densf | ¢ohesion of soil cf = 00pst
- > soils
Angle of friction struc.-soil ; 5 = 1867° - +E8 Width b 333 1fy
Saturated unit weight Vsat= 1200 pef Height h= 100/ )

GeoClipboard™

/o0

Figure 22: Soil Parameter Inputs, Profile Layers, Leveling Pad Input

(Note: multiple settings combined in photo above).




RRWall+ Inputs

Step 5: Use Redi-Rock Preliminary Wall Section Tool to Establish Preliminary Grid Layout.

f )
Q
5 [l
9 Omo
) =0
© L%
=
O ! Input mode 1 reinforcement type - /] Input different reinforced soil
—_ Reinf, installation : in every row of blacks (50%) - Silty Sand, Clayey Sand hd
&) Type of reinforcement Miragrid 5XT (North America) ~ | till the row No.: (10 v l:l +E5
D Top reinforcement anchored tail -
Reinforcement geometry : |identical length of reinforcements -

8 Length of reinforcement : | = 1000 [ft]
AV
O . y,
o
=L
(]
g Figure 23: Grid Layout Settings. A Different Reinforced Soil can Also be Input at this Step.

Step 6: Check Design Verification for External Stability Taken Around the Bottom of the
Blocks - Overturning and Sliding

A
==
==
$ Sl 18204.79
Al
‘»Q 1500
—= 70235
) =
—
j%
I =
On [ I
% -
' 1=+ Verification : 0] [ER In detail
No. Force Fe F Applic. point Coeff. Place of verification
[Ibf/ft] [ibf/ft] X [ft] [t El bottom of blocks -
1 Weight - reinforeed soil 0,00 18204.79 7.94 754 1.000
Verification
2 Active pressure -3135.70, 1968.46: 1354 556 1.000
3 Weight - wall 000 410417 175 733 1000 OVERTURNING: SATISFACTORY (14.7%)
SLIP: SATISFACTORY  (38.4%)
\ J

Figure 24: External Stability Pressures and Verification.
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Step 7: Check Design Verification Bearing Capacity and Eccentricity

(T .m )
il
=
"I" ==
Q 1500 —=
==
2] =
—=
% z 12.33
L I =
d
D L | | ‘MHW‘”HHHHHHHH
= ! Calculation of bearing capacity of foundation soil Verification R In detail
O @ Input bearing capacity of foundation soil ECCENTRICITY: SATISFACTORY  (0.0%)
175} FOUNDATION SOIL: SATISFACTORY (43.7%)
Do not calculate
L Place of verification
O bottom of blocks -
[a Stress in the footing bottom rectangle -
4 Ultimate bearing capacity of found. soil : R = 90000 | [psf]
©) ¢
g
o S
=L & )

Figure 25: Bearing Capacity Inputs Should Be Calculated and Checked at Bottom of Blocks.

Step 8: Check Design Verification for Internal Stability - Sliding on Reinforcement

(T ) )
$ 1700507
370192
E i
O
' 3= - Analysis: m [ER In detail
No. Force Fx F Applic. point Coeff. /| Automatic verification
Ibf/ft] Ibf/f] x[ft] z[f =
1 Weight- wall 0.00 413360 -058 7.33 1000 pu ensionis
imensioning

2 Active pressure -3135.35 196820 10.00 -5.56 1.000

3 Weight - reinforced soil 0.00 1700507 529 7.33 1000 SUP  SATISFACTORY  (360%)
g
5
&
3 J

Figure 26: Internal Vertical Pressures and Verification of Internal Sliding on Reinforcement
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gtep 9: Check Design Verification for Internal Stability - Strength, Pullout, Connection of
eogrid

(| )
Q O
O ' i= - Analysis: . R In detail
(D No. Force Fx Applic. point Re Utiliz Tp Utiliz. Reon Utiliz. | Automatic verification
Ll [Ibfft] xIft] z[f] b/t %] [Ibfft] %] b/l %]
=) 1 Miragrid 5XT -36633 071 15.00. 701.60 7832 382831 1435 61955 88.69 -
Coefficient of horizontal stress
2 | Miragrid SXT -67629 1.70 13.50. 1403.19 7230 629788, 16.11 1239.09 8187
(@) 3 Miragrid 5XT -601.15 270 12,00 1403.19 64.26 507094 17.78] 1239.09 727 /% indepthOft 100/
o 4 Miragrid SXT -52601 3.69 1050 1403.19 56.23 397579 19.85 1239.09 63.68| ki/ks from depth 18 ft: 1.00] -]
/ 5 | Miragrid SXT -45086 469 9,00 1403.19 48.20 301244, 2245 1239.09 5458 Reinforcement capacity
6 |Miragrid SXT -37572 5.68. 7.50 1403.19 40.16 218088; 25.84 1239.09 4548
O STRENGTH  SATISFACTORY (783%)
7 |Miragrid SXT -30057 6.68" 6,00, 1403.19 3213 148111 3044 1239.09 3639
o 8 Miragrid 5XT -22543 767 450 1403.19 24.10 91314 37.03 1239.09 2729) PULLOUT SATISFACTORY  (76.5%)
(' 2| 9 Miragrid 5XT -150.29 8.67 3.00 1403.19 16.07 47697 47.26 1239.09 18.19| CONNECTION SATISFACTORY  (88.7%)
1 £ | 10 Miragrid 5XT -88.06/ 966 150 1403.19 941 17259 7653 1239.09 10,66/
(@) e
W] :
]

Figure 27: Internal Horizontal Pressures and Verification of Internal Reinforcement Strength, Pullout,

Connection

Step 10: Use Built-In Global Stability Software Within RRWall+ to Check Global Stability of
Wall

1 Analysis =]
Slip surface ; circular (3" Replace graphically || Edittextually | X Remove # Detailed resul
Parameters of the analysis Circular slip surface Slope stability verification (Bishop)
Method Bishop ~| center: x= 633 [f] z= 1250 [y Sumofactiveforces:  Fp = 11200.9 Ibf/ft
Sum of passive forces: F, = 183857 Ibf/ft
Analysis type: | Optimization ~| Radius: R= 2837 [ft] Sliding moment M, = 3177698 Ibfft/ft
Resisti it Mg = 521601.6 Ibfft/ft
Restrictions | is not input Angles: a1 = 2092 [ a= 6386 [7] coeting momen 3 i/

Factor of safety = 1.64 > 1.30
Slope stability ACCEPTABLE

(s
\.

Figure 28: Built-In Stability Software Within RRWall+
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Applications

By pairing large, wet cast concrete facing blocks with 12 in (305 mm) strips of PVC-coated PET
geogrid that wrap through the block’s center core slot, the PC System eliminates friction-only
connections. It delivers a high-capacity connection independent of weight from the top to the
bottom of the wall. This allows for the system to be implemented in a variety of environments,
such as:
« Tall grade separations (road, rail, industrial)
o Design heights of 50 ft+ (15 m+) are achievable since wall height is governed by geogrid
strength, instead of block weight
« Heavy surcharge loads near the wall (traffic, rail, storage yards)
o Looping the grid strips allows for a stronger top-block connection by utilizing a straight
or anchored tail connection
» Tight sites or limited staging area construction sites
o The precast blocks arrive ready on site and require minimal labor or equipment to install
o The strip-grid layout enables partial reinforcement coverage (25-50%) to work around
obstructions and optimize material

Figure 31 — Pipe Penetration Shown Through Wall
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